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Abstract
This study created the basis for an open, lifelong learner model by adding interest to an existing context data model. An interest describes and represents the relationship between a person
and an object or topic of her world. This relationship is modeled by events that connect the
user and the interests within the data model. The individual user has a diverse spectrum of
interdependent interests. In order to include the importance of each interest, a weighting system was introduced where the sum of all weights is normalized to 100. The resulting context
and interest data model is used for extending the central web service of the learning context
project. The web service offers other applications the possibility to access and update the user
related information and to create or add new information. In order to provide feedback on the
interest development of a user the progress of any selected subset of the interest spectrum was
visualized in a graph. Additionally methods for editing, merging and deleting each interest
are implemented. The data model was evaluated by using eight general quality factors for
data models. Requirements are worked out and defined based on the definition and properties
of interests. Both, the model and the web service were successfully checked against all defined
requirements. The web service is also assessed by implementing a pre-defined scenario and
evaluating whether this scenario is executed correctly.
In the future, the web service and the model could be extended with further properties like
knowledge to provide a comprehensive lifelong learner model. Since the user’s interests are
closely related to her knowledge adding this attribute could improve the model. Additionally,
a categorization of the interests would increase the usability of the visualization of the learner
model.

Contents
1
2

Introduction
Related Work

2.1
2.2
2.3
2.4
3

4

6

3

Open Lifelong Learner Model . . . . . . . . . . . . . . . . . .
The Learning Context Project . . . . . . . . . . . . . . . . . .
Interest Development . . . . . . . . . . . . . . . . . . . . . . .
Lifelong Learner Modeling in academic and social Networks

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

3
4
6
8

Concept and Design

11

3.1
3.2
3.3

11
14
17

Requirements for an Interest Data Model . . . . . . . . . . . . . . . . . . . . . . .
Designing an Interest Data Model . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Web Service and Visualization Concept . . . . . . . . . . . . . . . . . . . . . . . .

Implementation

4.1
4.2
4.3
4.4
5

1

Database Development . . . . . . . .
Database Adapter . . . . . . . . . . .
Application Programming Interface
Website and Visualization . . . . . .

23

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

23
25
29
35

Evaluation

41

5.1
5.2

41
43

Data Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Web service and visualization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Conclusion and Future Work

47

List of Figures

49

Bibliography

51

1 Introduction
In the last years E-Learning is getting more important, not only for schools and universities
but also for companies. New mobile technologies like smart phones and tablets enable the
user to learn anywhere at any time. These technologies allow systems to get more information about the user and her environment. In the last years, the E-Learning trend has evolved
into systems that support lifelong learning instead of subject related learning. Therefore as
much as possible information about the user is required to adapt the learning process to the
user’s needs. In the process of lifelong learner modeling, learner data from different sources
are collected. These data should be collected over the entire life of the learner. These data
are split into extrinsic and intrinsic data. The extrinsic data provide information about the
context and the surroundings like time, location and relations. In contrast, the intrinsic data
contains information about the learner’s knowledge, her motivation and concentration level.
In order to improve the user’s learning experience it is necessary to keep track and analyze the
learner’s datasets continuously. This improvement results in a more precise personalization of
the content, recommendation of new learning material and prepared feedback than before. All
necessary data about an individual learner are stored in a so called Learner Model. This model
can be static or dynamic and should be able to store different kinds of data from various data
sources. A static model is easier to use, because the structure of the model is consistent, but
therefore it is not possible to add data with a different structure. In contrast, a dynamic model
is more complex but also more flexible and can handle data with an arbitrary structure. The
lifelong learner model includes a short-term model that keeps track of recent events as well as
a long-term model that saves data over a long time period. The data should not only be stored
but should be available to other services. The future goal is to have a complex lifelong learner
model that can deal with every kind of data that could be used to improve the lifelong learning.
Yet, there is no such model available.
The Learning Context Project is able to handle arbitrary context data that are collected by
smart phones and sent to the service, where the data are stored. These data are modelled
using a context model called Learning Context Model. This context model can be used as a
basis for a future lifelong learner model. Right now, this model can only deal with extrinsic
context data. The next step will be to extend the Learning Context Model with interests as
an example for intrinsic data. Therefore the following questions need to be answered: How to
define interests? How can interests be modelled for a lifelong learner? How to combine such an
interest model with the existing context data model? The already existing service needs to be
extended to work with the new interest context data model. The service and the visualization
needs to match the open learner modeling process and therefore it is necessary to know how
interests can be managed and how their development can be visualized. The learner’s interests
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can be collected from many different sources like social networks, blogs or e-mail. Two already
existing web-services that collect interest data can be used to gather interest data from academic
and social networks. The papers “Lifelong Learner Modeling in Social Networks” from Marius
Klein [13] and “Lifelong Learner Modeling in Academic Networks” from Darko Dugošija [6]
explain how interests can be extracted from these networks. Combining interests and context
data allow to set up a service that contains intrinsic and extrinsic information about the user
and thereby improving the user’s lifelong learning experience.
In chapter 2 the learning-context project including the context data model and the projects
for gathering user’s interests from social and academic networks are introduced. Also the term
interest is explained in detail to be able to specify all requirements for an interest data model.
Afterwards chapter 3 covers the development of an data model that combines interests and
context information. For this development eight quality factors for data models are explained.
The concept for the web service and visualization are explained including a list of requirements. In the Implementation chapter the development of the adapted web service including
the database and visualization is explained. Afterwards, both the data model and web service
are evaluated by checking them against the requirements defined in the previous chapters. This
Thesis ends with the summary of the complete work and describes the future steps to improve
and evolve the developed context interest learner model and the web service.

2 Related Work
In this chapter the concept of an Open Lifelong Learner Model 2.1s is explained. Afterwards the
context data model of the Learning Context Project 2.2 is introduced. This data model can be used
as a basis to create a complete open learner model. The Learning Context Project is used as a basis
for implementing a web service that can handle user related context and interest information.
Section 2.3 about interest development will explain the term interest with all characteristics.
The last section introduces two apps that collect interest information from social and academic
networks. These apps can be used to collect sample interest data for testing the new developed
web service that can handle context and interest data.

2.1 Open Lifelong Learner Model
An Open Lifelong Learner Model is an extension of the basic Learner Model. A lifelong learner
model is a digital representation of a learner regarding her independent and dependent data.
Independent data cover all static information and characteristics of a user like age and gender,
whereas dependent data cover the dynamic characteristics of a user. The generated dynamic
characteristics like knowledge, interests, goals and motivation dependent on all user interactions. Regarding Brusilovsky [2] the most important attributes of a lifelong learner model are
goals, knowledge, individual traits, background, context and interests. Both, dependent and
independent data are important for personalizing the users learning experience and to achieve
a better learning performance and efficiency. This personalization can be achieved by adapting
the content and the presentation of the content to the user’s needs. The complete learning process is adapted to the user’s goal. The quality of the adaptation of the learning process highly
depends on the system’s knowledge about the user. To allow a service to gather as much information as possible from different sources a centralized system is recommended. Collecting
all data and updating the learner model is a continuous process over a longer time span or
even the user’s lifetime. Maintaining all information at a central place and allowing multiple
apps to uses the service and the contained information are the main advantages of a centralized
system. Such a learner model is the basis for an open learner model. [1, 9]
The main goal of an open lifelong learner model is to give each user access to all her related
data for maintaining, viewing, editing and correcting these data. In general, every learner
model can be opened to the user. An open lifelong learner model has many advantages for
both, the user herself and the accuracy of the model. The user gets the possibility to view
her data for reflection, planning, attention and self-monitoring and “to take greater control
and responsibility over their learning” (Bull [3]). Since the user can edit, correct and control
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her personal learner model, the model gets more accurate. The possibility to control all user
related data increases the user’s trust in the service which is nowadays a very important factor.
The digital representation of a learner model is improved for the business logic of the service,
but not for humans. So opening a learner model to the user requires an adequate presentation
of all contents, because simply showing all available content will not help the user. [3, 4] The
complete learner modeling process is a complex process where many different apps can be
involved. So the user should be able to choose the apps that can produce and collect data
for her model. Another lifelong modeling feature is sharing parts of the learner model. The
user can choose which parts of her model she wants to share. The service needs to be able
to interpret and analyze all information to assess the learner’s learning performance, to give
recommendations and feedback for example. [9]
The next section introduces a project with the goal to develop an open learner model and
to develop a service that covers the complete lifelong learner modeling process. The current
version of this project only covers the context part of a lifelong learner model. This context data
model and the current web service should build a basis to support lifelong learner modeling
with all features step by step.

2.2 The Learning Context Project
The main focus of the Learning Context Project is to create an environment that collects and
models context information about any user on one central service. This service provides information about the user’s environment and activities. With the help of this context information
the learning activities of the user can be personalized. The service provides an interface to
enable all kinds of apps to interact with the stored data. Apps can gather information about
a user and her environment and send this data to the service, where the data are processed
and stored. Additionally, to produce new content, apps can also consume and analyze the data
from the service to either improve the learning experience of the user, or to provide feedback.
The main advantage of using one central service for storing and offering user related data is
that information created by different apps can be used by other apps or services easily. It is also
easier for the user to maintain and control her personal and highly sensitive data, because the
data is stored only at one place. However, the user still needs to trust this service and all apps.
To gather context information different apps are available that are able to collect intrinsic
and extrinsic data from different sources like bio sensors, environmental sensors, or activity
sensors. These kinds of information allow other apps to react to situational changes and to
adapt the actual learning activity or content. The used data model represents the user and her
environment, based on the collected context information. To be able to store other kinds of user
related information the model is designed open and flexible.
This paragraph describes the data model of the learning context project. The model is a
user-centric model based on events to describe changes of the user’s environment that are
recognized and collected by different apps. Figure 2.1 shows the current version of the context
data model. Every event is related to a user and occurs at a specific time. The content of an
event is described and specified through entities, where one entity consists of a key-value pair.
An event is categorized through its type, which consists of the attributes category and value.
Category and value are predefined constants and every value is related to one category. For
example, position is a value that belongs to the category environment . The information about the
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app that collected and sent the event is stored. It is possible, that certain events belong together
even if they occur at different timestamps. Via the attribute session it is possible to model this
relation by using the same value for the session attribute. The role of an event in this session
can be specified via the action attribute. Right now the available actions are start, update and
end.
The described data model is accessible via a RESTful API. This API consists of 14 different
methods to query and post data. Querying data is done via GET requests and sending data is
done via HTTP-POST. The GET requests can be specified using options that are sent as a JSON
string to the service. For adding new data to the database, a JSON string containing the data,
is sent to the corresponding interface. The restful service has built-in security mechanisms to
fight privacy problems: First of all, every app needs to register and every registration needs
to be confirmed by the administrator. After a successful registration the app can be identified
via its ID and can be authenticated via its appSecret. More detailed information are available
at the developers section on the web page 1 . Second, the user needs to register and create a
username and password for authentication. A sha1 hash of data, appId, appSecret, username,
hash of user’s password and a nonce is created. Every request has to contain the data and the
introduced sha1 hash of the complete query. Only valid requests are processed by the service.
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Figure 2.1: Visualization of the Context Data Model version 3 [16]

1 http://www.learning-context.de/text/5/Developers
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2.3 Interest Development
The Lifelong Learner Model holds information about a certain user. These information enable
different services to support the learning process of this user. Interests are one important part of
a Lifelong Learner Model. But to be able to interpret, handle, and model interests it is necessary
to define the phrase interest from a psychological perspective and find out how interests are
connected with the user and her environment.
First of all, an interest is not a characteristic of a person, it represents “a more or less enduring
specific relationship between a person and an object in her or her life-space” [11]. An object
of interest can be any type of content like a certain topic, an abstract idea, or a concrete thing
which is somehow connected with the person’s life-space. A person can have multiple relations
to different interest objects at the same time. A closer relationship to some of the objects only
evolves under certain circumstances. Such a closer relationship lasts over a longer period of
time and can be seen as a consolidated interest of the person. All interests change over time,
some will get more important while other interests loose importance or disappear completely
[11].
One of the first theories about interests is the “Person Object Theory of Interest” (POI) [10].
The basis of this theory is the fact that interests are always related to an object and that the
interest represents the relationship between the person and the object. An interest is valueand feeling-related. This means that an interest is related to a specific content and is associated
with mostly positive emotions. That is why interests are always motivating [7]. In some papers
a third property that describes the relation between the person’s knowledge and interest is
introduced. [7, 10]
After specifying the main properties of interests, the next step is to analyze the development
of interests over time. The three stage model, described in the paper of Krapp [11] deals with
the interest development. It describes the evolution from the first occurrence of a certain interest to a longer-lasting individual interest. In general interests are divided into two main types
namely situational and individual interests [11, 7]. Figure 2.2 shows that a situational interest
is mostly triggered externally in a given learning environment. This situational interest can
develop to an individual interest, when the person spends a lot of time on this interest and
identifies herself with the interest. The three stage model divides the situational interest into
two different stages. The first stage defines the initial occurrence of an interest and the second
stage describes a stabilized situational interest that lasts through a particular learning phase.
The highest development stage of an interest is the individual interest.
The first step describes the change from the first occurrence of an interest to a stabilized interest and is necessary for effective learning. Step two is the further development of a stabilized
interest to an individual interest and does not happen as often as step one. This leads to the
fact that the number of interests decreases with each stage and a person has in general more
stage one interests than individual interests. Consequently an individual interest has more importance than a situational interest. Krapp [11] stated that an individual interest is a part of
a person’s self-system. A person has identified with all goals, topics, and actions of each individual interest. It is possible to extend this 3-stage model to a multi-stage model with more
detailed stages.
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An example of a more detailed model for interest development is described in the work
of Hidi and Renninger [7]. This model divides the interest development in four distinct and
sequential stages:

• Phase 1: triggered situational interest
• Phase 2: maintained situational interest
• Phase 3: emerging individual interest
• Phase 4: well developed individual interest
Every interest can be idle, develop to the next phase or regress to the previous phase. There
is no general formula or definition that describes the timeframe of each phase, because this is
different for every person. The timeframe is affected by different characteristics of the person,
like temperament, experience, and genetic predisposition. Situational as well as individual interests are always motivating [7]. Furthermore, recall, attention, and recognition are influenced
by individual interests in a positive way. The first two phases are mainly supported by external input like learning environments or instructions from a tutor or a system. In contrast,
phase three and four are typically supported by the person herself.To characterize each of the
four phases it is necessary to explain the terms affective and cognitive. These terms are parts
of the ABC model of attitudes that also includes a third term behavioral. Affection describes
the emotions and feelings a person can have regarding an object or situation [12, 8]. The term
cognition describes the mental abilities of a person to process or to apply knowledge [8]. The
motivation of a person is described the the term Behaviorism or Conation [12]. Interests have
both affective and cognitive components, but the role differs in each phase [7]. The amount of
cognitive processing is increasing with each phase of interest development. Short-term changes
in affective and cognitive processing result in Phase 1 interests. This first phase describes the
first contact with an interest and the process of forming a connection to an object. Phase 2 is the
phase where the person keeps being interested in an object and is involved in activities that are
connected to the object. Working in a cooperative group is one example for such an activity. In
this process the person is valuing the content and is developing a basis for the content. This
basis allows her to relate other information to this content. In Phase 3 the interest is connected
with positive feelings and the person has more knowledge related to the interest. Typically
the motivation to learn and to devote oneself with the interest related object is self-generated
and no further external motivation is needed. This phase can lead to Phase 4 which includes all
interests the person has really identified with. The knowledge about the object has increased
and the person’s curiosity is aroused. The person is able to handle frustration regarding this
object. Although Phase 3 and 4 are mainly self-generated they also benefit from external support. “At this point there is no evidence that continued and deepened interest occurs without
engagement or support” (Hidi [7]). This means that an interest is always triggered by an action
that is related to the person.
After defining interests some sources that can provide concrete user related interests are
needed. These sources can be used to add interests to the developed service in order test and
evaluate the service. The format of the interests that are returned by the different sources can
be used to determine how other services handle interests in general and what kind of data
the interface needs to be able to handle. Two different sources one for personal interests and
one for academic interests are chosen as examples and are explained in detail in the following
section.
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Figure 2.2: Transition from situational interest to individual interest (based on [11])

2.4 Lifelong Learner Modeling in academic and social
Networks
WebTrace and PALM are projects that extract user’s interests from different social networks or
academic papers. WebTrace is a web-based software for gathering interests from various social
networks like Facebook 2 , Google+ 3 , Twitter 4 , Last.fm 5 , LinkedIn 6 , Flickr 7 , and StumbleUpon 8 . Marius Klein developed a prototype of WebTrace that can gather data from Facebook
and Last.fm in his master thesis “Lifelong Learner Modeling in Social Networks” [13] All these
networks contain different information about the user, but also a lot of information is overlapping. Social networks also contain information that are not relevant for interests, so the services
needs to be able to filter the information. The interests are related to a certain user and the service creates a general user profile of the user containing all collected information from the social
networks. To use the WebTrace service the user needs to register and create an account. Then
the user can choose the social networks she wants her interests to be collected from. The service
does not collect any information automatically, so the user needs to trigger the data collection.
Every user has a public WebTrace profile that can be viewed by everyone. It is possible to select
the information and interests that are available on the public profile. So the user has full control
over her profile and interests. For every interest the user can specify whether it is private or
public. All collected interests are structured using the Wikipedia 9 categories. The interests are
displayed in a hierarchical way, so that the user first gets a complete overview over her interests. If she wants a more detailed view he can simply select the subcategory and all interests
and subcategories of the selected category are shown. [13]
The Personal Academic Learner Model short PALM collects academic interests of the user.
The goal is to identify the evolution of a person’s academic interests and to visualize this evolution to the user, to give her feedback about her academic career. A lifelong learner profile of
2 https://www.facebook.com/

6 https://www.linkedin.com/

3 https://plus.google.com/

7 https://www.flickr.com/

4 https://twitter.com/

8 https://www.stumbleupon.com/

5 http://www.lastfm.de/

9 http://www.wikipedia.org/
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the user is created with the gathered academic interests. These interests could be the basis for
other e-learning systems, like recommender systems. The PALM web service is implemented
with CakePHP, JQuery and MySQL. PALM uses academic papers to extract the user’s academic
interests. These papers are collected from different academic publication portals like Google
Scholar10 , BibSonomy 11 , Mendeley12 , and Microsoft Academic search13 . Different web, text
and interest mining techniques are used to collect interests from the gathered academic papers. All these services offer interfaces to query papers and information, but every service has
structured the data in a different way. PALM uses a structure, where all other structure can be
mapped to, so it is possible to cover all structures with one structure. Whenever an information
is received from two or more sources, the information from the most reliable source is saved.
So internally all sources are sorted by their reliability. After receiving and saving all data from
the different data sources, words and terms are extracted. In the case of academic papers, the
extraction is easier and more faultless than the extraction from other written texts like blogs,
because there a less typos and errors in academic papers. Collected interests from current papers are most of the time more up to date than interests from social networks, because nobody
dislike anything on a social network if she is not interests anymore. All terms are weighted
regarding different factors. One of these factors is the number of occurrences of the term in
the paper. Terms extracted from keywords and the abstract are more important than terms extracted from the content. So their weight is increased by is multiplying it with a higher value.
But not all publications have keywords or an abstract. So the weight for the term from abstracts and keywords are calculated relative to the number of publications that have keywords
and an abstract. Everybody can use the service by simply visiting the website and searching
for academic interests of a specific user. After entering the name of the person, all papers from
this person are fetched from the different publication sources and all interests of the user are
shown, afterwards. The service offers an API, so that other services can use PALM. There are
four different API calls. One for requesting all authors that are already in the database and one
for getting a list of all publications of a certain author. The other two calls returns the interests
of an author, one for an overview over the authors general interests and one with the authors
computed interests. [6]
The Master Thesis “Individual and Group Interest Mining in Academic Networks” [15] is an
improvement of the initial PALM service. The goal is to find and solve problems of the PALM
service, to add new features and to improve the results. First of all there are some technical
problems. The parts of the service that are requesting the papers from the different sources
are not up to date and use old API calls or expired login data. Another technical problem is
the speed of requesting the papers from the different services. This takes quiet a time, because
all services are called sequentially. Secondly there exist some issues with the quality of the
extracted interests. Removing prepositions and punctuation from the content before using the
term extraction lead to incomplete and meaningless results, because of the missing structure of
the content. For example, the term “Quality of Service” results in the term “Quality Service”.
This makes it hard or nearly impossible to use this service in combination with other services.
Another problem is that the service does not check the results for duplicates, to group same
or similar terms to one term. Also it is not taken into account, that short terms could possibly
parts of longer terms. Once a profile of a user is created, it cannot be updated and only parts of
10 http://scholar.google.de/

12 http://www.mendeley.com/

11 http://www.bibsonomy.org/

13 http://academic.research.microsoft.com/
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the profile can be exported. The service is missing provisioning of a detailed evolution of the
author’s interests.
Besides fixing and solving these announced problems the new service also adds some new
features to the existing one. The service should not only provide interest information about a
single user, but also link to different profiles and try to find relations between researchers based
on their interests. New functionality is added to enable researchers to find other researchers
with similar interests, to allow them to get in contact and to exchange information or cooperate
with each other. Every author can take a look at her evolution of academic interests. This helps
the author to get feedback about her research and to be aware of the fields she did research in.
Another functionality is the visualization of the relation between the author and co-authors. To
increase the response time of the service some MySQL queries are optimized and the different
paper sources are queried in parallel. The term weighting algorithm is optimized, adjusted and
extended by additional weighting factors. Some of the term extraction algorithms are replaced
by other ones that fit better to the purpose of interest extraction. [15]
After explaining the theoretical background of interests and introducing different apps for
gathering interest data and the current learning-context service the next chapter explains how
the learning-context service can be extended with interests. Therefore, interests need to be
added to the existing learning model and the service needs to be adapted to the new learning
model. Adding interests to the service are the next step towards the goal of the learning-context
project to create a complete open lifelong learner model. The next chapter describes the development of such an interest context data model and how to support open learner modeling by
providing a central web service.

3 Concept and Design
The main goal of the thesis is to extend the context learning project, described in section 2.2, so
it can handle interests. First of all, it is necessary to add interests to the existing data model. The
requirements for the data model and the developed data model with all iterations are described
in the first section of this chapter. Secondly the web service, its API and database need to be
adapted to the new data model. The second section in this chapter covers the requirements
for the web service and different user scenarios to explain how the complete ecosystem of the
service should look like.

3.1 Requirements for an Interest Data Model
An appropriate data model is very important for the complete system, because everything
is based on this data model and needs to act according to the data model. The data model
has a high impact on the complete system, because the flexibility and the complexity of the
system depend on the quality of the data model [14]. Beside the system specific requirements
to the data model, general requirements for an entity relation model need to be fulfilled to
develop a high quality data model. Moody described eight general requirements of a data
model in his paper ´´Metrics for Evaluating the Quality of Entity Relationship Models” [14].
After explaining these eight requirements and their impact on a data model all interest related
requirements for an interest data model are defined.
The most important requirement is Completeness. A model is complete if it contains all
required information and data. If a model is not complete it does not fulfill the system requirements and it does not matter if the model fulfill all other quality factors anyway. To check a data
model for completeness the model needs to be checked against all system requirements. Only
if all requirements are fulfilled the data model is complete. After checking the data model for
completeness all entities and relations that do not match the requirements should be listed and
the model should be improved regarding these objects. There are three different error types
that describe why an entity or a relation does not match the requirements. Figure 3.1 illustrates
these error types. Error type 1 describes the area of the data model that is not overlapped by the
requirements area. These are the unnecessary elements of the data model, because they are not
required. All elements that are not in the data model, but are listed in the requirements belong
to error type 2. Type 3 errors are elements that match the requirements and are represented
in the data model, but are not defined properly. All elements in area 4 in figure 3.1 match the
requirements and are defined accurately in the data model. A data model is complete when no
type 1, 2, or 3 errors exist and all entities and relations are located in area 4.
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The second general requirement for a data model is the Integrity. The integrity is evaluated
by checking whether the data model is conform regarding the business rules. These rules define
what can happen to the data and what is not allowed to happen.
Flexibility is the third quality factor of a data model. It describes how well the data model
can be adapted to new requirements with as minimal changes as possible. The flexibility of the
complete system is dependent on the flexibility of the data model. To evaluate the flexibility of
the data model a prediction for future changes in the requirements is needed. The evaluation
of the flexibility is dependent on the quality of the forecast.
The quality factor Understandability measures how easy users and developers can understand the model. The developers need to understand the model to be able to implement a
system that is based on the model. For the user it is also important to understand the model,
because the usability of the system also depends on the understandability of the system. The
names, definitions, and concepts of a model build the basic for the estimation of the understandability.
The Correctness of a data model is based on the rules of the used modeling technique. A
model is correct if all rules of the used modeling technique are used correctly. A correct model
does not contain any redundant information, each fact should only exists once in a data model.
In contrast to the other factors, correctness is easy to evaluate, because it is not subjective as the
other factors. A data model either follows all rules or not.
If a model is the minimal model for all requirements it has the best Simplicity. This factor
has also impact on the system, because easier models have a higher flexibility, and are easier to
understand. With the help of simplicity different data models for the same requirements can
be compared and the simpler model should be preferred. To measure the simplicity of a model
the number of entities and relationships is counted. The result is a factor that can be easily
compared with the simplicity factor of other models.
In general “Integration is defined as the level of consistency of the data model with the rest
of the organization’s data” [14]. Since this project is a standalone project the integration can
be interpreted how well the new model fits into the already existing system and how many
changes are needed to replace the old model with the new model.
After defining a data model, this data model need to be implemented. The ease of how a data
model can be implemented is the Implementability. To measure this factor some developers
need to take a look at the data model and evaluate whether and how well it is possible to
implement and realize a system based on this data model.
Beside the general requirements based on the eight quality factors, the interest requirements
need to be defined, to be able to develop a data model. Based on the characteristics and development of interests (see section 2.3) the requirements for the interest data model are defined.
All interests are defined through the relationship between a person and a certain object, where
the object can be a topic, idea, or term. Interests are not static, they can develop. This development can be described by many stages. Based on Krapp [11] the 3-stage model of interests
development was chosen. Three stages are detailed enough to distinguish between the stages of
the human interest development. However, the designed model should not restrict the number
of stages, it should be able to handle every number of stages. In the future it may be necessary
to have more stages, because new e-learning services or strategies could need more stages to
improve the learning experience. The model needs to contain information about the point in
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Figure 3.1: Different Completeness Error Types (based on [Mood.1998])

time, when the user is interacting with an interest related object. This information is necessary
to be able to specify the importance of an interest and also to specify to which stage the interest
belongs to. If the user was interested in an object over a certain time period and engaged frequently enough with this interest, the interest can evolve to the next stage. A history is required,
because the service needs to track every interaction between the user and interest related objects. Also different interactions have different importance for the interest development. For
example writing a scientific paper is more important than reading a paper, because the user
spends much more effort in writing its. Nevertheless, the model should distinguish between
different interest types. Persons can have private, academic and work related interests. The
interest types can overlap, so an interest can have multiple types. If the user is interacting with
an interest when she is at work and at home, this interest belongs to the type private and work.
The whole spectrum of all interests of the user needs to be covered by the model. That means
the model should contain information about the ranking of the interests: which interests are
important for the user and which are not so important. Every interest is influenced by all other
interests and vice versa. A user that is highly interested in A suddenly gets interested in a new
topic B. The importance of interest A and all other interests will drop, while interest B is rising
in importance. So the modelled interests need to have a weight, which can be adapted, based
on any user interaction with any interest. The following list gives a summarizing overview
over all interest related requirements:
1. Relationship between a person and an object
2. Multi-Stage model of interests
3. Different interest types: private, work, academic
4. Every interest has a weight
5. Interests are influenced by each other
6. Ranking of interests
7. History of interest development
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3.2 Designing an Interest Data Model
In general there are two ways to combine the existing context learning event data model and
the interest model. The first possibility is to use both models in parallel and to link them via
the user. The second possibility is to combine the models, but this requires that both models
have at least one common entity besides the user. As described in section 2.3, interests are
mainly characterized by the relationship between a person and an object. This relationship can
be measured by the number of interactions between the user and the object. Each interaction is
represented by an event. The context learning model is event based, so it is possible to combine
both models and connect them via events.
The first attempt of combining both models is shown in figure 3.2. The latest version of
the learning context model is used as a basis. The entity interest is added to the model and
is connected with user and event in a way that one user can have multiple interests and one
interest can have multiple events, but an event can only have one interest. An interest has the
attribute lastUpdated which is the timestamp of the last user interaction. The created attribute
contains the date and time when the interest was created. The attributes weight, type and interest
level are interest specific properties. Type can be any combination of private, academic or work.
Interest level describes the actual stage of the interest development. It is possible to use the
three stage described by Krapp [11], but it is also possible to use any number of stages. To be
able to categorize an interest, every interest can be related to many wiki categories and a wiki
category can contain different interests.
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Every event is created by an app and the app decides whether an event is related to an
interest. In the second draft (see figure 3.3) interests and events are not directly connected like
before. Instead they are connect via app and wiki category.
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Figure 3.3: Second Draft of the Context and Interests Data Model

Connecting event and interest directly does not contain redundant information and is less
complex and the model is more flexible regarding changes. Another advantage is, that only
interests are categorized. This makes much more sense, because categorizing should improve
the semantic and relationship between interests and is not necessary for events, because events
to not have any semantic meaning. So the third draft of the context interest model uses a direct relation between interests and events and wiki category is only connected with interest.
Many other changes are made in order to reduce the complexity of the model and to get rid of
redundant information to increase the simplicity of the model. These changes also affect the
context part of the model. Because source and platform already contain all necessary information about an app the entity app is deleted and the attributes source and platform are connected
directly with event. In the old version, entity is indirectly connected with event via type. This is
changed in the new version, because the content of an event is specified by entities and therefore event and entity should be connected directly. This change makes the model more flexible,
because the type of an app could be specified without changing the meaning of the connected
entities. The entity type is renamed to category and the former attribute category is renamed to
major and the attribute value is renamed to minor. The renaming makes the model easier to
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understand, but the integration effort increases a bit, because the renaming effects the database
and the complete service implementation. Major and minor define the kind of the event. The
attribute revision is added to the event to define whether it is private, academic or work related. This revision attribute was the former type attribute of interest, but it was not possible
to classify events with this type. The attribute type is deleted from interest, because the event
contains this information now. The information when an interest was created and updated
last is also available via the event. The first event that is connected with an interest specifies
the created timestamp and the latest event gives information when the interest was updated
last. This also results in a closer relationship between interest and event, because an interest
can only exist with at least one connected event. A closer relationship between interest and
event improves the completeness requirement of the data model. In the previous version an
interest could be based on another interest, but this makes the relationship between interests
too complicated and redundant, because this information should be available by using the wiki
categories. So deleting the based on relation between interests results in a more complete and
correct data model. This model is less complex, complicated and the context and interest parts
are separated, but also related. An event contains all relevant information about itself. This
also applies for the interest entity, because it represents a basic interest with all necessary information like weight, name and level. To gain information about the development and relation
between interests, the relation to all events is needed. The user has no direct relation with the
interest, because all actions of the user, that are represented by events in the service, define the
interests of a user.
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In version number three an event could only have one interest, but this restricts the usage
of the system. For example if someone writes a paper, this paper normally covers more than
one interest and so the event should also be connectable to any number of interests. The final
version allows to have multiple interest for each event, which lead to a more complete data
model. Also some minor attributes are renamed for the final version of the context interest
model to enhance the understandability of the data model. The attribute level of an interest is
renamed to stage, because in psychological literature the interest development is described by
different stages. The property revision of the event is renamed to type, because it is not clear
what revision means for an event. The final version is shown in figure 3.5. After finalizing the
data model including interest and context information the web service was implemented to
make the data model accessible from the outside. To develop such an web service all requirements need to be defined including how to transform the data model into a MySQL database.
Additionally to the web service a front end is needed to allow all users to view their data and
interact with it. The next chapter introduces the concept and requirements for the web service
and the front end.

3.3 Web Service and Visualization Concept
The learning-context project is divided into two main parts, a web service and a website. The
web service is responsible for storing all data and making it accessible to different applications.
The web app offers for every user the possibility to create and edit her own account, profile
and all related data. Before enhancing the actual web service it needs to be considered how the
service is used by users and other applications. Figure 3.6 shows different scenarios of how the
web service can be used. These scenarios are used to define some requirements of the service
and to visualize the communication between the different applications. It also shows the points
of interaction between the ecosystem and the user. The first scenario shows how the user can
create or update her academic interests by using the PALM [6] service to filter interests out of
her academic publications. It is also possible to get interests from other sources like WebTrace
[13], that provides interests based on the interaction of the user with different social networks.
The sequence of merging two interests is shown in the second scenario in figure 3.6. Therefore
the web app needs to get a list of all interests of the user. After the user has chosen to merge
two interests, the app has to forward this information to the web service.
For visualizing the interest development over time, the web app needs all information about
every interest development. This information is accessible via the application programming
interface (API) of the web service. Scenario three in 3.6 visualizes the communication sequence
between the web app and the web service. An API describes the input and output functions
of a software component. In this case the software component is the complete web service
and the API describes all functions that can be used from the outside via HTTP requests. The
last example of the sequence diagram demonstrates how interest information, provided by the
learning-context web service, can be used by any learning app to improve learning contents
and the user’s learning experience. In general all these scenarios are only examples and should
demonstrate the interaction between different stakeholders.
First, the web service needs to store the data and realize the data model explained in the
previous section. Secondly, the service needs to provide all data and functionalities via an interface, so that every app is able to access all information. The current version 3 of the learning

Chapter 3. Concept and Design

18

context project is the basis of the new web service and provides already an interface with different operations to interact with the user, events and entities. Every API call is requested with
a data parameter that contains the required information in JSON format. It is possible to create
and delete users and to request a special amount of entities or all entities. For event handling
some more functions are available, because events are the main source of information about the
user’s activities. Events can be filtered by many different parameters like start and end time,
the source, entities, or by the type of the event. Every parameter can be set as a whitelist or
blacklist filter. All events that have the required parameters of the whitelist and do not match
the blacklist parameters are returned. Using the same filter options for deleting events it is
possible to delete any number of events. There are also one interface for deleting an event by
its ID and one for deleting all events of the user. Another possible API call returns statistical
information about the number of events per hour. The last three API calls return static information about the constants that can be used to describe the category, type and source of an event.
More detailed information about the complete interface, the authentication procedure and the
error responses are described in the developer section on the learning context website 1 .
After adapting the used data model and adding interests to the model, it was necessary to
adapt the interfaces of the service to the new data model. Based on the new data model every
event that is posted and added to the system can have an additional field that contains information about interests. Interests can only be added to the service via posting an event. Setting
the weight or stage of an interest is not possible, because this is calculated by the service based
on all interest related events. However, for both, deleting and getting interests, new API calls
are necessary. Another function for querying the actual weight of an interest is needed. For
providing information about the overall interest development over time, a new service call
is required. In the case that two interest names are stored in the system that have the same
meaning, the user should have the possibility to merge the two interest to one interest. The
system should be based on the definition of an open learner model, so the user should be able
to see, edit and delete all information that is connected with her user profile. Because of all
listed methods the service fulfills this open learner model requirement. The fact that the user
can delete every event has the consequence that it is possible that some interests are not related
to any event. To give the user the possibility to find such orphan interests an API call for getting all interest orphans is useful. The already available functions regarding user, events, and
entities stay the same. As already mentioned, only the get event call is changed to be compatible with events that contain interests. The static functions that only returned the possible
characteristics of the attributes category, source and type are dismissed. This information is
placed in the developers section of the learning context website to inform developers about the
possible values for each attribute. Because some parameters of the data model are renamed,
the corresponding parameters of the different API calls also need to be renamed. The response
time of all API calls should be in an acceptable manner. All requirements are summarized in
the following list:
1. MySQL database schema from data model
2. Old API versions are still usable
3. Add interest information to existing event related API calls
4. Delete and request interests
1 http://www.learning-context.de/text/5/Developers
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5. Get all information about an interest
6. Provide information about interest development
7. Merge two interests
8. Find orphan interests
9. Open Model: user can see, edit, delete all her data
The second part of the learning context is the web app or website that provides basic information for every user and her stored information. It additionally contains important information
for developers who want to implement new apps which can interact with the service. Information about the project itself and about the available applications is placed on the website.
Another part is the development corner with all information about the existing API calls and
authentication procedure. The existing website offers developers the possibility to integrate
new modules into the website. A module is a separate application that is registered as an app
at the web service and builds up its own connection with the web service. Every user can create an account. Only registered users have the possibility to access the different data modules.
A settings menu is available where the user can select which module she wants to disable or
change the user data like email or password. Deleting all events or even the complete account
is possible. The already existing website needs to be extended with the interest functionalities.
It should visualize the interest development of all interests. Another module needs to display
all interests and offer the possibility to delete, merge and change every interest. The settings
menu needs to be extended to enable the user to specify the importance of any app regarding
interests. Th user should also be able to specify which app generates which type of interest.
Some other options for adapting the forgetting function to the user needs. The forgetting function is used to describe the decreasing importance of an interest over the time. span since the
last event that is related to this certain interest.
In the beginning of this chapter the eight quality factors Completeness, Integrity, Flexibility,
Understandability, Correctness, Simplicity, Integration and Implementability were explained.
Afterwards all requirements for a data model containing interests were defined. Concerning
these eight quality factors and interest requirements a context interest data model was developed. Optimizing this model in three steps resulted in the final model that matches all requirements and exists of the element event that connects the user with interests. Next the concept
and requirements for the web service and visualization of interests were defined. Based on
these requirements and the developed data model a centralized web service and visualizations
for interests are implemented and this implementation process is described in the next chapter.
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4 Implementation
Based on the requirements and the data model explained in the last chapter, the central web
service is realized. This chapter covers the implementation details of every part of the web
service. The first section is about the development of the database out of the given data model
and the differences between the data model and the database. The second section introduces
a technique for accessing a database via a database proxy to develop a structure independent
code. Instead of rewriting all functions that are accessing the database after the database structure has changed, only the differences to the old database structure need to be added to the
database proxy. The third section explains the implementation of the web service that allows
different apps to access the database via the predefined interface. Another part of the web service is the business logic that handles the interests and calculates the weight for all interests
and tracks the development of each interest. The last section deals with the user interface and
functionality of the website.

4.1 Database Development
The currently used version of the data model is already mapped to a MySQL database. Figure
4.1 shows this version of the database with tables, columns and relations between the tables.
There is one table events that is connected with many entities, an app and an user. Any event
is also connected with a type and an action. The categories, types, and actions table include all
allowed values for each of them. Beside the standard characteristics like name and email the
table users contains also security related information. Some more tables that are needed to
realize the security of the web service are not shown in figure 4.1 to decrease the amount of
information.
The existing database is used as a basis for the new revision. Regarding the schema of the
new data model, some of the existing parts of the database are renamed. The table categories is
renamed to cat_major, types to cat_minor, sources to platforms, and apps is renamed to sources. To
integrate interests in the schema, the table interests is created with all necessary columns like
name and weight and is connected with events. Because interests and events are related with a
m to n relation, an extra table for connecting both tables is needed. This table is called interests_events and has two columns only, one for the interest_id and one for the event_id. All possible
stages, an interest can be categorized into, are stored in the table stages, which is connected with
the interest table. Using such a table follows the structure of the existing database, which also
uses tables for saving constants like major and minor category of an event. These techniques
allow integrating new interest stages or renaming existing ones with less effort. The same is
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done for the type category of an event. In the last chapter it was defined that interests need
to have a history to describe the development of this interest. The history is stored in the
table interest_history with information about timestamp, stage_id, weight and the interest_id.
Another new table is the table user_source_options which enables the user to specify options
for every app. For example, a user can define that all interests that are generated from the
PALM app should have a higher impact on the interest weight calculation and should have
the type academic. All tables and relations that are necessary to explain how the data model is
represented in the database are shown in figure 4.2. To increase the speed of some queries, some
information are stored redundantly in the database. Another reason for saving redundant data,
is the fact that the user is allowed to delete every information. For example, in the data model
it is possible to get the information, when the interest was updated last, via the connected
events, because the timestamp of the newest event is equal to the last updated timestamp of the
interest. But the user is allowed to delete all events and this would also delete the information
when the interest was updated. This is the reason why the interest table has a column that
also stores the timestamp when the interest was updated. Another advantage is, that this also
increases the performance of queries that query the last updated timestamp, because it is not
necessary to join the interest with all related events to find out which event has the newest
timestamp. In the data model the category type of interest is defined indirectly through the
category type of all events it is connected with. For example, if an interest is connected with
two events and one event has the type “private” and the other one “academic”, the interest has
the type “private” and “academic”. Since querying this information decreases the performance
of all interest related queries and the fact that the events may be deleted the category type is
also saved for every interest.

Figure 4.1: Part of the Extended Entity-Relationship Diagram for Database Version 3
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Figure 4.2: Part of the Extended Entity-Relationship Diagram for the new Database Version 4

4.2 Database Adapter
The currently running version of the API is version 3 and the new version that is developed and
explained in this thesis is version 4. When a new version is released, the old versions should
be available. This is necessary because there are many apps that were developed using an old
version. These apps are mostly developed in students’ projects or theses and are mostly not
updated, but are still important for the complete ecosystem. Anyway all versions should work
on the same underlying database, because otherwise it would not make any sense to use the
old version. The problem with using the same database with different API versions, is that a
new version is mostly based on a new version of the data model. That means that the structure
of the database has changed. Most of these changes are new relations, tables or columns, but
also renaming of existing columns or tables. Sometimes also the type or meaning of content
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changes. But these changes mean, that all queries need to be changed and adapted in every
old version to be able to use the new database schema. Changing the code for every version
is a lot of work and the work increases for every new version, because more old versions need
to be updated. So another solutions is needed, that allows different versions with different
requirements for the database structure to work on the same underlying database.
The adapter pattern is used to enable the interaction between different classes, that are usually not able to interact. The variation of the adapter pattern, called data source adapter, can be
used for databases and allows different clients on different platforms to use the same database.
A schematic view of the data source adapter pattern is shown in figure 4.3. One example is a
web service that makes a database accessible via HTTP calls to any client that is able to handle HTTP requests. But all clients are still using the same database schema so this solution is
not suitable for the announced problem. We need some kind of proxy that allows it to use one
database from different classes that are implemented to work with a different database schema.
For every change in the database structure it should be easy to adapt the proxy to work with
the new structure without changing the code of all classes. [5]
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Files
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Figure 4.3: Data Source Adapter Pattern (based on [5])

The developed database proxy is called dbProxy and is designed to solve the problem named
in the last paragraph. In general, a dbProxy class is created for every database schema and the
database uses the newest schema (see figure 4.4). This allows it to support the old interfaces
that are using the old database schemes. Like a database the dbProxy class consists of many
tables that are saved in private variables, named like the table name. A table is a class that
contains information about the name and columns of the table. It also provides an input and
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output function for every column. The columns and input and output functions are stored in
arrays, where the keys match the columns of the table. The newest version of the dbProxy
matches the structure of the database completely, so every column key is mapped to the name
of the column. For example, if there is a table with a column “A”, the key “A” of the column
array maps to the value “A”. The column array can be used if some columns are renamed in
a newer database version. If column “A” is renamed to “B”, the key “A” of the column array
would map to the string “B” and not to “A” like before (see figure 1).
The input and output functions can be used, when the type or meaning of the content of a
column has changed. One simple example would be that an old version supported any string
with upper and lower case letters, but the new version only allows uppercase letters. Then the
input function could simply change every letter to an uppercase letter. The output function
can be used in the same manner to change the output of the database. After we can define a
table, we can use this table class, to define a database with different tables in the dbProxy class.
A new instance of the class table is created for every table of the database in the constructor
method of the dbProxy class. For every table a new getter method is generated, that allows the
access to the private instance of every table. Whenever the name of a table or column is used
in the code to query the database, we request this information from the dbProxy class. When
content is received or sent to the database, we need to run this content through the output or
input function of the column. If there are any changes in the structure, we can define this in the
dbProxy class and can work on the new database without changing the code.
<?php
//Create
$table =
//Column
$table =
?>

table with column A
array("A" => "A");
A is renamed to B
array("A" => "B");

Listing 1: DBProxy: Example for renaming a column

Figure 4.5 shows a simple example of how to use the dbProxy class on a given database. The
example database consists of two tables ExampleTable and OtherTable with two columns each.
The class DbV1 is the concrete class that matches this database with both tables. So we have
two private variables exampleTable and otherTable and a getter method for each variable. Listing
2 shows how an instance of the dbProxy class can be used to generate a MySQL query for
querying all interests from a user with ID 1. The resulting MySQL query is:
SELECT name AS name FROM interests WHERE user_id = 1
The example shows the basic functionality of the dbProxy and table classes. There are more
complex functions available, to allow more complex queries with MySQL functions and prefixes for every attribute. It is also possible to specify the AS parameter for every column. The
function getCol() will automatically generate the AS parameter with the key of the array, so that
the naming of the result is the same, even if the column name has changed in the database.
For the same reason the MySQL phrase SELECT * should not be used anymore. Instead the
function selectAll() can be used, which simply calls the getCol() for every column and connects
all results with a comma.
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Figure 4.4: Example for using the DBProxy technique to support three web interfaces with different database
schemes sharing a single database.

The dbProxy class is able to represent any database with all tables and is able to handle
different changes in the structure of the database. Since this should be used to handle many
different version, it is necessary to use different dbProxy classes, a new class for every version.
If we have a dbProxy class called dbV1 for the database schema version 1 and a new database
schema version 2 should be used, a new dbProxy class needs to be defined. This new class is
called dbV2. Now the dbProxy class dbV1 needs to be changed, to be able to work with the
new version. Therefore, the class dbV1 inherits from the new class dbV2. The constructor of
the old class is changed and the differences between the old and new database are defined in
the constructor. Then every class that uses dbProxy dbV1 can work on the new database. One
big advantage of this service is, that only the proxy classes for the latest and the new database
needs to be changed, to enable all dbProxy version to work with the new database. If there are
three different database versions and version three is the newest version, then there exist three
different dbProxy class, dbV1, dbV2, and dbV3. Class dbV2 inherits from class dbV3 and dbV1
inherits from dbV2 as seen in the class diagram of figure 4.6. If a new version four is added, a
new class dbV4 is created, dbV3 inherits from dbV4 and the content of dbV3 is changed. The class
diagram for the scenario with four version is shown in the second class diagram of figure 4.6.
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<?php
$dbProxy = new DbV4();
$sql =
"SELECT " . $dbProxy->getInterests()->getFromDbFcn("name") .
" FROM " . $dbProxy->getInterests()->getName() .
" WHERE " . $dbProxy->getInterests()->getCol("user_id") . " = ’"
. $dbProxy->getInterests()->getToDbFcn("user_id", $user_id) . "’;";
?>
Listing 2: Code for generating a simple SQL query with the help of the dbProxy class.

Now it is possible to use dbV1 to access the new database, but using the structure of database
version one internally.

4.3 Application Programming Interface
The goal of the web service is to create a RESTful service that is accessible via HTTP requests.
This means the service needs to handle GET, POST, PUT and DELETE requests. Every request is responsible for a certain action. A GET request is responsible for getting data from the
service and a POST request is used for sending new data to the service. The PUT request is
used to update data and the DELETE requests is used to delete data. The service is written in
PHP and is connected to the MySQL database on the same server. Every request is forwarded
to the regarding .php file by using an .htaccess file. The service can be accessed via the url:
“prefix.learning-context.de/version/interface”. Prefix can be replaced with “API” or “API-dev”
and version specifies the version of the interface. Interface is the name of the interface function
that should be called. Depending on the request type and the interface name, the call is redirected to the php file “interface_requestType.php”. All requests can only be used with a valid
app and a valid user and the user needs to allow the app to access the requested method. The
following listing shows all possible event requests:
GET events
Request any subset of events
POST events
Add any number of new valid events to the service
DELETE events
Delete any subset of events
The interface events allows the interaction with events. Therefor three request types GET,
DELETE, and POST are available. Using the POST request will add any number of new events.
The data field of the requests contains all new events in JSON format. An example data field
is shown in listing 3. All available characteristics that an event can have are also shown in this
listing. After receiving all events, each event is checked whether it is complete and contains
only valid values for each option. When all events are checked successfully the database is
queried, to check whether this event already exists in the database. If the event is not in the
database, this event and all sent information are added to the database. All entities are saved
to an extra table and are connected to the event. For every interest name that was sent with the
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Database Tables

DbProxy Class
DbV1
-exampleTable: Table
-otherTable: Table
+getExampleTable()
+getOtherTable()

Table
-name: string
-columns: array
-toDb: array
-fromDb: array
+constructor(name, columns, toDb,
fromDb)
+getName()
+setName()
+Mitgliedsname
+Mitgliedsname

Figure 4.5: How a DatabaseProxy Class is generated from two given database tables

event, it is checked whether this interest already exists in the database for this user. Therefor all
interests of the user are queried and checked against the sent interest name. The interest names
are checked for similarity with a similarity algorithm. Later in this chapter this algorithm and
the reason for choosing it are explained in more detail. When no similar interest name exists
in the database, the interest is created and added to the database. The weight is set to 0 and
the stage is set to the first interest stage. The attribute sum_appweight is set to the user defined
initial weight for new interests multiplied with the appweight of the source that created this
event:
<?php $sum_appweight = $initial_interest_weight * $appweight ?>

Database Proxy Classes for 3 Versions
DatabaseProxyV1

DatabaseProxyV2

DatabaseProxyV3

Database Proxy Classes for 4 Versions
DatabaseProxyV1

DatabaseProxyV2

DatabaseProxyV3

DatabaseProxyV4

Figure 4.6: Inheritance sequence of databaseProxy classes for 3 and 4 different database schemes

4.3. Application Programming Interface

31

data=[{
"action": "START",
"session": "8nc92io9q",
"created_at": "2014-09-10 20:11:23",
"category": {
"type": "PRIVATE",
"minor": "POSITION"
},
"entities": [{
"key": "app",
"value": "BigBrother"
}],
"interests": ["e-learning"]
}]
Listing 3: JSON String of a complete Event with all attributes

Every user can define this app weight for every app to specify how important these apps are for
interest development. Later on this attribute is used to calculate the weight of this interest and
to recalculate all the weights of all other interests. When a similar interest already exists, the
attributes sum_appweight and last_event_ts are updated in the database. Therefor, the sum_appweight is calculated by applying a forgetting function to the sum_appweight from the database.
The forgetting function uses the difference between the time when the interest was updated
last and the creation time of the actual event. Based on this time difference the sum_appweight
is decreased, because if the person is not interacting with an interest frequently, the interest
loses importance. After applying the forgetting function it is checked, whether the new sum_appweight is smaller than one. If the sum_appweight is smaller than one, the interest is treated
like a new interest. In the case that the weight of the interest is larger than one, the appweight
is added to the weight. After the interest is created or updated, the interest is connected with
the event.
The scripts for getting and deleting existing events use the same filter options for filtering
events. Listing 4 shows an example JSON string of the event filter with all available options.
The filter allows it to select a subset of all events, where every event fulfills the required conditions. It is possible to restrict the start and end point, the category, platforms, and interest of
the events. All restriction can be made via a whitelist and a blacklist. The event needs to fulfill
the restrictions of the whitelist and does not have the features of the blacklist. For example, this
filter can be used to query all events that were created by a certain application and belong to
the minor category POSITION to track the movement of the user.
The interface for event handling was available in version 3 and it was only adapted to the
new database version. The most changes were done with regard to integrating interests in the
event interface. An interface for interests is completely new. The following listing gives an
overview over the complete interest interface:
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GET interests
Queries all interests including all related information
PUT interest
Updates an interest
DELETE interests
Delete all interests and their history where the name matches some of the send names
GET interests_history
Requests the complete history of all sent interests
DELETE interests_history
Deletes the complete history of all sent interests
GET interests_orphans
Returns all interests that are not related to any event
GET interests_merge
Merges two interests to one interest
Sending a GET request to the interests interface, will return all interests of the current user
with name, weight, stage, type, and last_event_ts sorted by weight. By using the top parameter
of the get interest interface, only the top interests are returned. For example, when using a top
parameter of five, only the five most important interests regarding the weight are returned.
For deleting interests, the names of all interests that should be deleted are sent to the service.
Each interest with the complete interest history and the connection to the events are deleted.
The history of an event can be queried via the interest_history interface. It is possible to get
the history for multiple interests with one request. Using the start and end parameter of the
interface allows it to query the history of the interests in a certain timeframe. The service offers
the possibility to delete the complete history of each interest. Another important functionality
is merging two interests. The first interest is used as the base for the newly merged interest.
All events and history entries related to the second interest, are related to the base interest after
merging. To combine the sum_appweight each of them is decreased with the forgetting function.
After calculating the combined sum_appweight of both interests the second interest is deleted
and the first is updated. Interest events are generated by many different apps and therefore
it might happen that the same interest exist multiple times in the service with slightly different names or even abbreviations of the interest name. The service uses a similarity function
to avoid problems with slightly different names, but this does not solve the problems regarding abbreviations and written out terms. Hence, a merge function for merging two different
interests to one interest is important. The user can combine any two interests to one interest
if both are describing the same interest in her opinion. Since we can delete any event it might
happen, that interests are not related to any event. The interface interests_orphans returns such
interests. Right now, it is possible to create, delete and merge interests and to set or update the
sum_appweight feature of every interest. This sum_appweight is calculated separately for every
interest, but it is also important to calculate a weight that is related to all interests, because
interests influence each other as described in section 2.3. The general idea behind the calculation of the weight for each interest, is that the user only has a limited time and attention. This
attention is split up to all interests, regarding the importance of each interest. For example, if
a user has only one interest, this interest takes her complete attention. The importance of an
interest is represented by the weight and can be calculated by dividing the sum_appweight of
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the interests by the sum of all sum_appweight of all interests. Anytime the sum_appweight of an
interest changes the weight of every interest needs to be adapted and recalculated. In the first
attempt, this recalculation was done after every change of sum_appweight, including adding a
new interest event, merging two interests, and deleting an interest. After re-calculating the
interest weight a new history entry is added to the database. The calculation is complex and
needs a lot of database queries because the sum_appweight of every interest is needed to calculate the weight. If one weight of an interest is updated, all other interest weights need to be
updated, too. This means that the calculation increases the run time of deleting, merging interests, and adding interest events. Another problem is the amount of new history entries that are
created every day. Showing a graph with the weight development of an interest and having
too much history entries for each day make it hard to understand and see the development
of the interest. Since interest development over months or even years is more important than
the development per day all weights of every interest are recalculated only once a day. Every
event and action regarding an interest is taken into account and is not lost. The updateInterestWeight function is called once a day and is recalculating all interest weights for every user.
After a user is selected, all events with interest information created today are queried from the
database. Then all interests of the user are queried and the sum of all sum_appweights values is
calculated. For every interest that was updated today, the sum_appweights is used for the sum
and for all other interests the result of the forgetting function of sum_appweights is used. The
sum of all sum_appweights is needed to calculate the weight of all interests because the weight
of each interest depends on all other interests. The calculation of the weight for every interest
is as follows:
<?php $newWeight = 100 * $sum_appweight / ($sum_appweight_all); ?>
The service is based on the fact that all events that are created on any device are sent to the
system as soon as possible. Especially for the interest development it is important, that all
events of one day are available in the database at the end of this day.
Each day right after the weight of all interests was recalculated it is checked for each interest
whether it has evolved to a new stage, regressed to a previous stage or did not evolve at all. The
function getStageId() is called for each interest. This function first calls the function isNextStage()
that checks if the given interest has evolved to the next stage. An interest evolves to the next
stage, if it covers at least 20% of all interests with the same stage each day for 4 weeks. Listing
5 shows as pseudo code how this condition is checked. If the interest has not evolved it is
checked if it has regressed by calling the function isPreviousStage(). This function checks if the
interest weight did not cover at least 20% for the last 12 weeks. If this is the case the interest
stage is decreased to the previous stage. The time span for evolving and regressing is different
for each stage. The values used in this example regard to interests that are currently in stage
number 2. The time span increases with each stage. If both functions return false the interest
stays in the current stage.
When an interest is received it is checked whether this interest already exists in the database.
Since the interests are gathered by different apps from different sources the interest names cannot be checked for equality with each existing interest in the database. An algorithm is needed
that calculates the similarity between two interests. Every received interest is compared with
all existing interests. There are several PHP functions available to compare two strings. The
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soundex 1 and metaphone 2 algorithms produce a value regarding the sound of a word. Two
words that sound similar will have the same soundex and metaphone value. Metaphone works
better with English words than soundex because it knows the basic principles for pronouncing
English words. While testing I found out that soundex only works on short words. Longer
words or terms that consist of more than one word will produce the same soundex value if
they start with the same letters. For example, both learning and learning analytics have the same
soundex value L655. Since many interest terms have more letters or even consists of two or
more words, the soundex algorithm is not suitable for this purpose. The functions levenshtein 3
and similar_text 4 compare strings based on every letter and not on the sounding of the words.
Levenshtein calculates the levenshtein distance between two strings. This distance gives information about the cost it takes to transform the first string to the second string. The cost of all
transformations is one. The result for the strings learning and learn would be 3, because 3 characters need to be deleted to transform learning to learn. The similar_text function calculates the
similarity of two strings in percentage. It is based on an algorithm by Ian Oliver described in his
book “Programming classics: implementing the world’s best algorithms” [Oliver.1994]. To be
able to compare all three algorithms, the metaphone and levenshtein algorithms are adapted
to calculate the similarity in percentage. Twenty different words from an English dictionary
are randomly selected. These twenty words are the basewords for the comparison. To all these
basewords two words that are next to it in the dictionary are selected for comparison. All three
algorithms are called with the baseword and the first compareword and with the baseword
and the second compareword. To test whether the order of the words result in different results for each algorithm, every function is called twice with changed order of parameters. The
adapted levenshtein function returns different results for different input parameter order. In
many cases the metaphone and similar_text function return similar results. But in some cases
the similar_text function calculates better results than the metaphone function. Especially for
non-English words the similar_text results are better. So the similar_text function is used for
comparing interests. A similarity threshold is defined, to control how similar two words need
to be to be treated as the same word. When the result of the similar_text of two strings is higher
than the threshold, the strings are identified as the same string. The threshold is set to 90%,
because the service allows to merge interests, but not to split interests. Splitting is not possible
because the information of the initial interest string sent with the event is lost after it is linked
with an existing interest.
The Forgetting Function decreases the weight of an interest based on the time interval between the last date the user interacted with this interest and the current date. In the paper
from Cheng et. al [Cheng.2008] a function is introduced to describe the attenuation of human
interests. They use this function to model the interests of bloggers over time. This function was
used to model the forgetting function of interests because it is possible to tweak the function
by changing the used halftime hl to control the speed of forgetting. Equation 4.1 shows the
forgetting function.
F (d) = e−

ln(2)∗d
hl

(4.1)

The parameter d is the difference between the date of the last occurrence of the interest and the
date, where the new interest weight is calculated. Difference d and halftime hl are expressed in
days. Right now the halftime is set to 90 and can not be changed by the user. Listing 6 shows the
1 http://php.net/manual/de/function.soundex.php

3 http://php.net/manual/de/function.levenshtein.php

2 http://php.net/manual/de/function.metaphone.php

4 http://php.net/manual/de/function.metaphone.php
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forgetting function implemented in PHP which has three parameters, one for the weight, one
for the last updated timestamp $last and one for the current timestamp $new.s After calculating
the difference of $last and $new in days, the explained function is calculated. The result of the
function F(d) is multiplied with the actual weight and the result is returned and used as the
new weight of the current interest.

4.4 Website and Visualization
The existing website 5 of the learning-context project provides information about the project
and information for developers. Both parts of the website are visible for everyone. All registered users have the possibility to log in and to view and change their personal data. Therefore
different modules are available that access the interface of the web service and present the data
to the user. These modules are encapsulated and are registered as separate apps on the web
service. Two modules for managing and visualizing interests are added to the website. Figure
4.7 shows a schematic overview of the web service and how it is connected with the website,
their modules and with other different apps. In the following the functionality of both modules is explained. Furthermore a description of the new web service interface is added to the
developer’s part of the website.

Website

Big Brother
App

PALM

Modules
List of
Activities
Interest
Development

API

PALM
Mapper

Web Service v4

Interest
Management

Database
Figure 4.7: An Overview over the connection between the Web Service and Website Modules and Apps

The first interest module for the learning-context website is the interest management view.
It contains an overview of all user interests with all information about the weight, stage and
type of the interest. Figure 4.8 shows a screenshot of the website with some example interests.
Regarding the open learner model principle, the user can view, edit and delete every interest.
Another functionality that is available for every interest is the merge function. This function
allows the user to merge two interests to one. After clicking on the merge icon of one interest the
user can select the second interest, the selected interest should be merged with. The complete
5 www.learning-context.de
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view is realized with HTML 5, CSS, JavaScript, JQuery, and Bootstrap and the logic is realized
with PHP. The complete module is integrated as a module in the existing learning-context
website. In the background, the module is registered as an app for the learning-context web
service and performs all actions on the web service using the interface described in section 4.3.

Figure 4.8: Screen shot of the Interest Management Module with example Interests

The second interest module visualizes the interest development of the current user to give
her feedback about her interests and their development. At top of the page a word cloud
containing all interests is shown. The size of each interest term in the word cloud is dependent
from the actual weight of the interest and each interest has its own color. Six checkboxes above
the word cloud allow the user to filter the interests of the word cloud regarding their stage and
type. Below the word cloud, a coordinate system is shown. By clicking on an interest in the
word cloud, the interest history graph is shown in the coordinate system. The graph has the
same color as the interest in the word cloud. Another click on the same interest will remove the
history graph of the interest. It is possible to show several interest histories in the coordinate
system. The x-axis of the coordinate system represents the date and the y-axis the interest
weight from 0 to 100. Figure 4.9 shows a screen shot of the interest development module with
the word cloud and the interest history chart. Below the main interest history chart a second
smaller chart with the same content is shown. It is possible to select a time period in the second
chart. This period is then displayed in the larger chart. This enables the user to zoom into each
part of the graph. Since interests develop over months or even years, this feature is necessary to
enable the user to discover all time periods in more detail and to be aware of the complete graph
at the same time. Both, the word cloud and the chart are based on the JavaScript framework
D3. For displaying the chart another framework called C3.js is used. This framework uses D3
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in the background, but offers more predefined functions to display different charts. The web
service of the learning context is used to provide the data and to handle data changes.

Figure 4.9: Screen shot of the Interest Development Module with example Interests

Another important part of the visualization is the description of the complete interface of
the web service. As already mentioned in section 3.3 the website offers a view for developers
that are interested in developing an app for the learning-context project. This page already
contain information about the project and an API description for every API version. A new
page for the new API version 4 was created. For the API description a tool called Swagger 6
version 2.0 is used. The tool is based on JavaScript and is easy to use. A JSON file containing
all information about the interface is created. This JSON file is used to create a nice looking and
responsive website to describe the interface. The top of the page contains the title and a short
general description of the interface. All interfaces can be grouped, in this case it is grouped
in event, entity, user and interest. Every group contains an overview over all possible URL
calls regarding the group topic. The detailed view of every interface call contains a description,
possible responses, all parameters, and if they are required or not. For every response and
parameter a schema is displayed to describe the parameter or response and what features are
included. It is possible to examine every interface. The user just needs to select the parameter
model and the model is added to an edit field, where the complete schema is inserted with
example data. The user can also adapt the parameters and can send the request to the service.
Afterwards the response body and header are shown.
All important implementation design decisions and parts of the web service and visualization were explained in detail. A central web service with a RESTful API was developed. Besides
a technique for supporting different code versions using different database schemes to work
6 http://swagger.io/

38

Chapter 4. Implementation

on the same database was developed. This technique allows it to use multiple code versions at
a time to support all old interfaces. The new API enables different kind of apps to interact with
the service to add, view, update and delete interest data. To enable the user to control all her
personal data a interest management module was realized. By implementing a visualization of
the user’s interest development the user does not only get feedback about his current interest
but also about the development of each of his interests. The next chapter is evaluating the web
service, the visualization and the data model developed in section 3.2.
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{ "model": "COMPLETE",
"start": "2014-09-10 20:11:23",
"end": "2014-09-10 21:11:23",
"category": {
"type": "PRIVATE",
"minor": "POSITION",
"major": "ENVIRONMENT"
},
"platform": "MOBILE",
"entities": [{
"key": "app",
"value": "BigBrother"
}],
"interest": {
"name": ["string"],
"weight_start": 0,
"weight_end": 0,
"stage": ["string"]
},
"category_bl": {
"type": "PRIVATE",
"minor": "POSITION",
"major": "ENVIRONMENT"
},
"platform_bl": "MOBILE",
"entities_bl": ["Entity"],
"interest_bl": {
"name": ["string"],
"weight_start": 0,
"weight_end": 0,
"stage": ["string"]
},
"max": 0,
"offset": 0 }
Listing 4: A complete Filter for filtering Events formatted as JSON string. This Filter is used for the GET and
DELETE Event interface.
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<?php
function isNextStage($interest){
$currentStageId = $interest["stageId"];
if (currentStageId == MAX_STAGE_ID){
return false;
}
foreach($last_four_weeks as $day) {
$history = get_history_events_of_day($day);
$weightAll = 0;
foreach($history as $entry){
if ($entry["stageId"] == $currentStageId){
$weightAll += $entry["weight"];
}
if ($entry["interest_name"] == $interest["name"]){
$interest_weight = $entry["weight"];
}
}
if (count($history) > 0) {
$ratio = $interest_weight / $weightAll;
if ($ratio < $threshold) {
return false;
}
}
}
return true;
}
?>
Listing 5: Pseudo code for the function isNextStage(interest). It checks if an interest has developed to the
next stage.

<?php
function forgettingFunction($weight, $last, $new){
$halflife = 90;
$last = date_create($last);
$new = date_create($new);
$interval = date_diff($last, $new);
$diff = $interval->format(’%a’);
$value = -1 * log(2,2) * $diff / $halflife;
$return = exp($value);
return $weight * $return;
}
?>
Listing 6: The Forgetting Function is used for reducing the weight of an interest over time.

5 Evaluation
In this chapter the developed data model, the implemented web service and the visualization
are evaluated. This is a technical evaluation and not a user evaluation. It is checked and
explained if all of these parts matches the concerning requirements. In the first section the
data model is matched against all requirements and in the second section the web service and
visualization are verified.

5.1 Data Model
The developed data model (see figure 3.5) is evaluated by proofing that the model matches
all requirements listed in section 3.1. First, the model is checked against the interest based
requirements, because these are the basis for the completeness requirement. The following list
contains all interest requirements that are important for the data model:
1. Different interest types: private, work, academic
2. Every interest has a weight
3. Ranking of interests
4. Multi-Stage model of interests
5. Interest Relationship between a person and an object
The first requirement is modelled via the connection between the type attribute of the category
that is connected with the interest element via the event element. Regarding the second requirement every interest needs to have a weight. Because of the attribute weight of the interest
entity the data model matches this requirement. The weight attribute also allows the ranking
of interests regarding their weight which fulfills the third requirement. An interest describes
the relationship between a person and an object. This relationship is modelled via the indirect
relation between an interest and a user through multiple events. The interest represents the
object of interest and the person is modelled via the user. The relationship is described by all
events that connect the interest with the user. These events also give information about the time
span and frequency of the interaction between the user and the object of interest. So the data
model matches all interest requirements and therefore matches the completeness requirement.
To check whether the model matches the integrity requirement, it needs to be checked
whether it is consistent with the business rules. The main business rule is that every user
can control all her data. Every event is connected with a certain user. The user is connected
with any other entity via the event entity. The model does not restrict the user to control all her
data.
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A forecast about future service requirements is necessary to check whether the model matches
the flexibility requirement. The future main goal of the service is to develop a complete open
lifelong learner model. The current data model can handle interests and events to represent
intrinsic and extrinsic context information. At least there will be new requirements for all
properties that are required to have a complete lifelong learner model. Therefore properties
like knowledge will be added to the data model in the future. The model is very flexible due to
changes that will add new information to the model. All new information will be related to the
user and new entities that are related with the user entity can be added easily. Furthermore,
many user related information can be captured via the actions of a user and it might be possible that many new information can be related with events, which would also be easy to model.
Regarding the probably future changes, the model fulfills the flexibility requirement.
The next step is to evaluate the understandability of the data model. All entities and attributes have reasonable names and no abbreviations are used. With some short explanation
about the purpose of the model and the goal of the service, the data model is easy to understand.
For checking if the data model matches the correctness requirement it needs to be checked
whether the model meets all data modeling conventions and does not contain any redundancy. The model follows the common standard for an entity-relationship model and therefore matches the first requirement of correctness quality factor. Then it is checked whether the
model contains any redundancy or not. The model does not contain any redundant information, all relations, attributes and entities only exist once.
To calculate the simplicity of the data model the number of all entities and relations are
counted, because the complexity of the system mainly depends on the entities and their relations [14]. Many-to-many relations are counted as three constructs, because an extra database
table is needed to link both connected entities. All other relations are counted as two. This
data model has a simplicity value of 9. Compared to the original data model with a simplicity
of 8, the simplicity of the new model is better, because it contains more information and the
simplicity value only increased by one. All data models that were created in the development
process had simplicity values around 16.
The integration requirement of a data model is checked, by finding problems that can occur, when the new model is integrated in the already existing service. The most changes are
renaming of some attributes and moving the attributes from the entity app to the entity event
and deleting the entity app. Also a new entity called interest is added and connected with the
entity event. Since there are no major changes of the base structure it is possible to integrate
the new model in the already existing service with less effort.
The last requirement the model need to be checked against, is the implementability requirement. Due to the fact that only standard constructs of an ER Model are used and the data
model can be transformed to a database schema (see figure 4.2) the data model matches the
implementability requirement. All in all the data model fulfills all requirements and the next
thing that need to be evaluated is the web service that is implementing the data model.

5.2. Web service and visualization

43

5.2 Web service and visualization
In section 3.3 all requirements for the web service are explained and summarized by the following list:
1. MySQL database schema from data model
2. Old API versions are still usable
3. Add interest information to existing event related API calls
4. Delete and request interests
5. Get all information about an interest
6. Provide information about interest development
7. Merge two interests
8. Find orphan interests
9. Open Model: user can see, edit, delete and share all her data
To evaluate the web service, it is checked whether the service matches all the listed requirements or not. As seen in the database development section 4.1 a MySQL database schema was
developed based on the data model. The database schema does not match the data model
completely, because the database contains some redundant information, to increase the performance and to avoid inconsistencies that can occur after some information were deleted. The
old API versions can still be used, because internally they are mapped to the new database.
For future versions it is easier to fulfill this requirement, because of the developed database
proxy service, that makes it easier to map the old database schemes to the new version. The
filter options that are used for deleting and getting events from the service are adapted to the
new model and are working with interest related information like interest name, stage, type
and weight. Also the result of the get interest method contains the name of all related interests.
When a new event is added, the data can contain multiple interest names additionally to all the
other event related attributes. So the web service matches requirement number three from the
list above. The web service offers interfaces for deleting interests with all related history entries
and for getting all interests from the current user including all information like weight, stage
and type. Requirements 6, 7 and 8 from the list are also fulfilled, because there exist interfaces
for both requirements. The goal of the service is to have an open service that follows the principal of an open learner model (see 2.1). Most parts of an open learner model are achieved by
the service. The user can see all stored information and can edit and delete every data as she
likes. The method for editing interests is restricted to edit the name and type of the interest.
It is not possible to change the weight and the stage of an interest, because both is calculated
on a daily basis by the service and this makes it hard to allow user changes. The user has the
possibility to tweak the weight and stage calculation and to personalize it, but a fixed value
cannot be set. In a future version a mechanism could be developed that allows the user to set
the stage and weight of an interest. Another thing that is missing to match the open learner
model requirement completely is the option to share information. But implementing such sharing possibilities was not part of this thesis, so the open learner model requirements are fulfilled
for this thesis.
For implementing an open learner model it is not enough to have a web service that provides all the required functionality, a good visualization is also needed to fulfill the visualiza-
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tion requirement of open learner models. The learning-context website contains two interest
related modules. The first visualizes the development of different interests over time. Therefore a graph is shown that shows the weight for each interest over time. This visualization
makes the available interest data easier to understand for the user (see figure 4.9). The second module is a management tool for interests. On the one hand this module gives the user a
complete overview over all interests, but on the other hand it enables the user to edit, delete
and merge interests. Figure 4.8 shows a screen shot of the interest management module with
some example interests. Not only the web service provides an interface that matches the open
learner model requirements but also the website provides basic modules that matches this requirement. After proving that the data model as well as the web service and website fulfill all
requirements it is necessary to test whether it is possible to use the service in combination with
other apps like shown in figure 3.6.
The first part of the scenario shown in figure 3.6 describes how different apps work on the
web service to fulfill different parts of the complete ecosystem. To show that such a scenario
is realizable with the developed web service all apps that are involved in the scenario are connected with the service to query and add user related interest data to the database. The new
version of PALM (see section 2.4) is used for gathering academic interests from a user. The
developed learning context web service and website, both explained in chapter 4, are also used
and the functionality of both systems should be evaluated by realizing the scenario. Since
PALM creates results only and can not send these results to a certain service a new app is
needed that requests the result from the PALM web service, processes the data and sends the
data to the learning-context web service. PALM returns interests from many years as a JSON
string. For every interest the number of publications per year where this interest occurs are returned. It is not possible to use this data directly as input for the learning context web service.
The web service is built to work with events that are sent as soon as possible to the service
and especially for interest development the timestamp and the order of the events are important. So it is necessary to process the PALM data to simulate an event stream overall years.
First of all for every interest related publication of a year a new event is created with a creation
date in the year of the publication. Afterwards all events are sorted by their faked creation
date. Further processing of the data is needed, because the web service uses a function that
is triggered every day to recalculate all interest weights based on all events of this day. All
events need to be grouped by their dates. For every date group, all events are sent to the web
service and afterwards the function that recalculated all interest weights for this day is called.
The interface that allows it to call the recalculation function with a timestamp is only used for
debugging and is not mentioned in the interface description. Calling the PALM Mapper from
the learning-context website with an author name will query all academic interests from PALM
regarding the author and send all interest events to the service. Since this will generate new
events that happened in the past, this will only work when there are no interest events for the
current user. Otherwise the result of the weight calculation and the interest history are meaningless. For testing the web service the fixed author Mohamed Amine Chatti is used to query the
PALM project. After adding this data with the PALM mapper all interest events are available in
the database. The interest development can be viewed with the interest development module
of the website. As seen in figure 4.9 this module consists of a word cloud with all interests and
a graph with the interest weight development of the selected interests. The module interest
management displays all interests of the current user and enables the user to edit, delete, or
merge her interests. Figure 4.8 shows a screen shot of this module with all interests of the ex-
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plained example sorted by their weight. Interests with a weight of 0 are interests that are not
relevant anymore. This example shows that it is possible to use the learning-context service
with different apps that generate interest related events.
The data model, the web service and the interest visualization were successfully checked
against all requirements defined in chapter 2 and 3. Additionally the data model fulfills all
eight quality factors. This means that the web service is a valid open learner modeling service
that can be used as a basis for extending it to a complete open lifelong learner model. The next
chapter will give a summarizing overview of the complete thesis and discuss the possibilities
for extending and improving the service in future versions.

6 Conclusion and Future Work
The first problem that needed to be solved was how interests can be modelled for a lifelong
learner model. To solve this problem all characteristics of interests regarding a single user were
researched in psychological papers. This resulted in a list of interest related requirements for a
learner model. With the help of these requirements and using the existing context data model
a new data model with interest and context information about a single user were created. After
three stages of development the final version of the data model was developed. In each stage
of development the model was improved regarding the eight quality factors for data models
which are Completeness, Integrity, Flexibility, Understandability, Correctness, Simplicity, Integration and Implementability. That the final version matches all eight quality factors and the
interest requirements was proved in the evaluation section. The next goal of the thesis was
to provide a web service that supports open lifelong learner modeling regarding interests and
context data. Such a service already existed for context data in form of the learning context
project. This service was updated with functions for supporting interests. These functions allow to add, delete and get interest related events and to get information about interests and
their development. It is also possible to update and merge interests and to delete the history
of an interest. This functionality is also used by the website modules that are responsible for
visualizing interests and their development. The interest management module is responsible
for giving an overview over all interests and allowing the user the update, merge and delete
interests. Visualizing the development of interests is done by the interest development module.
The user can select each interest and view the weight development of the selected interest over
time.
The developed data model and web service were designed to be the basis for a complete
open lifelong learner model. So in the future this model should be extended by other features
like the user’s knowledge, her goals and her motivation. These future steps are provided by
the definition of the open lifelong learner model. But the interest part itself needs to evolve
in the future as well. First of all more apps that provide interest information are needed to be
able to get a realistic digital presentation of the user’s interests. When enough of these apps
are available the complete service should be evaluated by different users over a longer time
period. This evaluation should be about the accuracy of the interest development but also
about the usability of the complete service. Do the interests generated by the service match the
user’s perception of her interests at any point in time? Is the service easy to understand and
to use? With the help of the feedback of the users the calculation of the weight and the forgetting function can be optimized. Right now it is not possible for a user to change the weight
of an interest because of the daily recalculation of all interests. In the future this functionality
should be added to the service. Another functionality would be the possibility to add aliases
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to an interest. This could help to improve the testing whether an interest already existed and
has been merged with another one. For example after merging two interests A and B to the
interest A, the name of interest B should not be lost but saved as an alias to the merged interest
A. So in the future the interest name B is automatically assigned to interest A. In the future
a categorization of interests should be integrated to group interests regarding their meaning.
This feature was considered in the design process of the data model and in the weight calculation of the web service. So the actual weight calculation allows it to categorize interests and
calculate a meaningful weight for every group of interests. Another useful new feature would
be the combination of knowledge and interests. In the literature it is mentioned that the stage
of an interest and the user’s knowledge are connected. So when the knowledge of the user is
integrated in the data model this should also be used to improve the accuracy of the interest
stage assignment algorithm.
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