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Abstract. This chapter focuses on the visualization of multi-domain search re-
sults. We start by positioning the problem in the recent line of evolution of
search engine interfaces, which more and more are capable of mining semantic
concepts and associations from text data and presenting them in sophisticated
ways that depend on the type of the extracted data. The approach to visualiza-
tion proposed in search computing extends current practices in several ways:
the data to visualize are N-dimensional combinations of objects, with ranking
criteria associated both to individual objects and to sets of combinations; object’s
properties can be classified in several types, for which optimized visualization
families are preferred (e.g., timelines for temporal data, maps for geo-located in-
formation); combinations may exhibit any number of relevant properties to be
displayed, which need to fit to the bi-dimensional presentation space, by em-
phasizing the most important attributes and de-emphasizing or hiding the less
important ones. The visualization problem therefore amounts to deciding the
best mapping between the data of the result set and the visualization space.

1 Introduction

Information visualization exploits presentation metaphors and interaction strategies
for supporting perceptual inferences [1][15]. It is crucial for the success of any mod-
ern information-intensive application, particularly in multi-domain search, which
produces articulated results comprising different types of objects extracted from mul-
tiple data sources and subject to various ranking criteria. The relevant issues in search
computing interfaces are a mix of traditional search interface optimization concerns
(e.g., how to ensure simplicity and high performance) and of new problems, such as
how to exploit domain- and type-specific knowledge about data to achieve a “natural”
ranking and display (e.g., using timelines, maps, or different kinds of charts), how to
represent relationships among objects coming from different domains, how to convey
the data provenance.

The design of a search interface must take into account the conservative nature of
the visualization solutions so far adopted by search engines, which have scarcely
evolved over the last decade and tend to exhibit a strong stability in the features
offered to users, to preserve ease of use and efficacy for a wide audience of much
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differentiated adopters. As the tasks supported by search engines increase in complex-
ity, e.g., by providing concept and topic search [14][25], new features are introduced
in the search interface of mainstream search engines cautiously, by progressively
expanding the basic paradigm of keyword entry and vertical result list presentation.
However, various factors still differentiate multi-domain search systems from tradi-
tional search engines.

¢ Results are assembled from objects, not necessarily corresponding to docu-
ments. For example, an object may derive from a deep Web record, for which
there is no surface Web browsable page. This impacts the way in which feed-
back can be given to the user, because not always a document summary is the
best way to provide provenance clues. For instance, some objects may be best
presented showing a subset of their attributes and a link to the original informa-
tion source, if this is available.

e Results are not individual documents but combinations of objects. This
challenges the flat vertical list presentation approach, because not only prove-
nance and result ranking must be conveyed, but also the relationships that con-
nect objects in a result combination. Feedback on these relationships should be
added to the search interface, e.g., to show why a hotel and a conference venue
belong to the same combination.

e Results are typed. Unlike documents, which are unstructured, multi domain
search retrieves typed objects. Knowing the object type is both a challenge and
an opportunity: it is a challenge because exploiting the object type for differenti-
ating the representations can make the interface complex and unstable, breaking
the interaction style continuity that search engine users appreciate so much. It is
also an opportunity, because type information can suggest optimized ways to
present the results. For instance, if the interface recognizes geographical or tem-
poral data it can offer the user the option to display results in a map or timeline.

¢ Relationships have semantics. objects forming a combination may be associ-
ated for different reasons: they may be close in space or time; they may share
attribute values; they may be related in a hierarchy; they may be linked by a
domain-specific relationship. In those cases when the interface is aware of the
meaning of a relationship, it should represent it in an intuitive way.

¢ The result space can be highly dimensional. answers to multi-dimension queries
may require the display of a high number of data attributes and associations; the
interface should allow a compact visualization of the “most relevant” aspects of
the result set and the easy appraisal of the features that have been hidden in the ini-
tial presentation. Given that the page layout is bi-dimensional, suitable summari-
zation mechanisms are necessary to convey more than two data dimensions.

The initial design of data visualizations proposed for search computing were reported
in [3] and focused on exploring the primitives for the manipulation of the result set
and the refinement of the initial query, based on a very simple tabular representation
of combinations. In this chapter, we instead concentrate on result visualization, and
specifically on how to convey the relationships that link the objects in a combination,
how to exploit knowledge about the type of an object forming a combination, and
how to convey the ranking at both the individual data source and at the object
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combination level. We will in particular introduce one possible approach that
capitalizes on well-known principles for data visualizations, trying to maximize their
effectiveness for the specific characteristics of the search computing result sets.

This Chapter is organized as follows. Section 2 surveys a gallery of visualization
examples from mainstream search engines and discusses the contributions from data
visualization literature that can support the envisioned result presentation approach.
Section 3 introduces the Search computing visualization problem, which consists of
three parts: the data model of the result set, the existence of “expressive” types and
dependencies within such model, and the heuristic approach for mapping the result set
onto a visualization layout. Section 4 shows, without attempting an exhaustive ap-
proach, some of the visualizations that could be generated by applying heuristics.
Section 5 presents the conclusions pointing to our future work.

2 Related Work in Search Engine Interfaces and Visualization
Techniques

In this section we overview current search engine interfaces and the visualization
paradigms for specific data (including categorical, geographical and temporal data).

2.1 Evolution of Search Engine Result Presentation

In recent years, search results visualization has evolved to include multiple features,
which depend on the specific object being visualized, enriching the traditional result
sets made of ordered list of objects (document surrogates), as the one shown in Fig. 1.

English poetry - Wikipediz, the free encyclopedia

The histary of English poetry stretches from the middle of the 7th century to the present day
Ower this period, English poets have written some of the rmost ...

enwikipediz orgfwiki/English_peetry - Cached - Similar

Famous English Poets and Poems

A List of Famous English Poets includes Poems and Biographical information of the most
Farnous English Poets. Read and Enjoy Poetry by English Poets.
famouspoetsandpoems.com/country/. . /English_poets. html - Cached - Similar

classic poetry - 100% free - World English

CLASEIC ENGLISH POETRY. One of the best ways of improving your English is to read the
language. This part of our site includes cormplete poems by some of the ...

e wotd-english. org/poetry htrn - Cached - Similar

Fig. 1. Basic search engine result set as an ordered list of documents

The result set can be structured in sub-lists, e.g., to highlight entries of different
pages within the same Web site, or result items of different nature (e.g., images re-
lated to a given Web documents), as in Fig. 2. The information content of result ele-
ments can be enriched if the type of the displayed information is known. For example,
Fig. 3 shows the use of a timeline for the visualization of temporal data.
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Famous English Poets and Poems

A List of Famous English Poets includes Poerns and Biographical information of the most
Farmous English Poets. Read and Enjoy Poetry by English Poets.
famouspoetsandpoems. com/country/. . ./English_poets.html - Cached - Similar

19th Century English Poets and Poems

A list of Famous 19th Century English Poets. The authors listed on this page include some of
the greatest poets of 19th Century.

famouspoetsandpoems. com/.18th_century_English_poets.html - Cached - Similar

[ Show more results from famouspoetsandpoems. com

Famous English Poets

Yisit this site dedicated to Famous English Poets. Enjoy the poems by all of the Farnous
English Poets. Read a great selection of poems - dedicated to Famous ...

wenney |ove-poems. me.ukfa_english_poets htrm - Cached - Similar

Images for English poets - Report images

Fig. 2. A result set structured into a list of documents and a list of images

Timeline
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1400 ©Oct 1400 - Geoffrey Chaucer, the greatest English poet of pre-Elizabethan times, had been

accorded a grave in YWestminster Abbey in October 1400. It was association with the royal
household rather than poetic eminence which accounted for his interment in the national
<o [H Show mara

From A Life of William Shakespeare - Related web pages
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1598 1598 - In this section he secured for his book, by chance, lasting connection with the study of
Shakespeare by giving a list of plays of Shakespeare knawn to him in 1598 3 Show more
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books.google. com/books Pid=xKY DEAAAAMAL J&pg ..
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FOETARUM ANGLICANORUM; containing brief characters of the English Poets down to the
year 1675, Containing the name and characters of all the English peets, from the reign
«e B Show more
From ... Caontaining Brief Characters Of The English Poets Down To The Year By
.. - Relsted web pages
charles-23595. dontexist. com/theatrum-poetarum ..

Fig. 3. Timeline visualization for a result set comprising temporally located documents

A special class of typed information is constituted by geo-referential data, which
permits the extraction of geographical concepts; a geographical concept is an object
associated with geographical coordinates and possibly categorized according to a
geographic ontology (e.g., GeoNames ontology classes [13]). Geographical concepts
are highlighted in the result set and typically positioned on a map. The identified
concept can also be associated with semantically correlated concepts; for example, a
town can be related to hotels, restaurants, and places of interest; a touristic place, a
hotel or a restaurant can be associated with reviews.
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The amount of structure extracted from documental data and the employed visuali-
zation primitives depends on the capacity of recognizing domain specific entities. The
examples shown so far revolve around the presentation of instances of a single entity.
New generation search engines are moving towards to the collection and integration
of heterogeneous data sources. Kosmix [25] is an example of general-purpose topic
discovery engine, which offers one-page information summaries about a topic. The
presented information is retrieved through calls to Web services that extract informa-
tion from deep Web data sources. The schema of each topic is a complex record type,
which not only comprises typed properties of the entity but also associations to other
entities representing related topics. For instance, the query “William Shakespeare”
returns an instance of the entity Writer, as shown in Fig. 4, characterized by informa-
tion deriving from multiple services (e.g., Biography.com, and Google) and also re-
lated to other related writer instances.

William Shakespeare (Writer)

You May Also Like

hakespenre
ot

Fig. 4. An instance of the entity Writer in the Kosmix topic search engine

2.2 Related Work in Data Visualization

Data visualization has a long-standing tradition, which initially focused on the analy-
sis of alternative visualization techniques for various categories of data [1][4]. Classic
works like [27][23] offered guidance in selecting the most appropriate visualization
techniques for different types of data (e.g., 1-, 2-, 3-dimensional data, temporal and
multi-dimensional data, and tree and network data in [27]). Later works (e.g., [6])
explored the underlying conceptual structure of data-oriented visualization, highlight-
ing a common framework of data visualization strategies (e.g., the data
stages/transformation model in [6] and the classification based on data spatialization
and visual perception in [26]), giving a deeper rationale to the taxonomies of visuali-
zation techniques. For example, in the field of relational data visualization, the work
described in [29] proposes three families of 2D graphics that depend on the type of
data to be represented on the axes, i.e., ordinal-ordinal, when no dependency exists
among the different attributes (e.g., a table), ordinal-quantitative, where a quantita-
tive variable is dependent on the ordinal variable (e.g., a bar chart), or the ordinal and
quantitative data can be independent (e.g., a Gantt chart), and quantitative-
quantitative, used to represent the distribution of data as a function of one or both
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quantitative variables, also highlighting causal relationships between the two quantita-
tive variables (e.g., a map). Each family then contains variants depending on the com-
bination of the selected mark type (e.g., rectangle, circle, glyph, text, Gantt bar, line,
polygon, and image) and its visual and retinal properties that best suit the characteris-
tic properties of the single objects.

In [31] the author proposes a comprehensive taxonomy of glyph placement strate-
gies with respect to both data types and user’s task. The author in particular distin-
guishes between data-driven and structure-driven approaches: the former exploit data
properties to determine the object location in the visualization space; the latter exploit
some (implicit or explicit) relationships between data points, such as a temporal or-
dering or hierarchical relationships.

Whereas the abovementioned efforts are horizontal, spanning all possible catego-
ries of data, other works concentrate on the design, evaluation and comparison of
visualization techniques for specific data: categorical (e.g., [19][11]), temporal (e.g.,
[71[9]), geographical (e.g., [12][20][30]), multidimensional (e.g., [31]), and graph-
based data (e.g., [32]) are the most prominent sectors.

A huge amount of literature also concentrates on the presentation generation proc-
ess. The pioneer approach proposed by Mackinlay [22], and several other successive
works (e.g., [15]), exploit data characterization and propose rule-based approaches to
map data types to visual elements [5]. In other words, elements of a data model are
mapped to elements of a visual model [15]. The common aim characterizing such
works is to automatically derive “adequate” visualizations [5], where adequate means
complete, i.e., the user perceive from them all the information enclosed within the
original data, and correct, i.e., no unrequired information is conveyed. By capitalizing
on the principles introduced by the above-illustrated works, in the following sections
we illustrate how the characterization of the Search computing result set can guide the
definition of a visualization process.

3 Visualization Model and Process for Search Computing

3.1 Visualization Model

The result of a Search computing query is made of combinations, where each combi-
nation is a record of N object instances connected by join predicates and satisfying
selection conditions. Each object in a combination has a schema constituted by typed
attributes; a subset of the attributes defines the combination identifier, which is either
system-generated (object identifier) or provided by the real world context (e.g.,
event’s date and time). Objects may have repeating groups, where each repeating
group is a non-empty set of attributes with multiple values (such as actors of a given
movie, with name and gender). Object instances extracted by a query may be locally
ranked; in such a case one or more object’s attributes express the ranking, which is
either system-generated (rank position among the object instances) or provided by
the usage context (e.g., the rating of a hotel). Combinations have a global rank, ex-
pressed as a weighted sum of the local ranks of member objects, normalized in the
[0-1] range.
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Fig. 5. Tabular representation of a multi-domain result set

Fig. 5 describes the main elements of the results of the query “find the best combi-
nation of hotels, restaurants and events to spend a nice evening and night in given
city “, which composes of three objects: events, restaurants, and hotels. Fig. 5 can be
considered the default way of visualizing a multi-domain result set: the table-based
visualization lists all combinations, with their objects and attributes, in descending
global rank. However, alternative visualizations are possible, which might highlight
few primary visualization dimensions selected within a combination. Such result
presentations can take advantage of suitable visualizations, based upon the type of
some of the attributes of the result, e.g., maps for geographic locations, timelines for
temporal events, or Cartesian spaces for quantitative variables. With this respect, the
first step is to identify relevant data types that can guide the selection of suitable pri-
mary visualization dimensions.

3.2 Data Type Classification

Visualization of attribute values can be optimized according to their type. As usual,
attribute types are classified according to their scale type, as stated in the classic defi-
nition of measurement theory [25]:

¢ Interval: quantitative attributes measured relative to an arbitrary interval (e.g.,
Celsius degrees, latitude and longitude, date, GPA). In this class, two important
subclasses are further distinguished for visualization purposes:

o Geographic points and addresses: they admit domain specific operations
like the computation of distance, the visualization on maps, the determina-
tion of routes, etc.

o Time points: they admit the representation on time scales and calendars, at
different domain-specific granularity.

¢ Ratio: quantitative attributes measured as the ratio with a known magnitude unit
(e.g., most physical properties).
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e Nominal: categorical labels without notion of ordering (e.g., music genre). They
can be visualized by means of textual labels (for example within tables). In case
of a low number of categories, they can be represented through visual clues, for
example different shapes or colors.

e Ordinal: data values that admit order, but not size comparison (e.g., quality
levels).

Nominal data can be also associated with frequency (or relative frequency) values,
i.e., the number (percentage) of elements falling into categories. This may imply the
use of a combination of visual clues, such as the size of shapes or the opacity of the
colors representing categories, or the “construction” of graphics (e.g., bar charts),
where categories are labels over the horizontal axis, while frequencies correspond to
the vertical axis dimension. Nominal data can also be further distinguished into taxo-
nomical, when they admit subset relations (e.g., animal species). Tree based repre-
sentations (e.g., treeMap) can be adopted in this case [16].

3.3 Visualization Process

The process of generating the visualization aims at producing a representation that
maximizes the understandability of the result set, by considering the type and seman-
tics of data and the functions of multi-domain search. The visualization process,
schematically illustrated in Fig. 6, maps the result set onto a presentation space by

Visualization-
Result set oriented data
raw data properties (type,
l l semantics)
Select i
primary Attribute
attributes analysis
Evaluate
) funcélona! Dimensions to
ependencies it 1al
5 visualize Visualization
families
) ) (table, map,
Visual Mapping (#———— timeline,chart,
network, ..
Data dimensions to
visualization families
mapping y
) Concrete
Wiew ) visualization
construction widgets
Result set
visualization

Fig. 6. Main steps in the result set visualization process
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considering the types of attributes that describe the properties of combinations, the
presentations functions to be implemented, and the visualization families that are best
usable for rendering the data dimensions.

The most important visualization dimensions, which need to be highlighted in the
visualization and that can guide the identification of the primary visualization space,
are determined; to this end, information about object identifiers, join and selection
conditions, and dependencies among the different data are exploited.

The output of the visualization process is a page layout (a view, in the terminology
of [6]), which assigns data to visualization elements, implementing all the needed
visualization functions. The generation process in Fig. 6 can occur at design time
(when the query is fixed and non modifiable), at run-time (when the user explores the
search space from scratch) and in a mixed mode (when the user starts with a known
query and then expands it, by joining in more search services).

In order to identify the primary visualization dimension, one can assume that an
ordering of data type exists and that it guides the selection of the primary attributes
determining the visualization space. Such ordering depends on the capacity of the data
types to “delimit” a visualization space where single objects and combinations in-
cluded in the result set can be conveniently positioned. For example, interval attributes
can be considered the best candidates for primary visualization, since they permit a
precise characterization of the position of objects within a bi-dimensional visualization
space, followed by ordinal, and nominal attributes, which instead can be adequately
represented by means of visual clues. Therefore, if a given object O has a
geo-referenced attribute, then its instances can be represented on a map by using that
attribute as a primary visualization; similarly, objects with attributes representing tem-
poral events can be placed on a timeline. Representing a combination then amounts to
finding suitable representations for the majority of its objects, by highlighting them
upon a given visualization space, and then relating together the object instances of a
combination through orthogonal visual mechanisms. Once placed on the visualization
space, an object is succinctly represented by some of its attributes (e.g., identifiers);
typically the local ranking of the object can also be visually represented (e.g., through
conventional shapes, or colors). Other attributes are omitted from the visualization, and
can be accessed through secondary visualization methods, such as pop-up windows.

In line with the classical approaches for the automatic generation of visualizations
[5], this construction can be formalized by heuristic rules, which take in input the
characterization of the N dimensions to visualize and emit as output the decision of
how to allocate them onto a bi-dimensional representation space, addressing the visu-
alization functions of multi-domain search. A very general scheme is the following:

1. Pick the most relevant dimensions, on the basis of a defined order among the
available data types and on the identification of the dimensions that best charac-
terize the majority of objects involved in combinations.

2. Identify the primary visualization space to use;

3. Allocate all dimensions that can be supported by the primary visualization
space;

4. Pick the remaining dimensions in order of significance and decide the secondary
widgets best suited to represent them;

5. Allocate all remaining dimensions that can be supported ergonomically by sec-
ondary widgets.
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At step 1, selected data types allow a domain-dependent effective visualization. The
order: geo location—>time/date—>other types can be used to exploit geographical in-
formation first, then temporal data, and then all the remaining uncharacterized types.
At step 2, the most appropriate visualization space is chosen. Guidelines from the
literature and best practices in data visualization (e.g., [9] for temporal data, [11] for
categorical data, [20] for geographical data) can be used. Also, one can exploit the
huge quantity of out-of-shelf components that are more and more offered by visualiza-
tion projects and providers of software components'. At step 4, the dimensions that are
not represented by the primary widget need to be considered, and visual clues for their
representation selected. Various techniques exist that descend from the classic identifi-
cation of visual variables by Bertin (position, size, shape, value, color, orientation, and
texture), possibly adapted to specific contexts (e.g., thematic cartography [12]).

The primary dimensions for data visualization can be further reduced by exploiting
dependencies between objects. For example, if a query includes a 1:M join between
two objects O1 and O2, such that a set of instances of O2 is mapped exactly to one
instance of O1, then the objects of O2 can be represented by using the primary visu-
alization chosen for Ol. For instance, if Ol are hospitals and O2 are doctors, and
hospitals have a geo-localized attribute (their address), then it is possible to display
doctors on a map by placing them at the same attribute as their hospital.

4 Examples of Visual Representations of Query Results

To highlight the importance of dimension selection, this section presents several ex-
amples of visualizations that represent objects, their composition, and their local and
global rankings; every example can be generated by suitable applications of generic
visualization rules.

4.1 Visualization of Geo-referenced Objects

Fig. 7 presents a visualization example for the query “find the best combination of
hotels, restaurants and events to spend a nice evening and night in given city”. One
possible result set is the one illustrated in Fig. 7. The three objects to be displayed
have geographic coordinates; therefore, the primary dimension to adopt for their rep-
resentation is a map. This choice allows us positioning each object instance as a point
in the map, which will be conveniently selected so as to include objects in the context
(e.g., a portion of a city map). A combination is then a triple of positions on the map;
it can be visualized by any representation that puts the three objects together; in the
example, we enclose each triple within an area, which is highlighted by means of
colors. We then use darkest color for the best combination.

' Among the best known examples, the OLIVE library [24] lists data visualization environ-
ments clustered according to Shneiderman’s classification scheme and the recent effort by
IBM [17] offers a community space for publishing visualization widgets and data sets (at the
time of writing, 70183 visualizations and 141459 data sets are enlisted).
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Fig. 7. Visualization of geo-referenced objects

Moreover, each object has a different icon, and the local ranking (representing the
relative ranking of the object instance within the selected objects) is represented by
the size of the icon. Such representation can show only a few combinations on the
same screen, therefore the visual result presents only three combinations (the top-
ranked) and a scrolling mechanism allows seeing the following combinations. The
other object attributes (e.g., name, stars and price for the hotels) can be displayed in
pop up windows, opened by pointing to given object with the mouse.

4.2 Geo-referenced Visualization with Object Dependencies

Object dependencies can be used to associate a visualization dimension to objects that
do not have properties with data types that effectively determine a visualization space.
Consider a query that searches for close hospitals to a given location, such that the
hospitals have specialists of a given disease (e.g., Parkinson); the specialists are
ranked, e.g., by the relevance of their published articles on the topic. Doctors have no
properties that allow their representation according to a quantitative visualization
space, but they are placed at hospitals, which have a specific location. Therefore,
doctors can be represented as icons, which are placed on a map at the same location as
their hospitals. Their local ranking can be represented through different icon sizes.
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Fig. 8. Geo-visualization with object dependencies

Fig. 8 highlights the dependency of doctors from hospitals; hospitals play the role
of aggregators. Being hospitals geo-referenced objects, than the map can be exploited
even though addresses do not characterize doctors. The map shows that hospital I has
two doctors with high rating; hospital 2, instead, has two doctors but with a lower
rating, and hospital 3 has three doctors with a lower rating. The hospital index is also
a representation of the global ranking, which is in this case globally associated with a
hospital, by aggregating the ratings of doctors, and by considering the user’s location.
Once the different combinations are displayed on the map, then pop-up windows can
show more attributes about hospitals and doctors.

4.3 Timeline Visualizations

While geographic maps are very effective for relating objects that are located in
space, timelines are effective for relating objects that are located in time. Fig. 9 pro-
vides a visualization example for a search about author’s productivity, both in terms
of publication indexes (e.g., the Hirsch Index) and of yearly production. Authors are
locally ranked by their publication index; the yearly productivity of an author is
measured by the number of published articles (divided in journal and conferences)
and books; the local ranking is a weighted sum of such measures. The global ranking,
which takes into account the publication indexes, the yearly production, and how
recent is the production (recent production is most highly ranked), presents the “most
productive recent years of high-ranked authors”.
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Fig. 9. Timeline representing scientists’ productivity over the years

This information is presented on a timeline, having on the time axis the year of
production, and presenting every author on the same line. Authors are listed in “or-
der” of their Hirsch ranking, and the visualization highlights the most productive pair
author-year, initially centered on that author and year; the author-year pair is high-
lighted (e.g., being encircled and colored). Author information, reported on the left of
the timeline, is the name and H index; yearly production has three icons representing
papers, articles and books, with the appropriate number below the icon, placed in the
timeline. The three combinations with higher global index are highlighted, and a
scroller allows moving to the subsequent combinations; scrolling the combinations
has the effect of moving along the timeline and the authors. This representation is
inspired by Envision [10].

The automatic generation of such representation uses the assumptions that yearly
productivity is related to time intervals (therefore it can be represented by a timeline),
and that each yearly productivity item functionally determines an author; therefore,
each author can be associated with a single timeline. Then, author’s local ranking is
the H-index, which is represented, while yearly productivity’s local ranking is a com-
bination of the number of publications, which are also represented; and the global
ranking is explicitly represented by highlighting. A similar representation could dis-
play the severity of hospitalizations of a family of chronically ill patients, with each
patient represented as a line in a timeline, hospitalizations reported as intervals on the
timeline, and severity of treatment reported as indicators close to the intervals. The
presence, type and duration of given treatments could be also reported graphically.
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Fig. 10. Representation of combinations ranked by ratio attributes

4.4 Representation in the Lack of Suitable Interval Dimensions

While in the above examples the objects to be displayed include interval dimensions
with an associated graphic representation, in the general case objects may lack such a
property. Then, their visualization may resort to other object properties, especially
when such properties are associated with the object’s rankings.

Assume a query about reaching a given location by combining trains and local
transportation (taxi or bus). Assume that each such transportation has a cost and dura-
tion, and assume that they can be ranked locally and globally by a suitable function of
their local and global costs and duration. Note that price and duration both belong to
“interval” attribute types according to the categorization of Section 3.2. Then, Price
and Time can be used as axes of a Cartesian space.

In the representation of Fig. 10, we highlight the global time and global duration in
the space, and then enclose the first, second, and third combinations according to the
global ranking (and let other combinations be accessible e.g., through a scroller). The
presence of two objects is represented by the fact that each location in the space is
associated with two objects, and by clicking on the object one can read the details
about the train and local trip, including its duration and cost.

Finally, assume the case when ranking is based on ordinal dimensions. Let’s con-
sider an example involving a vacation package where two ordinal dimensions de-
scribe the price-range of the package (e.g., in hundreds of Euro) and quality of the
hotels being used (from five to three stars), described in Fig. 11.
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Fig. 11. Example of ordinal-quantitative visualization

Assume then that the global ranking function takes into account both these features
and is based on a price-performance ratio. In such case, one of the dimensions (say,
the quality of hotels) is used as reference in order to organize the space in five col-
umns, and then the packages are presented as nodes in these columns, named by the
principal attraction (e.g., “Nile Cruise”), in price-range order. The global ranking is
presented by highlighting the three combinations that present the “best” price-
performance according to the global ranking. Fig. 11 also shows the presence of two
timelines, selected by the user in the query, and the effect of seasonal changes (e.g., of
prices and hence on global ranking) on the choice of top combinations. The system
may enable selecting trips (e.g., by country, availability during the year) so as to in-
spect the vacation packages of interest; once selected, the properties of the packages
can be described further by inspecting pop-ups associated with each node.

5 Conclusions and Future Work

This paper has presented the general method that we intend to use in generating visu-
alizations for multi-domain ranked data, and illustrated some representative examples
that are currently driving us in building the method. Building a generic visualization
tool, able to analyze the visualization data model and produce a suitable representa-
tion without being driven by other knowledge about the application domain, is a very
challenging task. While the first examples that we have constructed ad-hoc seem
promising and yielding to general rules of good applicability, the actual validation of
the approach requires a formalization of the data and visualization models, aimed at
identifying the most relevant properties that can guide the visualization process. Such
formalization will be inspired to some past works that have already identified collec-
tions of rules to guide the visualization process for relational structured data, but it
will take into account the peculiarity of the Search computing result set.
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We will also try to overcome some limitations of past approaches, such as the lack
of formal checking of the visualization correctness [4]. An extensive experimentation
with users will also allow us to assess the effectiveness of the produced visualizations,
and to investigate to which extent totally automatic processes for the visualization
generation should be preferred to participatory paradigms where the user is directly
involved, e.g., by means of preference expressions, to the construction of the visuali-
zation spaces.
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