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Abstract
Mobile learning applications are enriched by adding context
information. In this way, a mobile learning platform can be
converted to a personalized environment where the application
adapts its services to the user’s current context. Context describes
the environment and the inner state of a user. Context-aware
mobile learning applications need a detailed picture of the user’s
current context. Only in this way can they react immediately and
precisely. This supports a better adaptation of their services and
consequently it supports personalization. Detailed context capture and gathering is a complex process and therefore requires
too much effort for individual applications.
In this thesis, a framework has been developed that decouples
this process from the applications’ logic. The implemented approach has the capability to collect context data from many and
various sources and process it to a context model. Sources can
be mobile learning applications or sensor information. Each
application on its own can capture only a restricted part of a
user’s context. Only by merging this data, can one get a detailed
picture.
Many similar approaches put environmental information on the
same level as context. My approach is able to collect all kinds of
information. It is not restricted to one type rather it is extensible.
Context can describe a user’s environment, a user’s activities, or
a user’s physical state. Only such a broad knowledge can enable
appropriate reactions.
Furthermore, the resulting framework is embedded in a web
service that provides two interfaces. One for context sources and
one for context consumers. By using the provided interfaces,
developers do not have to understand the inner structure of the
framework. Applications are not constrained to use a particular
platform to be able to use the framework since the interaction is
accomplished by HTTP communication.
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Chapter 1 Introduction
Nowadays, learning goes beyond the achievements in educational institutions, rather it is a lifelong process [29]. Especially, in
industrial countries where knowledge has a crucial importance
[47]. That means learners are not necessarily bound to a particular curriculum, time or location. The trend goes to ubiquitous
learning, where the central idea is the ability to learn anywhere
and anytime. Since knowledge changes continually and people
have to know the state-of-the-art to be able to face current challenges.
The propagation of smart phones in recent years has led to a new
possibility for ubiquitous learning called mobile learning. The idea
is to overcome the limitations of time and location which appear, for example, when participating in a course which takes
place at a particular time and location. A new way of learning
has emerged by enabling learners to learn anywhere and anytime through a portable device that one always carries on one’s
person without noticing. Users are able to gain new knowledge
whenever and wherever they want and they are always ready to
start immediately as their learning device is their smart phone
[31, 51, 6, 44]. In Figure 1.1 one can see the propagation of smart
phones over recent years. Till 2011 the diagram shows the sales
for the entire year. For 2012 numbers are only available for the
first half of the year. The value has been multiplied by two to
have a rough estimation of the sales for the complete year, so that
one has not the impression of a reduction in sales. This column
is marked by 2012* One can see that smart phones have a high
level of distribution and that they seem to be accepted by consumers. So they are of great interest as a potential platform for
mobile learning. Mobile learning is not solely addressing pupils
and students. The target group is much more widespread. It supports lifelong learning since it is not restricted to a target group or
topic, rather it addresses everyone that is interested in a certain
topic. This not only includes individuals but also companies that
may want to refresh their employees’ knowledge. For example,

2
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Figure 1.1.: Worldwide Smart Phone Sales to End Users by Operating
System[17, 14, 13, 10, 12, 11, 18, 15, 16]

a company offering IT services wants their employee to solve a
technical problem at a customer. But instead of expecting the employee to remember the details of an advanced training course
that he may have taken several years ago, the company could
provide specific material that the employee can work through on
his way to the customer.
The learning success of mobile learning is not completely delivered using a general approach of a mobile learning platform
where each user gets the same material in the same manner. The
major strength of mobile learning is that a user’s environment,
his inner state, and the capabilities of his mobile device, in other
words his context, can be taken into account. In general, context is any information which characterizes the situation of any
participant in the mobile learning process, e.g., the device or the
user. In Section 2.2 this term will be introduced in detail. Context awareness describes the ability to adapt offered services or
content by capturing implicitly or explicitly a user’s dynamic
environment at each moment and to infer the user’s needs from
his context. Context-aware applications can provide, contextdependent material in an adjusted manner, making services more
attentive, responsive, and predictive to the user to increase his
learning success. This is called mobile learning in context [50, 31, 7,
33].
Context can be captured in different ways. The sensors of a
mobile device like GPS, proximity sensors or a phonometer deliver a lot of information. This data helps to get an overview
of the user’s environment. To estimate if a user concentrating
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1.1. Problem Description and Problem Statement
or motivated one can use either the device status, user profiles
and his activities on the device to get data implicitly or questionnaires and tests to determine the concentration level explicitly.
Furthermore, knowledge about the device itself provides data.
Depending on the operating system, device capabilities, and the
bandwidth, suitable material can be provided. For example, not
offering video streaming if bandwidth is low or finding the most
appropriate representation format. So there are multiple sources
which have to be observed in order to obtain the context of a user
at any given moment.
Context-aware applications can provide personalized services.
The intention is that users learn faster and more easily because
materials and services are adapted to the individual user and his
personal needs. This should lead to higher user satisfaction. Additionally, it is an interesting opportunity for recommender systems. When knowing users’ regular activities, recommender systems can make more precise recommendations. Recommender
systems in mobile learning environments could advise which literature to read or which learning path is most successful in giving
an understanding of a particular topic. Another application field
is learning analytics. Collecting context information could lead to
better understanding of learning performance. One could look at
user activities during learning and detect patterns. For example,
if a user constantly visits a social network while learning, this
could be an indicator of poor concentration and a reason for insufficient performance. Another example would be to identify
which kind of music increases a user’s learning performance.
Rock music could stir the user up, on the other hand classic music could calm him down and support better learning. But this
varies from individual to individual and must be monitored.
It is obvious that context adds value to mobile learning applications. Therefore, a good method for context capturing, collecting and modeling is essential. The more sources that are used to
model the user’s context the better, and the more precise the description of the user’s current situation can be. Of course, each
application on its own is restricted in its context capturing methods. There is a need for means of collecting context information
from multiple applications in order to develop a more sophisticated context model. This is the subject of this thesis.

1.1. Problem Description and Problem
Statement
There are three tasks to fulfill when providing context-aware
applications. First of all, the user’s context has to be captured

3
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Figure 1.2.: Process of Realizing Context Awareness[42]

via sensors or tests. Subsequently, all these data must be collected, preprocessed, and passed in an ordered format that is
interpretable for the application. Finally, the application interprets the given data and decides, based on these results, how to
proceed within the learning process of the user, i.e., which data to
provide next and how to present it. For example, depending on
the user’s context and the application’s interpretation, a section
can be repeated in another format to arouse the user’s attention.

The research question of this master thesis is to develop a framework that integrates different context information into one uniform model for mobile learning environments. That means the
aim of this project is to decouple the aforementioned tasks. Furthermore, elements which must be implemented for each application, shall be unified in a single framework.
Figure 1.2 illustrates the process. The implemented framework
should be able to collect context information about a particular
user from different sources. These sources are different applications running on the mobile device monitoring the user. The
information can be data captured by the device’s sensors or by
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1.2. Outlook
monitoring the user’s activities. This is described by the two
outer rings in Figure 1.2. All this data from different applications
is sent to my framework. Here the data is collected for each user
and processed. It results in a context model. A context model is the
collection of all context data of a particular user in a pre-defined
structure. Thereby, the context data itself is also transformed in
a pre-defined structure. This happens in the inner ring of the
figure. This resulting model can be used by other applications.
It should also be possible that applications which provided parts
of the data can request the context model. This is represented by
the green box in Figure 1.2. Depending on an application’s transformation functions they can interpret the values of the model
and react early to the user by personalization, recommendation,
adaptation or collecting analytics.
The necessity for this framework emerges from the obligatory
need to detect and define the context of a user for every application that offers personalized services. Currently methods for
capturing and handling context are strongly embedded in single
applications [8, 50, 1, 31]. This circumstance limits the possibilities of context-aware applications enormously because each
application captures just one part of the context. It is much more
advantageous to collect context information captured by countless other applications to get a detailed overview of the user’s entire context. That is why the step of context capturing and collecting has to be decoupled from single applications. By using this
framework, this step is covered and does not need to be reimplemented for each application. Furthermore it is easy to integrate
in existing applications.
In this thesis I will describe how such a framework that generates personal context models by collecting data from various
applications was implemented. To enable communication with
different applications the development of a web service is necessary. This will also be presented in the following chapters. Finally, I will introduce an application, called LocateMe, that was
developed as a proof-of-concept. It monitors a user’s current location and sends the data to my framework to prove the functionality of my project.

1.2. Outlook
In Chapter 2 terms that are important for the understanding of
this thesis will be explained. In Chapter 3 some approaches that
deal with the generation of a context model will be introduced.
Their benefits and drawbacks will be discussed and I will outline

5
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which aspects inspired me for the construction of my own framework. In Chapter 4 the functional and non-functional requirements will be defined. In Chapter 5 the implementation of the
framework, the web service and the proof-of-concept application
will be explained. In Chapter 6 my solution will be evaluated by
conducting several tests. Finally, the conclusion can be found in
Chapter 7 which also includes suggestions for future work.
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Chapter 2 Background
This thesis’ title "Framework for Context Capturing in Mobile
Learning Environments" contains several terms that have to be
clarified and defined before delving into the topic. Since this
framework is developed especially for Mobile Learning Environments, the central idea of Mobile Learning and other learning theories that are related to it will be shortly introduced (Section 2.1).
The term Context must be defined and which elements it contains must be determined (Section 2.2). When considering Mobility, it is necessary to look at Mobile Devices and discuss their
advantages compared to desktop computers (Section 2.3). Implementation for Mobile Devices works differently since the majority
of them have their own operating system. There will be a section introducing the main components and requirements when
programming for Android and iOS (Section 2.4). Moreover, one
has to consider possible representation formats for the emerging
context model (Section 2.5). Finally, the term Framework has to be
described in detail (Section 2.6).

2.1. Mobile Learning
In this section the key aspects of Mobile Learning will be presented
since the developed framework is addressed to mobile learning
environments. Since Mobile Learning is based on some other
learning theories, these will also be introduced.

2.1.1. Ubiquitous Learning
This learning theory describes the possibility of learning without any restrictions. That means that learning is ubiquitous and

Chapter 2. Background
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every individual can start learning immediately whenever, wherever, and whatever he wants to. To transform this idea into reality one has to enable complete and immediate accessibility to
all kinds of information and learning materials and allow collaboration. When fulfilling these conditions, it is guaranteed that
everyone can learn ubiquitously. [32] is a good reference for detailed information.

2.1.2. Lifelong Learning
Learning does not only refer to learning in schools and universities. Furthermore, human beings improve their selves throughout their lives either because of their job or because of curiosity and interest in a particular topic. Lifelong Learning covers all
learning activities in one’s life [4], including formal learning as
well as non-formal learning. This learning theory is interesting for this thesis since mobile learning applications must not
be bound to educational learning, but rather can be independent
and support lifelong learning.

2.1.3. Self-Organized Learning
This theory requires that learners take responsibility for their
own learning and put this into action successfully to acquire
knowledge [48]. That is exactly what is required of the users of
mobile learning. They are themselves responsible for making use
of the services and materials provided. The decision when and
where to learn is left to the user of mobile learning services. That
means he has to organize his learning activities on his own. So
this kind of learning cannot be managed or forced. The only
way to intervene in the learning process is to provide a beneficial environment which motivates users to learn. Mobile learning
applications are independent of time and location. It is the responsibility of the user to make use of them. That is why such
applications require self-organized learners.

2.1.4. Technology Enhanced Learning
The learning theory which is most obviously related to Mobile
Learning is Technology Enhanced Learning. It describes learning
that is supported by technologies like computers. The main idea
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2.1. Mobile Learning
is to overcome the limitations (e.g., location and time) of normal
learning like teaching in class [26, 37]. Learning with a stationary
computer imposes certain constraints but learning via a mobile
device overcomes these limitations and offers knowledge by
different multimedia like written text, videos or audio files.

2.1.5. Mobile Learning
Mobile Learning contains components of all learning theories introduced previously. A definition that can be found in [6] describes it as "any activity that allows individuals to be more
productive when consuming, interacting with or creating information mediated through a compact digital portable device that
the individual carries on a regular basis, has reliable connectivity
and fits in a pocket or purse". The key idea is the perpetual accessibility to learning material. To enable Ubiquitous Learning mobile
devices are utilized. The variety of mobile devices and their
performance will be introduced separately in Section 2.3. Using
mobile devices usually means short periods of learning sessions.
The common scenario is that the user is on his way from one
activity to another when he finds some time to learn, and he pulls
out his mobile device to start a mobile learning application. Since
it is the user’s own decision to start the application, he follows the
approach of Self-Organized Learning. The application must process fluently and does not cause any latency because time is a
limited resource in this scenario. Additionally, to counteract the
possible distractions in the user’s environment, the material must
be presented in such a way that it keeps the user attracted and
motivated. Therefore material can be presented in various formats such as text, audio or video, for example. At the same time
various input options can be used like keyboard, speech recognition, or touch gestures. In public places it is more difficult to
concentrate, in which case just lightweight information should
be presented to the user so as not to overstrain him. In quiet
environments deeper learning can be supported. It is obvious
that the user’s current situation has a major effect on his learning
process. Taking this information into account enables the application to adapt to each particular user and to provide personalized services. A user’s current situation is described as Context (Section 2.2) and the learning theory that observes it is called
Mobile Learning in Context. This subset of Mobile Learning allows
applications to go beyond the idea of a mobile Learning Management System, rather it supports the learning success of the user by
adaptation of its services. The benefits of including the Context

9
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(Section 2.2) and using Mobile Learning in Context (Section 2.1.6)
will be presented in the following sections.

2.1.6. Situated Learning
The learning theory that is mainly mentioned in the context of
mobile learning in context is Situated Learning [3, 25, 24, 31, 33,
51]. Here the current learning situation, i.e. the context, plays an
important role in knowledge construction [2]. This theory takes
learning as a situated activity and that learning happens by practicing [25, 24]. The idea is that newly acquired knowledge is
applied directly to achieve deeper learning. So students shall
learn within the same context in which they have to apply this
knowledge [31, 51]. If this is not possible, realistic simulations
should be provided. Moreover, it supports collaboration. Hence,
learners can contact experts or colleagues. Applications that support mobile learning in context obviously take the user’s context, i.e. the situation, into account. Since the majority of the
approaches consider the location, they can notify the user about
colleagues or on-topic resources like museums [5, 9, 34, 41].
To fulfill the other requirement of practicing and applying the
newly acquired knowledge, applications can provide a test at
the end of each topic or simulation. This way, users can apply
their knowledge immediately and get feedback on their personal
learning success.

2.2. Context and context awareness
Context is generally described as information which characterizes the situation of an entity [50]. An entity is a resource which
participates in a mobile learning process, e.g., the mobile device,
the user himself or any object that is important for the interaction
between user and application [31, 7, 33]. So context can be any
kind of information to determine, specify, or clarify the meaning of the current situation. In the literature context is often set
equal to location information which greatly restricts the power
of context. Context contains much other information which enables a detailed view on the user’s current situation. One can
classify context in three categories which will be described in the
following sections and can be seen in Figure 2.1.
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Figure 2.1.: Aspects of context

2.2.1. Extrinsic State
The extrinsic state deals with a user’s current environment. That
contains the user’s current position (location), time of the day and
the interval in which the user learns (time), and the object the
user currently deals with and how this information can support
his learning (analog-digital).
The location offers a lot of information that is useful to support
the learning progress. That is probably why it is often used synonymously with context [34]. If an application knows where the
user currently is, it could advise the user to visit a library which
is close to him and which offers books about the topic the user
is studying right now. It also can draw his attention to an exhibition that could be interesting for him. Another possibility
of location-awareness that is often mentioned is to show people
from your learning group when they are close to you, so that you
can meet them and chat about current topics so that you get a
deeper understanding [5, 9, 34, 41]. Moreover, the place determines the frequency of distraction. E.g., the user is much more
distracted at a train station than on a train. So this information
even helps to identify the concentration level of the user.
Furthermore, time plays an important role. When the user has
to change locations it is often impossible to continue using the
mobile platform because the user has to focus on processing his
environment. So the time interval between changing locations is
important as the information presented to the user should not exceed the time limits because then the user is not able to use the
information efficiently anymore [31]. For collecting information
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about the user it is also of interest at which time of the day
the user learns usually, how long the interval is in which the
application is used, and what is next on his timetable [31, 26].
The latter aspect could enable automatic reminders for weekly
appointments like meetings with learning groups, for example.
Knowledge about individual pace and user habits can be used to
improve personal learning.
The last mentioned aspect here to capture user’s extrinsic state is
called analog-digital. It deals with the possibility of combining
digital information and analog/real world objects. That means
the application provides the user multimedia data about an object he sees in reality. The application on the device has to detect
the object, which can be anything such as a building or a painting,
and download related data from a server [26, 8]. For example,
Bob is visiting London for the first time. Every time he sees an
interesting building like the Westminster Abbey or Big Ben, he
focuses with the camera of his mobile device on the building and
gets information about what the building looked like and what
purpose it had. In a museum he gets informed about the exhibits
when focusing on them with his mobile device. Thereby the data
can be text, audio or video. The advantage of analog-digital is
that it delivers very important context information since the user
is highly motivated in that situation and the probability that he
really learns is higher. At the moment, the connection between
analog and digital objects is mostly realized in the area of augmented reality.

2.2.2. Intrinsic State
The second category, user’s intrinsic state, deals with the inside
of the user. This includes the user’s knowledge level, his concentration level, and also his motivation level.
Learners have different knowledge levels. It depends on their
concentration when getting in touch with a topic, their previous
knowledge, their knowledge about related topics, and their given
skills. In the development stage of a learning application it is
important to adjust the system to these differences. The less the
user knows about a given topic the more basics have to be provided to the user to let him understand the information step by
step. Having more knowledge about a subject leads to providing
more deep and more precise details about the subject for the user.
The system must interrogate the user’s knowledge to provide
him with suitable learning material and to be able to decide what
the user should learn next. In [31] an approach is introduced
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which shows alternatives to take the knowledge level into account. When a user joins the system for the first time, he is asked
general questions to measure his knowledge. Depending on the
evaluation, the system offers the user personal learning materials.
Every time a user finishes a topic he has to participate in a small
test where he has to answer several topic-specific questions. Depending on the results, he has to repeat the topic or is unlocked
for the next level. Following this idea and adding the knowledge
level to the context supports learning since learners get suitable
materials so that they learn without being discouraged because
questions are too difficult.
Another aspect in this category is the concentration level. It has
a great impact on the success of learning. If the concentration
is low, the user will hardly learn and needs a lot of repetitions.
If the system knew about the user’s current concentration level,
it could react, for example, by providing material via different
channels to obtain the user’s attention. But measuring the concentration is very difficult because it is hard to capture and it
changes during the usage of the system. Just asking the user, if
his concentration level is low, medium or high [31] does not add
further information to the context because the user could simply
lie, he might not be aware of his real level, or the level changes
during learning. So other techniques are required. One could use
other state information like the location or the time to measure
the concentration. For example, if you are standing at the main
train station with a crowd of people around you, you will probably not have a high level of concentration since there are many
distractions. So the location contributes to the concentration, but
also the time of day, which could be a sign for your tiredness, and
the time available for learning. In [38, 39, 46] they suggest to use
sensors to capture eye gaze shifts and algorithms to evaluate and
interpret the findings. But it is also added that it is difficult to
accomplish the right interpretation so far.
It is even more difficult to measure the current motivation level of
a user. Although it is an important piece of context information
the motivation level is rarely part of the context of approaches
at the present time. The main reason is that it is hard to capture. There are methods of detecting facial expressions with algorithms [46] but interpreting them does not work sufficiently yet.
One possibility of understanding low motivation could be to use
the information the system gains out of knowledge testing. If the
user cannot answer the questions at the end of a topic correctly,
he was probably not motivated. In this case the system should
be able to provide information about this topic in other ways like
using audio sources, videos, or learning games to motivate the
learner and thus gaining his attention.
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2.2.3. Technologies
The third category concerns the hardware and technological properties of mobile devices and the currently available
communication medium. Some considerable aspects are:

• Bandwidth
• Communication technology
• Display size
• Memory
• Sensors
• Peripherals
• Battery
• Operating system
Bandwidth is a very limited resource. Depending on the given
bandwidth, the type of data which should be sent for requested
information must be adapted to, otherwise the user is not able to
process the information adequately because of traffic problems.
Moreover, the communication technology used gives hints about
the mobility and the quality of the connection (or the frequency
of connection losses). E.g., using WLAN provides much more
stability than using mobile connections, because the data can be
split in much larger packets. The quality of mobile connections
changes depending on the current provider and available signal
strength on a location. Another point is the display size which
limits the spatial allocation and size of GUI elements of the provided content. The application developer must think of a design
that enables easy, intuitive, and fast navigation independent of
the screen size. Due to the propagation of smart phones and
tablet computers various formats of user interfaces must be provided to reach optimal user satisfaction. Memory is another limitation which affects how much data can be cached or stored on
a mobile device. Applications should not claim too much memory because this will deter learners from using it. Therefore, one
could offer storage within a cloud, for example. Another very
important aspect is the availability of sensors. The more information can be retrieved from a mobile device, the better is the
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estimation of user’s context. An available gyroscope gives the
information, that the mobile device is able to change the display
between portrait and landscape mode which additionally affects
the spatial allocation of GUI elements of the provided data. An
accelerometer can be used to determine whether the user is in
move or not. Geolocation can be used to estimate the type of
room the user is actually in (e.g., bus station, museum, lecture
hall). Further information to various sensors and the possibilities they offer can be found in [39]. Peripherals give information
about the type of input and output peripherals. For example, the
usage of a touchscreen differs enormously to the usage of a keyboard, because of the possible range of interaction techniques,
like gesture recognition and so on. The available battery power
which determines the type of provided data content of information is also important. Applications that use much of this resource will not willingly be used by learners since their mobile
device is not just their learning medium but also cell phone and
PDA. Another issue is having different operating systems for
which applications have to be developed. Applications should
be installed easily, run correctly and equally on every system, so
that the target group is not restricted by technical misdetermination.

2.2.4. Context Awareness
Applications that include the user’s context in their process and
adapt to that information are called context aware. Context can
identify and characterize a user quite precisely, and detailed user
profiles can be generated which support personal learning by
providing material that fits exactly to the individual learner. With
the use of sensors and algorithms that translate the findings to
reactions of the learner, mobile learning enters a new level of
providing accurate personal learning. If a user faces a problem at some point, sensors could capture this and algorithms
could interpret it, so that the system offers support. By collecting such information, statistics could be produced to make
the user aware of his learning process. Moreover, by taking the
user’s environment into account, applications could suggest to
visit locations that are related to the current topic to motivate
the learner and keep him interested by using different sources
for teaching. Another possibility is to suggest others to support
collaboration. This is often done by locating the user and informing him about fellows close to him. In summary it can be said that
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context awareness encourages personalization, recommendation,
and can also provide input for learning analytics.

2.3. Mobile Devices
Mobile devices have become everyday items. They are becoming smaller, lighter and their computational power is increasing
which enables ubiquitous computing. There are a lot of different
mobile devices. Although this framework shall be applicable
for a wide range of devices, one has to set a minimum level of
requirements. So one can define for which kind of devices the
implemented solution is developed for.
Our framework addresses devices which provide standardized
APIs and therefore are easily programmable . Hence, computer appliances like MP3 players are not of interest. Rather only
devices that are technically close to computers will be considered.

1. Notebook123
• Computational Power: No great difference to desktop
computers
• Memory: High storage capacity and extendable
• Runtime: Depending on power and size; Up to 16
hours are possible; Usually between four to eight
hours
• Weight: Heavy, up to six kilograms
• Display Size: Varies between 13 and 18 inches
• Usability: Offers many input options (keyboard,
touch pad, mouse, screen) which greatly facilitates interaction; Nevertheless, huge disadvantages which restrict mobility are that the user primarily needs a place
to sit and secondly needs time until the notebook boots
up

1 http://windows.microsoft.com/en-us/windows/shop/laptop-guide
2 http://www.microsoft.com/athome/video/choosepc.aspx#fbids̄cfVk_-

mx9Wf
3 http://www.cyberport.de/notebook
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• Propagation: High, for example, 57 percent of U.S.
adults own a laptop4
• Conclusion: Although this device is restricted in its
mobility, it is highly used because of comfort

2. Ultrabook56
• Computational Power: Processor is usually a bit
slower, but with SSD it still performs very fast; Graphics card is restricted
• Memory: Limited, but usually partly SSD
• Runtime: Up to 9 hours
• Weight: About one kilogram; Extremely thin
• Display Size: Varies between 11 and 15 inches
• Usability: Same input options as a notebook; Lightness supports portability; High performance supports
usage
• Propagation: New on market; Prices still too high for
wide propagation
• Conclusion: New technology that is extremely
lightweight and high performance; Made for fast
usage and high portability

3. Netbook78
• Computational Power: Performance is crucially lower
than a notebook; acceptable for office programs and
surfing
• Memory: On average 320 GB; Working memory is also
very low
4 http://www.pewinternet.org/Reports/2012/Digital-differences.aspx
5 http://www.golem.de/specials/ultrabook/
6 http://www.cyberport.de/ultrabook
7 http://www.cyberport.de/netbook
8 http://www.microsoft.com/athome/video/choosepc.aspx#fbids̄cfVk_-

mx9Wf
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• Runtime: Up to 12 hours
• Weight: About one kilogram
• Display Size: Around 10 to 11 inches
• Usability: Same input options as a notebook; Lightness supports portability; Because of restricted power
not suitable for complex and memory-hungry applications
• Propagation: The sales of netbooks is decreasing
rapidly9
• Conclusion: Although it is a lightweight device, the
problems of a notebook remain: it is not immediately
usable

4. Tablet10
• Computational Power: Processor power is much
lower compared to a notebook
• Memory: Usually 16 GB, sometimes extendable to 32
GB
• Runtime: About eight hours
• Weight: Varies between 350 grams to almost one kilogram
• Display Size: About five to ten inches
• Usability: Touch screen is only input possibility, in
return it is ready for immediate usage without any
preparation (e.g., place to sit); portable
• Propagation: The sales of tablets increased constantly
in the last years; Sources predict total sales of over
35 million devices for the United States at the end of
201211
9 http://www.pcworld.com/article/250055/are_netbooks_dead_the_prog-

nosis_is_grim.html
10 http://www.cyberport.de/tablet
11 http://www.statista.com/statistics/200248/forecast-of-tablet-pc-sales-in-

the-united-states-from-2010-to-2015/
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• Conclusion: Compared to its size it has a good performance; Users can use it anywhere and anytime; Long
battery service life and big display size enable long
learning sessions; At the same time it is too big to carry
it in your pocket all the time

5. Smart Phone12
• Computational Power: Processor power is low with
about one GHz; Sufficient for applications that are offered for smart phones right now; Some have dual core
• Memory: Newer smart phones have an internal memory of 16 GB
• Runtime: Depends highly on usage; On average about
ten hours
• Weight: About 150 grams
• Display Size: About three to five inches
• Usability: Touch screen is only input possibility, in return it offers the highest portability since it fits in every
pocket; Ready for immediate usage
• Propagation: Worldwide in 2011 491.4 million devices
have been sold and in the first quarter of 2012 already
144.9 million; highly distributed13
• Conclusion: This is the device which best meets the
requirements of Mobile Learning; People always carry
it with them since it is also their cell phone, so they do
not notice it as additional hardware; Moreover, there is
much research in this area to increase the performance
of smart phones
In every situation the user’s smart phone is close to him. In addition to this the smart phone is used frequently throughout the
day with different intentions. Therefore it is the perfect medium
to capture a user’s context model. That is why they play a more
important role in comparison to the other categories of mobile
devices.
12 http://www.cyberport.de/smartphone
13 http://www.email-marketing-reports.com/wireless-mobile/smartphone-

statistics.htm
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2.4. Programming for Mobile Devices
Since the implemented solution has been developed for mobile
devices and a mobile application has been implemented for smart
phones, two dominant operating systems for implementing native applications on the phone and an approach which allows
platform-independent web applications to be developed will be
presented. Android and iOS have the largest market share with
82 percent combined [27] and therefore need a detailed introduction.

2.4.1. Android
Android is an operating system that is based on Linux with
Java as programming language. It is used for mobile devices
like smart phones and tablets. Android is mainly developed by
Google Incorporated. In the first quarter of 2012, 59 percent of
smart phones sold had Android as the operating system [27].
Furthermore, Android’s market share in Great Britain, Germany,
France, Italy, and Spain was 65,7% in July 2012.
To develop Android applications, one has to download the
Android Software Development Kit (Android SDK). It contains
all the required tools such as compiler, debugger, and an emulator. In addition, it provides a rich user interface library and an
embedded SQLite database. Furthermore a plug-in for Eclipse
IDE is offered, called Android Development Tools - ADT. This
plug-in facilitates quick start and quick application development.
There are many possibilities to distribute your own applications.
The most common way is using Google’s Google Play service. Developers have to pay once $25 to register with Google Play. Membership and the upload of applications are free. Google Play is
pre-installed on every Android phone and notifies users about
available updates of their applications.
All in all, Android is widespread and developer-friendly since
only minimal fees are levied and quick start is enabled. Applications can be uploaded smoothly. The main disadvantage is that
the simplicity supports the distribution of poorly tested software.
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2.4.2. iOS
iOS is the operating system developed by Apple Incorporated for
their own devices iPad, iPhone, and iPod touch. In the first quarter of 2012, 23 percent of smart phones sold were phones running
iOS [27]. It is based on OS X with Objective-C and C/C++ as programming language.
To start implementing applications for iOS, one needs Xcode,
which is Apple’s own IDE. It contains iOS SDK already, so no
further downloads and plug-ins are required. Xcode includes a
graphical user interface editor, static code analysis, i.e., bugs are
marked before compilation, debugging and performance tools.
Downloading Xcode costs $ 4.99.
Developers can share their applications on the App Store. Membership costs $ 99 per year. Applications do not appear directly
on App Store. After submission by the developer, applications
have to be approved by App Store reviewers. Only then they are
put to App Store and can be downloaded by users.
Altogether Apple provides an all-in-one solution what enables
fast start of implementation. At the same time, development for
iOS is linked to costs. Nevertheless, there are four times more developers for iOS than Android. Probably that is because studies
show that iOS users tend to buy apps more than Android users
who prefer free apps.

2.4.3. Hybrid
There are three types of applications: native apps, web apps
and hybrid apps. The first one describes applications that
have been developed for one particular platform, such as for
Android or iOS. They show more performance and have access
to the device’s hardware. Their major drawback is that for
each operating system one needs its own implementation. The
second category describes applications that are mobile websites.
That means they are implemented using web technologies but
their representation is adjusted to mobile devices. Web apps are
platform-independent, hence one implementation works on all
operating systems. In return these applications have almost no
access to the hardware of the device, they are lower performance,
and need connectivity.
The last category are hybrid apps. They are a mixture of native
and web applications. They look like native apps and run on
the device but they are developed by using web technologies.
So one needs again just one implementation and can run it on
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every platform. Using some frameworks like PhoneGap14 or Titanium15 allows even some access to the device’s hardware like
the accelerometer or local storage. Disadvantages are that hardware access and performance are still restricted and connectivity
is needed.

2.5. Representation formats
When developing a context model and distributing it to various
consumer applications, one has to think about how to represent
the model in the best possible way. There are two standardized
formats which will be analyzed in detail and which are used to
represent the solution of this thesis. These two formats have been
chosen because they are standardized, platform-independent,
and they enable the separation of content and its representation.

2.5.1. XML
XML stands for eXtensible Markup Language and it is a language
to represent structured information [45, 35]. It contains the information itself and additionally what role that information has
within the document. That means it describes the structure of
a document. It has a hierarchical structure and tags are not predefined. Hence, tags must be defined by the author himself [43].
Its advantages are that data can be enriched by meta information
and that data is stored in plain text format to keep it softwareand hardware-independent.
Its disadvantages are the big overhead emerging from meta information and its strict structure that requires that all elements must
have a closing tag or marked as empty, for example.

2.5.2. JSON
JSON stands for JavaScript Object Notation. It is a lightweight
data-interchange format that is based on JavaScript but still is language independent since it is plain text [19, 22].
JSON is built on two structures, namely objects and arrays. An
object is an unordered collection of key/value-pairs, separated
by commas. An array is an ordered collection of values which
are also separated by commas. A value can be a string, a number,
14 http://phonegap.com/
15 http://www.appcelerator.com/
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an array, a boolean, an object or a null value [19].
The advantages of JSON are that it is easy and consequently
faster for machines to produce and to parse JSON Strings. That
is because it contains minimal meta information so it is shorter.
Therefore data in JSON is smaller than data in XML and can be
sent smaller[22].

2.6. Framework
In many software systems that are developed for the same application area, one can detect redundancies in functionality or design. By the usage of frameworks these redundancies can be
avoided. A framework contains processes that are required by
software systems so that these can integrate it. Frameworks support reuse [21]. That leads to shorter development times and a
higher quality of applications [36]. Thereby, frameworks are no
stand-alone applications even though they can contain concrete
functionality. Furthermore, they must be implemented the way
that they are extendable. That means extensions must be easily
added to the existing framework without great changes in the
overall architecture.
There are three types of frameworks: black-box frameworks, whitebox frameworks and a combination of both [36, 21]. When using a
white-box framework, programmers have to add new subclasses
before they can really use the framework. Therefore the inner
structure of the framework has to be understood which costs
time. In return it is more flexible.
Black-box frameworks do not require any knowledge about
their inner structure. Programmers only have to know how
to communicate with the external interfaces of the framework.
These kind of frameworks are much easier to learn, but are also
less flexible.
A combination of both types would be a framework which provides both concrete classes that can be used directly (→ blackbox) as well as abstract classes that need application-specific subclasses (→ white-box).
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Chapter 3 Related Work
In this chapter some approaches will be presented that deal with
context modeling. Their central idea and the process of context
collection will be introduced. The outcome will be discussed
according to benefits and drawbacks.

3.1. Context Management Framework
In [23] a framework is introduced which obtains various context information from different sources, interprets, and forwards
them to further applications.
The framework contains resource servers which connect to multiple sources, which are sensors to measure audio, acceleration,
temperature, humidity, and touch. These raw data are preprocessed and specific context features are calculated. In a further
step the feature values are bound to human-interpretable vocabulary by using a self-defined context ontology. The transformation is realized by methods which match a numeric value to a
textual counterpart of the ontology. The resulting context information possesses a context type, which is a context category, and
a context value. Optionally, it can have a time stamp, a source
specification, and a property attribute where additional details
can be added. The set of context information, which uses RDF
– Resource Description Framework syntax, is sent to the main component of the framework, called context manager. It serves as the
central server and stores all context data. The remaining components are the clients which use the manager’s services. The entire
communication between components of the framework passes
through this component. Applications gain context information
by direct requests to the context manager or subscriptions to
change notification services for certain context categories. Therefore, the application needs to know the context ontology and the
methods for communication.
The special feature of this framework is the possibility to provide
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higher-level context information. By using a classifier, high-level
context information can be computed by a set of context atoms.
For example, by analyzing various information about the user’s
environment, the classifier decides if the user is indoors or outdoors. In the evaluation, this feature achieved satisfying results.
In a test in real world conditions, the classifier achieved 87 percent true positives and 95 percent true negatives.
The weak spot of this approach is clearly the concentration on
sensor-based sources. The entire context model is based on the
user’s extrinsic context (cf. Section 2.2.1) which neglects a crucial
part of the user’s entire context. Another restriction is that the
framework just works for the Symbian platform. This operating
system was very popular but lost a lot of market share within
the last years. According to [27], Android has a market share
of 59 percent, iOS holds 23 percent and Symbian holds 6,8 percent worldwide in the first quarter of 2012. The decrease is also
visible in the graph in Figure 1.1. Hence, the applicability of
this approach is strongly limited, nowadays. Beyond that, the
communication within the framework is not realized in an efficient way. An approach has been used that forces every request
to pass at least two hops. This slows down context updates.
Another huge drawback is the fact, that context-aware applications do not have the possibility for own interpretations. They
have to work with the interpretations of the framework. Even
some estimations would be different when they were applicationspecific. Depending on an application’s purpose, the boundaries
for sound intensity (“silent”, “moderate”, “loud”) or depending
on cultural aspects the feeling for temperature (“cold”, “normal”,
“hot”) could vary. These circumstances would lead to wrong reactions.

3.2. Context Management System
In [40], a context management system is introduced that provides
a general solution for the process of context extraction, handling,
and distribution. The main goal is to automate the entire context management process so that it is domain-, application-, and
condition-independent. That means, there is a strict separation between the receiver application and the trace of context to
achieve a uniform way to access context information.
The architecture has one central component. Receiver applications deal only with this entity, called Context Broker. Thereby,
linking applications with the system becomes easier and clearer.
All other components of the system send their data to the Context
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Broker, which is responsible for the communication, the forwarding and context retrieval, selection, and delivery as well as updating or deleting context information. The Sensor Manager controls the sensors and sends raw data to the Context Broker which
forwards it to the Context Store. Here the data is processed and
stored in specific repositories. Unfortunately, no more details are
shared about data processing. The Context Event Manager offers
the functionality for notification services. It enables context updates and allows subscriptions of consumer applications to certain context types so that these applications get informed about
updates. The Context Ontology Manager provides the ontology to
the Context Broker which can interpret the semantic meaning of
the available context data and can react to the results of the interpretation.
Unfortunately, there are no details about the computation and
generation of the context model such as its format, for example.
In addition there is no information about the methods used to interpret and map it to semantic meaning.
In the paper it is said that general concepts are described and
that the approach must be specialized to be useful for real world
situations. This aspect and the absence of important implementation details leads to the impression that this approach is rather
a first attempt in developing a system for context modeling. It
needs further stages before it can be applied in the real world.
Another drawback can be found within the approach’s architecture. Having one central component which is responsible for the
entire communication within the system leads to a bottleneck. In
addition, the context data is interpreted in the same way as the
previous approach in Section 3.1. This leads to pre-filtering. The
interpretation of values should be left to consumer applications,
since a framework cannot know the intents of consumer applications.

3.3. Ambient Information CHannEls
In [38, 39], a general model for aggregating concepts of contextaware mobile learning applications is proposed. The model is
called AICHE which stands for Ambient Information CHannEls.
The idea is to analyze information channels and recognize relations
and patterns. In this context, information channels are suppliers of information and services. They are linked to sensors and
artefacts. The latter are physical objects which allow interaction
between user and channel. An assumption of this approach is
that there are no technical limitations in information sourcing.
The process of context construction runs through four layers
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which are presented in Figure 3.1. The first one is the sensor
layer where sensors are categorized according the kind of information they provide and where raw data is received from sensors. The aggregation layer collects these raw data and converts
them. First, the aggregation process takes place. Here, raw data is
processed into ready-to-use information. For example, a timestamp value is processed to current time of day. Afterwards, this
information undergoes the enrichment process where the aggregated information is attached to entities which are information
channels or users. Matching takes place by applying context patterns. By this process, the current context is enriched with extra
information and the reaction of the application can be much more
appropriate. In the next level, the control layer, an instructional
logic is specified and two further processes take place. During
the synchronization process relations among the enriched entities
are identified by using the logic and the aggregated information.
The framing process, which follows after synchronization, adds
meta information to the channels describing their context. The
last layer, the indicator layer, deals with the presentation of the
information channels paying special attention to augmented reality. For learning this process is particularly important since its
main purpose is feedback and the stimulation of metacognitive
processes [38].
There are two major drawbacks. The first one is the neglecting of the inner state. That means the user’s context is generated by considering only the extrinsic state which contains information like location and time. But the user’s inner state containing his motivation or knowledge level are completely ignored.
The knowledge about the inner state enables more precise and
suitable reaction of applications. The second drawback is that
the approach is based on an assumption that is not realized up
to now, namely that there are no technical restrictions in information gathering. With this assumption one can get much more
context information to analyze but it simply does not meet today’s reality.
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Figure 3.1.: Four Layers of Context Construction in AICHE[38]
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3.4. Contextualized Attention Metadata
In [49, 30], a framework is introduced that monitors user activities, collects these, generates a model and processes the information to provide personalized services. Therefore, Wolpers et
al. developed a schema for Contextualized Attention Metadata,
called CAM Schema.
A user is monitored and all his activities in certain applications
are captured. Thereby, it is observed if he deals with a web page,
a text or image file, an email, a chat session or music. All these
possibilities are described by the term document [49]. Each application has its own XML format in which it saves the collected
data. In a further step this XML file is transformed into their own
CAM XML schema via plugins.
The structure of the CAM schema is as follows: It has one group
element which covers the data from all sources about one specific
user. Every feed element contains just the data of one source. Items
collect the data dealing with one particular document. Events
describe all actions a user undertook concerning this particular
document. An action could be reading, editing or deleting the
document, for example. An event has several attributes like action, defining the type of action and providing more data related
to the action, dateTime, stating when the event took place, duration, sessionId, ipAddress, userInfo, containing information like the
user’s name, email and address, and context. In context information about the setting rather the surrounding of the document
is collected. That means, it provides additional information about
the origin of the document.
The emerging model is analyzed by the CAM application itself.
It tries to identify behavioral patterns from user habits to enable
better user profiling. The approach offers some simple services
using the context model, like showing the last ten actions undertaken and its related application or showing user interests.
Wolpers et al. see their future work in adding more applications
that deliver context attention metadata to enrich their model.
Another task will be to allow clustering of users depending on
their behavioral pattern to identify similar users so that better recommendations and more precise prediction of users’ future steps
can be made.
The major advantage of this approach is the fact that it considers user activities for generating context models. These
data can help to understand a user’s inner state. Most of the
approaches that deal with context modeling concentrate on the
user’s environment although his activities can provide much
more valuable information. My framework’s structure is based
on the CAM schema for making later co-operations possible. So
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this approach resembles my framework the most. A limitation
that my framework overcomes is the fact that in CAM just activities that deal with operations made on documents are considered. For example, activities like phoning or playing are neglected completely although they give a hint for the motivation
level. Additionally, environmental aspects are ignored. In the
next chapters the developed framework will be presented in detail where it will be shown that the my framework is less restricted and is developed on a more general level to allow all
kinds of context information.
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The goal of this thesis is to develop a framework to support
context-aware mobile learning applications. In this chapter the
thesis’ ideas will be expanded and the advantages for each target
group will be clarified in Section 4.1. Furthermore, the functional
and non-functional requirements for the system will be defined
in Section 4.2 and Section 4.3. In Chapter 5 these requirements
will form the conditions for the architectural construction.

4.1. Overall Aim
The aim of this thesis is the implementation of a standardized
solution for context-aware mobile learning applications to get
access to a user’s entire context data. The idea is to collect context information from more than one source. Sources are applications that provide context information about a user, hence they
are called provider applications or just providers hereafter. If one
collects the data of several provider applications, one is able to
get a more detailed view of the user’s context than one single
application could provide alone. Each user’s context is collected
separately and can be sent to applications that request the data.
This kind of application consumes the information so they are
called consumer applications or just consumers. These applications
can get a context model of the user. Depending on the values of
the model, they can react to the user by personalization, recommendation or any other service that can achieve better results by
being context-aware.
In this context the term context model should be defined more precisely. A user’s context model contains all his events. An event
is any kind of information that describes his current activity,
his physical state, his environment as well as any other information. That means that each piece of information that describes
the user’s current situation, mentally and physically, is collected
and put in a particular structure and representation format. The
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structure and format will be explained in detail in Chapter 5.
The data will be categorized so that consumer applications can
match information better and faster according to their needs. It is
important to add that there is no kind of interpretation of the data
given by the provider applications within the model generation
process. Even though many approaches include interpretations
(Section 3.1, Section 3.2), this possibility has been ignored on purpose to avoid any kind of pre-filtering effect. Without knowing
the consumer application’s purpose or its target group, any kind
of interpretation could lead to an inappropriate reaction by the
consumer.
The target group my framework is primarily addressing is the developers of context-aware mobile learning applications. Secondly
the users themselves also belong to the target group. The most
obvious benefit from a developer’s point of view is the relief of
context-awareness. The process of model generation is mandatory in this area and it is solved by my framework. Hence, developers can implement context-aware applications fast and efficiently. Their applications will be much more precise in reacting to the user since their context model not only consists of the
data they can capture on their own but rather the sum of many
sources which makes the model much more sophisticated and
complete. Moreover, the developed framework is general enough
to be linked to different applications and is not restricted by platform, so another advantage is the reusability. The second target
group, the users, are not directly reached by the framework but
they still benefit from it. Since the framework can offer a combination of different sources, a detailed picture of the current user
context can be constructed. Such a context model can lead to an
"intelligent" behavior of the consumer application. That would
be an asset for the user.
As already mentioned in Section 2.6, frameworks must remain
extendable. In my case it is important that the framework is able
to accept any kind of context information and can be extended
easily, for example, in case of a new context category. So the solution must be implemented on an abstract level to allow easy extensions. At the same time the linkage between framework and
provider or consumer application must be built easily and fast,
so that the embedding of my project into their process can enabled efficiently. Hence, the abstraction level cannot be too high,
because this would require too much effort for the application developers to understand the architecture of the framework. Therefore my solution must be a combination of black-box and white-box
frameworks (Section 2.6).
This solution is needed urgently since there is no standard solution available. As seen in Chapter 3 there are some approaches
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that also follow the idea of collecting context data from different
sources and generating a context model. Their drawbacks are
that they concentrate on one type of context such as the user’s
environment or more rarely his activities and many frameworks
interpret their data before providing consumer applications their
context model which potentially leads to a loss of information.

4.2. Functional Requirements
In a stand-alone application functional requirements describe the
intended behavior of the application [28]. The behavior describes
the reaction of the application in certain scenarios, namely the
use cases. But a framework generally has no concrete use cases,
so the detection of functional requirements is more difficult and
it is an abstract procedure.
It is important to define and strictly separate the tasks of the
framework and the applications that use it, so that a division
of responsibilities and a smooth collaboration is possible. The
following requirements specify which tasks have to be taken over
by the framework and which by the applications to delimit the
tasks.

4.2.1. Binding of Provider Applications
In this section the tasks which arise to enable the communication
between provider application and framework will be defined.
The framework’s tasks are as follows:
1. Any kind of application shall be able to connect to the
framework. There shall be no restriction from the framework side regarding the type of application. This involves
the application’s programming language, for example.
Every application shall be able to send data to the framework that is accepted as long as it follows the structure
given by the framework.
2. Any kind of context information shall be accepted by the
framework. There shall be no restriction regarding the type
of context.
a) The framework must have extendable context categories. That means, new context categories shall be
added to the existing categories without great effort.
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3. Registrations of new users shall be accepted and gathered
to the system. Additionally, password changes shall be accepted and passed to the framework’s database.
4. The binding of the provider application shall happen by an
external interface. This supports loose coupling between
interface and framework. Thus, reuse possibilities of the
framework increase.
5. The communication between framework and provider
application shall be isolated so that there is no possibility that a consumer demands data directly from provider
application. The advantage of generating a context model
from many sources would be lost in this case.
6. The registration of the provider application itself is not required since there is never direct contact between provider
and consumer. But the framework shall demand that the
source of an information is stated. This could be the name
of a sensor or an application. Hence, the source is not lost.
This could be helpful for future requirements.
7. The additional implementation effort for each provider
application must be kept minimal, so that the framework’s
usage is worthwhile. Therefore, the framework must provide standardized interfaces which each provider can use
to be able to communicate with the framework.
8. Documentation shall be offered that explains step by step
the process of connecting to the framework and shows
schemata of the requests.
The provider application’s tasks are as follows:
1. Provider applications shall communicate solely with the
provided API. They have no further access to the components of the framework.
2. Provider applications shall send user data to the framework
to register users and to identify the owner of context data.
3. The source of information shall be defined and sent to the
framework as well.
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4. It shall actively send context information to the framework.
The provider itself decides at which interval it contacts the
framework.
5. The provider must notify the framework about updates of
the data. The tools for this shall be provided by the framework.
6. For interaction the provider must transform context information into a standardized format that follow the rules defined in the documentation in Appendix A.

4.2.2. Binding of Consumer Applications
In this section the tasks which are required to enable communication between consumer application and framework will be defined.
The framework’s tasks are as follows:
1. Any kind of application shall be able to connect to the
framework. There shall be no restriction from the framework side regarding the type of application. Every application shall be able to receive a context model from the
framework as long as the requests fulfill the structure given
by the framework.
2. The binding of the consumer application shall happen via
an external interface. This supports loose coupling between
interface and framework. Thus, reuse possibilities of the
framework increase.
3. The communication between framework and consumer
application shall be isolated so that there is no possibility
that a consumer communicates directly with the framework’s components. Otherwise the framework’s abstraction level would be threatened.
4. Registration of the consumer application is not required.
Since it is just consuming data, the framework does not
need to know the application. The framework shall just
check if the correct user data (user name and password) is
given by consumer when requesting a model.
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5. The framework shall be able to respond to several consumers’ requests simultaneously.
6. The context model shall be adjusted to the consumer’s
wishes that are explicitly stated.
7. Documentation shall be offered that explains step by step
the process of connecting to the framework and shows
schemata of the responses.
The consumer application’s tasks are as follows:
1. The consumer application has to request the context model
actively.
2. The user name and his password have to be reported to
identify the user whose context model is requested.
3. The consumer decides on the context model’s representation format.
4. The consumer decides what context information is shown
in the context model.
5. For interaction the consumer must form its request
according a standardized format that follow the rules
defined in the documentation in Appendix A.

4.2.3. Processing of Context Information
Handling context information is the main task of the framework.
The requirements that arise in this area are as follows:
1. The framework must accept data from various providers
and assign the data to the correct user.
2. Transform data according to own structure and attaching
own identifiers to objects.
3. Management of context data: Updating existing data, and
removing data when it is outdated.
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4. Persistence of context data must not be given. Context is
dynamic, so it is in constant change. The older a piece
of information becomes, the less significance it has since
applications are interested in the user’s current context. So
there is no obvious advantage in keeping old events rather,
because of performance reasons, such events should be removed.

4.3. Non-Functional Requirements
After defining the functional requirements, the non-functional requirements of the project will be defined. These requirements
refer to the quality of a system. The solution developed in the
course of this thesis represents a first stage for a framework
that generates a context model by collecting data from various
providers. This field of research is still in an initial phase. That
means there will be further developments in the future. Therefore, this framework will be extended and adjusted to the needs
of mobile learning applications. That is why the primary focus
is on the functional requirements but still non-functional requirements will be considered.
In ISO/IEC 9126 [20] a quality model is defined which contains
six main characteristics to evaluate the quality of a system.

4.3.1. Functionality
This category deals with the requirements of Section 4.2. Are all
mentioned functional requirements fulfilled by the system? Attention is paid whether the system delivers the designated results. This requirement will be tested in Chapter 6. Security
issues will mostly be neglected. The framework shall identify
users uniquely and generate models solely if correct user data is
sent by consumer. Further attention can be paid in future stages
of the framework.

4.3.2. Reliability
Reliability deals with the maintenance of performance and the
correctness of the system under particular conditions. In this
project fault tolerance must be given, so that the system does
not crash in case of incorrect request structure or errors in data.
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Furthermore correctness of data must be guaranteed, that implies that the content of the context data is not manipulated
by the framework. Because of maturity reasons outdated data
must be detected and removed by the framework. Moreover, the
system must be available for multiple applications at runtime,
i.e., enough resources must be available. This can be tested in
Chapter 6.

4.3.3. Usability
Usability describes the effort required to use a system. More precisely, how intuitive an application is concerning its usage. This
characteristic focuses especially on the GUI. Since a framework
has been developed this point is not fully applicable. Still there
are some points to consider. The developers of applications are
the users of the framework. To make usage easy, developers shall
not need to understand the inner structure of the framework, they
shall only connect to the external interfaces. These interfaces shall
be well structured and commented. In addition, detailed documentation shall be provided. These requirements shall support
learnability and understandability.

4.3.4. Efficiency
This point deals with the dependency of performance and resources. The question is how the system performs when applications draw from resources? The framework shall be able to generate and pass different context models to different consumers in
parallel. This action should not have a great effect on the performance. At the same time, the framework shall be able to accept
data sent by different providers. All in all, the framework shall
have acceptable processing periods.

4.3.5. Maintainability
Maintainability describes the endeavor to implement changes in
the system. Changes can include extensions, bug fixing or adjustments. In my case, the system shall allow context categories
to be extended easily. The framework shall have a modular structure, so that in bug fixing cases not many other components are
affected. In future phases the process of context handling could
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change, these adjustments shall be capable of being integrated
easily.

4.3.6. Portability
The last category addresses the problem of portability, i.e., if an
application can work in different environments. The framework
shall not run on a user device, rather at a central point where it
can offer its services. Furthermore, it shall accept applications
from various platforms so that it is not restricted and can offer
higher adaptability. Binding to the framework shall be enabled
quickly.
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In this chapter the architecture and implementation of my system
which was developed having regard to the requirements defined
in Chapter 4 will be introduced. In Section 5.1 I will name the
tools used to realize the implementation. In Section 5.2 the architecture of the framework will be presented and implementation details will be discussed. In Section 5.3 the realization of
a web service into which my framework was embedded will be
described. Moreover, the communication with these two kinds
of applications will be discussed. In Figure 5.1 the relationship
between the framework and web service is visualized, also showing the communication with external applications. I also implemented an independent context-aware application to prove the
functionality my approach. The application’s implementation details will be presented in Section 5.4.

5.1. Development Environment
The project has been realized using Eclipse Java EE IDE1 with Helios version. Hence, both the framework and the web service
could be implemented within the same integrated development
environment. For data storage a MySQL database has been
chosen. The web service runs on an Apache Tomcat2 server. The
programming language is Java. For the construction of JSON
strings from Java objects GSON3 was used. It is a library which
provides the functionality to transform Java objects into JSON
strings and vice versa. Therefore, two methods, namely toJson
and fromJson, are provided. No further knowledge about the
library is required which supports fast applicability. My proof

1 www.eclipse.org
2 http://tomcat.apache.org/
3 http://code.google.com/p/google-gson/
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Figure 5.1.: General Structure of the Approach

of concept is a hybrid application that was developed using Titanium Studio4 . The programming language is JavaScript.

5.2. Developing the Framework
The framework is the main part of the system. Hence, here context information is processed. Data is retrieved and transformed
into its own structure and context models are generated. It is
called MLCframework where MLC stands for Mobile Learning
in Context. In the class diagrams in 5.3 and 5.2 one can see its
architecture. In the following each class, its methods, its meaning
within the framework, and its relationship to other classes will
be introduced.

5.2.1. Class: Event
A context model consists of user’s events. An Event object is
created when there is a new piece of context information about
a user, so it describes the user’s context. Therefore, it is the most
important component of the model. It contains general information describing a particular aspect of the context. The details
of that aspect are in class Item in Section 5.2.2.

4 http://www.appcelerator.com/
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Figure 5.2.: Architecture of Framework
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The attributes’ meaning is best outlined by using an example.
An event has a name which precisely describes the key
meaning of the information, e.g., "Location". The attribute
measurementTime stores the exact time when the event took
place. It is of type Date and has the following format, e.g., "Sep
30, 2012 03:58:20 PM". Each event has its own identifier that
is generated automatically and set when an event is stored in
the database. The event identifier helps to uniquely define an
event. The userId sets a distinct relationship between event
and user, so that the causer of an event is assignable. There are
two attributes describing the source of an event. By source the
provider application itself is not meant, rather which application
or sensor delivered that information to the provider application,
e.g., sourceAppId = 3; sourceAppName = "GPS";. Each
event has a list of items. Items describe an event in more detail.
This class will be presented in detail in Section 5.2.2. Moreover,
every event belongs to a particular context category. Therefore,
this attribute must also be set.

ContextCategory is a class that categorizes context to reduce its
complexity. Events are assigned to a particular category. Hence,
processing gets simpler for consumer applications. Furthermore,
as will be seen in 5.2.6, consumer applications can constrain a
model to certain context categories according to their purpose.
ContextCategory is an enumeration containing the values
ENVIRONMENT, ACTIVITY and BIO. Most approaches restrict
their model to environmental context information like location,
time or temperature. This category refers mostly to the extrinsic
state introduced in Section 2.2.1. ACTIVITY describes all actions
of the user. Applications can monitor which other applications
the user starts, what he does within the applications, if he is calling or chatting and much more. This knowledge could help to
estimate the concentration level of a user. Thus, it refers mostly
to the intrinsic state introduced in Section 2.2.2. The last category
is called BIO. Data that describes the user’s physical state belong
to this category. It refers also to the intrinsic state. The heart
rate could help to evaluate the stress level which could be an
indicator of the user’s difficulty in the perception of tasks. By
this enumeration one overcomes the restriction of context detection of other approaches. In addition, it is easily extendable later
on, if new categories arise. The method addContextCategory
inserts a new value to the enumeration of the corresponding
table’s column. In the source code the new value has to be added
manually because enumerations are not extendable dynamically
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in Java. But this should not be a significant problem.

The class has two constructors as shown in the class diagram
in Figure 5.2. Since an external application does not know the
framework’s database, thus the elements’ identifiers, it will use
the first constructor. Here, one sets the event’s name, choose its
context category, sets the source application’s name and the time
of occurrence. The second constructor is used internally. Here,
also, identifiers are set. This happens after the framework has
demanded the missing information from the database like the
user’s identifier. The event’s own identifier is set when it is stored
and the database returns the generated identifier.
The put method is used to fill the event’s items list. This method
adds items to the list, but it does not send any data to the
database. It creates new Item instances by calling the class’ constructor. The parameters’ meaning will be explained in Section
5.2.2. If ItemType is not set, the second put method can be used
where ItemType gets the default value START. The number of
items is not restricted.
The method commitItems is called when the attributes of an
event are set, including its items, and it is ready to be saved for
the moment. In this method a new event instance is created with
the given values. This new event is forwarded as a parameter
for setEventDB of the class ModelDao where the event and its
items are inserted into the database. In that method, identifiers
are set for an event and its items. After storage, in commitItems
the current event’s list of items is cleared. The reason for this
is simple: By doing so, applications do not have to create new
events with the same attributes every time there are updates for
its values, i.e., items. Rather the same event object can be used to
set new items. So all items that are currently captured are added
to the event’s list. Then commitItems is called and the data is
saved on the external database. After that, the list is cleared and
can be refilled, when the application has new items for that event.
This is more efficient and easier to handle for applications. Furthermore, it avoids multiple storage.

Storage Form: Event has its own table in the database. It consists of seven columns. The auto increment attribute is set for
the column EventId which is also the primary key. The column
ContextCategory is of type enumeration with the value range
presented above.
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5.2.2. Class: Item
Items give more details about events and contain the accurate
values. They complement an event. A context model consists of
events which in turn contain items as presented in Figure 5.2. So
items are listed in a context model as well.
The attributes’ meaning will be illustrated by continuing the
example of Section5.2.1. Every Item has a unique identifier
which is generated automatically when storing an event’s item in
the database. The title describes the item, hence the event, more
precisely. For example, when there is an event called "Location",
then an item’s title could be "Latitude" or "Longitude". The attribute value contains the real information. In the example, this
could be the value of the longitude. In a chat scenario, it could
be the content of the message. A value could be of any type. To
avoid restrictions I decided to choose a generic type to allow any
type of input. There is an attribute of type ItemSource.

ItemSource defines from which kind of device the information
was captured. Although the focus is on Mobile Learning and
mobile devices, it could provide useful information to know
what the user does on his desktop computer, at home or at work.
These sources provide also details about a user’s context and
therefore, should not be neglected. In addition, this aspect could
gain importance when research in the area of Mobile Learning
in Context progresses and more complete context models are
sought. ItemSource is an enumeration with the values MOBILE
and STATIONARY.

ItemType is the last attribute of Item. It is an important attribute
which helps sequencing events and items.

ItemType is an enumeration with the values START, UPDATE,
and END. It reports if a user just started an event, if there are updates/changes of the values, or if he finished an event. For
example, when a user starts an application that captures the
location the first two items would be of type ItemType.START,
when the user changes its location, the items would be of type
ItemType.UPDATE, when the user closes the application the last
measured values with the type ItemType.END would be passed
to the framework. When introducing context model variations
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in Section 5.2.6, this enumeration’s crucial role for one type of
model will become clear.

The class has just one constructor. It sets all class attributes except
the identifier which is set when items are stored in the database.
The constructor is called by an event’s put method to generate
Item objects which are added to the event’s list of items.

Storage Form: Item has its own table. It consists of six columns.
Its primary key is the column ItemId and it is incremented automatically. There is a column EventId to set the relationship
between an item and its event. The columns ItemType and
ItemSource are of type enumeration. The column Value is of
type Varbinary so that any data can be stored.

5.2.3. Class: User
Context information is stored user-dependently. As seen in Section 5.2.1 an event has an attribute userId to identify its owner.
Furthermore, a context model is user-specific, that means a model
contains only the events of one particular user.
Context data are private. A user’s location, his activities and
much more can be captured. That is why these data should not be
accessible for everyone. Even though not a market-ready system
was developed, security issues were considered. That is why a
possibility for basic authentication is provided. Therefore, this
class has been implemented containing plain login data. Each
user has a user name and a password. Additionally, an identifier
is assigned to identify each user.
The class has two constructors which are used by the class
Handler. There the user management is developed. This will
be explained in detail in Section 5.2.5.

Storage Form: User has a table with three columns for each of
its attributes. The auto increment attribute is set for the column
UserId which is also the table’s primary key.
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5.2.4. Class: SourceApp
This class saves the source of an event. That means, it provides
the name of the sensor or application that captured, more precisely measured, that particular event. If there is a provider
application that monitors the activities of a user who is chatting
then the provider application would send this information to the
framework and the source application would be the chat application that was used.
This class has two attributes, its name and an identifier. More
information about the source is not required at the moment. The
constructor is called by the class Handler which handles the
management of SourceApp objects. Details can be found in Section 5.2.5.

Storage Form: The table SourceApp has two columns. One for
the name and one for the identifier. This identifier is the primary
key of the table and it is automatically incremented.

5.2.5. Class: Handler
This class handles users and source applications. I decided to
implement this class as a Singleton. The reason for this is quite
obvious, since Handler is a manager, there should be just one
instance of that class. Hereafter, the three methods which are
shown in the class diagram in Figure 5.3 are introduced.
One can sign up a new user. Therefore, a user name and password are passed to the instance of Handler. Here, a new User
object is instantiated by using the constructor which needs just
two of the three user attributes. This user is passed to the instance of ModelDao where setUserDB is called. It tests whether
the given user already exists, if not a new entry is created and a
new identifier is generated. Anyway, the identifier is set as the
user’s userId.
A registered user can login. In this early stage of the framework
neither any sessions or similar services are offered. Moreover,
this framework’s focus is on combining the data of different context sources to get a very detailed and unified model of a user’s
context. Therefore, this method is more a verification if such a
user exists and the login data is correct. Using findUserDB of
ModelDao the entry with the given user name and password is
searched for. If found, the corresponding user identifier is returned to the login method. If such an entry does not exist zero
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is returned. In Handler a new User object is created by using
the user name, password and the returned identifier. The new instance is returned. If its userId is a zero, the method that called
login will react.
A registered user can also change his password. Therefore, that
particular user is found by his userId and the new password is
set.
There is just one method for the management of source applications. The method declareSource looks up whether there is
an entry in the SourceApp’s table. If not, a new entry is inserted
with the given name and an identifier is generated. An instance
of SourceApp is created with the given values.

5.2.6. Class: Model
In this class the context model is generated. A model belongs to
one particular user. Due to this, one has to pass a user object to
construct a model object. In addition, it has an attribute displaying the generation point of the model. This will help applications
to order the received models in chronological order. The framework offers two representation formats for the context model,
either in JSON or in XML. Consumer applications can choose a
suitable format.
There is not just one standard context model for each user, rather
the consumer can select between five variations depending on the
consumer application’s wishes and focus.
In the following the methods for the model variations which are
listed in Figure 5.3 will be described in detail. Thereby, each
method exists twice, one with a JSON output and one with an
output in XML format. Therefore, the representation format’s
name is attached to the method name.
Consumer applications can request a user’s complete model. This
model contains all available events of a user. Even if there are
updated values for an event, the outdated ones are included too.
This model type could be interesting for applications to get a
complete picture of a user’s daily routine. To get this model
one has to call getCompleteModelJSON5 which calls the corresponding method of the class ModelDao. In that class, all events
with the delivered userId and all items that belong to the encountered events are returned.
A user’s latest model is also available. This type of model contains just the events with the most current values. If there are
5 "JSON"

can be replaced by "XML" within the method name to generate the
same model in XML format
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Figure 5.3.: Architecture of Framework
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events with the same name, just the ones with the latest time
stamp are chosen. This model is useful if a consumer application
wants to know the most current context to be able to react to the
actual situation at about the same time. Therefore, the method
getLatestModelJSON6 , which calls the corresponding method
of class ModelDao, is called. In ModelDao one first has to detect from a set of events that are named identically those with the
highest measurement time. Via the resulting event list the related
items are requested. Finally, a result set is returned which contains all relevant events and their items.
Consumer applications can also request specific models. There
are three possibilities.
1. One can define a list of context categories and
send it within the request.
The resulting context model contains only events that belong to
these context categories.
Therefore, one calls
getSpecificModelJSON(List<ContextCategory>
contextCategories)6 of Model which again calls
getEventsOfCategory of ModelDao. Here one iterates through the list of categories and build the SELECT
query iteratively. In this way, only those events that belong
to the given categories are selected.
2. Alternatively, one can set two dates defining a start and an
end date. The method returns all events that have been captured within this time period. Consumers could monitor
user habits in the evening, for example. To generate such a
context model, one calls getSpecificModelJSON(Date
start, Date end)6 which calls getEventsOfPeriod
of class ModelDao. Here, a user’s events that took place
within the given time period are returned.
3. The last possibility is a combination of the two models
above. Therefore, one calls getSpecificModelJSON
(List<ContextCategory> contextCategories,
Date start, Date end)6 which calls
getEventsOfCatAndPeriod of class ModelDao. Hence,
one can generate a model that contains only events of particular context categories and additionally are captured
within a given time period. This is the most specific model
generated by the framework. By filtering events, consumers could get a chosen set of significant events and
leave out events that are redundant for their purpose.
6 "JSON"

can be replaced by "XML" within the method name to generate the
same model in XML format
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Figure 5.4.: Structure of a context model in JSON

The result sets of the queries are ordered by context category
first, then by measurement time and identifier. Sorting events by
identifier is inevitable for forming the context model as it will be
clarified below.
Now that all relevant events and items depending on the user
and kind of model are extracted, the model which will be sent
to the consumer applications is generated. As mentioned beforehand, there are two representation formats. Either the result set
of the SELECT queries is transformed to JSON or to XML. The
procedure will be explained below.

When a model shall be represented in JSON format, the corresponding method calls transformToJSONFormat after computing the result set. The entire model is one JSONArray containing JSONObjects. The overall structure is presented in Figure
5.4. The first object in the array describes the model itself. It
states the model’s owner, hence the user, by giving his user name
and password. Furthermore, it states the point in time, when
the model was generated, so that consumers can sort the models more easily. The structure of the Owner-Object is visualized in
Figure 5.5.

Figure 5.5.: Structure of Owner-Object

Subsequently, the array contains event objects. If the delivered
result set does not contain any events, the array contains just
one Event-Object which contains a value saying that there are no
events available. Apart from that, a context model should contain
several event objects. These objects state an event’s identifier, its
name, context category, the name of the source application that

"Learning Technologies"
Research Group LuFG Informatik 9
RWTH Aachen University

5.2. Developing the Framework
captured the event, its measurement time and its items as presented in Figure 5.6 . In future, the communication between the
framework and applications could be enhanced. To facilitate this
the identifiers are also sent, so that applications can reference
particular events more easily when communicating with the
framework.

Figure 5.6.: Structure of Event-Object

An event contains several items. That is why these Item-Objects
are collected in an array, labeled "items". In the result set every
item has its own row, so that the same event can occur in several
rows of the set. To detect if an item belongs the current event
object, one has to compare the event of the row above and the
current ones. If it is the same, no new event object is created,
rather the current row’s item is added to the current event object’s item array. An item is represented by its identifier, type,
source, title, and its value as one can see in Figure 5.7. After
iterating through all rows of the result set, the context model is
generated and the resulting JSONArray is returned.

The other representation format is XML. Therefore,
transformToXMLFormat is called after the resulting set of
the query has been computed. The format has been implemented
by using a StringBuffer and appending strings iteratively. This
possibility has been chosen since no additional libraries or any
objects are required to clarify the structure. The structure of the
context model is clear and although it has nested elements, the
complexity is reasonable as can be seen in Figure 5.8.
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Figure 5.7.: Structure of Item-Object

The model tag has attributes to identify the user and states the
point in time when the model has been generated. Within the
model, I decided to order the events according their context category. That is why it has its own tag and was extracted from
being a property of each event. The delivered result set was
already ordered by context category. Hence, one only has to test
if the current event’s context category is the same as the previous
event’s category. If not, the open event and context category tags
have to be closed and a new category tag has to be opened. For
the following event and item tags I decided to declare the properties, that are defined by enumerations in the source code, as
attributes of the current event or item. Since the names’ and
values’ content is not known beforehand, these properties are
represented by their own tags to facilitate legibility. Events can
occur in several rows in the result set because they can own multiple items. To create one event tag that contains all its item tags
instead of repeating event tags having one item tag, the current
event’s identifier is compared to the previous identifier. If those
are equal, no new event tag is created but a new item tag containing the information of the result set’s current row. After traversing the entire result set, open tags are closed. If the result set was
empty, the model contains one tag with the content "no events
available". The method returns a StringBuffer.

5.2.7. Class: ModelDao
This class provides the access to the database for the entire framework. That is why it is called ModelDao (Data Access Object).
Every method that needs information from the database calls a
method of this class to get the required information. To reduce
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Figure 5.8.: Structure of a Context Model in XML

redundant object creation the class was implemented as a Singleton.
The connection to the given database is established within the
getInstance method and allocated to the class’ attribute. The
attribute statement is also set, as the connection’s statement.
Every method can use this statement to send its queries to the
database. The class has also a method to close the connection.
This method is called by the web service every time after a
request has been handled. To process a request, the database is
accessed several time, to establish and close the connection after
each intermediate step is unnecessary.
With the exception of one method, all others were already explained because they are called by methods of other classes of the
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framework. The one exception is deleteOldEventsDB. As the
method name reveals, the purpose is to remove outdated events
from the database. This framework deals with context in which is
nothing static but rather dynamically changing. Therefore, information is only valuable if it is current. For the analysis of user
habits, it could be still interesting to use older events. But after a
certain time the data loses any value and is absolutely redundant.
This certain time is a variable which can be changed any time. It
defines the number of days which turn an event into an outdated
one. Within the method body with the delivered variable the date
is computed which gives the limit between outdated and current
events. Then a query is sent to the database which deletes all
events and the related items with a time stamp older than the
computed point in time. This method must be invoked at regular intervals. That is why it cannot be called by any component
that has been introduced so far since there is no guarantee that
these classes will be used. In the next section the ability to call
this method regularly will be introduced.

5.3. Developing the Web Service
In the previous section the framework and its components have
been described in detail. This framework is working locally. One
can write a main method where the event and item objects are
created, fill them with values and send them to the database. Afterwards, the framework can generate context models. All this
happens locally. But the framework’s main goal is to accept data
from many various provider applications and to share context
models with many various consumer applications. Therefore, it
must be available on a global network, hence the web. Since it is a
framework and not a stand-alone application, the project cannot
be a web application but a web service. The idea is to provide the
framework as a web service which applications can contact and
communicate with. Provider applications should be able to send
their data and consumer applications should send their requests
and retrieve the requested context model.
My web service is called MLCservice. It is a web project that
is based on servlets. The framework is exported as a JAR-file
and embedded into the web project’s build path (cf. Figure 5.1).
Hence, the service has full access to the framework’s functionality. The communication is realized via HTTP and REST, so
resources are addressed via defined URIs using GET and POST
requests. In the class diagram in Figure 5.9 one can see its architecture.
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Before starting to explain how the communication between applications and the web service was realized, a process that takes
place independent of any request must be described. The
class DBCleanOldEvents is responsible for the constant removal of outdated events. It is an implementation of the
ServletContextListener interface. A ServletContext is
created while the web service is deployed. It has two mandatory methods which are called when the context is created
or destroyed. In my implementation just the first method,
contextInitialized, is filled with content. Here, the time
when an event is considered as outdated was hard-coded to thirty
days. One month is long enough to detect user habits and short
enough not to get lost in the mass of data. Then a timer and a
TimerTask which executes the method run repeatedly is set.
Here, the method deleteOldEventsDB, which is introduced in
the section above, is called by passing the variable which defines
the days. Moreover, a schedule when the TimerTask shall be
executed for the first time and at which intervals it shall be repeated was defined . It will be called one second after the context
is created and will be called once a day to guarantee that there
are no events older than thirty days. There is the danger of accessing a critical section. This can happen when the requests of
applications and the removal of events overlap. Therefore, I established a semaphore. If a request is handled the semaphore is
increased at the beginning and decreased at the end. As long as
the semaphore has not the value of zero, the removal process cannot be performed.
In the following, the procedure of request handling is introduced.
How provider applications communicate with the service and
send their data, will be explained first. Afterwards, the consumer
applications request and response will be described.

5.3.1. Provider API
Provider applications have to send their request to the
MLCpostServlet servlet whose public URL name is MLCpostService. The servlet has only the method doPost following
the REST principle and provider applications send only new
resources to store, so doGet is not required here. Before analyzing how a request is processed, one must understand how it is
structured. Therefore, first the process of request preparation of
provider applications will be analyzed.
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Figure 5.9.: Architecture of Web Service
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Provider Tasks
Provider applications will download a package containing three
classes. These classes are required to form the requests correctly.

PostRPC defines the request’s overall structure. It is a class containing the attributes user name, password, the type of request
and a list of events. The events mentioned are not equal to the
events of the framework. That is why they are called EventMeta.
Again this class has a list of items which are called ItemMeta
since they also differ from the original items. Their structure
will be introduced shortly. There are three types of requests a
provider can raise: it can register a new user, change a user’s
password, or store a user’s events. These possibilities are described by an enumeration called PostRPCType.
If a provider wants to register a new user, it has to create a
new PostRPC object and set the user name, the password and
the type of request to PostRPCType.REGISTERUSER.
If a user wants to change his password, the provider informs
the service by instantiating a PostRPC object, setting the type of
request, the user name and the password, where the password
must have the form [oldPassword]$[newPassword].
A more complex case arises when a provider wants to send its
captured context data to the web service. Again a PostRPC object is generated, setting the user name and password. The type
of request is PostRPCType.STOREEVENTS. Now the provider
can create objects of type Event and use its put method to add
items. The procedure has been explained in Section 5.2.1. If an
event is complete for the moment, one can add the event to the
PostRPC object. Within this procedure the event’s items are
deleted after copying. This way, the same event can be used to
store updated items without caring about multiple storage.
After setting the attributes of the PostRPC object, independent
of the request type, the object has to be transformed into JSON
format to append it to the request object. Therefore, the GSON
library is used, so that the provider does not have to implement
this step by its own. Calling toJson is enough to get the JSON
string which has to be attached to the URI to send the complete
request to the web service.
The question arises why EventMeta and ItemMeta are needed.
The event and item objects of the framework contain attributes
that cannot be set by external applications like all the identifiers.
If the same event class was used, the generated JSON string
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would contain a lot of key-value pairs with empty values. This
would enlarge the request needlessly and make it inefficient.
Another reason is that eventMetas contain a list of itemMetas
instead of items. ItemMeta is very similar to Item except for one
important difference. As explained in Section 5.2.2 the value of
an item can be of any type to accept any input. When converting
such an attribute to JSON and converting it later back, the GSON
library used cannot determine the exact type of the value. That
is an error-prone situation. To solve this problem, I decided to
detect the value’s type before it is converted to JSON and to
attach that information to each itemMeta. Additionally, the value
attribute must be converted into a separate JSON string to isolate
it. During the first conversion when a JSON string is converted
to an itemMeta object, the type of the value can be determined.
In a second conversion one can use the type to convert the JSON
string of the value correctly. All this procedure is done automatically without the provider noticing. Each time the provider adds
an event to its PostRPC object, an eventMeta is created with
the values of the passed event. That invokes another method
which iterates through the event’s items and creates objects of
type ItemMeta. Hence, the request consists of a PostRPC object
that contains a list of eventMetas which contains a list of itemMetas. The exact schemata of the requests can be found in the
documentation (A.1, A.2, A.3).

Service Tasks
Now it will be analyzed how a POST request is processed on
the service side. MLCpostServlet calls an instance of the
class PostInterpreter and its interpret method, passing
the request and response objects. The semaphore variable is increased to avoid event removal while request processing. Then
the request is interpreted and the response is prepared.
Using the GSON library the request is simply converted to a
PostRPC object. Now the attributes of the object are accessible and the interpreter can react depending on the set request
type. If it is REGISTERUSER the related attributes of the object
are inquired and a new user is generated. The response contains a message about the success of the registration. If the type
is CHANGEPASSWORD, it is verified that the password value is
constructed correctly. If so and the user exists, the password is
changed. In any case, the provider is notified by putting feedback into the response object.
If the request type is STOREEVENTS, first the passed user login
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data is verified. If the user does not exist in the database, the
process is stopped and the provider is informed. Otherwise,
the PostRPC object’s list of eventMetas is converted to events.
Therefore, for each eventMeta a new Event object is instantiated using the attributes of this eventMeta. In this context, the
conversion of itemMetas to items has to happen. Hence, one
iterates through an eventMeta’s itemMeta list, extracts the attribute valueClassName of each itemMeta and transforms the
content of the value attribute with the help of both, the class
name and the GSON library, from a JSON string to its original
type. Now an item can be created using the attributes of itemMeta and the newly determined value. Returning to PostInterpreter, the current event’s missing identifiers are set and, together
with its items, the event is stored in the database. If problems occur during storing an event, the provider application is notified
by mentioning which event could not be saved, otherwise positive feedback is given.
While processing the request, the framework’s class ModelDao is
used several times. After the request has been handled, the established connection of the class ModelDao can be closed and also
the semaphore’s value can be decreased to allow event removal
again.

5.3.2. Consumer API
Consumer applications send their request to MLCgetServlet.
Its public URL name is MLCgetService. The only method within
the servlet is doGet since consumer applications send only requests to get representations of the data. They are not changing
or adding any data. Again, the proceeding of a consumer application will be defined first, then the request’s interpretation by
the web service will be analyzed.

Consumer Tasks
The consumer application must download the class GetRPC. This
class contains all attributes required to generate a correct request.
Hence, the consumer application has to generate an object of type
GetRPC. The user name and password must always be stated.
Additionally, the representation format of the model must be
chosen. Therefore, an enumeration called ResponseType containing the values JSON and XML is introduced. The consumer
must also indicate what kind of model it wants. For that, there is
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another enumeration called Modeltype. Here, the possibilities
are COMPLETEMODEL, LATESTMODEL, and SPECIFICMODEL.
These model variations are the ones introduced in Section 5.2.6.
For the first two model possibilities no further attributes have to
be set. If a consumer application is interested in a specific model,
further values are of interest. Either a list of context categories,
a time period or both has to be determined. Afterwards, the
GetRPC object can be converted to a JSON string by calling the
object’s toJson method. The exact schemata of the requests can
be found in the documentation (A.5).

Service Tasks
In this section it will be described how the web service processes a GET request. MLCgetServlet calls an instance of the
class GetInterpreter and its interpret method, passing the
request and response objects. The semaphore variable is here also
increased to avoid event removal while request processing. Then
the request is interpreted and the response is generated.
The request is easily converted to a GetRPC object by using the
GSON library. The interpreter verifies the given user name and
password by asking the Handler (Section 5.2.5). If the user is
not found, the consumer application gets notified. Otherwise,
the following procedure depends on the ModelType chosen by
the consumer application. If a complete model or a latest model
is chosen, no other attributes of the GetRPC object are validated. Depending on the chosen representation format, the related method of the class Model (Section 5.2.6) is invoked and
the requested model is generated. If a specific model is chosen,
the interpreter has to detect which particular model is required
since this method is overloaded in class Model. Depending on
the attributes set by the consumer application, the interpreter decides which model to generate. For example, if the list of context categories is empty but a start and an end time is set, then
the consumer application is probably interested in user’s context
during a particular time period. If no possibility fits, the complete model is generated. For every model type, according to the
chosen representation format, the method of the class Model to
invoke is determined. Finally, the generated model is added to
the response object.
After the request has been handled, the established connection of
the class ModelDao can be closed and also the semaphore’s value
can be decreased to allow event removal again.
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Figure 5.10.: Screenshot of Titanium Studio

5.4. Developing a Proof of Concept
To prove that my approach is really applicable, I implemented an
application for mobile devices. It is called LocateMe and its purpose is to monitor the user’s current position. It sends the data to
MLCservice, when the application is started, when the position
changes, and when the application is closed.
This application is just a proof of concept and does not belong
to the primary tasks of this thesis. That is why the design of the
user interface or any additional functionality was not given high
priority. It is a single window application.
The application has been implemented within Titanium Studio
as mentioned in Section 5.1 and using JavaScript as programming language. In Figure 5.10 a screenshot of the development
environment is shown. It is a hybrid application as defined in
Section 2.4.3. The idea is to have an application that runs on
various platforms to prove the platform independence of my approach. I decided to use Titanium, because it has a rich library
and very detailed documentation.
To enable communication, the classes of the Provider API
have to be converted to JavaScript. PostRPC, EventMeta,
ItemMeta, and the relevant enumerations of the web service are
created in a separate script following the structure of the Java
classes. Additionally, a HTTPClient stating the type of request
(→ POST) and the URL of the web service is created in another
script.
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Figure 5.11.: View after Starting LocateMe

To monitor the user’s current position, Titanium provides a
GPSListener. Thereby, the current location is measured regularly. One can set the property distanceFilter and define
a certain number of meters to eliminate position updates where
the distance from the previous update is smaller than the defined
value. In LocateMe this property is set to twenty meters. That
means, every time the user moves twenty meters or more the
current position is captured and stored in an array.
All elements of the user interface are defined in a separate script.
There, all elements visible in Figure 5.11 are defined. A new
user can register by filling in the required fields and clicking
the Register button. The button has an EventListener. Here
it is checked whether the user has filled in the required text
fields. If so, a PostRPC object is created and the values for a
REGISTERUSER request are set. The generated JSON string is
sent via the HTTPClient to the web service. Depending on the
response, the user is informed about the success or failure of the
registration.
Now the user can login. The register and login button are disabled because they are not needed anymore as one can see in
Figure 5.12. The GPSListener is activated. That means, the
user’s positions are stored in an array every twenty meters. Furthermore, two timers are activated. The first timer updates every
three seconds the values of the latitude and longitude labels
which are shown at the bottom of the UI. Such a short time period
was chosen to keep the user interested in following the changes
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Figure 5.12.: View after Login

on his display. The second timer defines when data is sent to the
web service. At the moment the timer is set to three minutes, but
can be changed as required. In the script of the updateTimer
the PostRPC, the EventMeta, and the ItemMeta objects are
created to generate a SOTREEVENTS request. As presented in
5.2.2 items have an attribute of type ItemType defining whether
an item contains values that occur for the first time (→ START),
or whether the values are updates (→ UPDATE), or this item
stopped to be measured (→ END). By using a counter, it is checked
whether the timer has been invoked for the first time. If so, the
method sendFirstEvent is called, otherwise sendEvent. In
both methods the aforementioned objects are created and filled
with the position values of the array. Afterwards, the requests
are sent to the web service. The only difference is that in the
first method the ItemType is set to START and in the second one
to UPDATE. The last possible interaction between user and application is clicking the Close button. In this case, the update timer
is stopped and the last measured values are sent with ItemType
being END. Finally, the application is terminated.
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Testing a framework is a difficult challenge since it is not a standalone application. So no usual user tests with regular users
can be conducted. The users of my approach are applications
that capture context data and applications that provide contextaware services. The only possible methods that exist to evaluate my framework are to find such applications that integrate the
framework and to write test cases to test the functionality. Both
methods have been used during the evaluation process. In the
following sections, the results will be presented. In Section 6.1
the system’s performance in artificial test cases will be described.
In Section 6.2 the system’s performance when embedded in the
processes of real applications will be evaluated. Finally, in Section 6.3 the implemented system will be checked against the requirements defined in Chapter 4.

6.1. Test Cases
First the framework alone was tested. After the development of
the web service, the service with the embedded framework was
tested.
To test the framework two different paths have been followed.
On the one hand I added a main method to the framework’s
project and on the other hand I exported the framework without a main method to a JAR-file and embedded the file in a new
independent project. The procedure in both cases was the same.
User, source application, model and event objects were instantiated using the class’ constructors and artificial data. By the use
of the constructors, the objects have been set in relation. When
sending the objects to the database, the following questions have
to be considered:

• Does the database receive any data?
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• Are the objects’ attributes stored in the correct tables and
columns?
• Are the events and the related items correctly projected
onto the database?
• Are all identifiers set by the database and incremented automatically?
• Are the correct identifiers returned to set the objects’ identifiers?
• Does user registration and login work?
• Does the management of source applications work?
For the evaluation a tool called DbVisualizer1 was used. This tool
allows connection to the database, viewing and editing its tables.
Using this tool facilitates monitoring of changes within the tables. After some minor corrections within the queries’ syntax,
forwarding the data works. The values are stored correctly. Even
using various types for an item’s value attribute, works well and
did not lead to errors. Moreover, the relation between events and
items is arranged correctly. This is verifiable because of correctly
set identifiers. All identifiers start with one and are increased.
The generated identifiers are returned and assigned to the objects’ attributes. If a failure occurs in the storage process, an object’s identifier’s value is set to zero. Following methods test this
case and react if necessary. User and source application management also functioned correctly. No double entries were encountered. If a new user or application is registered, it is first checked,
whether such an entry already exists. If so, this entry’s identifier
is returned. In summary, the storage works as expected for the
cases tested.
Now the other part of the framework’s functionality must be
tested. It must be verified whether the right data can be extracted
from the database when calling the related method to generate a
user’s context model. The following cases must be verified:

• Are all context model variations available?
• Are both representation formats for each model available?
• Is the structure of the formats valid?
1 http://www.dbvis.com/
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• How precise are the models? That means how many events
and items that appear in a model actually belong to that
model?
• How complete are the models? That means how many of
the events and items that should appear in a model actually
appeared in that model?
Since there is a method for each model version and for each
representation format, testing was simple to conduct. For every
method call a model was returned. Methods for complete model
and specific model performed correctly right from the beginning.
The result for the latest model did not contain all relevant events
and additionally showed events that did not belong to the model.
The error was in the query. Since the events and items have two
separate tables, the query becomes very complex. First, one has
to detect those events that belong to the same user identifier and
have the same name. From this set of events, just the ones with
the greatest time stamp are filtered, since this is a proof of being
the latest event with that name for that user. Now in a second
query, the related items of the chosen events must be found.
After adjusting the query, the method for latest model performed
correctly too. By using the aforementioned tool, DbVisualizer,
it could be examined, how precise and how complete the models were. The relevant events and items were detected in the
database and then compared to those of the resulting models.
Here a compliance of one hundred percent was given. That
means, that all events and items that should appear in the model
did indeed appear and that all events and items that appeared in
the model actually belonged to that model.
To verify if the syntax of the representations is correct, JSON and
XML validators were used. The context model in JSON format
was validated with JSONLint2 . The result was that the model’s
syntax is valid. For the models in XML format a validator provided by Theano3 was used. The result was disappointing since
many errors were found. Because of that, the entire structure
was rethought and the syntax was corrected. The idea of the new
structure is to declare identifiers and attributes whose length
is clear as attributes of the element. Values such as names or
item values are declared as individual elements. The structure
can be seen in Figure 5.8. This structure should support the legibility. Further tests proved the validity of the new XML structure.
For testing the implemented web service, a new test project
2 http://jsonlint.com/
3 http://www.xmlvalidation.com/
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was generated where the classes required for the communication
as described in Section 5.3 were integrated and a new class containing the main method was created. Here PostRPC objects (cf.
Section 5.3.1) were instantiated to test the various POST requests
by following the description of how to build requests in the
Appendix A. The necessary attributes were set and the objects
were transformed to JSON format by using the method toJson.
Requests for registering a new user, for changing passwords, and
for storing events were generated. The last request is the most
complex one. Events were created and their items were added.
In doing this as many different types of values for the items
were used as possible. Moreover, after adding an event with its
items to a PostRPC object, new items were added to the event.
Afterwards, this event was added again to the PostRPC object.
The idea was to monitor if items are sent twice because they
are belonging to the same event. This behavior is not desired.
Applications shall be able to use the same event object repeatedly.
When adding an event to a PostRPC object its item list shall be
deleted to avoid multiple storage. When sending these requests,
the web service gives feedback.

• If a new user could not be registered, the generated user object’s identifier is set to zero and the service notifies this by
returning "User not registered". Otherwise it returns "User
registered".
• If an attempt to change a user’s password is unsuccessful
due to an incorrect structure being used or the user is not
found, appropriate responses are sent to advise the failure.
• If a user’s events are sent, the service verifies whether the
user is known. If not, a notification is sent. Otherwise,
the storage of each event starts. If problems occur with a
particular event, the database sets its identifier to zero. In
this case, the service sends a notification stating this event’s
name. Apart from that, the notification would be "Data
saved".
In my tests when complying with the pre-defined structure, the
web service behaved as expected. The data was found in the
database and the responses were always correct. In the case of
faulty requests the web service sent server error responses.
Now that the POST part has been tested, it is time to have a look if
it is possible to generate context models with GET requests. For
each model version a GetRPC object were generated. Different
user data was set and also different representation formats were
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chosen. All three variations of a specific model were tested by
defining a list of context categories and/or setting time stamps
for a time interval. The generated GetRPC objects were transformed to JSON format by using the method toJson. To verify
the results of these requests, again the related events and items
were detected in the database and compared to the computed
context model. Using the same methods as in the previous tests,
the resulting context models were proved correct. Another point
to note is that if the GET request contains a unregistered user, the
response contains a notification with "Unknown user". If the user
is known, but there are no events stored for this user, a message
saying "No events available", is sent. This can happen if all user
events are removed because they are outdated, or a very specific
model has been chosen, so no event fulfills the restrictions. These
cases too have been tested successfully.

6.2. Application Tests
In this section the results of testing my approach with real applications and with real user data will be presented to show that
the interaction also works in reality. The tests have been accomplished with two applications. One application is my proof of
concept application, LocateMe, which is introduced in Section 5.4.
It monitors a user’s current position and transmits the values of
latitude and longitude to the web service. The other application
was developed during another master thesis and is called ActivityContextCollector. This application monitors all activities that
happen during the interaction between the user and his device.
That includes information about what applications are used and
what the user does within these applications. So both applications are providers.
ActivityContextCollector is also written in Java. Hence, the Java
classes for the Provider API could be downloaded and embedded into the project. The developer stated that integration and
request creation were easily realized. All three POST requests
were tested. The result is that data was sent successfully, processing time was fast, and the responses were interpretable by the
provider. The developer even tested the class for the Consumer
API and created the relevant requests. These were not sent by
the application to the web service since its logic cannot process
the response containing a context model. The GET requests were
tested by manually inserting them in a web browser. The received
context models contained all relevant events and items. ActivityContextCollector will use my approach permanently.
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LocateMe is a hybrid application (cf. Section 2.4.3) that was developed with JavaScript. To enable communication with the web
service, the relevant classes had to be converted to JavaScript.
This means more effort than for the aforementioned application.
Nevertheless, it was realizable in an acceptable time period since
one just has to follow the structure given in the relevant Java
classes. Building the requests was easy after creating the relevant PostRPC objects in JavaScript. One has to remark that in
this application the request for password changes has not been
tested since this functionality is not provided by LocateMe. The
other two requests were tested. Users can register and the application can send the measured position data regularly to the web
service. The received data could be monitored by the aforementioned tool, DbVisualizer.
In summary, the communication between applications and the
web service works satisfactorily. Although only provider applications could be used to test my approach, I believe that consumer applications will also be able to establish communication.
This statement is supported by the tests of the previous section
and by the ones of the provider application, ActivityContextCollector.

6.3. Comparison of requirements
After assaying particular test cases and evaluating the interaction of the web service with applications, it must be evaluated
whether the presented requirements of Chapter 4 are satisfied by
my implementation introduced in Chapter 5. Therefore it will
be analyzed whether my solution can satisfy the requirements by
evaluating the results of the previous sections.

6.3.1. Functional Requirements
Here the functional requirements of Section 4.2 will be evaluated.

Binding of Provider Applications
The requirements for enabling the communication between
provider application and my implementation will be analyzed as
introduced in Section 4.2.1. The foundation for this analysis is the
tests of Section 6.1 and Section 6.2.
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1. It is difficult to test whether my solution works for every
application. As long as applications comply to the predefined structure, communication should be possible. Neither of the provider applications that were tested had any
problems in connecting to the Provider API. One of the
applications, LocateMe, uses another programming language, namely JavaScript, and nevertheless no problems
occurred when connecting to the framework.
2. The context data’s value is defined to be of a generic type.
In doing this I want to overcome any restrictions for context
information. Any type of data is accepted. The provider
applications’ data has been accepted so far. Additionally, the functionality to extend the list of context categories was added. At the moment information about the
user’s environment, his activities and his physical state are
allowed. If a new category should arise in the future, it can
be added simply.
3. User registrations and password changes are possible.
Provider applications can select the related request and
send it to the framework. Applications are informed about
the success or failure of their requests.
4. I developed a web service that offers an interface for
providers. Applications do not access the framework
directly but connect to the web service via an API which
passes the request to the framework.
5. Provider and consumer applications have two different interfaces. Furthermore, neither party has any knowledge of
the other. Hence, no direct contact is possible.
6. The registration of provider applications is not supported.
But the source of context information is collected. Therefore each event object has an additional attribute (cf. 5.2.1)
which must be set by the provider application.
7. My solution provides interfaces which are easy to access.
Applications only download the related files of the interface. But they do not need any detailed knowledge of the
methods in these classes. Applications only generate instances of a class and set its attributes. The rest is done
automatically. Thus, the implementation effort for provider
applications is kept low.
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8. Documentation is provided that explains each step. It can
be found in the Appendix A.
9. The requirements of provider applications could be satisfied by both provider applications tested. Consequently, the
requirements are realizable.

Binding of Consumer Applications
The requirements for enabling the communication between
provider application and my implementation will be analyzed as
introduced in Section 4.2.2. No consumer application was found
to test the approach. Nevertheless, the requirements can be analyzed under reserve founded on the results of Section 6.1.
1. Applications connect to the service by HTTP requests. As
long as these are constructed according the pre-defined
structure, no problems should occur for any application.
No further requirements are needed to request a context
model.
2. There is an interface especially for consumer applications.
3. Consumers do not access the framework directly but connect to the web service via a Consumer API which passes
the request to the framework.
4. Registration of consumer applications is not needed, but the
correct user data is required. If the user data is incorrect, the
response contains the notification "Unknown user".
5. There are not several consumer applications available
which could send simultaneous requests to test this requirement. Generating GET requests manually and sending
them via a browser from different sources works.
6. The project generates the context model after evaluating the
request’s attributes’ values. In all tests, no incorrect model
has been generated.
7. Documentation is provided that explains each step. It can
be found in the Appendix A.
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8. The requirements of consumer applications could not be
tested on real applications.

Processing of Context Information
The requirements for data handling as introduced in Section 4.2.3
will be verified in this section.
1. The framework accepted data from both provider applications that tested the project. As long as the user data and
request structure were correct, all data was accepted and
assigned to the correct users.
2. Requests have been interpreted correctly. Received data
was encoded and stored correctly in the database, assigning unique identifiers.
3. Updates of events are marked by the provider applications.
If done, the framework recognizes updates and shows these
values, for example when a latest model is requested by
a consumer application. Moreover, the deletion of outdated events also works. For testing reasons, events with
old time stamps have been sent to the project. All of
them have been detected and removed successfully by
DBCleanUpProcessor.
4. As mentioned in the aspect above, outdated events are
deleted automatically. If an event is older than one month,
it is removed from the database and does not occur in any
context model anymore. The time setting can be changed.

6.3.2. Non-Functional Requirements
Here the non-functional requirements of Section4.3 will be evaluated. As already mentioned in Chapter 4 the focus is on fulfilling the functional requirements. However considering nonfunctional requirements were still tried. But it is difficult to test
these since the project is not a stand-alone application and depends on the usage of other applications. At this time, there are
not enough applications that use my solution to make reliable
statements about the project’s quality. Due to this, the following
statements are made with this reservation.
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Functionality

As already tested in Section 6.1, the system seems to deliver the
correct results. The entire functionality has been tested and the
expected results have been returned. Security issues are not considered in detail. Users login data is checked before sharing their
context models. The login data consists of a user name and a
password. When this service is embedded in applications, security must be increased.

Reliability
During the development process, I tried to catch many sources
of error. Especially, in the framework part of the project many
possible errors have been caught and are tested. For example,
identifiers are set to zero if storage was not possible or objects
have been tested on emptiness before processing them. Here the
system is expected to be mostly reliable.
The web service reacts satisfactorily to incorrect user data and to
empty event lists. But currently exceptions are thrown if requests
with an incorrect structure are received. This problem should be
handled in the future to make the system more reliable.

Usability
The project has no user interface which must be designed to be
user-friendly. In my case, applications use the approach. So the
provided APIs must be self-explanatory and support fast and
easy usability for developers. The interfaces are well-structured
and no deeper knowledge about the framework’s structure is required. Developers only have to download the relevant classes,
generate objects and fill these with their content. Requests are
generated by using the method toJson. Furthermore, documentation is provided, explaining each step. The interfaces are also
commented. The application used to test the Provider Interface
has reported that communication was easy to establish.

"Learning Technologies"
Research Group LuFG Informatik 9
RWTH Aachen University

6.3. Comparison of requirements
Efficiency
To be able to make definitive statements about the system’s performance, one would need more applications, on both sides, that
could be used to test the system. These applications could send
requests simultaneously and one could test if this leads to efficiency loss. Unfortunately, that is not possible at this time.
Therefore, requests have been sent manually via the browser
from different sources. The result has been that all requests have
been processed without delays and responses reached the clients
quickly. When more applications are found that use the system,
efficiency tests can be conducted better.

Maintainability
In the requirements it is expected that the context categories are
extendable. Therefore, I implemented a method which adds categories to the enumeration in the database. It is not possible to
change enumerations dynamically in Java. So within the source
code, the categories must be changed manually. It has been attempted to implement the system’s components independently
of each other. Of course, this is not fully possible.

Portability
The system runs on a server and provides its services via requests
from and responses to clients. As a consequence it is platform
independent and can accept requests from various applications.
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Chapter 7 Conclusion and
Future Work
In this chapter reflections on the achievements of this thesis will
be presented. The fulfilled tasks will be summarized and the resulting conclusions will be discussed in Section 7.1. Suggestions
for improvements and ideas for possible future developments are
introduced in Section 7.2.

7.1. Conclusion
Context-aware mobile learning applications have to know the
current situation of a user to adapt their services. Therefore,
they have two possibilities: either they capture the user’s context
themselves or they request information from other applications
or sensors. In the first case, the captured context will be probably
restricted. It means a lot of designing and implementation effort
for an application to capture all kinds of context data by itself.
Monitoring a user’s extrinsic and intrinsic state at the same time
is almost impossible for a single application. In the second case,
the application builds connections to external applications. This
way, the context will probably be much more detailed than in the
first case. Nevertheless, the developers must find several context
sources during the development stage and implement interfaces
for each collaboration. The implementation of the interfaces, a
reliable communication with other different applications, and the
management of all the data would mean too much of an implementation effort for a single application.
The aim of this thesis is to decouple the process of collecting context from individual applications and to provide a service which
is available for all context-aware applications. The project’s prime
task is to facilitate the development of context-aware applications
and to support their processes. Therefore, a framework was developed that adopts these tasks. It collects context information
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from various sources and generates a user-specific context model
based on the collected information as described in Chapter 5. In
this, the target group is mobile applications that support mobile
learning in context. Hence, applications are relieved of the task of
context collection and get a detailed picture of the user’s current
context without great implementation effort.
Applications that monitor users’ activities or the sensors on users’
devices send their data to the web service. There the data is
converted into known structure and passed to the framework
where it is processed and stored. Applications that provide
context-aware services, i.e., consumer applications, contact the
web service and request a user’s context model. The context
model is the collection of all context data of a particular user in
a pre-defined structure. Thereby, the context data itself is also
transformed in a pre-defined structure. The simplification for
consumer applications is that they get detailed information about
a user’s context by just one request. It has been an important requirement that the interfaces are developed in a straightforward
way so that application developers can start using the system
quickly and do not need to understand its inner structure first.
As validated in Chapter 6 the implemented solution of Chapter 5
was successfully realizable and also fulfills the requirements defined in Chapter 4.
In comparison to the other approaches in this research field (cf.
Chapter 3), the developed system supports greater flexibility
and is less restricted. Since the framework is embedded in a
web service, it is platform independent and can be used by any
application that follows the pre-defined structure of the requests.
Moreover, the approach is not restricted to one context category.
Most of the approaches introduced in Chapter 3 limited their context data to environmental information. Only the approach of
[30] considered user activities, but only those that deal with operations performed on documents. The solution presented in this
thesis accepts any kind of information that can be assigned to the
categories of environment, activity, or bio (the last one concerns
the user’s physical state). At this time, these three categories comprise various types of context data. It is possible to extend these
categories in future to adapt to new developments.
This approach provides significant assistance to context-aware
applications. A necessary task is undertaken and a much more
detailed picture of the user’s current situation than any single
application could provide by itself is offered. Using the presented
solution, will simplify the process of developing context-aware
applications and also end users profit since applications can react
much more precisely to their needs.
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7.2. Future Work
In future, better error treatment must be implemented. Thus far,
errors that could occur in the framework are mostly caught. But
some errors in the web service are unhandled. Especially, those
that appear when requests do not have the pre-defined structure.
Currently an error is returned but a notification would be more
appropriate.
Another point concerns the system’s evaluation. More tests are
required to ensure the system’s quality. In particular, focus
should be placed on the efficiency. If this system is to be used
by multiple applications, proper functionality must be assured.
At the moment, not enough applications have been available to
test this aspect in sufficient detail.
Such approaches deal with sensible data. That is why it is
important that the user himself has the control of the data flow.
No third parties should be involved. Therefore, security issues
should be focused on future improvements. In the course of this
work the primary focus has been on successfully implementing
the functionality. Now that this has been realized, security issues
should be the next task.
An improvement could be the possibility for consumer applications to subscribe to particular context data, so that updates
are sent automatically to consumers without explicit requests.
A possible extension that could be interesting would be an
additional framework. Since the major application field is mobile
learning, one could develop another framework that interprets
the context model received from this system. This possibility was
ignored deliberately. It was a conscious decision to avoid any
kind of pre-filtering effect, so that the framework can be used by
more applications. But if a separate additional framework is provided, applications could decide if the interpretation rules of this
second framework fit to their purposes. If so, this second framework could execute another necessary process of context-aware
applications. If the interpretation rules do not match to the purpose of the application, the second framework can be ignored and
the original framework alone can be applied.
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MLCframework provides two interfaces, one for the provider and one for the consumer application.
The provider application captures data about a user’s context and sends it to the framework. Here,
the data concerning each user is collected. The consumer application can request a context model
about a particular user. The framework will generate it and send it to the consumer. On both sides
the applications do not have to know the inner structure of the framework, but what they do have to
know is the structure of their requests. In this documentation these interfaces will be explained step
by step.

A.1. Provider API
The provider applications capture the user’s context. They save the data and send it at regular intervals to the framework. The data must be transformed to JSON before sending it. Furthermore the
request must follow a strict structure, so that it can be interpreted correctly by the framework.

A.1.1. Structure of the Request
1. Either you download the package contextCapture of the framework or you have to define
the classes Event, Item, and ContextCategory on your own. These classes are required
since they determine the structure of the request.
2. Download the files PostRPC, EventMeta, ItemMeta and embed them into your project.
Here, you can find the elements of the request.
3. If you want to send a request, instantiate an instance of PostRPC. For example:
→ PostRPC request = new PostRPC();
4. Set the name and the password of the user whose context data you are delivering.
→ String userName;
→ String password;
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5. Choose what kind of request you want to undertake and set the value of the enumeration
PostRPCType. Do you want to register a new user (→ REGISTERUSER), change the password
of an existing user (→ CHANGEPASSWORD) or deliver a user’s new events (→ STOREEVENTS)?

• If you choose REGISTERUSER: You do not have to set any further attributes. But note
that the password can consist only of numbers and letters. No additional characters are
allowed. The schema of the request can be found in A.1.
• If you choose CHANGEPASSWORD: You have to re-set the password. It must have the
following form: "[oldPassword]$[newPassword]". You do not have to set any further attributes. But note that the password can consist only of numbers and letters. No additional
characters are allowed. The schema of the request can be found in A.2.
• If you choose STOREEVENTS:
a) For each event, instantiate an instance of Event, set the event’s name,
determine to which context category (ContextCategory.ENVIRONMENT,
ContextCategory.ACTIVITY, ContextCategory.BIO) it belongs to, set the
application’s name, which captured the event, and set the point in time, when the
event was captured. Use the following constructor:
→ Event(String name, ContextCategory c, String sourceAppName,
Date d)
b) Now you can set the items of an event. Items give more details about the event. An
event can have many items. You can choose between two parameter statements:
→ put(ItemType it, ItemSource is, String title, T value)
→ put(ItemSource is, String title, T value)

ItemType is an enumeration containing the values START, END, and UPDATE. It
indicates if the user has just started/finished an event or if the event still takes place
just the values changed. If it is not set explicitly, it is set to START.

ItemSource states if the data is captured on a mobile or a stationary device. It is also
an enumeration and has the two values MOBILE and STATIONARY.

The attribute title defines the item’s name.
The attribute value contains the item’s value, which can be of any primitive type.
Therefore, it has a generic type. You can put here any value you want without caring
about its type. Note, that attributes are converted to JSON strings. Hence, special
signs have to be captured to avoid errors at conversion.
c) After defining the items of an event, you call for each event the method
addEvent(Event e) of your PostRPC object and pass your Event object.
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{
"type":"object",
"$schema": "http://json-schema.org/draft-03/schema",
"id": "registerUser",
"required":true,
"properties":{
"userName": {
"type":"string",
"id": "userName",
"required":true
},
"password": {
"type":"string",
"id": "password",
"required":true
},
"prpcType": {
"type":"string",
"id": "prpcType",
"title":"REGISTERUSER",
"required":true
},
"metaEvents": {
"type":"array",
"id": "metaEvents",
"required":false
}
}
}
Figure A.1.: JSON Schema describing the Structure of a REGISTERUSER Request

d) If you have updates for a particular event, you can use the related event object
that is already created. You only need to reset the measurement time by using its
setMeasurementTime(Date d) method. You can immediately start setting the
new items of the event using the method put.
e) The schema of the request can be found in A.3.
6. Call toJson of your PostRPC object. The resulting String can be sent in your request.
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{

"type":"object",
"$schema": "http://json-schema.org/draft-03/schema",
"id": "changePassword",
"required":true,
"properties":{
"userName": {
"type":"string",
"id": "userName",
"required":true
},
"password": {
"type":"string",
"description": "oldPw$newPw",
"id": "password",
"required":true
}
"prpcType": {
"type":"string",
"id": "prpcType",
"title":"CHANGEPASSWORD",
"required":true
},
"metaEvents": {
"type":"array",
"id": "metaEvents",
"required":false
}
}
}
Figure A.2.: JSON Schema describing the Structure of a CHANGEPASSWORD Request

A.1.2. Structure of the Response
In this case responses are just sent to give feedback on the request’s success sent by the provider. So
the response contains Strings and no further data. The different possibilities of responses are listed
in A.1.
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{
"type":"object",
"$schema": "http://json-schema.org/draft-03/schema",
"id": "storeEvents",
"required":true,
"properties":{
"userName": {
"type":"string",
"id": "userName",
"required":true
},
"password": {
"type":"string",
"id": "password",
"required":true
},
"prpcType": {
"type":"string",
"id": "prpcType",
"required":true
},
"metaEvents": {
"type":"array",
"id": "metaEvents",
"required":true,
"items":{
"type":"object",
"id": "event",
"required":true,
"properties":{
"eventName": {
"type":"string",
"id": "eventName",
"required":true
},
"measurementTime": {
"type":"string",
"id":"measurementTime",
"required":true
},
"contextCategory": {
"type":"string",
"id": "contextCategory",
"required":true
},
"sourceAppName": {
"type":"string",
"id": "sourceAppName",
"required":true
},
Figure A.3.: JSON Schema describing the Structure of a STOREEVENTS Request - Part 1
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"items": {
"type":"array",
"id": "items",
"required":true,
"items":{
"type":"object",
"id": "item",
"required":true,
"properties":{
"itemSource": {
"type":"string",
"id": "itemSource",
"required":true
},
"itemType": {
"type":"string",
"id": "itemType",
"required":true
},
"title": {
"type":"string",
"id": "title",
"required":true
},
"valueClassName": {
"type":"string",
"id": "valueClassName",
"required":true
},
"valueJson": {
"type":"any",
"id": "valueJson",
"required":true
}
}
}
}
}
}
}
}
}
Figure A.4.: JSON Schema describing the Structure of a STOREEVENTS Request - Part 2
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Register user
Change password
Store events

91
Successful
"User registered"
"Password changed"
"Data saved"

Failed
"User not registered"
"User does not exist" / "Password not correctly set"
"User unknown" / "Event not saved"

Table A.1.: Possible responses to provider application’s requests

A.2. Consumer API
The consumer application sends a request, which is in JSON, and receives a response which contains
a user’s context model. The model is adjusted to the settings chosen by the consumer in his request.
In the following the structure of the request will be explained first, afterwards the structure of the
response, namely the context model will be described.

A.2.1. Structure of the Request
1. Download the file GetRPC.java and embed it into your project. Here, you can find the
elements of the request.
2. If you want to send a request, instantiate an instance of GetRPC. For example:
→ GetRPC request = new GetRPC();
3. Now set the attributes of the object according your wishes:

• Set the name and the password of the user whose context model you want.
→ String name;
→ String password;
• Set the response type of the context model. You can choose between JSON and XML for the
representation format. This attribute is of type ResponseType, which is an enumeration
containing the two values JSON and XML. The default value is JSON.
→ ResponseType rType = ResponseType.JSON;
• Set the model type. You can decide whether you want the complete model of the user,
his latest model only containing the most actual values of each user event, or a specific model. This attribute is of type ModelType which is an enumeration containing
the values COMPLETEMODEL, LATESTMODEL, and SPECIFICMODEL. The default value
COMPLETEMODEL.
→ ModelType type = ModelType.COMPLETEMODEL;
◦ COMPLETEMODEL: If you choose this model, no further attributes must be set. You can
go on with the next step.
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◦ LATESTMODEL: If you choose this model, no further attributes must be set. You can
go on with the next step.
◦ SPECIFICMODEL: If you choose this model, you have to set further attributes.
∗ If you want the context model regarding a particular time period, you have to set
the start and end time of the period.
→ Date startTime;
→ Date endTime;
∗ If you want the context model regarding particular context categories, you have
to define a list with the desired categories. ContextCategory is an enumeration
which is not included in GetRPC. Further information can be found in A.2.2.
→ List<ContextCategory> cat = new LinkedList<ContextCategory>();
∗ If you want the context model regarding a particular time period and context categories, you have to set all three attributes (startTime, endTime, cat).
4. After setting the desired attributes, you have to transform the GetRPC object into JSON format
by calling toJson. For example:
→ String requestString = request.toJson();
5. The resulting String can be sent in your request.
The schema of the GET request can be found in A.5.

A.2.2. Structure of the Response
The response is the context model of the user. It identifies the user and gives a time stamp stating the
time when the model has been generated. Subsequently, the user’s events follow, having a predefined
structure and attributes. The enumeration ContextCategory is one of these. It can have one of
these values: ENVIRONMENT, ACTIVITY, BIO. Each event contains items. Items have also their
own structure and attributes. Either you download the package contextCapture of the framework
or you have to define these classes on your own.
The context model varies according the response type you have chosen. It can be in JSON or XML.
Both representation formats’ structure will be described by their schema.

Context Model in JSON
You can find the JSON schema in A.61 . For a better understanding have a look at the visualizations
in Figure 5.4, 5.5, 5.6, and in Figure 5.7.
1 http://www.jsonschema.net/
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{
"type":"object",
"$schema": "http://json-schema.org/draft-03/schema",
"id": "model",
"required":true,
"properties":{
"name": {
"type":"string",
"id": "name",
"required":true
},
"password": {
"type":"string",
"id": "password",
"required":true
},
"rType": {
"type":"string",
"id": "rType",
"required":true
},
"type": {
"type":"string",
"id": "type",
"required":true
},
"startTime": {
"type":"string",
"id": "startTime",
"required":false
},
"endTime": {
"type":"string",
"id": "endTime",
"required":false
},
"cat": {
"type":"array",
"id": "cat",
"required":false,
"items": {
"type":"string",
"id": "contextCategory",
"required":false
}
}
}
}
Figure A.5.: JSON Schema describing the Structure of the GET Request
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{

"type":"array",
"$schema": "http://json-schema.org/draft-03/schema",
"id": "modelJson",
"required":true,
"properties":{
"owner":{
"type":"object",
"id":"owner",
"required":true,
"properties":{
"username": {
"type":"string",
"id": "username",
"required":true
}
"password":{
"type":"string",
"id":"password",
"required":true
},
"modelGeneratedAt":{
"type":"string",
"id":"modelGeneratedAt",
"required":true
}
}
},

Figure A.6.: JSON Schema describing the Structure of the GET Response - Part 1

Response in XML
You can find the XML schema in A.92 . For a better understanding have a look at the visualizations in
Figure 5.8.

2 http://www.xmlforasp.net/codebank/system_xml_schema/buildschema/buildxmlschema.aspx
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"event":{
"type":"object",
"id":"event",
"required":false,
"properties":{
"eventId":{
"type":"number",
"id":"eventId",
"required":true
},
"name":{
"type":"string",
"id":"name",
"required":true
},
"contextCategory":{
"type":"string",
"id":"contextCategory",
"required":true
},
"sourceAppName":{
"type":"string",
"id":"sourceAppName",
"required":true
},
"measurementTime":{
"type":"string",
"id":"measurementTime",
"required":true
},
Figure A.7.: JSON Schema describing the Structure of the GET Response - Part 2
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"items":{
"type":"array",
"id":"items",
"required":false,
"properties":{
"item":{
"type":"object",
"id":"item",
"required":false,
"properties":{
"itemId":{
"type":"number",
"id":"itemId",
"required":true
},
"itemSource":{
"type":"string",
"id":"itemSource",
"required":true
},
"itemType":{
"type":"string",
"id":"itemType",
"required":true
},
"title":{
"type":"string",
"id":"title",
"required":true
},
"value":{
"type":"string",
"id":"value",
"required":true
}
}
}
}
}
}
}
}
}
Figure A.8.: JSON Schema describing the Structure of the GET Response - Part 3
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<?xml version="1.0" encoding="utf-16"?>
<xsd:schema attributeFormDefault="unqualified" elementFormDefault="qualified"
version="1.0" xmlns:xsd="http://www.w3.org/2001/XMLSchema">
<xsd:element name="model">
<xsd:complexType>
<xsd:sequence>
<xsd:element maxOccurs="unbounded" name="contextCategory">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="event">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="eventName" type="xsd:string" />
<xsd:element name="sourceAppName" type="xsd:string" />
<xsd:element maxOccurs="unbounded" name="item">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="itemTitle" type="xsd:string" />
<xsd:element name="itemValue" type="xsd:string" />
</xsd:sequence>
<xsd:attribute name="itemId" type="xsd:int" />
<xsd:attribute name="itemType" type="xsd:string" />
<xsd:attribute name="itemSource" type="xsd:string" />
</xsd:complexType>
</xsd:element>
</xsd:sequence>
<xsd:attribute name="eventId" type="xsd:int" />
<xsd:attribute name="measurementTime" type="xsd:dateTime" />
</xsd:complexType>
</xsd:element>
</xsd:sequence>
<xsd:attribute name="category" type="xsd:string" />
</xsd:complexType>
</xsd:element>
</xsd:sequence>
<xsd:attribute name="username" type="xsd:string" />
<xsd:attribute name="password" type="xsd:string" />
<xsd:attribute name="modelGeneratedAt" type="xsd:string" />
</xsd:complexType>
</xsd:element>
</xsd:schema>
Figure A.9.: XML Schema describing the Structure of the GET Response

99

Appendix B Content of CD
The attached CD involves following content:

• Master thesis
• Source code of framework
• Source code of web service
• Source code of test classes
• Source code of mobile application

101

Appendix C Bibliography
Printed References
[1]

Jawad Berri, Rachid Benlamri, and Yacine Atif. “Ontology-based framework for context-aware
mobile learning”. In: Proceedings of the 2006 international conference on Wireless communications
and mobile computing. IWCMC ’06. New York, NY, USA: ACM, 2006, pp. 1307–1310. ISBN:
1-59593-306-9. URL: http://doi.acm.org/10.1145/1143549.1143811.

[2]

Astrid Blumstengel. Entwicklung hypermedialer Lernsysteme. Wissenschaftlicher Verlag Berlin,
1998.

[3]

H. Breuer and M. Matsumoto. “Mobile Learning across Expanding Contexts”. In: Advanced
Learning Technologies, 2008. ICALT ’08. Eighth IEEE International Conference on. July 2008, pp. 623
–625. DOI: 10.1109/ICALT.2008.301.

[4]

Stephen Brookfield. “Adult Cognition as a Dimension of Lifelong Learning”. In: Lifelong
Learning: Education Across the Lifespan (1995).

[5]

Susan Bull. “User Modelling and Mobile Learning”. In: In proceedings of user modeling 2003:
9th international conference(Eds P. Brusilovsky, A.T. Corbett and F. De Rosis). Springer-Verlag, 2003,
pp. 383–387.

[6]

Yilun Chia et al. “Context-Aware Mobile Learning with a Semantic Service-Oriented Infrastructure”. In: Advanced Information Networking and Applications (WAINA), 2011 IEEE Workshops
of International Conference on. Mar. 2011, pp. 896 –901. DOI: 10.1109/WAINA.2011.145.

[7]

Anind K. Dey and Gregory D. Abowd. “Towards a better understanding of context and
context-awareness”. In: In HUC 1999: Proceedings of the 1st international symposium on Handheld and Ubiquitous Computing. Springer-Verlag, 1999, pp. 304–307.

[8]

J.T. Doswell. “Context-Aware Mobile Augmented Reality Architecture for Lifelong Learning”.
In: Advanced Learning Technologies, 2006. Sixth International Conference on. July 2006, pp. 372
–374. DOI: 10.1109/ICALT.2006.1652448.

[9]

Tom Gross and Marcus Specht. Awareness in Context-Aware Information Systems. 2001.

[10]

Gartner Inc. Gartner Says 428 Million Mobile Communication Devices Sold Worldwide in First Quarter 2011, a 19 Percent Increase Year-on-Year. http://www.gartner.com/it/page.jsp?id=
1689814. Online; accessed September-2012. 2011.

Bibliography

102
[11]

Gartner Inc. Gartner Says Sales of Mobile Devices Grew 5.6 Percent in Third Quarter of 2011; Smartphone Sales Increased 42 Percent. http://www.gartner.com/it/page.jsp?id=1848514.
Online; accessed September-2012. 2011.

[12]

Gartner Inc. Gartner Says Sales of Mobile Devices in Second Quarter of 2011 Grew 16.5 Percent Yearon-Year; Smartphone Sales Grew 74 Percent. http://www.gartner.com/it/page.jsp?id=
1764714. Online; accessed September-2012. 2011.

[13]

Gartner Inc. Gartner Says Worldwide Mobile Device Sales to End Users Reached 1.6 Billion Units in
2010; Smartphone Sales Grew 72 Percent in 2010. http://www.gartner.com/it/page.jsp?
id=1543014. Online; accessed September-2012. 2011.

[14]

Gartner Inc. Gartner Says Worldwide Mobile Phone Sales to End Users Grew 8 Per Cent in Fourth
Quarter 2009; Market Remained Flat in 2009. http://www.gartner.com/it/page.jsp?id=
1306513. Online; accessed September-2012. 2010.

[15]

Gartner Inc. Gartner Says Worldwide Sales of Mobile Phones Declined 2 Percent in First Quarter of 2012; Previous Year-over-Year Decline Occurred in Second Quarter of 2009. http://www.
gartner.com/it/page.jsp?id=2017015. Online; accessed September-2012. 2012.

[16]

Gartner Inc. Gartner Says Worldwide Sales of Mobile Phones Declined 2.3 Percent in Second Quarter of 2012. http://www.gartner.com/it/page.jsp?id=2120015. Online; accessed
September-2012. 2012.

[17]

Gartner Inc. Gartner Says Worldwide Smartphone Sales Reached Its Lowest Growth Rate With 3.7
Per Cent Increase in Fourth Quarter of 2008. http://www.gartner.com/it/page.jsp?id=
910112. Online; accessed September-2012. 2009.

[18]

Gartner Inc. Gartner Says Worldwide Smartphone Sales Soared in Fourth Quarter of 2011 With 47 Percent Growth. http://www.gartner.com/it/page.jsp?id=1924314. Online; accessed
September-2012. 2012.

[19] Introducing JSON. www.json.org. Online; accessed August-2012.
[20]

ISO/IEC. ISO/IEC 9126. Software engineering – Product quality. ISO/IEC, 2001.

[21]

Ralph E. Johnson and Brian Foote. “Designing Reusable Classes”. In: Journal of Object-Oriented
Programming (1988).

[22] JSON. http://www.w3schools.com/json/. Online; accessed August-2012.
[23]

Panu Korpipaa et al. “Managing Context Information in Mobile Devices”. In: IEEE Pervasive
Computing 2.3 (July 2003), pp. 42–51. ISSN: 1536-1268. DOI: 10.1109/MPRV.2003.1228526.
URL : http://dx.doi.org/10.1109/MPRV.2003.1228526.

[24]

R. Kuo et al. “Delivering Context-aware Learning Guidance in the Mobile Learning
Environment based on Information Theory”. In: Delivering Context-aware Learning Guidance in
the Mobile Learning Environment based on Information Theory. 2007, pp. 362 –366.

[25]

Jean Lave and Etienne Wenger. Situated Learning: Legitimate peripheral participation. Cambridge
University Press, 1991.

[26]

P. Lehsten et al. “A service-oriented approach towards context-aware mobile Learning Management Systems”. In: Pervasive Computing and Communications Workshops (PERCOM Workshops),
2010 8th IEEE International Conference on. Apr. 2010, pp. 268 –273. DOI: 10.1109/PERCOMW.
2010.5470656.

"Learning Technologies"
Research Group LuFG Informatik 9
RWTH Aachen University

103
[27]

Ramon Llamas, Kevin Restivo, and Michael Shirer. Android- and iOS-Powered Smartphones Expand Their Share of the Market in the First Quarter, According to IDC. http://www.idc.com/
getdoc.jsp?containerId=prUS23503312. Online; accessed July-2012. May 2012.

[28]

Ruth Malan and Dana Bredemeyer. Functional Requirements and User Cases. Tech. rep. Bredemeyer Consulting. 1999.

[29]

Catalina Martinez-Mediano and Susan Lord. “Lifelong Learning Program for engineering
students”. In: Global Engineering Education Conference - EDUCON. 2012.

[30]

Pedro J. Muñoz Merino et al. “CAM in the semantic web world”. In: Proceedings of the 6th
International Conference on Semantic Systems. I-SEMANTICS ’10. New York, NY, USA: ACM,
2010, 23:1–23:3. ISBN: 978-1-4503-0014-8. URL: http://doi.acm.org/10.1145/1839707.
1839737.

[31]

Viet Anh Nguyen, Van Cong Pham, and Si Dam Ho. “A Context - Aware Mobile Learning
Adaptive System for Supporting Foreigner Learning English”. In: Computing and Communication Technologies, Research, Innovation, and Vision for the Future (RIVF), 2010 IEEE RIVF International Conference on. Nov. 2010, pp. 1 –6. DOI: 10.1109/RIVF.2010.5632316.

[32]

Hiroaki Ogata and Yoneo Yano. “Context-Aware Support for Computer-Supported Ubiquitous Learning”. In: Proceedings of the 2nd IEEE International Workshop on Wireless and Mobile
Technologies in Education (WMTE’04). WMTE ’04. Washington, DC, USA: IEEE Computer Society, 2004, pp. 27–. ISBN: 0-7695-1989-X. URL: http://dl.acm.org/citation.cfm?id=
977408.978761.

[33]

Jian Pan et al. “A Context Awareness Architecture for Mobile Learning Based on Fuzzy Petri
Nets”. In: Artificial Reality and Telexistence–Workshops, 2006. ICAT ’06. 16th International Conference on. Dec. 2006, pp. 552 –557. DOI: 10.1109/ICAT.2006.8.

[34]

Sobah Abbas Petersen and Anders Kofod-Petersen. “Learning in the city: Context for communities and collaborative learning”. In: Intelligent Environments, 2006. IE 06. 2nd IET International
Conference on. Vol. 2. July 2006, pp. 3 –12.

[35]

Liam R. E. Quin. XML Essentials. http://www.w3.org/standards/xml/core. Online;
accessed August-2012. 2011.

[36]

Dirk Riehle and Thomas Gross. “Role Model Based Framework Design and Integration”. In:
Proceedings of the 1998 Conference on Object-Oriented Programming Systems, Languages, and Applications (OOPSLA ’98).

[37]

Ralf Schulmeister. eLearning: Einsichten und Aussichten. Oldenbourg Wissenschaftsverlag, 2006.
ISBN: 3486580035.

[38]

Marcus Specht. Learning in a technology enhanced world - context in ubiquitous learning support.
2009.

[39]

Marcus M. Specht. Learning in a Technology Enhanced World: Context in Ubiquitous Learning Support. [Heerlen: Open Universiteit Nederland, Centre for Learning Sciences and Technologies],
2009. ISBN: 9789079447299.

[40]

Maria A. Strimpakou, Ioanna G. Roussaki, and Miltiades E. Anagnostou. “A Context Ontology
for Pervasive Service Provision”. In: Proceedings of the 20th International Conference on Advanced
Information Networking and Applications - Volume 02. AINA ’06. Washington, DC, USA: IEEE
Computer Society, 2006, pp. 775–779. ISBN: 0-7695-2466-4-02. DOI: 10.1109/AINA.2006.15.
URL : http://dx.doi.org/10.1109/AINA.2006.15.

Bibliography

104
[41]

A. Syvanen et al. “Supporting pervasive learning environments: adaptability and context
awareness in mobile learning”. In: Wireless and Mobile Technologies in Education, 2005. WMTE
2005. IEEE International Workshop on. Nov. 2005, 3 pp. DOI: 10.1109/WMTE.2005.62.

[42]

Hendrik Thüs et al. Mobile Learning in Context. 2012.

[43]

W3. XML Tutorial. http://www.w3schools.com/xml/. Online; accessed August-2012.
2011.

[44]

Ellen D. Wagner. “Realizing the promises of mobile learning”. In: Journal of computing in higher
education. Vol. 20. 2. Springer-Verlag, 2008, pp. 4–14.

[45]

Norman Walsh. A Technical Introduction to XML. http://www.xml.com/pub/a/98/10/
guide0.html?page=2#AEN58. Online; accessed August-2012. 1998.

[46]

Yuan-Kai Wang. “Context Awareness and Adaptation in Mobile Learning”. In: Proceedings of
the 2nd IEEE International Workshop on Wireless and Mobile Technologies in Education (WMTE’04).
WMTE ’04. Washington, DC, USA: IEEE Computer Society, 2004, pp. 154–. ISBN: 0-7695-1989X. URL: http://dl.acm.org/citation.cfm?id=977408.978785.

[47]

Martin Wessner, Jörg Haake, and Daniel Tietze. “An infrastructure for collaborative lifelong
learning”. In: System Sciences. HICSS. Proceedings of the 35th Annual Hawaii International Conference. 2002.

[48]

Steve Wheeler. SOL Self Organized Learning + Virtual Learning. 2009.

[49]

Martin Wolpers et al. “Tracking actual usage: the attention metadata approach”. In: International Journal Educational Technology and society 11. Press, 2007, pp. 1176–3647.

[50]

S.J.H. Yang and I.Y.L. Chen. “Providing Context Aware Learning Services to Learners with
Portable Devices”. In: Advanced Learning Technologies, 2006. Sixth International Conference on.
July 2006, pp. 840 –842. DOI: 10.1109/ICALT.2006.1652572.

[51]

Jane Yau, Kim Yin, and Mike Joy. “An adaptive context-aware mobile learning framework
based on the usability perspective”. In: Int. J. Mob. Learn. Organ. 4 (4 Dec. 2010), pp. 378–
390. ISSN: 1746-725X. DOI: http://dx.doi.org/10.1504/IJMLO.2010.037535. URL:
http://dx.doi.org/10.1504/IJMLO.2010.037535.

"Learning Technologies"
Research Group LuFG Informatik 9
RWTH Aachen University

