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Abstract—This paper shortly discusses the main issues related 

to the problem of personalizing search. To overcome the “one size 
fits all” behavior of most search engines and Information 
Retrieval Systems, in recent years a great deal of research has 
addressed the problem of defining techniques aimed at tailoring 
the search outcome to the user context. This paper outlines the 
main issues related to the two basic problems beyond these 
approaches: context representation and definition of processes 
which exploit the context knowledge to improve the quality of the 
search outcome. Moreover some other important and related 
issues are mentioned, such as privacy, and evaluation. 
 

Index Terms — Information Retrieval, Personalization, 
Context Modeling, User Modeling. 

I. INTRODUCTION 

N recent years there has been an increasing research interest 
in the problem of contextualizing search to the aim of 

overcoming the limitations of the “one size fits all” paradigm, 
which is generally applied by Search Engines and Information 
Retrieval Systems (IRSs). By this paradigm the keyword-based 
query is considered as the only carrier of the users’ information 
needs. As a consequence, the relevance estimate is 
system-centered, as the user context is not taken into account. 
Instead, a contextual Search Engine or IRS relies on a 
user-centered approach since it involves processes, techniques 
and algorithms that exploit as much contextual factors as 
possible in order to tailor the search results to users 
[6,14,19,27,28,37]. 

As it will be shown in section II, the key notion of context 
may have multiple interpretations in Information Retrieval (IR). 
It may be related to the characteristics and preferences of a 
specific user or group of users (in this case contextualization 
can be referred to as personalization), or it may be related to 
user geographic localization (when for example using a search 
engine on a smart-phone), or it may refer to the information that 
qualifies the content of a given document/web page (for 
example its author, its creation date, its format etc.).   
The development and increasing use of tools that either help 
users to express their topical preferences, or automatically  
 
learn them, and the availability of devices and technologies that 
can detect both users’ location (such as GPSs) and monitor 
users’ actions, allow to capture the user’s context, related to the 
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considered interpretation or application in the attempt to 
contextualize search.  

To the aim of modeling contextualized IR applications, a 
significant amount of research has addressed two main 
problems: how to model the user’s context, and how to exploit 
it in the retrieval process in order to provide context-aware 
results.  Several research works have offered possible solutions 
to the above problems, related to the considered interpretation 
of context, giving birth to some specific IR branches such as 
personalized IR, mobile IR, social IR. Although the specific 
techniques related to these branches vary (due to the nature of 
context that needs to be modelled), the common issue of 
context-based IR is to improve the quality of search by 
proposing to the user results tailored to the considered context.  
 In this paper a synthetic overview of some main issues in 
designing personalized approaches to Information Retrieval is 
presented. In section II the shift from the system centered 
approach to the user and context centered approach in IR is 
discussed. Section III aims at reporting on the issue of defining 
a formal user model; in section IV the approaches proposed in 
the literature to exploit the user context in search are classified 
and shortly described. Finally in section V the important issues 
of privacy and personalized systems evaluation are discussed. 

II. FROM THE SYSTEM CENTERED APPROACH TO A USER 

CENTERED APPROACH TO IR 

Most Information Retrieval Systems and Search Engines rely 
on the so called system-centered approach, where the IRS 
behaves as a black box, which produces the same answer to the 
same query, independently on the user context. The notion of 
context in IR is well described in [36], and it may have several 
interpretations, ranging from user context (the central notion in 
context-based IR), to document context, spatio-temporal 
context, social context, etc. The identification of a specific 
context allows to identify information that can be usefully 
exploited to the aim of improving search effectiveness. For 
example, by user context we generally refer to the information 
characterizing a person (personal information) and his/her 
preferences. The personal information may include 
demographic and professional data; preferences of a person 
may range from topical preferences, taste preferences, etc. The 
spatio-temporal context is identified by information such as 
location, geographic coordinates etc. 

If properly acquired, organized, and stored, the 
context-related information may be used to leverage the 
process aimed at identifying information relevant to a user need, 
beyond the mere usage of the user’s query.  To this aim a 
context model must be defined by a formal language, which is 
used to represent the information related to the context. 
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Context-centered IR is an expression which can be used to 
encompass all tools, techniques and algorithms finalized at 
producing a search outcome (in response to a user’s query), 
which is tailored to the specific context. This way the “one size 
fits all” approach is no more valid. When context is referred to 
the user context, we may talk about personalized IR. 

The previous short introduction to the notion of context and 
its possible use in IR makes it evident that in order to 
implement a context dependent IR strategy, two main activities 
must be undertaken, as sketched in Fig.1. The prerequisite 
activity is of type knowledge representation, and is aimed at the 
definition of the context model. Such an activity comprises 
sub-activities such as the identification of the basic knowledge 
which characterizes the context, the choice of a formal 
language by which to represent this knowledge, and a strategy 
to update this knowledge (to adapt the representation to context 
variations). The second activity is aimed at defining processes 
(algorithms), which, based on both the knowledge represented 
in the context representation and the user query, are finalized to 
produce as a search outcome an estimate of document relevance 
which takes into account the context dimension(s). In other 
words, the context is used to leverage the effectiveness of the 
search outcome. As it will be explained in section III this can be 
done by different approaches, which can be classified 
depending on the way in which the contextual information is 
exploited. 

While in this section we have introduced a general definition 
of context, and of context-centered IR, in the following sections 
we will focus on personalized IR, i.e. to IR approaches which 
take advantage of the knowledge represented in a user model, 
also called user’s profile. 

III. MODELING THE USER CONTEXT IN PERSONALISED IR 

In recent years, a great deal of research has addressed the 
problem of personalizing search, to the aim of taking into 
account the user context in the process of assessing relevance to 
user’s queries. These research efforts are witnessed both by the 
numerous publications, and by the existence of conference 
devoted to personalized approaches to IR, or more generally to 
IR in context (e.g. the Symposium on Information and 
Interaction in Context, IIiX [43], the International Conference 
on User Modeling, Adaptation and Personalization [44], the 
SIGIR Desktop Search Workshop: Understanding, Supporting, 
and Evaluating Personal Data Search [45]). 

Moreover personalized approaches to IR may be 

experienced by users through personalized versions of search 
engines, such as iGoogle, Google Personalized Search 
(www.google.com/ig). 

To personalize search results means to explicitly make use of 
the user preferences to tailor search results. If for example a 
query such as “good restaurant in Rome” is formulated by a 
vegetarian user, the expected results should take this preference 
into account. To this aim the query evaluation should make 
explicit use of this information as an additional constraint 
(besides the query) to estimate document relevance. As another 
example let us consider a group of users represented by 
researchers working in an information retrieval lab. If the query 
“information retrieval” is formulated by the lab director, the 
query evaluation should produce a different list of documents 
than the same query formulated by a novice student. In this last 
example, the user preferences are related to his/her cognitive 
context, and expertise. The previous simple examples outline 
that the quality of the search outcome strongly depends on the 
information beyond the one expressed in a user’s query. So the 
effectiveness of the system strongly depends on the available 
quantity and quality of information about the user and its 
preferences. The more accurate the user model is, the more 
effective the personalized answer can be.  

An obvious question rises at this point: how to make this 
information available to an IR system? To do so three kind of 
processes should be undertaken: acquisition, representation and 
updating. The acquisition process is aimed at capturing the 
information characterizing the user context. The formal 
representation process is aimed at formally representing the 
acquired information; this is needed to make it possible that this 
information be accessed and used by the IRS. The updating 
process is finalized at learning the changes of the user 
preferences in time. In the following we shortly discuss each of 
the above processes. It is clear that the effectiveness of the 
algorithms which exploit the knowledge of the user context 
strongly depend on the quality and reliability of the user model 
(user profile). So the generation of a user model is an important 
although difficult task. 

To capture user’s interest two main techniques may be 
employed: explicit and implicit [17,28]. By the explicit 
approach the user is asked to be proactive and to directly 
communicate to the system his/her data and preferences. This 
can be done by compiling questionnaires, by providing short 
textual descriptions (to specify topical preferences), and/or by 
providing a few documents that represents well the user 
preferences. The texts will be processed by the system to 
automatically extract their main descriptors. However, an 
explicit request of information to the user implies to burden the 
user, and to rely on the user’s willingness to specify the 
required information. This is generally unrealistic. To 
overcome this problem, several techniques have been proposed 
in the literature to automatically capture the user’s interests, by 
monitoring the user’s actions in the user system interaction, and 
by inferring from them the user’s preferences. The proposed 
techniques range from click-trough data analysis, query log 
analysis, desktop information analysis, document display time, 

 
 
Fig. 1.   The main processes involved in personalized IR. 
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etc [1,11,22,23,30,31,34,37]. The advantage in adopting such 
techniques is that several sources of knowledge may be 
considered; the main disadvantage is that automatic processes 
may be error-prone, as they may introduce noise in the process 
of identifying the useful information. However, the advantages 
of using such techniques has revealed much greater than their 
limitations. 

The process of organization and representation of the 
information obtained by the acquisition phase implies the 
selection of an appropriate formal language to define the user 
model. In the literature several representations for the user 
model have been proposed, ranging from bag of words and 
vector representations, to graph-based representations, and, 
more recently, to ontology based representations 
[8,11,14,16,32,35,40]. The more structured and expressive the 
formal language is, the more accurate the user model can be. As 
most current approaches to the definition of user profiles are 
aimed at defining models based on words or concept features, 
to the aim of also representing the relations between 
words/concepts, an external knowledge resource, such as the 
ODP (Open Directory Project [46], or Wordnet [47]) is 
required.  

An important aspect related to user profiles concerns profile 
updating; this aspect is generally considered by the research 
contributions that propose the definition of user models.  

IV. EXPLOITING THE USER CONTEXT TO ENHANCE SEARCH 

QUALITY 

As outlined in section III, the availability of a user model, 
where the relevant information that characterizes the user 
context is represented, is necessary to define any process aimed 
at tailoring, based on this context description, the results 
proposed as an answer to a user’s query. The quality of the 
personalization process is strongly related to the quality of the 
user’s model, e.g. to its reliability and accuracy. 

In the literature several approaches have been proposed, 
which can be roughly categorized in three main classes [28]: 

- approaches to modify/define relevance assessment 
- approaches to query modification 
- approaches to results re-ranking 
Among the approaches belonging to the first category we 

cite the PageRank based methods, which have proposed 
modifications of the PageRank algorithm that include user 
modeling into rank computation, to create personal views of the 
Web [18,21]. 

The approaches to results re-ranking are aimed at modifying 
the ranking score by explicitly matching the user profile against 
the user query, and then at combining the obtained score with 
the relevance based score produced by the traditional IRS or 
search engine. Re-ranking techniques proposed in the literature 
may differ both in the adopted user model and in the re-ranking 
strategy. Among the several techniques proposed in the 
literature we cite [27,31,32]. 

Query modification techniques are aimed at exploiting the 
user profile as a knowledge support to select information useful 
to define more accurate queries via a query expansion or 

modification technique. Among the techniques proposed in the 
literature we cite [9,10,26,37]. 

More recently an interesting problem has been considered to 
leverage search through a better user knowledge and 
interaction: this is the problem of visualizing search results in 
an effective way. One of the biggest problems when using 
search engines is that, although the information relevant to the 
user’s needs expressed in a query could be probably found in 
the long ordered list of results, it is quite difficult to locate it. It 
is in fact well know that users seldom go beyond an analysis of 
the first two/three pages of search results. An interesting 
research idea is to enhance results visualization through the 
knowledge of the user’s topical preferences. In [2,4] an 
approach related to the exploratory search task is proposed, 
which combines personalized search with a spatial and adaptive 
visualization of search results 

Independently of the decision about how to exploit the 
knowledge of the user’s preferences, an interesting aspect 
which emerges in context-aware IR is that the availability of a 
model of context (which may represent both user’s preferences, 
the geographic and social contexts etc.) makes it possible to 
consider several new dimensions in the relevance assessment 
process. The birth of Web Search Engines as well as the IR 
techniques evolution, have implied a shift from topical 
relevance assessment (which was the only dimension to assess 
relevance in the first IRSs) to a multi-dimensional relevance 
assessment, where the considered relevance dimensions 
encompass topical relevance, page popularity (based on link 
analysis in web search engines), geographic and temporal 
dimensions, etc. The availability of a user model (and more 
generally the availability of more structured context models), 
make the dimensions available to concur in the process of 
relevance assessment more numerous. As a consequence, the 
need of combining the relevance assessments related to each 
dimensions arise. This problem has been faced so far by 
adopting simple linear combination schemes, applied 
independently on the user’s preferences over the relevance 
dimensions. An interesting research direction related to 
personalized search is to make the user an active player in 
determining such an aggregation scheme: this could be simply 
done by making the aggregation dependent on the user’s 
preferences over the single relevance dimensions. In this way, 
for a same query and a same profile different document 
rankings can be obtained based on the user’s preference over 
the relevance dimensions. In [12] this approach has been 
proposed to define user-dependent aggregation schemes 
defined as linear combinations where weights of relevance 
dimensions are automatically computed based on the 
user-specified priority order over the dimensions. 

V. THE PRIVACY AND THE EVALUATION ISSUES 

Two important issues that have been addressed in the 
literature related to personalized IR concern user privacy and 
the evaluation of the effectiveness of personalized approaches 
to IR. We start by shortly discussing the privacy issue. 
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As it has been synthetically discussed in the previous 
sections, the approaches to personalization strongly rely on 
user related and user personal information, with the obvious 
consequent need of preserving users’ privacy. In [25,41] very 
interesting and exhaustive analysis of the privacy issue are 
presented. As well outlined in these contributions, the user is 
not incline to make the information that concerns his/her 
private life available to a centralized system, with the main 
consequence that often users prefer not to use the 
personalization facilities. As suggested by the authors, a 
feasible solution to the privacy issue problem is to design 
client-side applications. 

Systems evaluation is a fundamental activity related to the IR 
task. The usual approach to evaluate the effectiveness of IRSs 
is based on the Cranfield paradigm, which is the basic approach 
undertaken by the TREC (Text Retrieval) Conferences [48]. 
However, as well outlined in [6], the Cranfield paradigm is not 
able to accommodate the inherent interaction of users with 
information systems. The Cranfield evaluation paradigm is in 
fact based on document relevance assessment on single search 
results, not suited to interactive information seeking and 
personalized IR, as it assumes that users are well represented by 
their queries, and the user’s context is ignored. In [36] a good 
overview of the problem of evaluating the effectiveness of 
approaches to personalized search is presented. The evaluation 
of systems that support a personalized access to information 
encompasses two main aspects, related to the components 
which play a main role in these systems, i.e. the user model and 
the personalized search processes. To evaluate a user profile 
means to assess its quality properties, such as accuracy. With 
respect to the evaluation of systems’ effectiveness, the authors 
outline in [36] three main approaches undertaken to set up a 
suited evaluation setting for personalized systems; by the first 
approach, an attempt to extend the laboratory-based approach 
to account for the existence of contextual factors were proposed 
within TREC [5,18]. By the second approach a 
simulation-based evaluation methodology has been proposed, 
based on searchers simulations [42]. By the third approach, the 
one which is most extensively adopted, user-centered 
evaluations are defined, based on user studies, with the 
involvement of real users who undertake qualitative system’s 
evaluations [24]. Evaluation is a quite important issue that 
deserves special attention, and which still needs important 
efforts to be applied to context-based IR applications. 

VI. CONCLUSIONS 

To conclude this short overview of some main issues related 
to personalized IR, we want to mention a promising research 
direction which aims at exploiting the users’ social context to 
produce more effective results in Web Search [33,39]. This is 
made possible by recent applications and technologies related 
to the so called Social Web, aimed at making the user active in 
both content generation and sharing. In [33] an approach to 
collaborative Web Search has been recently proposed, which 
based on the search behavior of a community of like-minded 

users is aimed to adapt results of conventional search engines to 
the community preferences.  
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