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Abstract. In this paper we discuss how we applied
personalization techniques to the problem of accessing
news servers on the internet. We describe the user mod-
eling techniques that we adopted and we show how im-
posing a (shallow) structure to the database of news
allowed us to define strategies for personalizing the de-
tail level of the presentation.

Introduction
The possibility of providing access to news via the web
is attracting a growing attention. This is, in fact, an
interesting opportunity for all companies operating on
the web, not only for those in the communication sec-
tor (such as newspapers, radio or television companies).
Almost all portals provide access to news (paradigmatic
is the recent evolution of the sites of the internet search
engines) and also many companies provide specialized
news services, usually related to their commercial fields
or to the interests of their customers. The primary goal
of these services is to attract web surfers and, more im-
portant, to ensure that they will visit the site regularly
and frequently.

Personalization in the access to news, i.e., personal-
ized forms of information retrieval and filtering, is one
of the keys for the success of these services. In fact,
a personalized service could allow a user to find eas-
ily the pieces of information that (s)he needs or that
are of interest for her/him; this is the added value that
can lead her/him to visit a site frequently. Indeed, in-
formation retrieval is one of the main areas of appli-
cation for personalization techniques. Simple forms of
personalization are implemented in many sites (based
on preferences directly expressed by the users), while
several more complex approaches have been proposed
in the recent literature; e.g., (Billsus & Pazzani 1999;
Joachims, Freitag, & Mitchell 1997; Nill, Fink, & Kobsa
1999; Burke, Hammond, & Young 1997; Milosavljevic
& Oberlander 1998; Domingue & Scott 1998).

In this paper we discuss an approach to the personal-
ization of news that presents some significant differences
with respect to the other approaches in the literature.
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The main peculiarity of our approach is that we aim
at achieving two different forms of personalization. On
the one hand, and similar to the approaches in the lit-
erature, we aim at selecting the topics and news that
are most relevant to each user (personalized selection
of news). On the other hand, we aim at customizing
the detail level of the presentation of the news corre-
sponding to each topic (or even of each news item) 
the user’s preferences (personalized presentation of the
content of news). This is a significant difference with
respect to most other approaches. Finally, we aim at
introducing personalized advertisements in each one of
the pages presented to the user. This means that the
selection of the advertisements depends on (i) the user’s
preferences and priorities and (ii) the topic of the news
items presented in the page.

The approach we present in this paper exploits user
modeling techniques to capture the users’ preferences
and, in order to achieve the various forms of person-
alization that we aim at, it manages different types of
information (we call them different dimensions) in the
user model (this topic will be discussed in the third
section of the paper).

Moreover, in order to be able to personalize the de-
tail level in the presentation of news, we introduced a
(shallow) structure for the database of news (see next
section) and we defined a specialized agent for selecting
what has to be presented to each user (briefly presented
in the fourth section of the paper). Personalized infor-
mation is presented in a hypertextual format charac-
terized by the fact that the user can always modify the
choices of the system, both as regards the news (and
topics) selected by the systems, and the detail level of
the presentation. This is important for at least two
reasons: on the one hand, we believe that a system
should never impose its choices to the user, who must
have the possibility of accessing every piece of infor-
mation; on the other hand, the fact that the user can
make changes to the presentation decided by the system
allows the system itself to learn about the user’s prefer-
ences. Thus, observing the user’s behavior is the basis
for refining or revising user models dynamically (this
topic is discussed in the section on user modeling).
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Structuring news for personalization

In this section we discuss how the goal of personalizing
the detail level of the presentation of news influenced
the architecture of our system. In fact, this goal re-
quires that the page corresponding to a news item is
generated dynamically, making it more or less detailed
according to the content of the user model. Clearly,
there are different ways of modifying the detail level of
some news item. One expensive approach is to store
different versions of each news item; alternatively, one
could insert annotations in the text of the news item
(using some markup language) and then produce dif-
ferent versions interpreting the annotations; for each
portion of the news item the annotations could specify
a sort of level of detail for that portion or the target (in
terms of classes of readers) to which it is directed. 
more complex approach is to use techniques for gener-
ating automatically summaries from detailed news; see
e.g., (Dale et al. 1998). While the first approach is not
feasible in practice, the last requires the availability of
a lot of knowledge on the topic of each news and can
be adopted only on very specialized domains. The use
of annotations seems to be an interesting option. The
approach we introduce takes this idea one step further:
we decompose news (which are viewed as complex enti-
ties with several attributes) and we impose a (shallow)
structure on the database of news.

Most of the approaches in the literature assume that
the repository of news is not structured, i.e., that it
is simply formed by a set of text files, organized in a
taxonomy of categories and, possibly, with indexing for
information retrieval. This makes the administration
of the repository very simple and, moreover, makes the
approaches very flexible since the techniques adopted
for personalization (personalized filtering) can be ap-
plied to any repository of text files. However, in this
way it is difficult to define strategies for personalizing
the presentation of a document. Basically, either a doc-
ument is selected and shown to the user (possibly with
some labels specifying the estimated interest level for
the user) or it is not.

On the other hand, we aim at structuring news in
such a way that different detail levels for the presenta-
tion of a news item can be obtained as different aggrega-
tions of the components of the item itself. Conceptually,
a news item corresponds in our view to a chunk of in-
formation, concerning e.g., an event, to be conveyed to
a reader. This may include different components: a ti-
tle, a text (and, possibly, an abstract), pictures, graphs
but also commentaries or interviews (e.g., an editorial
or an interview to some of the people involved in the
event or to some experts on the topic reported by the
news item).

Thus we structured the repository of news according
to the following principles:
¯ News are organized in a taxonomy of sections such as

politics (with subsections such as internal and foreign
politics), sport, economics, technology, etc.; see also

1) title, subtitle, authors

2a) abstract, summarizing graphics 2b) full text, summarizing graphics
I I

3a) pictures, video/audio 3b) pictures, video/audio
titles relative to other days titles relative to other days

I
4b) comments, interviews, agency reports

5b) technical graphics, raw data

Figure 1: Detail levels in the presentation of news

(Balabanovi~ 1998; Billsus & Pazzani 1999).
*We introduced the concept of "news" as the main

structured entity in our database. News have a set
of attributes that define their components: title and
subtitle; author(s); abstract; text; a set of graph-
ics summarizing the content of the text; photos,
video, audio clips; commentaries, interviews, agency
reports; raw data and/or detailed charts/graphics,
and so forth. Some of the attributes are optional
or can be multi-valued (e.g., more than one photo
or clip may be associated with a news item); more-
over, the same object (e.g., a photo or a clip) may
be associated with more than one news item.

¯ Finally, the database is an historical one, so we can
store information concerning several days. In par-
ticular, the same news item can be present in the
database on different days, possibly with different
attributes.

For example, let us consider a news item concerning
the financial status of a company ACME (the item be-
longs to the section "economy"). Besides the title and
a text, one may have other attributes such as graphs
describing the financial status of ACME, an interview
with the CEO of the company, interviews with financial
experts (some of the interviews may possibly have the
form of a video or audio clip). Moreover, we can re-
gard "Financial Status of Company ACME" as a news
item for which different pieces of information may be
available on different days (for example, one may have
a report on one day and interviews the day after).

This structured organization of news leads to some
interesting advantages. The main one is that different
detail levels for the presentation of news can be ob-
tained as different aggregations of their attributes. For
example, at a low detail level one may include only the
title and abstract; a more detailed level may include
also the text (possibly replacing the abstract); an even
more detailed level may include also graphs or commen-
taries or interviews.

More specifically, we defined a fixed number of alter-
native aggregations (called presentation formats) and
we introduced a partial order between them, which cor-
responds to an ordering as regards the detail level pro-
vided by the aggregations. In our first prototype we
considered the formats and ordering shown in figure
1. In other words, we have a tree defining alternative
aggregations of attributes; moving from a node to its



descendants correspond to adding detail to the presen-
tation: for example, level 1 can be made more detailed
in two different ways, either adding the abstract of a
news item or the full text.

The main problem with our approach is that it re-
quires more efforts from the manager of the news server.
In fact, filling in the repository requires adding the news
items to the database and thus decomposing informa-
tion according to the attributes of news. If news are
stored simply as text files, our approach can still work;
however, in this case only the selection of the topics
(sections) and news to be presented can be personalized,
while the detail level in the presentation of news cannot
be varied. The extra work for filling in the database,
however, is not very different from the work required by
the software systems that are being used in the edito-
rial offices of some newspapers. These systems require
that the author of a paper submits her/his work to a
specific section and, in case there are photos or extra
items, s(he) must specify the paper to which they are
related (this is used to define automatically the layout
of the pages).

It is worth noting, in conclusion, that the adoption
of a structured database is not incompatible with the
adoption of other approaches, such as the use of index-
ing techniques (that can be used to provide a further
classification of news items) or the use of annotations
in the news item or the automatic generation of sum-
maries. We shall return to this point in the conclusions.

User modeling for news presentation
The selection of the news to be presented and of their
detail level relies on the adoption of user modeling
techniques. In particular, we distinguish between two
phases: (i) the generation of an initial model for a new
user and (ii) the refinement of the model.

In both phases we use rather conventional user mod-
eling techniques: stereotypical descriptions of classes of
users in the first phase, rules activated by events cap-
tured during the user’s navigation in the site in the sec-
ond phase. The stereotypes can provide a first rough
prediction on the user’s preferences and interests and
are activated on the basis of a few data provided by the
user in a registration form. The user model initialized
by the stereotypes is then refined/revised by periodi-
cally applying a set of rules, which take into account
the user’s behavior during the navigation of the hyper-
text (i.e., the fact that (s)he deleted or selected specific
sections, or that (s)he changed the detail level proposed
by the system for some specific sections or news items).
The user models are stored into a database (if the user
agrees) for future reference; in this way, the model of 
user is refined and evolves across time, becoming more
and more accurate as the user connects to the server.

Although the techniques we adopted are conven-
tional, the approach we propose for modeling users is
innovative as regards the kind of information we use
and as regards the way a user model is structured.

A number of motivations led us to elaborate our ap-
proach.

First of all the system we are presenting in this pa-
per is part of a bigger project on adaptive interaction
via the web. In the project we are considering differ-
ent tasks and applications ranging from the access to
news servers to electronic commerce and personalized
configuration of products/services (see other papers in
this workshop). One of the goals of the project is to
investigate if it is possible to re-use knowledge for user
modeling across multiple tasks and applications.

Second, in each one of the applications, we aim at dif-
ferent forms of personalization; for example, in all cases
we distinguish between the personalization of the pre-
sentation format and the personalization of the content
(information or service to be provided). These differ-
ent types of personalization require different types of
information in the user model.

Another motivation, which is more strictly related
to the application we are discussing in this paper, is
that the various forms of personalization we aim at in
our news server require that different aspects of the
user are modeled. For example, the selection of the
(sub)sections and news depends on the user’s inter-
ests and capabilities; the detail level is also related to
her/his expertise and receptivity (a parameter we use
to evaluate the amount of information that a user can
read); finally, the selection of the advertisements that
are added to the pages must be related to her/his pri-
orities (life-style).

Thus, we have that multiple forms of personalization
have to be supported by the user models in order to
achieve the goals we are pursuing. The solution we
propose to address this problem is decomposing the user
model across multiple (independent) dimensions. Let
us analyze the specific case of the news server, in which
we decomposed the user models into four dimensions:
user interest (in the topic of each (sub)section of 
news database), expertise (again related to each topic),
receptivity (a dimension through which we estimate the
amount of information that a user can read), life-style.
We have defined a group of stereotypes (and a group
of refinement rules) for each one of the dimensions (we
shall refer to these groups as families of stereotypes or
rules); the user is classified independently in each group
and then the initial user model is created by composing
such independent predictions.

The decomposition allows us to achieve the goals dis-
cussed above. On the one hand, it allows us to cope
with the complexity of the problem of dealing with
multiple features of the user model (a unique set of
stereotypes would cause a combinatorial explosion in
the number of classes taking into account all combi-
nations of features; consider e.g., the combinations of
interest, expertise and life style). On the other hand,
some dimensions can be re-used across multiple tasks
and applications, especially as regards the stereotypes.
For example, we share knowledge about life styles and
about receptivity between the application in this pa-
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per and adaptive systems for electronic commerce (see
(Ardissono et al. 1999) and another paper in the pro-
ceeding of this workshop).

Let us analyse more precisely the structure of stereo-
types and refinement rules (see (Ardissono, Console, 
Torte 1999; 2000) for more details). First of all stereo-
types are divided into families, each one corresponding
to one of the dimensions discussed above. Each stereo-
type contains two groups of slots: classificatory slots
(which correspond to features asked to the user in an
initial registration form) and prediction slots. Stereo-
types in different families make use of different clas-
sificatory data1 and make different predictions. For
example, the stereotypes in the family "interests" use
classificatory data such as the user’s age, gender, type
and field of job and purpose of the access to the server,
to make a first prediction on her/his interest level in
each (sub)section of the server. On the other hand, the
stereotypes in the class "receptivity" make predictions
on the related user feature by exploiting classificatory
data such as the user’s education level, job and famil-
iarity in reading Web pages (derived from her/his fre-
quency of access to the Web).

We use a heuristic scheme (partially based on prob-
abilities) for computing a degree of match between
stereotypes and the data provided by the user. The
slots of a stereotype S have the following form:

F: < yl,X1 >, ..., < vn,Xn >,

that is: for each linguistic value vi of the feature (slot)
F, we consider a weight Xi which is the probability of
observing the value vi for F in the individuals belonging
to the stereotypical class S.

The degree of match p(S) between a stereotype S and
a user is computed using the classificatory slots and
the a-priori probability distribution of the stereotypes,
estimated in the population of readers.

As regards the predictive slots, given p(S) and the
pairs < vi, Xi >, associated with each predictive fea-
ture (slot) F, we can associate a probability p(S) * 
with each linguistic value vi of F. The predictions of
the stereotypes are then merged (and normalized); see
(Ardissono, Console, & Torte 1999; 2000) for the de-
tails about the approximate reasoning techniques that
we adopted.

These predictions constitute the initial model for each
new user.

The rules for the revision of the user model are also
divided into families. The rules take into account the
user’s behavior during the navigation in order to re-
vise/refine her/his model. A number of events is cap-
tured by the system during the user’s navigation of
the hypertext; for example, the fact that (s)he selects
(suppresses) some sections (or news items) that 
(were not) included by the system, the fact that (s)he
changes the detail level of some news items with re-

IThe knowledge we use in the stereotypes has been par-
tially derived from segmentations of the Italian population
(Eurisko).

spect to the level decided by the system, the number of
news items (s)he reads in each section, the advertise-
ments that (s)he selects, etc. Different types of events
are relevant for rules belonging to different families. For
example, changes in the life style may depend on the
advertisements selected by the user, while changes to
the interest and expertise in the topic of a (sub)section
are related to the fact that the user changes the de-
tail level of the news presented by the system in that
(sub)section or that (s)he explores more (sub)sections
or news than those presented by the system.

Basically, the rules have the following format: the
antecedent is a condition on the events captured by the
system (e.g., the fact that in at least 70% of the cases
the user increased the detail level for news in a specific
section), the consequent is a prediction on some features
of the user model: more specifically, on the probability
distribution associated with the linguistic values of a
feature, e.g., the user’ interest on one of the topics in
the news server.

The rules are activated periodically; in the current
prototype they are activated at the end of each session
so that changes to the user model will be active the
next time a user connects to the server. The effect of
the activation of the rules is a new prediction to be
inserted in the user model. For those features for which
the user model already contains some information, the
new prediction is merged with the information in the
user model (for each feature involved in the prediction
and for each linguistic value of that feature, we take
the average between the probability predicted by the
rule and that in the user model, see again (Ardissono,
Console, & Torre 1999; 2000)). This is a conservative
choice leading to smooth changes in the user model.
Indeed we wanted to avoid abrupt changes even though
is some cases this may lead to a slow convergence to
the user actual interests, especially for those aspects
for which the prediction generated by the stereotypes
was not very precise.

Extracting relevant information
In this section we briefly discuss how the information to
be presented to a user is selected from the database of
news, given the information in the user model; a more
detailed discussion can be found in (Ardissono, Console,
& Torre 1999; 2000). Basically, three decisions have to
be made: (i) which sections and subsections to include,
(ii) which news to present in each section and at which
detail level and (iii) which advertisements to include 
each page presented to the user. In the current proto-
type we associate the same detail level to all the news in
the same (sub)section. This is a first choice to simplify
the system; we are investigating how to keep track of
the preferences for specific news within a (sub)section;
this requires keeping track of the specific topic of each
news item (this can be determined, e.g., using indexing
techniques, as in (Billsus & Pazzani 1999)).

The selection of the information to be presented relies
on a knowledge base formed by three different sets of
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rules and on a heuristic scoring approach.
A first group of rules exploits the user’s interest and

expertise (as specified by the user model) to score,
for each (sub)section, all the possible detail levels
which could be used to present the contents of the
(sub)section. We noticed in the section "Structuring
news for personalization" that we defined a fixed num-
ber of alternative presentation formats, corresponding
to different detail levels. Thus, the output of this set
of rules is a score for each one of these formats (includ-
ing a special "empty" format corresponding to the fact
that the news item should not presented to the user),
for each (sub)section.

A second group of rules uses information about the
user’s receptivity and the scores computed by the first
group of rules to decide which (sub)sections should 
presented and their detail level (i.e., which one of the
predefined formats has to be used). The part of the
user model concerning receptivity provides an hint on
the detail level that is appropriate for the user. For
each (sub)section, the detail level is thus decided 
balancing (i) the distribution of scores of the various
formats and (ii) the information about the user’s recep-
tivity. Basically, the (sub)sections are ranked given the
scores computed by the first group of rules; we exclude
all those (sub)sections for which the empty format has
the highest score or the cumulative score of the formats
corresponding to low detail (i.e., which include only the
title or up to title and abstract) is over a threshold; on
the other hand, we include all those (sub)sections for
which the cumulative score of the most detailed formats
are over a threshold; all the others are ranked according
to the distribution of the scores. At this point, the in-
formation about the user’s receptivity is used to decide
how many and which(sub)sections have to be included,
how many news items in each subsection and the appro-
priate detail level for each one of these (sub)sections.

Finally a third group of rules selects the advertise-
ments to be included in each page, based on the user’s
life style, and the topic of the page. In this way adver-
tisements are tailored to both these aspects.

The result of the selection is passed to another mod-
ule (agent) which is in charge of generating the hyper-
textual pages to be sent to the user’s browser.

Hypertextual presentation
We chose a simple hypertextual format for the presenta-
tion. The most important aspect is that the user has the
possibility of changing each one of the choices made by
the system, e.g., removing (sub)sections selected by the
system, adding other (sub)sections, removing/adding
news, changing the detail level.

The hypertext is formed by two types of pages: index
pages and news pages.

An index page is associated with each (sub)section
and contains: (i) the list of the (sub)sections selected
by the system, if the section is divided into subsections;
(ii) the titles of the news selected by the system for that
section, otherwise. A "delete" box is associated with

each item of the lists and allows the user to hide the
(sub)section/title. The page contains also a button 
visualize the (sub)sections/titles that were not selected
by the system (this button allows the user to explore
these sections/news). Finally, it contains one or more
banners for the advertisements selected by the system.

A news page is associated with each news item and
contains the pieces of information according to the pre-
sentation format selected by the system.

An example of a page generated by the system is re-
ported in figure 2. The page in the figure is an index
page for the subsection "Economia Nazionale" ("Na-
tional Economy"). Three areas (frames) can be recog-
nized: on the left, a list of the titles of the news in the
section ("delete" buttons can be used to suppress each
item, while a menu -- the hotword "Visualizza altre
notizie", i.e. "Display other news" -- allows the user
to explore the news items not selected by the system);
when the title of a news item is selected, the news page
corresponding to the item is presented in the central
frame; advertisements are located in the right frame.
In the example the news item is presented with limited
detail; however, the attributes that are not displayed
(e.g., "commenti/interviste"- "comments/interviews"
in the figure) are included as links and the user can se-
lect each link to display the corresponding piece of in-
formation. On the other hand, "delete" buttons can be
used to suppress the pieces of information (attributes)
that are displayed.

Conclusions
In the paper we described an approach to the use of
personalization techniques for accessing news servers.
A main peculiarity of our approach is that we intro-
duced a structure for the database of news. Such a
structure allows us to define strategies for personaliz-
ing the detail level of the presentation. As we noticed,
the structure we imposed is not incompatible with the
use of other techniques, especially those exploited in
other approaches to (personalized) information filter-
ing. In particular, it could be interesting to couple
our approach with indexing techniques or with tech-
niques for annotating news. The former could be used
to group news based on the indices, that is at a lower
level of granularity than the one provided by the sec-
tion/subsection hierarchy, and then to select the groups
that are more interesting for a user or to vary the detail
at the level of these groups. The latter technique could
be used to define new presentation formats.

We used rather conventional user modeling tech-
niques. However, we introduced a conceptual decompo-
sition of user modeling along different dimensions. We
believe that this approach can be useful for coping with
the complexity of the problem and for sharing knowl-
edge across multiple applications. Some of the dimen-
sions we are considering, in fact, may be useful (possibly
in combination with other dimensions) in other domains
and applications; indeed, we used the same knowledge
about life styles also in adaptive electronic commerce



Figure 2: An example of a page presenting the news in section "economy".

(Ardissono et al. 1999). This possibility will be further
investigated in future work.

A first prototype of the system has been implemented
as a distributed architecture. We recently started a first
qualitative test with the aim of evaluating and refin-
ing the knowledge bases. The performance we obtained
are quite interesting as regards the ability of the sys-
tem to tailor the presentation to different typologies of
users. More extensive and systematic testing will be
performed in the next months.
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