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Abstract. Information visualization is a processthat transforms information
into a visual form, thus enabling the user to observe it. By graphicdly
presenting data, the user may discover new and wseful properties, their
correlations, and also deted posshble deviations from the expeded values. In
this paper, after discussing some ideas abou possble fruitful use of
visualization for data mining, we present a visualizaion modde we ae
developing in the mntext of a projed funded by the European Union. The
projed aims at offering on-line innowative services to suppat the business
processes of trade fairs, both red and/or Web-based virtual fair. Thismodue
generates data visualizaions on the WWW, which are exploited to fadlit ate
human-computer interadion, to alow eay accessto the stored data, and to
present the retrieved information in appropriate ways, thus helping wsers in
their data analysis adivities.

1 Introduction and Motivation

Visual representation have the caability of shifting load from the user's cogntive
system to the perceptual system. Indeed, information reeds to be visualized in an
information spacein order to be retrieved by wsers. This visuali zétion can either be
caried ou by the users in their own mind, in which case it is esentially the users
conceptualisation d that information, or it could be acomplished by the system, in
which case the visualization is generated onthe display screen. The latter isadualy
cdled information visualization, and is defined as "a process of transforming
information into a visual form enabling the user to olserve information” [1]. Recent
reseach has proved that a suitable visualization can reduce the time to get
information, and to make sense out of it. In the field of information systems,
visualizations have awide range of applications: they can be used for visualizing
various types of meta-information, as well as queries and retrieved results.
Moreover, by allowing dyramic user control of the visual information through
dired manipulation grinciples, it is possble to traverse large information spaces and
fadlit ate amprehension with reduced anxiety. In a few tenths of a second, humans
can remgnize fedures in mega-pixel displays, identify patterns and exceptions,
recdl related images. The use of proximity coding, colour coding, size ®ding,
animated presentation, and user-controlled seledions enable users to explore large
information spaces rapidly and with fun.



Because of these characteristics, we believe that information visualization
techniques may be very fruitful for data mining [2]. They may especially support
post-processing activities necessary to fully understand the results of a data mining
application [3]. Information visualisation can be also considered in some way a data
mining technique itself, and the one that involves more interaction between users
and system. Indeed, graphically presenting data may allow user to discover new and
useful properties, their correlations and also detect possible deviations from the
expected values. Use of colour may highlight data aggregations, use of animation
may allow to quickly go through multiple levels of details (see for example [4]). A
further advantage of this type of techniques is that users do not need to know what
kind of phenomena they should observe in order to discover anything interesting or
unusual. We are confident that useful techniques can be derived from the
information visualization area to support the work performed by machine learning
and data mining communities for analyzing huge amount of data.

In this paper, we describe how some visualization techniques can be advantageously
applied in FAIRWIS (trade FAIR Web-based Information Services), a project
funded by the European Union, which aims at offering on-line innovative services
to support the business processes of trade fairs, both real and/or Web-based virtual
fair. More specifically, the paper is organized as follows. In Section 2, we briefly
survey some information visualization prototypes that primarily inspired our work.
We then discuss some information visualization guidelines in Section 3. Section 4
describes the FAIRWIS project, while Section 5 illustrates the visualization
techniques that are exploited to allow easy access to the stored data, and to present
the retrieved information in appropriate ways, thus helping users in their data
analysis activities.

2 Information Visualization Prototypes

We are all familiar with direct manipulation interfaces; their success testify the
power of using the computer in a more visual manner. Direct manipulation is based
on some fundamental concepts, such as the visualization of actions and objects of
interest, the use of fast, incremental and reversible actions, and the immediate
visualization of the result. Visual displays give the possibility of showing
relationships by proximity, containment, connected lines, color coding, etc.
Highlighting techniques, like blinking, brightening, reverse video can be used to
focus the attention to specific items among thousands of items. Rapid selection can
be performed by pointing to avisua display.

By visualy presenting information, we exploit the potentiality of visual perception
of human beings. Visual presentations are particularly useful since they allow users
to activate perceptual procedures to quickly obtain the desired results. Such
procedures substitute the logical inferences the user should perform without a visual
presentation.

Exploring large multi-attribute databases is greatly facilitated by presenting
information visually. Among different visualization techniques of databases
proposed in the literature, Ahlberg and Shneiderman have proposed starfield
displays [5], that plot items from a database as small selectable spots (either points



or small 2D figures) using two of the ordinal attributes of the data as the variables
along the display axes. The shown information can be filtered by changing the
range of displayed values on either axes. If thisis done incrementally and smoothly,
the result is zooming in and out on the starfield display, and the user can track the
motion of the spots without getting disoriented by sudden, large changes in context.
The values of other attributes of the database can also be varied by the user through
appropriate widgets that allow performing dynamic queries [6]. This is a very
interesting visual query formulation technique (see [7] for a classification of such
techniques), based on range selection, i.e. it allows a search conditioned by a given
range on multi-key data sets. The query is formulated through direct manipulation
of graphical widgets, such as buttons, sliders, and scrollable lists, with one widget
being used for every key. The user can either indicate a range of numerical values
(with a range dlider), or a sequence of names alphabetically ordered (with an alpha
dider). Given a query, a new query is easily formulated by moving the position of a
dider with a mouse; thisis supposed to give a sense of power but also of fun to the
user, who is challenged to try other queries and see how the result is modified.
Higher usability is ensured if the query results fit on a single screen and are
displayed quickly, i.e. within a second [8]. Moreover, input and output data are of
the same type and may even coincide. As a consequence, dynamic query
applications typically encode multi-attribute database items as dots or colored
polygons on a starfield display.

A first application of dynamic queries is shown in [6] and refers to a real-estate
database. There are dliders for location, number of bedrooms, and price of housesin
the Washington, D. C. area. The user moves these diders to find appropriate houses.
Retrieved ones are indicated by bright points on a Washington, D. C. map shown on
the screen. Another interesting application that combines dynamic queries and
starfield displays is FilmFinder [5]; it alows information about movies to be
retrieved by providing names of actors, actresses, or movie directors through
Alphadiders, or values of other attributes through appropriate range diders and
buttons. The user can select some values by using a dider, and this first choice
determines the set of values that can be selected with the remaining widgets. For
example, if the user has selected a specific movie director, only names of actors and
actresses who worked with that director can be selected next. This strategy is called
tight coupling and it is aimed at preventing users from specifying null sets. In other
words, query widgets and their related query formulation mechanisms are designed
to interact with each other to avoid empty query results; this is achieved by
restricting users to specify query criteria that lead to non-empty results. A tightly
coupled query is then a series of filters selecting a subset of a database. For each
new filter that is set, users can only select values of the remaining filters that let
through at least one database object still existing after the last filter.

Dynamic queries are also called direct-manipulation queries, since they are based
on the same fundamental concepts of direct manipulation illustrated above. One of
the big advantages of such interaction technique is that it allows focusing the
attention on the task users have to perform. Objects of interest are all displayed so
that actions occur in the high level semantic domain. Each command is a
comprehensible action in the problem domain whose effect is immediately visible;
this relieves the user from the burden of decomposing tasks into syntactically
complex sequences, thus reducing user load in problem solving. The dliders are a



good metapha for the operation o entering a value for a field in the query:
changing the value is dore by a physicd adion instead of entering the value by a
keyboard. Such adion is easily reversible by moving the drag box if the obtained
results are not what users expeded. No adion isillegal, hence eror messges are
not needed. More references to work on dyramic queries can be foundin [9].

At Xerox PARC in the last ten yeas a group d reseachers has developed several
information visuali zations, with the am of helping the users understand and process
the information stored into the system [10, 11, 12, 13]. They have aeaed the
"information workspaces', i.e. computer environments in which the information is
moved from the original source, such as networked databases, and where several
todsare & disposal of users for browsing and manipulating the information. One of
the main charaderistics of such workspaces is that they offer graphicd
representations of information that fadlit ate rapid perception of the overall patterns.
Moreover, they use 3D and/or distortion techniques to show some portion d the
information at a greder level of detail, but keguing it within alarger context. These
are usualy cdled fisheye techniques [14], or aternatively focus + context, that
better gives the ideaof showing an areaof interest (the focus) quite large and with
detail, whil e the other areas are shown successvely smaller andin lessdetail . Such
an approach is very effedive when applied to dacuments, and also to graphs[15]. It
achieves a smocth integration d locd detail and dobal context. It has more
advantages of other approades to filter information, such as 1) zooming a 2) the
use of two o more views, one of the atire structure and the other of a zoomed
portion; the former approach shows loca detail s but looses the overall structure, the
latter requires extra screen space ad forces the viewer to mentally integrate the
views. In the focus + context approad, it is effedive to provide aimated
transitions when changing the focus, so that the user remain oriented aaoss
dynamic changes of the display avoiding unrecessary cogritive load. The
Perspedive Wdl [10] provides a good example. For other techniques developed at
Xerox PARC see[11].

Numerous prototypes have been propased for information visualization. The ones
mentioned above ae among those providing nowel ideas that have inspired ou
work. A very goodreference for a survey of information visuali zetion techniques is
[16].

3 Supported Tasksin Information Visualization

There ae many visual design gudelines. A central principle for information
visualization might be summarized in the Shneiderman’'s Visual Information
Seeking Mantra "Overview first, zoom and filter, then details on demand” [17]. The
overview allows the user to grasp the content of the goplication and its distribution
aaoss the different attributes. Providing an owerview is particularly useful in
WWW interfaces for information systems that give users dired access to the
content and interconredions within an information danain. WWW navigation
shoud be stimulating and attradive for the users; unfortunately, due to the large
amourt of accessble information, the search of some detail ed information can often
bemme along and complex adivity for the user. One of the main problem is the



difficulty users have in generating their mental model of the system they are
interading with; it can be difficult for them to grasp the kind d information stored
and the modality for managing it. Such a problem is particularly serious snce
WWW interfaces are mostly used by occasional users, who are nat willi ng to
perform an in-depth study, but neal to easily grasp the kind o information they can
have and want to get it quickly.

Zooming is ancther interesting task, since users typicdly have an interest in some
portion d a mlledion, and they need tod s to enable them to control the zoom focus
and the mom fador. A satisfying way to zoom in isto pdnt to a location and to
issie a Doming command. Smoath zooming helps users to preserve their sense of
position and context. Another popuar approach for keeuing the context while
zooming some aeas of interest is the fisheye strategy [14]; the fisheye distortion
magnifies one or more aess of the display.

Users may filter out uninteresting items, so that they can quickly focus on item of
interest. Dynamic queries applied to the itemsin the olledion constitute one of the
key ideas in information visualization [5]. Sliders, buttons, or other control widgets
couped to rapid display upchte ae used for the filter task.

We can seled an item or a group d items to get details. Once we have obtained a
few dozen o items, it shodd be eay to browse the details abou the group «
individual items. The usual approad isto smply click on an item to get a pop-up
window with values of ead attribute. In Spatfire [18], the details-on-demand
window can contain text with links to further information.

Besides the four tasks expli citly mentioned in the Shneiderman's Mantra, threeother
tasks are very useful in information visualization, namely relate, history, extract.
Referring to the first, users can view relationship among items. In the FilmFinder
detail sson-demand window [5] users could seled an attribute, such as the film's
diredor, and cause the direcor Alphadider to be reset to the director name, thereby
displaying ony films by that diredor. The Table Lens emphasizes finding
correlations among firs of numericd attributes [11].

We can keep ahistory of adionsto suppat undq reply, and pogressve refinement.
Information exploration is inherently a process with many steps, thus keeping the
history of adions and all owing usersto retracetheir steps is important.

Once the users have obtained the item or the set of items they desire, it would be
useful for them to be ale to extrad that set and to store into afile in a format that
would fadlit ate further uses, such as £nding by e-mail, printing, inserting into a
presentation padkage. As an aternative to saving the result set, they might want to
save the settings for the control widgets.

4 DataAnalysisin Trade Fairs: the FAIRWIS Proj ect

FAIRWIS (Trade FAIR Web-based Information Services) is an on going project at
the University of Bari, funded by EU this project aims to offering on-line innovative
services to support the business processes of real trade fairs as well as providing
information services to a great number of exhibitors organised in a Web-based
virtual fair. FAIRWIS has a real time connection with an underlying database to
guarantee coherence of data and up-to-date status.




Traditionally, information media for suppating trade fair events is paper-based:
boolets, flyers, maps, etc. are the means used to exchange information. In recent
yeas, some Web-based information sites have been made available, providing
information bdh ontrade fair events and oncompanies participating in these fairs.
However, these data ae not organised in an integrated, homogeneous and
comprehensive way, since are usually presented in a rigid pre-designed company
oriented style. Moreover, currently available Web sites exploit static data that it is
difficult to updite andto pu on-line in an appropriate format.

Presenting cita onthe WWW in a mnvincing and understandable way requires a lot
of work when data change dynamicdly; in particular it is difficult to modify the
graphicd layout withou disorienting the users. We describe a modue of the
FAIRWIS system, devoted to the generation d data visuali zations that are exploited
to fadlit ate human-computer interaction and to allow easy accessto the stored data.
By presenting the retrieved information in appropriate ways, spedfic caegories of
user to whom FAIRWIS is primarily addressed, namely fair organisers, exhibitors,
and pofesgonal visitors (people who \isit the fair for businessreasons and nd only
for fun), will get a valuable help in the different phases of the dedsion making
processes they may undergo to improve their own business

FAIRWIS aims to bah suppat red trade fairs and dfer on-line innowetive services
regarding a virtually unlimited number of companies, products and events. The
whole mncept of trade fairs is transferred into an eledronic form, and visuali sation
techniques, including virtual redity, are used in order to provide “redity” fedings
to the users of trade fair information systems. The projed does not aim at
substituting, but at enhancing the existing traditional approach of getting people
together.

The software modu e here described presents a WWW interfacethat all ows usersto
ealy retrieve information useful for their marketing adivities. The am of the
FAIRWIS marketing comporent is to manage and improve interadive relationships
among the FAIRWIS users. More spedficdly, fair organisers and company
managers may forecast their company adivity onthe basis of history data avail able
in the database. To this purpose, they need techniques that enable them to discover
spedfic trends of the stored data. To provide support to the usersin this process we
have developed a prototype that exploits an information visualisation technique
known as query previews[19]. It is presented in the next sedion.

5 Analyzing FAIRWIS Data Through Query Previews

Within the FAIRWIS projed we examined hundeds of Web sites related to trade
fair events and we discovered that most of them do nd provide axy mechanism for
analysing the data they may possbly store in underlying databases. A web site that
makes me kind d data analysis is CIBUS, a fair event of Fiera di Parma trade
fair, which stores in a database data of the exhibiting companies, and makes them
available for the final user on the WWW [20]. The users can make query by
choasing the filter criteria of several attributes, thus retrieving the companies that fit
their needs.

As down in Figure 1, the user may choose anong the dtributes sich as the



company sedor (settore di produzione), the product type (tipologia), the company
income (classe di fatturato), the number of employees (numero dipendenti) and so
on. When the user has sleded some of these dtributes, he or she dicks on the
button “inizia ricerca” to retrieve the companies of interest. This kind d interface
has ©me drawbadks. It does not provide the user any hints about the atual content
of the database, for example the user doesn’t know if there ae exhibitors whose
company sedor is carni congelate or if there ae exhibitors coming from a cetain
town. As a ansequence, after the user has gent time for inputing several attribute
values, very likely he or she gets as result an empty dataset, as sown in Figure 2,
where the message in Italian says that the seach did na find any company.
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Fig. 1. A screenshot of CIBUS: the user can input values of several attributes to find the
companies of interest.
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Fig. 2. Theresult of aquery in CIBUS often gves an empty data set.

To owercome these problems, in FAIRWIS we designed a visualizaion tod that
provides users a rapid overview of the information stored in the fair database in
order to suppat the users data analysis. This overview shows the data distribution
along some major attributes. Then, we use dynamic queries and qLery previews to
suppat efficient query formulation [19]. As we said in Sedion 2 dynamic query
user interfaces apply the principles of dired manipulation and imply: 1) visua
representation d the query and d the results; 2) rapid, incremental and reversible
control of the query; 3) seledion by panting (no typing); 4) immediate and
continuous feadback.

Query preview interfaces provide the possbility of easily getting preliminary
information abou data interesting for the user, making visible the problems or gaps
in the metadata that are undetedable with traditional form fill -in interfaces. In this
way, the user may rapidly eliminate undesired datasets and also preview the size of
the result set to avoid the so-cdled zero-hit queries, i.e., queries that provide an
empty set as result.

In order to seehow a query preview interfaceworks, let us refer to the FAIRWIS
prototype. Let us suppase the organiser of a fair on agriculture wants to perform a
segmentation d the exhibitors of the last edition d the fair. In order to help the
users (in this case fair organisers) in their analysis, we dlow them to some mgjor
attributes for generating a data overview and then perform some query previews.
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You can segment the companies that exhibit at the fair by selecting three of their attributes
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Reset Retrieve

Fig. 3. A first Web page in which a user is invited to select three major attributes.

In Figure 3, the user can select some attributes (three in this prototype) of interest.
Let us to suppose that the user selects the attributes Fair sector, Geographic Area,
Requested services. The resulting overview is shown in Figure 4. In the overview,
data distribution is displayed along these attributes.
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Fig. 4. A Query Preview interface for Fiera Agricoltura 2000.

The user immediately gets a lot of information from the overview: for example, no
company comes from South Africa (Africa meridionale) so that it is useless to
perform any query with Africa meridionale as Geographic Area since it will return
a empty data set. The user also sees that 96 exhibitors come from Central Europe
(Europa centrale), and so on.

The interface allows the user to perform previews of data, for example by clicking
on the value Conservaz dei prod agricoli, only the records with this attribute value



will be seleded and the number of retrieved datais updated consequently, as s.own
in Figure 5. We dso provided the possbility of sorting the shown elements. The
user can sort the values in numericd order by clicking onthe icon ontop d the
numerica value of the retrieved record.

If the query preview shows too many reoords, it would na be useful to visualize dl
of them. In this case, the system all ows query refinement by clicking onthe button
“Refine query”. The query refinement phase suppats dynamic queries over other
relevant attributes of the database. In this way, the user can get a reduced set more
meaningful for his or her interests. Once we get the list of the retrieved records,
detail s on a spedfic record can be obtained by clicking onan element of the ligt,
and a window with al available information onthat spedfic company appeas on
the screen.
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Fig. 5. Results of a query preview. The user has sleded the value Conservaz dei prod
agricoli for the atribute Fair sector and only the 326 companies exhibiting in that sedor are
retrieved.

6 Conclusions

The prototype presented here is part of the on-going projed FAIRWIS caried ou
with ather partners in the European Union. FAIRWIS primarily addresses the neals
of professonal users in the fair context, namely fair organisers, exhibitors, and
vigitors attending the fair for businessreasons.

We have shown some functionaliti es of a data analysis engine modue that allows
users to easily retrieve information useful for their marketing adivities. The modue
exploits information visualizaion techniques that are cgable to gve to the users
useful hints on meaningful patterns of data. As Kldsgen says, “knowledge discovery
in databases can be divided into paradigms guch as sach, visualization, navigation,
and low level strategies for seaching and evaluating petterns. Visualization gves a



feding for the contents of the data and presents findings’ [21]. Our work is in
acordance with this perspedive.

Other todls are under development in order to allow the FAIRWIS users to manage
their interadive relationships, and to improve their company adivity by letting
them to dredly take full advantage of the data available in the system database.
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