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templates along with a set of criteria which can be used to
drive their application. A Multimedia Semantic
Presentation Template (MSPT) defines the main structure
of a multimedia presentation, and indicates the
presentations and basic interaction techniques to use and
how to compose them.

ABSTRACT

This paper presents and discusses the use of Semantic
Multimedia Presentation Templates which capture
presentation structures that are suitable for communicating
semantic data relationships occurring across many
applications. The identification of the space of the possible
presentation templates along with criteria to evaluate them
that depend on the current task, data cardinality and other
aspects, is very useful for supporting the automatic
generation of effective query result multimedia
presentations.

In this paper we focus on the design space of the
multimedia presentation techniques for these purposes, and
we propose criteria to identify the most suitable one.s. We
briefly describe the works related to our approach and we
present our method. We then introduce the concept of the
presentation template and the space of the possible
templates that we have identified, in the following sections
we discuss the templates designed for a set of semantic data
compositions. Then we give an evaluation of the templates
identified depending on the task considered. Finally, an
example of an application is given.

KEYWORDS: Model-based User Interface Design,
Multimedia Templates, Query Result Presentation, User
Tasks
INTRODUCTION

The increasing availability of tools for the design of
multimedia user interfaces has not yet been followed by a
clear definition of the concepts which drive the generation
of multimedia presentations, especially when large
structured data sets are considered. To this end we believe
that one key element for obtaining effective presentations is
to find semantically meaningful data relationships and to
identify suitable presentation structures that highlight these
aspects effectively.

RELATED WORKS

One significant contribution showing how to use data
relationships for generating effective presentations was
given by Mackinlay [7]. Unfortunately at that time
multimedia technology was not yet widely available and so
the author only considered simple graphics at a presentation
level. Casner [3] showed how to enrich this approach by
using information derived from the knowledge of the task
to perform, though the tasks he considered were rather low
level and limited in terms of number. Sutcliffe and Faraday
[11] developed a first proposal for relating the type of task
that the presentation should support with indications on
how to obtain effective multimedia presentations. Although
these indications are interesting, they are associated with
abstract classifications of tasks which often need more
work from designers to be further refined in specific case
studies.

We have developed an approach [1] that focuses on the
generation process of presentations of database query
results in multimedia environments. The method is based
on an initial analysis o f the data selected by the query
together with the cardinality of the resulting set and the
data types of the database attributes involved. The data are
then composed using operators that highlight specific data
relationships. These operators define a small set of
semantic relationships which can occur across many
applications. Finally, depending on the presentation
properties of the selected data, the capability of the user
interface environment and the current user task [4] [9], the
most suitable structure to effectively present the
information is identified.

In [6] the concept of the template is used to structure
information systems for hypermedia, whereas we use it for
structuring classes of multimedia presentations. In [5] there
is a proposal to integrate hierarchical planning to achieve
communicative goals and task-based graphics design for
automatic multimedia presentations. This proposal is based
on the identification of important information in large data

To support the automatic design of presentations of query
results we introduce a set of multimedia presentation
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involved in the query, instead of presenting the results in a
tabular way, the Merging operator will generate a unique
resulting object in which the image is presented as a
background of the concatenated string of the first two
at~'ibutes.

sets, whereas we focus on the identification of relevant
recurring semantic data relationships. In [12] there is a
proposal to characterise the space of existing techniques for
interactive visualisations. The taxonomy proposed has quite
broad purposes whereas we want to focus on multimedia
presentation techniques, which highlight the set of semantic
relationships that we have defined.

A Quantitative Composition can only be used when
quantitative values are involved in the query, The result
produced is a certain type of graphic, whose characteristics
depend on the data to be presented, their cardinality, and
also the type of user task. The Simple Composition
operation is the simplest case of composition. The PTs
involved are presented together, and they are arranged in a
way that does not reflect any particular organisation and
semantic criteria. It is usually used when none of the other
operators can be applied.

OUR METHOD
We have developed

a method, SPQR (Suggest
Presentations for Query Results'), which is supported by a
tool implemented in Java. The method starts with a set of
data, in a tabular form (resulting from a query to a
multimedia database), and tries to grasp whether any
relation exists among the resulting values. The goal is to
arrange the result in a way that can be effectively perceived
by the user. In doing so SPQR receives some information
from the database system, such as the data type of each
individual column, statistics about them, integrity
constraints, etc. It also receives information concerning the
available presentations for each data attribute.

Figure 1 shows an overview of the first phases of SPQR.
The database generates the query result, which is analysed
by the Semantic Module. This module considers the
semantic data relationships and, by applying the
composition operators, generates a set of semantically
correct compositions of all the data involved in the query
result.

Semantic Analysis

All the information that SPQR can receive from the
database system is organised and supplied by the Data and
Presentation Types Model (DPTM). This is an extension of
a traditional database model, obtained by the introduction
of Elementary Presentation Types (EPT). This new
dimension describes the possible types of presentations that
are associated, in a multimedia environment, with every
database entity attribute. For every entity attribute one or
more EIYFs can be specified (for example: numeric, string,
text, hypertext, icon, image, audio, video). SPQR uses some
composition operations, so that new presentations (PTs) are
obtained, starting
fi'om elementary presentations.
Composition operators indicate how to aggregate data,
taking into account semantic relationships among them.
The possible composition operations we have identified
are: Simple Composition (S), Grouping (G), Merging (M),
and Quantitative Composition (Q).
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The Grouping composition is generally applied when a t n (one-to-many) relation between the values selected is
verified. For example, a query result can select the
Nationality and Director data attributes from a film
database. For the user it would be better to receive a
presentation more immediately readable presentation,
where it is easier to identify the nationality of each director
than in the usual tabular presentation. In a Grouping
composition the data attribute with the least distinct
elements (Nationality in this example) is called the
Grouper attribute and the other data attributes (Director in
this example) are called Grouped attributes.
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The Merging operation is used when we present a semantic

continuity among data through a perceptive continuity.
Thus the idea is to merge presentation units which will be
perceived by the user by one single perception action. This
means that the Presentation Types involved will either
overlap or be adjacent or generated at the same time by
different media. For instance, if the three attributes First
Name, Last Name and Photo of movie directors are

Figure 1: The identification of the set of correct
presentations
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The Presemation Module first associates each composition
operator with the space of the related MSPTs. If {A~, A 2.....
Aq} are the data attributes involved in the query result and
op~ is a generic composition operator then the Semantic
module generates a set of N representations {S, S 2..... SN}
which are semantically correct. Each representation S~(i=LN~
is defined in terms of the attributes involved in the query
result and the available set of composition operators.

MULTIMEDIA SEMANTIC PRESENTATION TEMPLATES
A Multimedia Semantic Presentation Template (MSPT)
identifies a solution to a recurring presentation problem.
Given a template we can define a set of sub-templates that
share the basic design choices of the template but vary in
some minor aspects. Semantic Presentation templates are
designed in such a way to associate immediate perceivable
structures with the semantic relationships to highlight.

For each representation

Each template can be characterised by a short description,
an indication of its limitations, an indication of the tasks
that it is most suitable for supporting, and criteria for its
effective use. We have identified a hierarchy of classes of
templates for each semantic composition operator. So far
we have implemented seven classes of templates for the
Grouping composition, three for Merging and four for
Quantitative Composition (Figure 2). Some sub-templates
have been identified too.

®

Si(i=l, ,.., N)we

have to consider that :

each attribute Aj0=~.,~ is associated with a set of EPTs
which we have called Map(Aj)
each composition operator ope is associated with a set
of Multimedia Semantic Presentation Templates
MSPT(op c) = {pt 1, pt 2..... pt~} whose application also
depends on the EPT associated with the attributes
involved by opt.

Thus we not only have a set of data aggregations which
semantically correct but each of them represents
equivalence class of presentations which are obtained
associating each composition operator with
corresponding set of Presentation Templates.

Grouping

are
an
by
the
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Cone Tree /

•____

Dynamic~

Presentation Analysis
In the Presentation Module some criteria are applied in
associating compositions of data with multimedia
presentation templates. The main aspects considered are:

--Graphical ~
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O v e r l a p p i n g ~ Background
"Topographic Map

the semantic properties of the operators. For example
we consider the preconditions to apply the operators
and the priority of each operator (Simple Composition
has the lowest priority whereas Merging has the
highest priority)

~Atignment
Static -~.._~..~_. Partially
List-Box

Merging

the features of the MSPTs (the cardinality of the
selected data, the compatibility among the EPTs
involved in the composition)
•

Hypermedia
Menu Pull-down

--Adjacent
AudioGraphical
Overlapping

I

limitations of the hardware available for generating the
presentation.

QuantitativeComposition
Quantitative With Audio
Size Quantitative
Colour
~Bar
Chart
$ f
Jittering
Graphical~
Scatter Plot
~ - Line Chart
"Pie Chart

When a Presentation Template does not support one of
these criteria it is discarded by the Presentation Module.
For example if we have to present a large amount of data,
many MSPTs are not suitable for supporting the
presentation. Another example is when a certain
representation S i' has already applied an MSPT using audio
output, thus this media cannot be used for presenting other
data at the same time.

Figure 2: The classes of MSPTs implemented
TEMPLATES FOR GROUPING OPERATORS

The resulting sets of data compositions with the related
MSPTs are sent to the Effectiveness Module, which selects
the most effective presentation for them. However,
identifying the most effective presentation is complex since
there are usually many possible candidates. We are
convinced that all the semantics aspects cannot be grasped
by only considering the data, and knowledge of the user
task can give additional information which is useful for
identifying effective presentations.

The

Grouping composition captures semantically

meaningful data groupings, thus the related MSPT should
highlight that there is a data attribute (the Grouper) whose
values are referred by multiple values of Grouped
attribute(s).
We have designed MSPTs following various approaches. In
some cases they are based on the spatial location which is
structured so that the user can perceive correctly the data
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relationships. In these cases the semantic dependencies are
expressed very explicitly and the information is provided
accurately. In some cases the data relationships arc
structured in such a way that specific techniques are
required to present the data. For example, if hierarchical
relationships are present in a large data set then suitable
templates are Cone Trees [10] or techniques which allow
the user to have an overall vision of the query result and, at
the same time, to obtain more detailed information

all the Grouped values are presented with a good accuracy
in a relatively limited area (see example in Figure 4).

(Dynamic Grouping).
There are templates designed on the basis of human
cognitive abilities. They exploit the ability to compare
presentations of different values. For example, it is possible
to use different colours to present a set of labels. Thus the
user perceives that the labels which share the same colour
form a different group f?om the others (CoIour Grouping).
Finally, there are templates that exploit more multimedia
techniques and so, if used correctly, they can communicate
the information in a way that is immediate to perceive. For
example, if we use audio to present either the Grouper
values or the Grouped values, the semantic relationship is
expressed by introducing temporal constraints in their
rendering: the logical closeness between Grouped values
and Grouper values is expressed by temporal closeness.

Static Grouping
We can begin a more detailed discussion about MSPTs for
Grouping operator by considering Static Grouping. In this
case the values associated with the grouped attribute are
presented lined up vertically, horizontally or obliquely. The
corresponding value of the Grouper attribute is presented in
an adjacent area. To highlight the different data meanings
of the data attributes involved and the relationships among
them it is important to use specific layout techniques (for
example, the presentation of the values of the Grouper can
be indented or centred with respect to the area associated
with the Grouped attribute). For example, if the user query
selects the available films produced by Walt Disney and the
Paramount, the template can provide the result shown in
Figure 3.

Figure 3: Example of a Static Grouping MSPT

We consider ng the number of values of the Grouper
attribute which it is possible to present without using a
scrollbar to control the output window, n, is the total
number. Note that n~ depends on the dimensions of the
objects used to present the values of the data attribute and
on the resolution of the output area available. If it is not
possible to present immediately at least one value of the
Grouper with its corresponding Grouped values, the user
cannot grasp the spatial relationships which implement the
template. Instead, if ng is strictly more than one (Figure 3)
then the user can see a recurrent relationship. The more the
relationship occurs the less the user will think that the
spatial structure between Grouper and Grouped is random.

Figure 4: Example of a List-Box Grouping MSPT

GraphicalGrouping
The basic idea of Graphical Grouping is to use graphics to
show related semantic conditions. In one possible subtemplate a plot chart is used to present the Grouping: one
axis is associated with the Grouped attribute, the other with
the Grouper attribute. The Plot Chart technique allows

In the List-Box sub-template the values taken by a Grouped
attribute correspond to the elements in a list. The associated
Grouper value is the title of the list and its position can be
assumed to be fixed (usually in the top-left). List-box
should he used when the number of values is high, so that
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relations to be presented among data without further
constraints on their relationships.
The effectiveness of this technique is related to the current
task. For example, if the user wants to identify a specific
value, the data cardinality should not be high. Otherwise a
long search would be required because this template
provides the immediate presentation of all the values of the
Grouper and the Grouped attributes.
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explicitly: for example in the case of trees and graphs the
relationship between Grouped and Grouper is presented by
lines which connect the presentation objects associated with
the data values whereas in the case of Eulero-Venn
diagrams the Grouped are within a circle associated with
the value of the Grouper attribute. In Figure 6 two
examples of a Template application are shown.

Overlapping Grouping
In the Overlapping Grouping template the values of the
Grouped which refer to the same value of the Grouper
share the same background. We can analyse the query
result involving the Surname and Nationality attributes
both presented by string EPTs: Query_Result = {(Rossi,
Italian), (Delon, French), (Bianchi, Italian), (Ferrari,
italian), (Pasteur, French)}.

~

If we associated two different backgrounds with French
and Italian one possible presentation is shown in Figure 7:
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Figure 5: Example of Graphical Grouping MSPT
Figure 5 highlights that this technique can be effective
when the user wants to compare the cardinality of the
values associated with the different Grouper values even if
the number of the Grouped values is high.

Sculpture

I

Figure 7: Example of Overlapping Grouping
Name Location Type Image Chronology i

In this case the position of a Grouped value in a specific
area determines univocally the value of the Grouper
attribute. For example, the EPTs related to the strings
"Bianchi", "Rossi", "Ferrari" share the same background.
Similarly, the "Pasteur" and "Delon" values are grouped
by a different background. An important element in this
template is the contrast between background (the Grouper
value) and the related Grouped values.

Italy
•

i

Cone Trees

France

The Grouping operation can involve more than one
Grouped attribute (for example in Figure 8 we have a
Grouping composition with three Grouped attributes: City,
Publisher and Writer) but there is no relationship among
the Grouped attributes from a semantic point of view. From
a presentation point of view this requirement should be
expressed explicitly by preventing erroneous associations
from being inferred.
•

I

I

Figure 6: Examples of Graphical Grouping MSPTs

Cone Trees [10] are suitable for avoiding erroneous
associations among Grouped attributes. They are animated
3D visualisations which, by exploiting their hierarchical
structure, allow users to analyse effectively and
immediately the Grouping relationships among various

We have other sub-templates of the Graphical Grouping
Template which use presentations derived from traditional
formalisms such as trees and Eulero-Venn diagrams. With
these templates, the grouping concept is communicated
209

attributes. There are many versions of Cone Trees (2D/3D
horizontally and vertically oriented), their behaviour is
often similar: when a certain node is selected the Cone Tree
rotates in such a way that the selected node, along with
each node in the path from the node to the root, is brought
up and highlighted. All the substructures are rotated in
parallel following the shortest rotational path, and they are
moved so that the user can see the transformation at a speed
that the human system can follow. In this way the user can
see the relationships without making any mental effort.
When the animation is terminated no further time is
required to assimilate the modification.
If a Grouped attribute in a Cone Tree is a Grouper attribute
in another Grouping composition, then the Cone Tree can
expand by one level to show another grouping of data.

high cardinality of Grouped values, because of the transient
nature of the audio media. In fact, the audios played at the
beginning are easily forgotten.
On the other hand, an Audio EPT associated with the
Grouper attribute has to be presented so as to suggest that it
is shared with several objects (the values of the associated
Grouped attribute). For example, suppose that the Grouper
is an Audio EPT and the Grouped is a different EPT and
the Query Result = {(Manzoni, Italy), (D'Annunzio, Italy),
(Pennac, France), (Voltaire, France), (Rimbaud, France)}.
If we indicate with Window(Grouper, (Groupe@ Grouped2,
.... Grouped~)), the window which is associated with the
audio presenting the Grouper and which visualises
Groupe@ Grouped~ ..... Grouped~ in our case we obtain

W~ = Window(Italy, (Manzoni, D'Annunzio)) (Fig. 9) and
~l~ = Window(France, (Pennac, Voltaire, Rimbaud))

B
!

Germany

Figure 8: Example of a ConeTree MSPT
In Figure 8 a possible presentation with a Cone Tree is
shown. Each selected element can enable the expansion of
the Cone Tree for a number of elements equal to the
number of values of the Grouped attribute. The Cone Tree
is effective in the case of unbalanced hierarchies because a
balanced tree is difficult to follow during the rotation
because of the uniformity of its substructures. Moreover,
Cone Trees are effective even if the number of data values
is high. The Cone Tree can be effective even if the number
of Grouped attributes is one, especially if there is a high
number of data values: in these cases specific scrolling can
be exploited.

AudioVisual Grouping
In AudioVisual Grouping the presentation of the operator is
not given by visual techniques but by means of multimedia
techniques. The basic problem is in the synchronisation of
the audio and visual channels, because the first mainly has
a temporal extension, whereas the latter is mainly spatially
characterised.
An audio EPT associated with a Grouped attribute has to be
presented so as to seriatise its values and, at the same time,
to allow the user to perceive that these values are related to
the same element of the Grouper attribute. It is worth
stressing the low efficacy of this MSPT in the case of a
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"|taly"

Figure 9: Example of AudioVisual Grouping
The presentation starts with We and the audio execution of
Italy which is repeated at regular intervals for all the time
during which W/ is visible. By selecting the "Next" button
W2. is presented. The situation can easily be generatised
with a number n>2 of values associated with the Grouper
Audio.
To make the implementation of the template correct the
process related to the first value of the Grouped attribute
has to be activated at the same time as the activatio~ of the
EPT associated with the corresponding value of the
Grouper attribute.

Colour Grouping
In the Colour Grouping the values presented are those
associated with the Grouped attribute. The colour of these
values gives additional information indicating what the
corresponding Grouper value is. The relative position does
not encode any information. To allow the user to interpret
the presentation correctly, the association colour and
grouper values used should be defined explicitly. Since the

human visual system is able to distinguish effectively a
limited number of colours [8] the number of values of the
(-~rouper must not be high.

characteristic of the Merging operator. The effect which we
can obtain from the template leads to presentations such as
the one in Figure 10. We have an icon and a video
associated with the same film. The logical closeness
between the two elements is represented by the closeness of
the icon and the video.

Dynamic Grouping
In the case of Dynamic Grouping EPTs associated with the
Grouper attribute are presented in the main window and the
association with the Grouped values is performed
dynamically on user request. One sub-template can be a
hypermedia where links (associated with the Grouper)
generate the presentation of the windows which contain the
values related to the Grouped. Another example of a subtemplate is a Pull-down Menu where the Grouper is
associated with the menu title whereas the values of the
Grouped are the menu elements.

AudioGraphical Merging
We can describe AudioGraphical Merging by considering a
query result such as {(La Marseillaise, France), (Mameli's
Hymn, Italy)}. The presentation must serialise Mameli's
Hymn and La Marseillaise. In this case each of them can be
associated with a different window as in the case of
Grouping.
Otherwise another technique can be used: the sound is
executed whenever the cursor enters the region which
visualises the corresponding icon (see Figure 11).

The use of pull-down menus or hypermedia links allows
one to present effectively a Grouping with a high
cardinality of values associated with the Grouped. In fact
only the Grouper is associated with a static location on the
display. The related Grouped values are presented
dynamically at the user's request in a secondary window,
consequently less space is used on the main window.
The need to activate a secondary window to present the
Grouped values can create problems for the immediacy of
the overall presentation because the user is constrained to
navigate among various windows. Thus, this technique can
be used only when data cardinality and the dimensions of
the Grouped related EPTs do not allow the presentation of
the entire relations on the main window.

I

TEMPLATES FOR THE MERGING OPERATOR

Figure 11 : Example of AudioGraphical Merging

The techniques used to present the Merging composition
must highlight the semantic continuity among the data
values to present by using the spatial closeness of the
related presentations (Adjacent Merging) or by overlapping
their presentations.

Overlapping Merging
This template models the Merging by overlapping the EPTs
to highlight the semantic link which exists among them.

Another possible Merging template can be obtained by
using different media at the same time (AudioGraphical
Merging), and exploiting the merging capabilities of our
cognitive subsystems [2]. This means that the audio and the
video channels have to be constrained so that the logical
connection among the operands is communicated by
presenting related information at the same time.

Adjacent Merging
In the Adjacent Merging the physical adjacency between
the two EPTs implements a logical closeness which is

Fig. 12: Example of an Overlapping Merging MSPT

!

The same physical location indicates a logical link which is
expressed at a perceptual level (see Figure 12 where textual
information on the picture is presented).

J

!

TEMPLATES FOR QUANTITATIVE COMPOSITION
A precondition for the application of the Quantitative
Composition is the presence of at least one value which
belongs to the ordinal or quantitative type. The classical

Figure 10: Example of Adjacent Merging
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methods for its presentation use graphics, bar charts, plot
charts in which "the quantity" is expressed by modifying a
graphical attribute (in bar charts the length, in pie charts the
associated angle). Figure 13 shows a presentation with a
Pie Chart related to the number of books written by each
author.

process of generating effective presentations, by
considering only the Presentation Templates which are
sufficiently effective for the current task.

_ _ colouL
Maazo~
Pirandello

I ~ .... ~1i. . . . . ~ l ~ t l

AudioVis~ al
~-

Verga

~

Figure 13: Example of a Graphical Quantitative MSPT
We have also considered multimedia techniques to present
quantitative information. Both audio and graphical
attributes can be used to render quantitative information so
that the value variation is rendered by the variation of a
perceivable attribute. These techniques are suitable when
the values to present are quite different so that the user
perception system can clearly distinguish between them. If
the quantity is expressed by using audio then we use an
audio attribute, such as pitch, whose value is proportional
to the quantity of data values to present.
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Table 1 : A summary of task-based ranking of MSPTs

For example, suppose we have the following query result :
{(Evita, 1), (ET, 0), (Pulp Fiction, 4)} where the attributes
requested are Title and Availability of the Film entity. If we
associate A v a i l a b i l i t y with an attribute of the EPT Audio, it
is possible to express a quantitative value by audio.

In the task-based evaluation of templates we have
considered the semantics of the task and to what extent the
template is a suitable support. We also take into account an
initial test with a limited set of users. We plan to extend the
empirical evaluation to a wide user group.

From an accuracy point of view this template is not very
effective: its expressiveness is based on the user's ability to
distinguish sounds and to deduct some information. Its
effectiveness may vary considerably depending on the user.
In any case it is important that the sounds are sufficiently
distinguishable because an incorrect perception can
generate erroneous communications. To this end it is
possible to modify more than one Audio attribute so that
the sounds can be easily distinguished. Thus this template
is suitable for sets of values with low cardinality. The user
may want to compare two sounds several times so it should
be possible to control their execution.

The results of this evaluation are summarised in Table 1. In
this table the tasks are abbreviated (e.g. WA = What About,
Wh = Where are), whereas the ranking levels are indicated
graphically format: i....i..i...ij= low, U~21.1..i= sufficient, J..;.i =
good, ~
= excellent. The table also shows some subtemplates which appear when it is important to highlight
some differences between the sub-templates belonging to
the same MSPT.
Explore

Task

In this case the user does not want to obtain information
related to specific objects of the data base but s/he wants to
understand its structure in order to formulate more precise
queries later on. This task concerns metadata, a collection
of elements which describe the structure, the relationships
and the constraints in the database. In the case of queries
supporting this type of task the system should have MSPTs
available which highlight the structure of the database. We
thus found a low effectiveness with the templates
associated with Merging and Quantitative Composition
operators because they are not suitable for representing the
entity-attribute hierarchies contained in the schema. In the
evaluation of the effectiveness of the templates associated
with the Grouping operator we have to take into account
that often the Explore task is the first step in a user session
before starting the navigation in the database~

TASK-BASED
EFFECTIVENESS
EVALUATION
OF
TEMPLATES
Effectiveness involves the ability to provide presentations
which are easily perceivable by the user without ambiguity
so that s/he can rapidly reach his/her goal. Often there are
various presentations which are candidates for the final
presentation. The Effectiveness module has to select the
one which is assumed to be the best.
To this end it considers the user task. By analysing the most
frequent requests of groups of users working with databases
we have identified a set of classes of tasks which occur in
most applications. Each class of tasks raises specific
requirements for the design of the database user interface.
Our basic idea is to use task knowledge to improve the

212

The user interface should also enable the level of detail of
the information requested to be varied, thus facilitating the
discovery of the information available. The Colour,
Overlapping and Alignment Grouping templates are
evaluated with low effectiveness. Although they are
suitable for representing the structure of the various entities
using the related visual techniques for highlighting data
aggregation, their definition does not include possible
dynamic links to the related objects. This prevents the
interface from allowing the user to navigate in the database.

presentation of data relationships. Hypermedia has a
slightly lower evaluation because it is not very suitable for
layouts with not much data, such as summary information
about the data attribute. The templates associated with the
quantitative composition are effective for presenting a
summary of possible values of quantitative or ordinal
attributes, or to show the number of occurrences of a
generic value in the database. In this case the Graphical
Quantitative template is suitable, whereas the others are
difficult to use.

It is preferable to present the structure of a database
graphically to make it easily perceivable and interpretable
by the end user. A Pull-down Menu template performs well
because the dynamic activation of the various menus is
suitable for highlighting the entity-attribute relationship,
and if the software environment supports menus in
cascades we can also support navigation among different
levels of information. The problem is that this is okay for a
limited number of attributes, whereas if the number was
higher then the menu would be too large. Hypermedia, ListBox and Cone Tree templates are very effective: all of them
were designed to highlight the association between a value
(the name of the entity in our case) and a set of related data
(in our case attribute names, integrity constraints) thus
enabling the user to navigate by using the dynamic links
which can be associated with the presented objects. In
addition, these templates were designed to allow the
effective presentation of data with high cardinality.

Tell Me Task

Tell me implies the need for detailed information about the
contents of the database: the user needs to know the values
associated with a set of attributes by specifying some
constraints on the requested data. The corresponding result
can range from no data to a huge amount of data. The
absence of an aggregation function in the query means that
the user wants to consider the rough data. The resulting
presentation will contain no quantitative data except for the
numeric attributes. Thus the templates associated with the
Graphical Quantitative are ranked low for this task. The
only exception is the Size Quantitative because it can
provide numerical values by modifying the dimensions of
the presentation objects already in the presentation, and the
Quantitative with Audio because it presents the numerical
data with acoustic messages thus avoiding overloading the
visual space available.
In the other cases we can say that the templates of
Grouping and Merging are good except for Pull-down
menus, Hypermedia, List-Boxes and the templates which
reduce the space used on the screen. The first three are not
very effective in this case because they provide dynamic
presentations which constrain the user to search among
different windows for the data of interest. This can limit the
immediacy of the resulting presentation which for this type
of task is important unless the cardinality is high. The
others (Overlapping, Partial Overlapping, Colour and
Graphical Grouping, Cone Trees) are effective because
they provide compact representations.

What About Task

This task reflects the users' need to examine the contents of
the database. The formulation of the query is not detailed:
the user wants to have an idea of what is available on a
certain topic. The system provides a presentation which is a
summary of all the information concerning the objects
selected. It can contain the name, type and number of
distinct values for each attribute, indexes for attributes of
string type or range [min, max] for attributes with ordinal,
and quantitative values and constraints on data. Adjacent
Merging is useful for giving a compact presentation of the
key values. The other Merging templates are less suitable.
When the purpose is to show the association between an
attribute and its properties, the templates associated with
the Grouping are more suitable. Eulero Venn diagrams can
be used to give schematic summary representations of the
information contained.

What Is Task

In this case the user wants to have specific information on
the contents of the database by applying some aggregation
functions which depend on the type of information
considered.
Since most of the results provided by aggregation functions
are numeric values, the templates of the Quantitative
composition are good. Graphical templates are less suitable
because the results usually have a low cardinality. For the
same reason the Cone Tree, List-box, Hypermedia and Pulldown menu do not seem to be very suitable. They can be
used when the application decides to allow the user to
access the basic data used for calculating the result of the
aggregation function. The Overlapping templates (of the
Grouping and Merging operators) are less interesting
because they are techniques to save visual space and this is
not important in this case. The Alignment template of
Grouping and the Adjacent template of Merging are
effective because they distribute the information on the

In this case, as in the Explore case, the Colour Grouping,
Overlapping, and Alignment templates are not very
effective. The Cone Trees are not very suitable because the
quantity of information to associate with each attribute is
constant, this entails obtaining a balanced tree which can be
difficult to analyse because of the compactness of the
information (due to the uniformity of its substructures)
during the rotation of the tree. AudioVisual Grouping is not
considered because the audio media is transient and does
not provide a persistent presentation of the relationship
between attributes.
We have ranked Hypermedia, List-Box and Pull-down
menu templates highly because they give a good
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EXAMPLES OF USE
Finally, we give an example of a presentation generated by
the system, in this case the user wants to perform a What
about American directors task. The system provides a
summary of the information requested. It gives the values
of the attributes: name (Allen, Tarantino, Scorsese), photo,
and biography. The system presents (Figure 14) the
requested information by a Merging (A@cent Merging
template) among name, photo and biography because there
is a one-to-one mapping among these attributes.

display, even in the case of low cardinality by applying
metrics such as balance, symmetry and alignment which
guarantee a good comprehension of the final presentation.
A good evaluation in this case is for AudioVisualGrouping
and AudioGraphical Merging because they can present
with audio support the results of the aggregation functions.
The use of the audio media is thus suitable with low
cardinality data. Colour and Graphical Grouping also
gained a high evaluation because they are suitable for
presenting quantitative data with low cardinality thus
enabling comparisons.
How Many Task
The purpose of this task is to provide numerical
information. The user is interested in either the number of
occurrences of values, which satisfy a given constraint or
the result of some processing. This implies a good
evaluation of the template associated with the quantitative
composition (especially those which use graphics which are
easy to interpret). The other templates were evaluated by
taking into account that query results of this category can
be composed of various data and often it is better to allow
the user to access all the instances of the attributes
involved.
These criteria support a sufficient evaluation of templates
such as Hypermedia, List-box, Pull-down menu and Cone
Tree. This means that the presentation of a set of numerical
data can be structured even if they are not the best
representation for quantitative information. Likewise, we
have a sufficient evaluation for AudioGraphical Merging
and AudioVisual Grouping so that numeric values with
audio support can be provided even if their effectiveness
decreases when the amount of data increases. Graphical
Grouping can also be used, especially Plot Charts, when
the basic data which are elaborated do not have to be
presented. The remaining templates are usually not
effective.
Where Are Task
This task is for applications which manipulate spatial data.
In this case the user wants to know where one or more
objects are located. To obtain effective presentations in this
case the system should have a spatial representation (map,
plant, virtual representation, etc.) of the environment
considered and the position of the desired object in order to
present the selected information depending on the
coordinate system used. The presentation should support
some related tasks such as information about distances
between objects or how to reach one location. Among the
templates considered the most effective for this task are
Overlapping in both Grouping and Merging: in this case
the templates can use an image as background which
provides the general spatial information. In this
representation it is possible to provide the location of the
data. These representations can be used when the user
wants to have additional related spatial information. All the
other templates can only be used to provide spatial
information textually without graphical representations.
The templates of the quantitative composition are not
useful in this case.

Figure 14: An example of a presentation
Since information about more than one director has been
requested, the biography cannot be presented together with
the other attributes due to space constraints in the graphical
layout. However, a biography button is located beside the
picture to provide the merging effect and, when selected, it
will activate a presentation of the biography. If the
biography attribute has been composed by simple
composition then the button could have been placed
anywhere in the presentation layout.
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A What Abom' task is usually followed by a Tell me task.
To support this type of navigation the presentation gives
the links for the films associated with each director (Film is
an entity strictly connected to the Director entity). The titles
of the films are grouped (List-Box template) by the
resulting presentation objects associated with the related
director.

The user can then select one specific film and ask for
further information (title, year of production, genre,
producer, language, main actors, video clips, etc.). This
information is presented in a merged way by using
multimedia techniques.

examples which have been implemented in our tool
(SPQR) and we have ranked the effectiveness of each
template depending on the user task. Future work is
planned to further empirically validate this evaluation.
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CONCLUSIONS
We have presented a work, which, on the basis of a set of
semantic data composition operators, proposes a hierarchy
of classes of multimedia templates designed to convey the
related semantic information. We have shown how the
choice of the most suitable multimedia presentation
template depends on various factors: the user task to
support, the cardinality of the data and their semantic
relationships. We have discussed the design of a set of
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