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Abstract. This paper reports the main findings of a panel about trends in search
engine interaction, focused upon the use of search engines for performing com-
plex processes'. The discussion focuses on the different evolutionary path
followed by search engines with respect to other Web and information man-
agement solutions, making end users acquainted with the simplistic and never
changing keyword-based query paradigm. The analysis delves into the pros and
cons of personalization, contextualization, and exploration of Web information,
with special attention to the presentation and user interaction aspects. In the
end, we also wonder if the keyword-based query paradigm will ever change.

1 Introduction

The technology of search engines and the amount and quality of services they offer have
radically evolved in the last twenty years, in parallel with their ever-increasing market
value: not only they largely remain the main entry point to the Web for the vast majority
of users, but they are constantly trying to develop new features that are more loosely
related to search and should serve to enhance the Web-user experience; such functional-
ities (integrated Webmail, Web-editing of documents, personal calendars, image and
video hosting facilities, personalized information delivery, to cite only a few) are actu-
ally changing our way of thinking about computations and Web services in general. As
often observed, they are in a sense pointing back to the idea of centralized computation,
making browsers similar to old-days' terminals.

Notwithstanding this evolution, the basic service provided by search engines has
remained the same, and it is surprising to observe how the basic textual keyword-based
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search interface has not substantially evolved or changed over time: alternative
proposals (using portals, employing other more sophisticated tools for information
hunting, etc.) did not (yet) take off, except possibly in some specialized niches.

Such a long-lasting success is most uncommon in computer science and should
suggest that the very concept of keyword-based search is extremely robust although it
not always matches users' expectations and satisfaction.

Of course, behind the scenes, search engines changed a lot. Companies such as
Google, Yahoo! and Microsoft have tremendously improved the search engine tech-
nology, in particular in scalable distributed systems and sophisticated query process-
ing and ranking techniques. While those innovations did not affect the way in which
users approach search through simple keyword-based interfaces, they are changing
the way in which results are presented, by trying to guess and satisfy better the user’s
needs. Let us make an attempt to understand more thoroughly in which directions
they are moving to reach this goal.

2 Helping the User

A general motto that is repeated constantly by engineers working in search is that one
“should help the user find what (s)he's looking for”. But not all users are the same,
and not all searches are the same, so helping the user really does not mean the same
thing for all searches and for all users. The “one size fits all” paradigm commonly
applied by search engines does not adhere to the complex and dynamic characteristics
of typical search tasks. In a complex search, the user knows what (s)he wants, and this
is the result of a complex task (s)he has in mind, while in exploratory search the user
does not have a precise idea of what (s)he wants [20], although the result may be
fairly simple. Hence, these two dimensions are somehow orthogonal. In the former
case, the system should understand that such a search mission is ongoing, and react by
offering diverse suggestions and help, possibly keeping track of what the user has
collected so far and trying to make sense of it. In the latter case, a more liberal (and
prudent) attitude should be adopted, avoiding to interfere too much with the user's
search, and act in a way that may sometimes be felt as unwanted or even intrusive.

Many recent works [3][7][9][10] focus on how one may understand whether a
complex search mission is underway, for example, by storing and using the amount of
knowledge collected from what other users did in the past (an obviously precious
source of information that is collected in search engine query logs). It is important to
observe that a complex search mission is probably a long-lasting one. Tasks are “long
lived” and occur across sessions — people start to plan their trip to Greece one day and
they continue the next day - therefore it would be useful for a search engine to re-
call/reconstruct previous interactions from the same user and to build personalized
histories. A personalized and collaborative search approach can be of help in this con-
text. A further difficulty is that users often “intertwine missions”, i.e., they switch
from a task to another (e.g., alternate work with leisure) - therefore systems should be
able to capture interest shifts (especially temporary ones): this ability has proven to be
difficult to achieve, although in many cases intertwined missions actually boil down
to simple diversions.
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A subtle point to be considered here is that complex searches often present multi-
ple facets and may grow in different directions: therefore, reconstructing the state of a
search process may include detecting branches in that process and then associating
each branch with different results, as diversity and richness of results is not less im-
portant than appropriateness and completeness [16].

3 Wisdom of Crowds

An aspect that we already touched upon is the central role of collective past behavior
in understanding what a user is doing and in making an effort to be of help. Albeit
such activity is worth in general, using collective behavior to help understanding what
is going on is particularly important when the user is engaged in a complex search
activity. Gathering data about the decisions taken by a large group of individuals in
order to assist the user is one of the fundamental ideas behind the so-called wisdom of
crowds [18]: if the group is large enough, and if its members are sufficiently inde-
pendent from one another, their collective behavior contains at the same time suffi-
cient homogeneity and enough diversity to allow one to extract clear trends to cover
most of the possible user's intents and needs. In the Web, wisdom of crowds is an
alternative name of Web data mining, in particular Web usage mining.

Using collective information in Information Retrieval is not something new. The
basic ranking schemes used in the 1960’s use the collective wisdom of people writ-
ings (e.g. TF-IDF). Later, in the Web, links were used (e.g. in PageRank), that is the
collective wisdom of webmasters (that is not true today as any person can add links
thanks to the Web 2.0). Today, we can also use the collective wisdom of users, re-
flected in weblogs as clicked pages or in query logs as queries and clicked results.
Hence, the wisdom of crowds is crucial to rank many kinds of objects (e.g. docu-
ments) or to find subgroups of experts in social networks.

This form of large-group knowledge is also at the very heart of Web 2.0 [15], and
appears in many different forms (collaborative tagging, blog harvesting, query-log
mining etc.). Albeit important, though, one should always have a clear understanding
of the limits and possible pitfalls behind this idea; not only the information collected
may be biased due to the presence of spam [6], but also (and more simply) because
often, rephrasing Gresham's law, “bad information drives out good”. Even under op-
timistic assumptions, mediocrity tends to prevail, thus producing suggestions of low
or limited quality; and, in some cases, outdated or blatantly wrong data may outweigh
good ones.

Some measure of trust or reliability of users may alleviate this problem; yet, even
in the presence of a perfectly dependable source of information, a further point cannot
be ignored: employing the wisdom of crowds to bias the results of a query is only
worth if the user shares the crowd’s values, else it may be more harmful than benefi-
cial. This is the case of the collaborative search approach [17], where like-minded
people actions are considered to leverage the search undertaken by an individual of
the considered community. Collaborative search is an example of context-aware
search, where the considered context is the user’s social context. An important aspect
of the problem is to understand user’s trusted fellows, because adding such informa-
tion to the result may be very relevant in convincing that result’s additions and
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corrections are acceptable. Making a user satisfied requires some kind of sentiment
analysis [14] to determine what the user really wants; otherwise, departing from the
“neutral” result of a query (the one natively produced by the search engine algorithm)
could cause angriness or disaffection.

We remark that our observations should not be overstated; in most cases, using de-
fensive algorithms and leveraging on large unbiased datasets is enough to obtain use-
ful signals. Our main point was that helping users is quite difficult and may be risky,
and that in some cases helps may have gone too far without really improving their
precision and recall relative to the user’s query. Finally, introducing a bias in the re-
sults based on a “machine driven” and too user independent interpretation of the user's
preferences yields an ethical question: should the search engine present the answer a
user wants, or should it present the “bare truth”?

4 Contextualization and Personalization

Contextualization and personalization are an essential ingredient of modern search, as
suggested also in the previous section. The notion of context in the search task may be
referred to several components (search context, document context etc.), among which
a central role is played by user’s context.

As previously outlined, making a search outcome tailored to a specific user (or
group of users) is a difficult although challenging task: how to collect and represent
users’ preferences is one of the most important aspects, which has been extensively
investigated in the last years [11][13]. Personalization has been recently addressed not
only as a pool of techniques aimed to improve search by taking advantage of a single
user’s preferences, but also by exploiting the user social context, as previously out-
lined with reference to collaborative search [17][19].

One of the main issues in personalization is the construction of users’ profiles:
their definition is based either on the implicit monitoring of the user’s behavior (Web
logs, past queries, Web pages copied on the user’s desktop, etc.) or on explicit user
indications or on both. There are only a few things in the user’s profile that don’t
change, e.g., her/his birth date, being a fan of a given soccer team (or of a kind of mu-
sic), but the rest may change, e.g., the preferences for restaurants may change depend-
ing, for example, on the user's current location. For this reason profiles should be
defined as dynamic and adaptive pieces of knowledge, and possibly represented to
reflect the multi-dimensional and faceted nature of the multiple user’s interests. In
fact, as each of us shows multiple personalities (a.k.a. personas) when interacting
with a search engine, the user profile should be able to represent multiple user prefer-
ences, according to the context in which the search task is being executed.

User profiles do represent long term topical interests: it is therefore hard to associ-
ate a specific topical preference with random sessions, much in the same way it may
be difficult to guess one’s preferences based on limited human interactions with short
sentences. This is the reason why collecting and representing user’s actions should be
based on several techniques. Moreover, to better represent users’ preferences, the
user’s cognitive (i.e. topical) context should be enriched with the knowledge of
her/his geographic and social context. There is in fact a great convergence on the im-
portance of contextualization in space and time: for instance, if one is searching on



30 R. Baeza-Yates et al.

his/her mobile, most likely (s)he is not attaching a complex task (e.g., next summer’s
trip to Greece), but rather (s)he is trying to localize a close-by service. Then the
search answer (i.e. the user-tailored search process) should take the geographic con-
text into account.

The consideration of multiple preference dimensions gives rise to the interesting
problem of aggregation: how to aggregate the various contextual components to de-
fine the final ranking of the retrieved information items? Also the aggregation process
could be driven by user preferences [4].

Personalization and contextualization in fact typically concern not only the results
to be presented but also (and more importantly) their presentation and their order.
However, the general approach to ranking sees everyone agreeing on the fact that
total order is misleading, as users are only concerned by partial orders. Regarding
multi-dimensional search, for many users could be easier to work on one dimension at
a time; it could be then appropriate to build search protocols that suggest at each stage
the results which optimize one dimension; of course, in such scenarios the ordering of
dimensions chosen by the protocol becomes essential, but it could also be user-driven.

Another important issue is to go beyond the ranked list presentation of search re-
sults; a first step was mixing other results in the standard page result (e.g. universal
search in Google), but the problem of combining different types of results in a single
screen is mostly unsolved. Some recent and interesting approaches are aimed to help
users to visually identify bad and good results through two or three-dimensional pres-
entations of search results, by also taking into account the user’s preferences [1].

An important topic is the impact of personalizing the result. To do personalization
well we need enough data from the user as well as explicit consent, due to privacy
issues (e.g. login authentication that implicitly approves the terms and conditions of
the interaction); the overall percentage of users satisfying these two restrictions will
be low. This problem is usually faced when developing client-side applications [12].
Despite of these privacy issues, Google personalized search offers an example of cen-
tralized solution to the “one size fits all” approach.

On the other hand, contextualizing results (e.g. ranking and displaying the results)
according to the intent and context of the query without personalizing at an individual
level is another direction that may help groups of people doing the same task regard-
less of their identity. As log analysis shows, as users perform similar tasks in the
Web, this kind of contextualization could have a larger impact. In addition, as we do
not need to know the single user, we remove the privacy issues related to personaliza-
tion [2].

5 Raising the Complexity of the User Interface?

The final question concerns the interaction paradigm: will it always be bound to key-
word-based search, or should we expect that the interaction paradigm complexity
would rise, at least for complex search, so as to be more expressive? Query interfaces
should anyway be kept very simple, featuring interactions where users implicitly
choose dimensions as they become available, and where each dimension corresponds
to a real-world object, and objects are connected by a graph. This interaction seems to
be coherent with the emerging model of “objects-based search” presented by Yahoo
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as an evolution of page-based search [2][5]. Interaction is obviously more compli-
cated, although the user does not need to know that (s)he is traversing a graph, (s)he is
just presented the valid options at each step. This form of interaction is already par-
tially implemented in the form of query suggestion or as the “find-similar” feature of
existing search engines.

Still, this seems a rather radical step for search engines at their current stage of de-
velopment. There is consensus that, while niche users will enjoy more expressive lan-
guages - optimistically one could think of a 10% of sophisticated users — the standard
user interface of search engines will not change. It is not in the search company’s
interest to train people in doing “better search”: with millions and millions of new
users per year, the average user skill is actually reducing, and search companies are
most interested in pleasing & capturing the tail of newcomers.

Moreover, recent studies show that the same user may at time act as “dummy” and
at time act as a very clever user [8]. Most people are satisfied of results that they get
in the “dummy” mode, so they have little incentives in making more efforts, as the
interface simplicity pays off. But a complex multi-domain search could still be en-
gaged with a simple keyword-based interface and simple ways of interaction, so there
is hope to see search computing queries at work below current interfaces, and not
necessarily with a more expressive interaction paradigm.

On a different direction, a rich trend of research is trying to understand natural-
language queries (maybe combined with speech recognition tools, and possibly with a
verbal output through a voice synthesizer). This is a promising line of study, espe-
cially if you think of its application to mobile-based search, but at the moment it
seems to be still immature for large-scale implementation.

Users are so satisfied of the simplicity of search engine interfaces that there must
be a huge incentive to convince them to go for a more complex kind of interaction;
such a situation may happen in the future, at least in some context, but at the moment
it appears to be out of reach. This sets the main challenge of search engine evolution:
going much beyond the current answering capability without changing the simple user
interface.
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