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Abstract. In this paper we present an information retrieval system (meta search 
engine) that provides web service based methods for user and query specific 
annotation of search results. The system currently supports two types of annota-
tions: Categorization based on information extracted from user bookmarks (In-
telligent Bookmarks) and semantic disambiguation of query terms in docu-
ments using an ontology that can be selected by the user (Sense Folders). We 
describe both approaches and present adaptive user interfaces for different de-
vices (mobile and desktop) that use these services in order to improve the user’s 
search process. Furthermore, we discuss the advantages of dividing query re-
sults set processing (the information to be presented) from the interface design 
(information presentation) using web services in order to simplify the develop-
ment of retrieval systems for, e.g., different desktop as well as mobile devices. 

1 Introduction

Over the last years a number of methods have been proposed and realized, that enable 
a user to search in large collections of documents which may consist, e.g., of web 
pages or text documents. Most of these methods are based on keyword queries which 
means that a user has to provide a list of keywords that describe the contents of the 
searched document. After performing the query the user obtains a list of documents, 
which is ordered by the degree of similarity to the applied query (see, e.g. search 
engines like AltaVista [10] and Google [4]). If the keywords are well chosen, these 
methods frequently provide an appropriate list of results due to their sophisticated 
ranking methods, which are usually not based on pure Boolean queries but take into 
account word frequencies, thesauri or even simple semantics [1]. However, if the 
result list covers, e.g., diverse meaning categories (if the search terms are ambiguous) 
or diverse topic categories (if the search terms are used in different domains), then 
these categories appear rather unsorted in the result list. Since this is the case for most 
queries, automatic categorization of the documents would strongly improve the re-
trieval performance for a user, since he can then select the intended category and thus 
reduce the result list to a subset of relevant documents.    

First approaches based on this idea had been provided, e.g., by the web search en-
gine Yahoo [24]. Here, the complete document collection was (manually) hierarchi-
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cally organized and this structure was provided to the user to browse the document 
collection. The main drawbacks of this approach are the necessity of manual interac-
tion for the arrangement of the documents. As the classification has to be updated 
regularly, maintenance can get rather costly. More recent approaches which try to 
categorize documents automatically are realized, e.g., by meta search engines like 
Vivisimo [22] or KartOO [14]. Vivísimo’s search and clustering solutions are based 
on an approach that organizes search results into categories. There is no preexisting 
taxonomy. The document clustering and meta-search software automatically catego-
rize search results on-the-fly into hierarchical clusters. The categories that are auto-
matically selected from the words and phrases contained in the results or documents 
themselves. The Vivísimo algorithm is based on textual similarity. Kartoo is a search 
engine which shows results in visual interface. The results of several search engines 
are combined and represented in a series of interactive two-dimensional maps through 
a proprietary algorithm. The thematic relations between the results are indicated with 
annotated lines. Furthermore, colors are used to symbolize certain subject. Thus, this 
search engine provides information in context in order to allow the user to navigate in 
semantic graphs.   

However, all currently available categorization techniques still have difficulties in 
providing appropriate categories. Both, the manually assigned categories (subjec-
tively labeled from humans) or the automatically derived categories (usually obtained 
by clustering methods [20, 3]) only consider the word distribution in documents with-
out taking into account criteria derived from the underlying query, such as different 
meanings of a term or information from a user profile. Thus, the query as well as user 
specific interests are neglected during categorization. Therefore the assigned catego-
ries usually do not represent the categories a user is expecting for the query at hand. 

In the following, we present the framework for an information retrieval system that 
enables the use of user profiles in order to automatically annotate result set based on 
user and query specific information. Furthermore, the system enables the use of user 
specified ontologies for disambiguation purposes and supports the use of adaptive 
interfaces on different devices (Sect. 2). Before we present in Sect. 4 two adaptive 
interfaces, we discuss in Sect. 3 the role of content and user adaptivity in information 
retrieval in order to motivate the specific interface design. In Sect. 4 we finally pre-
sent two application examples and clarify the importance of the differentiation be-
tween content and presentation. 

2 The Information Retrieval Framework 

The main objective of user modeling in the area of information retrieval is to ex-
tract and store information about a user in order to improve the retrieval performance. 
A user model in this context usually consists of a list of keywords to which relevance 
degrees are assigned. More complex models [25] distinguish between di erent search 
contexts, or store additionally relations between keywords in order to model a more 
expressive search context. A user profile, based on the user interests, can be obtained, 
by extracting keywords from the queries performed or documents read by the user in 
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the past [22]. Furthermore explicit as well as implicit feedback information from a 
user can be collected in order to learn or refine a user profile [17, 18, 2].  

In the system presented in the following, we use user and query specific informa-
tion in order to annotate – and thus categorize – search results from other search en-
gines or text archives connected to the meta search engine by web services (see Fig. 
1). The system currently supports two types of annotations: Categorization based on 
information from user bookmarks (Intelligent Bookmarks) and semantic disambigua-
tion of query terms using an ontology that can be selected by the user (Sense Fold-
ers).

The idea of Intelligent Bookmark annotation is to exploit information about the 
way a user is ordering, sorting or categorizing his documents in order to categorize so 
far unseen documents. This approach is described in more detail in Sect. 2.2.

The idea of the Sense Folder annotation approach is to use ontologies in order to 
disambiguate query terms used in the retrieved documents [8]. Thus it is possible to 
categorize documents with respect to the meaning of a search term. Further details 
can be found in Sect. 2.3.

In the following we briefly describe the query processing and annotation process 
of the system and its embedding in the meta searcher. 

2.1 Annotating Result Sets 

In Fig. 1 an overview of the system architecture is given. The search engines (e.g. 
Google or local searchers) as well as the user interface are connected to the system by 
Web Services. Thus the system can easily be extended by additional search engines 
or used by different interfaces. The annotation methods are implemented as modules 
within the meta search engine.  
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Fig. 1 Overview of the retrieval system

The main idea of the system is to provide additional disambiguating information to 
the documents of a result set retrieved from a search engine in order to enable the 
clients to annotate, restructure or filter the retrieved document result set. This idea is 
motivated by user studies have shown that category interfaces are more effective than 
list interfaces in presenting and browsing information. For example, in the studies 
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presented in [11] the authors have evaluated the effectiveness of different interfaces 
for organizing search results. It turned out that users favored the category interface 
over the list interface and were 50% faster in finding information organized into cate-
gories. In this study the authors provided additional semantic category contexts for 
the list interface using categories as described in [15] in order to also evaluate what 
interface elements were the most important for the search process. 

The annotation process we have implemented into the meta search engine can be 
briefly described as follows: 

1. First the user types his query (keywords). 
2. Search results are indexed. 
3. Search results are classified/annotated by its Sense Folder.
4. Search results are classified/annotated using the Intelligent Bookmarks.

Based on this process an annotated result set is obtained. This result set is for-
warded to the client via the web services. 

2.2 The Intelligent Bookmark Approach 

Most users use the bookmark functionality of their web browser to store relevant 
websites in a more or less structured way. The main idea of the Intelligent Bookmarks
is to provide users additional benefit from storing bookmarks. Therefore we extended 
the functionality in different ways: The system supports hierarchical bookmarks in a 
tree structure, the bookmark hierarchy can be accessed and managed from any device 
and furthermore the structural information stored by the bookmark hierarchy and the 
assigned web pages is used to annotate search results. All functions can be accessed 
via web services. Thus, the bookmarks can be visualized by clients in different ways, 
e.g., as a folder structure like in the interfaces discussed in Sect. 4.

Based on the web pages stored in the bookmark structure, a classifier is trained 
that uses the folder names as category labels. Thus, the more results are stored and 
assigned to a category, the better does the system learn something about the way a 
user is structuring information. We assume that every category folders describe 
groups of web sites that implicitly define the categories for the support system of the 
search interface.

This classification approach can be used in order to annotate search results or to 
filter documents. Since the system just provides the annotation, the visualization for 
the user can be realized by the client systems. A more detailed description of the 
functionality of this process is given in [13]. 

2.3 The Sense Folder Approach 

Similar to the Intelligent Bookmark annotation, the classification terms obtained by 
the disambiguating classes of the Sense Folders are then added to each document 
listed in the result set of a query and are forwarded to the search client for further use. 
In the Sense Folder approach integrated in the retrieval system we consider the dif-
ferent linguistic relations that describe the context of the searched word in the ontol-
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ogy in order to recognize the meaning of the user query [8]. Currently we use these 
linguistic relations from the WordNet ontology [23] in order to create prototype vec-
tors that are defining the Sense Folders for the different meanings of the query terms. 
Obviously, this approach is restricted to query terms that appear in the ontology.  
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Fig. 2 Overview of the Sense Folder (SF) and Clustering (CL) classification process 

For our disambiguation problem, we first assign semantic information (retrieved 
from the ontology) to the result sets we get from the search engine. Afterwards, we 
use a clustering algorithm in order to fine tune the initial prototype vectors of each 
Sense Folder using the distribution of documents around the initial prototype vectors 
(see Fig. 2), i.e., we expect that in a web search usually a subset of documents for 
each possible meaning of a search term is retrieved. Thus, each subset forms a cluster 
in document space describing one semantic meaning of this term. In other words, 
every document is first assigned to its nearest prototype vector derived from the on-
tology and afterwards this classification is revised by the clustering process [9]. This 
approach has shown to strongly improve the classification (or disambiguation) per-
formance [9]. The semantic information assigned is appended to the document as 
additional information in order to help the user in finding the relevant documents, 
without loosing too much time in browsing all documents.  

3 User and Content Adaptivity for Information Presentation 

Standard keyword based search engines retrieve documents without considering 
the importance of user oriented information presentation. It means that the user has to 
analyze every document and decide himself which are the documents that are rele-
vant. In order to support the user the retrieval system assigns additional information – 
currently retrieved from the ontology or the bookmark structure as described above – 
to the retrieved documents. Furthermore, this information should also be adapted 
according to the individual user needs.
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The need to obtain a good adaptivity [5, 6, 7] to user needs should be based, on an 
appropriate user model in the retrieval system, since users expect individual informa-
tion depending on their interests and knowledge. In order to achieve this, we need 
different user profiles [19, 21] that cover (almost) all user needs, including the rela-
tions between the user search words (content adaptivity), and the different user char-
acteristics (depending on the user interests, knowledge, experience, language, culture, 
etc.). In this sense the Intelligent Bookmarks as described in Sect. 2.2 are only a first 
step. However, since the system exploits information the user is anyway willing to 
provide, this approach is non-obtrusive and thus more easily accepted then explicit 
feedback techniques. By storing bookmarks the user implicitly provides information 
about his interests and the way he likes to have information structured. 

Besides the information describing a user we have to consider certain limits of the 
hardware when we implement a user interface for a specific, e.g., mobile device, and 
have to adapt our interface accordingly. We also have to observe, that information 
has to be independent from the interface and has to be presented individually; it 
means that users should have a unique support depending on their needs as independ-
ent as possible from the hardware they are currently using. 

Implementing our retrieval system, we decided to divide query results set process-
ing (the information to be presented) from the interface design (information presenta-
tion) using web services in order to simplify the development of retrieval systems for, 
e.g., different desktop as well as mobile devices. We have chosen to implement web 
services in order to give the possibility to access information in a way that is platform 
and hardware independent. Thus the communication between the search-client and 
the meta search engine as well as the meta search engine and search engines like 
Google or local search services is realized trough web services that represent a stan-
dardized interface. For the current implementation of the meta search engine we used 
Axis – an open source SOAP server and client – on a Tomcat Web Server. As an 
example, in Figure 3 a subset of the web services that are necessary for accessing the 
basic search functionality and the bookmark management is shown.   
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Fig. 3 Web Services interaction overview using the bookmark based classification 
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The first web service (Search) connects to a search engine (here Google using the 
Google API) and returns a set of results that contains additional annotations as de-
scribed in Sect. 2. The Directories web service is used to manage the bookmark cate-
gories created from the user. Therefore it provides methods to add and remove folders 
for the bookmark hierarchy. The Documents web service is used to store and remove 
links (URLs) to web pages in the bookmark hierarchy. 

4 User Interface Design 

Since an information retrieval interface that is developed based on the meta search 
engine discussed above should help to accelerate the search process of a user, it is 
important to design the interface as user friendly as possible. Therefore in this section 
we discuss two prototypical search interfaces we implemented for the visualization of 
the available data. We also discuss briefly the different requirements that have to be 
considered implementing user interfaces for diverse devices. 

4.1 Desktop User Interface 

A screenshot of a prototypical search interface for desktop systems is shown in Figure 
4. The interface basically consists of three parts: The query area, the contexts and 
categories area, and the result list area.

The query area is in the upper left side of the interface. Here, the user can enter the 
search terms that will be used from the system in order to obtain a list of results from 
a connected search engine. The obtained results are then stored by the interface in a 
specific folder that is labeled with the search terms given by the user. Every time a 
user starts another query, a new “query” folder will be created, thus the user can navi-
gate through them without writing the same query twice. 

The bookmark area is placed underneath the query area. The bookmarks are user 
specific. Here we used the first level in the bookmark hierarchy to distinguish be-
tween search context and categories within a given search context. Thus the user can 
store bookmark hierarchies for different search purposes, e.g. work and recreational 
activities. This supports on the one hand the user in structuring the bookmarks and on 
the other hand simplifies the classification of documents in search results, since we 
already have separated the documents in different domains and can learn individual 
classifiers for the respective subsets [13].  

The result list area is situated on the right side. Here both, the web search results 
and the list of web sites contained in a selected category, are presented. For each item 
its title, its hyperlink, and a snippet briefly describing the content of the belonging 
web page as provided by standard search engines is given. In addition, categories 
derived by the Intelligent Bookmark and Sense Folder annotation methods (see Sect. 
2) are displayed. For the Sense Folder annotation additional label information is re-
trieved from the ontology and displayed to give the user a more detailed description 
of the content of the annotated document entry. Thus documents belonging to differ-
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ent semantic categories are labeled with different senses derived from the ontology 
(see also Section 2.3 and [8]). 

Fig. 4 Desktop User Interface. The information from the Sense Folder annotation is provided 
directly below each title line. 

4.2 Mobile User Interface 

The first consideration has to be done working on mobile devices is why such an 
effort is so different from the interface design for a more typical desktop based Web 
application. In the following, we mention some problems faced by user interface 
designers in wireless application development: Typically a wireless device has a more 
limited bandwidth than a wired device. Transmitting and receiving huge amounts of 
data is a problem. Therefore, the data containing the information to be presented 
should be well preprocessed and redundant, and unnecessary data should be removed.  

Furthermore, the connection to a wireless device is intermittent and there is no 
persistent point-to-point connection. Mobile devices are compact in size and have the 
problem of the limited battery life. We have also the problem of limited memory – 
that, however, sometimes can be resolved expanding it with memory cards. Another 
fundamental difference between mobile devices and standard workstations is the user 
interface. A “normal” interaction (it means through mouse and/or keyboard) for such 
devices is usually not available. Furthermore, the screen area is almost always very 
small and thus data can be viewed, navigated and manipulated usually only in a very 
cumbersome way if the user interface has not been adapted for this environment [12,
16].  

Using mobile devices, we had to consider the different possibilities of user inter-
action. We transferred the given functionality provided by the desktop interface, as 
good as possible to the PocketPC. The realized interface is shown in Figure 5a-c.
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Fig. 5 Mobile User Interface: a) Search window, b) bookmark management and c) result list 

In order to ensure an intuitive use, we provide three different adapted views of the 
user interface. In the desktop user interface, for example, we have a drag and drop 
functionality, in order to store or restructure the bookmarks. This is not possible in 
the mobile environment, because of the limited interaction functionality given from 
the use of the pen. For this reason we had to readapt the functionality of the user 
interface.

The navigation through the result list on a mobile device is done with a pen. If 
the user clicks on a document, the content will be then shown as a normal web page 
in the window of the standard web browser of the device.

Taking into account all software and hardware limitations, we developed an 
adapted mobile user interface. The basic components are three. We adapted their 
functionalities for mobile devices. These components (views) of the program are 
listed as it follows: 

a) Search and presentation of the search results in a tree-form.  
b) Results window: Search results are annotated/categorized using the different 

classification approaches (see Sect. 3) and are presented with the additional 
information as first information after the title. 

c) The third component is used for the user specific (private) categories and 
contexts (bookmarks).  

The user can type the query in the search window (Fig. 5a) using standard PDA 
text input methods. The system retrieves the documents presenting automatically the 
results, switching to the results window (Fig. 5c). Once a user gets results, he can 
choose to see one document by clicking on it with the pen. He can view the next 
results choosing the “next arrow” or can start a new search clicking on the search 
button.

Buttons (Fig. 5) provide the possibility to switch between the views. In every view 
a user can switch to another only clicking to the correspondent button. The user can 
choose to search new content, browsing the results, saving the interesting results to 
the Intelligent Bookmarks or viewing new results trough the simple use of a pen. All 
these interaction possibilities are given by the use of the buttons that give a quick 
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access to the other view. Storing data in categories and context is possible by select-
ing a document and pressing the “category button”. This implements the drag and 
drop functionality of the desktop interface (see also Figure 5b).

We implemented the user interface using the Macromedia Standalone-Flash Player 
for PocketPCs. Therefore, the user interface is portable to any device that has in-
stalled the player. If a Macromedia plug-in for the Pocket Internet Explorer is in-
stalled, the user interface can also be accessed as macromedia flash-film. However, 
since the interface is then re-scaled this has negative effects on picture quality, per-
formance and usability. The PDA connects to the web services provided on our web 
server using an internet connection, e.g., via WLAN, Bluetooth or USB-connection 
(ActiveSync).

5 Conclusions

In this paper we have presented the concept of a meta search engine that can be 
used by desktop as well as mobile information retrieval interfaces. The system sup-
ports two types of annotations: Categorization based on information from user book-
marks (Intelligent Bookmarks) and semantic disambiguation of query terms using an 
ontology that can be selected by the user (Sense Folders). We have briefly discussed 
these approaches and how to implement them for building adaptive user interfaces for 
different devices (mobile and desktop) in order to accelerate the user’s search proc-
ess. Furthermore, we discussed the advantages of dividing query results set process-
ing (the information or content to be presented) from the interface design (informa-
tion presentation) using web services in order to simplify the development of retrieval 
systems for standard desktop workstations as well as mobile devices. 
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