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ABSTRACT 
In this paper we discuss how task models can be useful in the design and development of interactive user interfaces 
for museum systems that are characterized by the possibility of different types of users. We use ConcurTaskTrees 
to graphically express hierarchical structures of concurrent activities. We provide examples taken from an applica- 
tion developed for the Marble Museum of Carrara in Italy. 
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Task analysis has proved to be a useful support for 
the design of easy-to-use interactive applications. 
A description of the activities that have to be per- 
formed to achieve the user's goals should drive the 
design, development and evaluation of user inter- 
faces in order to make them correspond more di- 
rectly to the conceptual model of the user. 

Museum systems represent a typical application 
which can have many types of users, each with their 
own requirements, tasks and interaction preferences. 
Such systems benefit particularly from the applica- 
tion of task-oriented approaches since each possible 
user role (expert, student, tourist, etc.) has a spe- 
cific task model which provides requirements for 
the most suitable multimedia presentations, sequenc- 
ing of interactions, navigation styles, and other as- 
pec ts. 

We have developed a graphical specification lan- 
guage, ConcurTaskTrees [PMM97], to support the 
work both of building task models and of discuss- 
ing possible solutions in the design of user inter- 
faces. This notation allows designers to develop a 
hierarchical representation of the possible tasks to 
perform and their temporal relationships which have 
to be satisfied by the corresponding user interface. 
In the task specification we can add many kinds of 
information which may be relevant for the user in- 
terface design. 

Developing task models to design hypermedia docu- 
ments implies a clear understanding of the possible 
tasks which each multimedia presentation should 
support. In addition, the task model indicates how 

to structure the components of the hypermedia and 
the related links in order to support the semantic 
temporal relationships among tasks. The hypermedia 
design can be further improved by the use of metrics 
which address different aspects related to presenta- 
tion and navigation: layout should facilitate frequent 
tasks, links should be consistent and support com- 
pact navigation, and multimedia presentation design 
should enable the end user to work efficiently. 

This paper presents the first results of our method 
applied to the design of a hypermedia that provides 
information related to the Museum of Marble of 
Cmara (Italy). This museum is dedicated to the 
work in the white marble quarries in Cmara along 
with works of art made in such marble. 

Model-based approaches [FS94] [SSCMS95] have 
been recognized as a useful way to structure the de- 
velopment process. By using models which capture 
relevant aspects that are semantically meaningful, 
the increasing complexity of interactive applications 
can be dealt with better during their design and de- 
velopment and when they have to be modified. 

In the area of model-based approaches to the de- 
sign and development of user interfaces, task mod- 
els [D89] have been recognized as an important 
contribution. Task models describe the set of activi- 
ties that can be performed to reach some specific 
goals which are some desired state modifications or 
inquiries about the current state. Since we are con- 
sidering Interactive Systems, which are character- 



ized by the relevance of user interaction, it is im- 
portant to structure their dynamic behavior so as to 
reflect the conceptual model that the end user has 
of the application. This means designing interac- 
tion techniques that can map the actions directly at 
the user interface level with the logical actions in 
the application domain. 

Another important element is to identify a structured 
method for designers of effective user interfaces. In 
real applications the complexity of the user interface 
can become very relevant and thus systematic 
methods which provide rules for managing such 
complexity by incorporating solutions to recurrent 
problems can be very useful. 

Often the design of a user interface is the result of a 
discussion which involves many people and roles: 
the designer, the developer, the expert in the appli- 
cation domain, end users, and so on. This is particu- 
larly true in museum applications which are often 
interdisciplinary applications used by people with a 
poor background in programming. 

We believe that to obtain effective user interfaces 
the first step is to agree on a task model for the ap- 
plication which is being developed. The task model 
is a useful specification of how the activities should 
be performed given a certain context of use. In our 
approach task models are hierarchically structured. 
The higher levels describe media independent ac- 
tivities, then further levels take into account the 
media and devices which have been chosen for use. 

Task models allow the people involved in the user 
interface design to remove ambiguities in their dis- 
cussion. The resulting specification is a useful docu- 
ment for illustrating the behavior of the application 
and for localizing what parts of the application have 
to be modified when new tasks have to be added or 
the modality of the performance of a task has to be 
modified. 

In ConcurTaskTrees we indicate how the perfor- 
mance of a task is allocated: to the user, the applica- 
tion, to their interaction; or we can say that we are 
considering an abstract task and it is too early to 
identify its allocation because it needs to be further 
refined before making similar decisions. Different 

task allocations are presented by using different 
types of icons. 

Another useful representation in ConcurTaskTrees 
specifications is a clear indication of the temporal 
relationships among the tasks. Unlike GOMS 
[CMN83], a rich set of temporal relationships can 
be indicated including concurrent tasks. Thus de- 
signers can indicate that one task must be performed 
before another, or can be performed concurrently, 
or that one task can disable another. Tasks can 
exchange information. We can have optional and 
iterative tasks and so on. Thus we have a flexible 
set of operators which allow designers to describe 
many possible dynamic behaviors. 

ConcurTaskTrees specifications can be developed 
by a graphical editor, implemented in Java, which 
is in the public domain <verdolo.cnuce.cnr.it/ 
task.tgz>. 

The Museum of Marble is located in Carrara (Italy) 
and it is promoted by the local City Council. It is 
located in an area where a lot of unique white marble 
is quanied. This marble has been used for some very 
important works of art including Michelangelo's 
Pieta. Since Roman times this material has been 
used in many applications: architecture, handicraft 
and so on. 

The Museum of Marble is thus an interdisciplinary 
Museum with different sections homogeneously 
divided according to types of artefacts and subjects: 
Modem Sculpture, Roman Archaeology and Local 
History, Industrial Archaeology, Technical 
Application of Marble, and the marmoteca 
(Collection of Marble). There are many sculptures 
around the town and these works can be considered 
as a natural extension of the Museum of Marble. 

To develop task models for our application we de- 
cided first to interview experts in the field and pos- 
sible end users. 

We soon recognized that we would have to design 
slightly different task models for different types of 
users because people with different backgrounds and 
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purposes interact with the same information in dif- 
ferent ways. 

The task model may also depend on the tool used to 
interact with the museum information. Users expect 
high quality information and presentation from the 
CD-ROM they buy, whereas a web site may have a 
lower quality yet it can be dynamically updated, for 
example to provide information about temporary 
exhibitions. Similarly, users expect museum kiosks 
to provide additional, complementary information 
to what they can see directly. 

This paper considers three types of users: tourists, 
students in artistic heritage and experts. In the next 
sections we describe the requirements highlighted 
by interviews with groups of users from these three 
categories. 

Tourists are characterized by a low average knowl- 
edge of the topics considered. Thus the basic idea is 
to provide a guided tour through the rooms of the 
museum and the town with pictures and informa- 
tion about the works of art. Since tourists sometimes 
already have some information about the museum 
that they want to visit, linear pre-defined tours alone 
would be too restrictive so some degree of naviga- 
tional freedom is important. 

Tourists want general information on the artistic 
works, and this information has to be presented 
clearly and in a limited number. Thus a work will 
be presented by an image, the title, a short descrip- 
tion, the name of the author, the material and tech- 
nique used for its creation, and when it was made. 

Additional information can be provided on request 
such as the path to get to the museum from the clos- 
est railway station or airport, information (title, data, 
location) on further exhibitions, and historical in- 
formation on the town and the museum. 

The student in the artistic field who visits a mu- 
seum already has some basic knowledge. The pre- 
sentation of some images and related texts often 
stimulates a request for more detailed information. 
In this case providing pre-defined tours is not the 

right answer. Instead, we let such students choose 
from different types of information which may con- 
cern not only the works of art but may also involve 
a wider spectrum of topics, so that students can im- 
prove knowledge. 

Usually students that consult a web site of a mu- 
seum are interested in: 

the life of an artist and so: 

- the artist's works including in depth information 
on the topic of the work, its relationships with 
other works, the state of conservation, etc.; 

- possible related artists, and how they are related. 
This information should be general (like an iden- 
tity card) but it should be possible to go in depth. 

main events in a specific historical period, plus 
the artists who characterized it: 

history of the town and the museum. 

Videos can also be used to make the information 
more attractive. 

Expert users generally know exactly what informa- 
tion they want and should thus be allowed, right from 
the beginning of the session, to make more and more 
precise requests. 

In this case the information required may concern: 

an artist: at the beginning a critique is presented 
(not a simple biography as an expert is presumed 
to know this already). From here it should be pos- 
sible to reach the following information: 

- artist's work; 

- lists of texts which discuss the artist, plus a short 
summary; 

- list of Internet sites which concern the artist; 

- technical glossary; 

- information on the artists who lived in the same 
period and in the same area as the artist selected. 
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Figure I: An example of graphical represenlation of a tusk model. 

a specific work which is presented from the point 
of view of the critique and not purely descrip- 
tively. From the work presentation it should be 
possible to reach information concerning the art- 
ist who created it and also to receive in depth 
description (for example providing information 
concerning its dimension, type of existing docu- 
mentation and so on); 

a specific historical period allowing the user to 
reach the artists who characterized it. 

Figure 1 shows an example of task models and 
describes the activities related to a tourist user ses- 
sion. At the first level there is an iterative task 
(iteration is indicated by an *) HandleWorksOfArt 
which will be terminated ([> operator) by explicit 
Closesession task. Next in the session is the user 
interaction for selecting the language, followed 
(>> operator) by the presentation of the possible 

user profiles. After the user has selected a profile 
there are the tasks associated with the user session 
(Handlelnfo). The user can choose either general 
information or the map of the area of interest (the 
town or the museum) and then navigate in the re- 
lated information. During the navigation at any time 
(Ill operator) the user can activate or deactivate some 
music (Handlesound task) and interrupt the current 
session to go back (GoSelInfo task) to the initial 
choice. 

On the city map it is possible to select places in or- 
der to present the works which are located there. 
divided according to type of artifacts and subjects: 
Modern Sculpture, Roman Archaeology and Local 
History, Industrial Archaeology, Technical Applica- 
tion of Marble, Marmoteca (Collection of Marble). 

There are many sculptures around the town and these 
works can be considered as a natural extension of 
the Marble Museum. 
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Figure 2: The interactive map of the museum. 

When a work of art is selected then it is possible to 
get information on the artist who developed it or on 
the related material. It is possible to ask for general 
information on the town and to access sites with 
more detailed information. 

Similarly users can select a specific room (SelRoom 
task) in the Museum map (Figure 2) and then get 
information about the works which are in it (an ex- 
ample is in Figure 3). These works are grouped by 
the type of material and finally the user can select 
one specific work (an example is in Figure 4). By 
selecting Museum information the user can ask for 
information such as how to get there from the rail- 
way station, airport or motorway, details of the 
planned exhibitions and opening times. 

As you can see the task model is characterized by a 
hierarchical structure. It is possible to stop its de- 
velopment at different abstraction levels depending 
on the aspects that designers want to analyze (they 

can vary from high-level conceptual elements to 
low-level action sequencing which should be 
supported by the implementation). 

The task model can be used to drive the design of 
the hypermedia structure underlying the user inter- 
face which will be used to communicate with the 
user. More specifically, the task model is useful for 
designing more user-oriented interactions because 
they will be structured according to the user's con- 
ceptual model of the possible activities, including 
navigation in the multimedia data. 

We have developed a method which allows design- 
ers to use the task model to identify the elements of 
a hypermedia and their relationships. 

The tasks at the high and intermediate levels are 
useful for structuring the main elements in the 
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MODERN SCULPTURE 

Here a re  exhibited 25 sculptures acquired by the town 
C o u n c ~ l  of Carrara since 1957. 
Many of these art works come from past Biennial 
Exhibitions of Modernsculpture in which international 
masters of sculpture have participated. 
The two rooms which house this s e t i o n  aim to give 
the visitor a concise but sufficiently significant image 
of the main tendencies in contemporary sculpture, 
relative both to the use of materials and to the aesthetic 
orientations. 
Together with marble - which remains the "king" of 
sculpting materials - you will find bronu, tin, wood, 
cement, painted mrtrle and plusfur (which can also b e  
used to create a modal orcust for bronzexulptures).  

Figure 3: The presentation of a section of the museum. 

hypermedia. Thus by a top-down analysis of the task 
tree it is possible to determine the structure which 
has to be given to the multimedia data, trying to 
avoid inconsistencies between what has been 
specified in the task models and what can really be 
done in the implementation. For example, if at the 
task level it is specified that after presenting one 
work it is possible to pass to the next work 
(according to a given order) at the hypermedia level 
we must have a link between the two works. 

The basic tasks (the leaf nodes in the task tree) are 
used to identify precisely the interaction techniques 
and detailed aspects in the hypermedia structure. The 
design choices at this level are deeply affected by 
the features of the tasks considered, the type of user 
who performs them, and the type of interaction 
environment used. 

Thus we have further subdivided the basic task cat- 
egories. In application tasks the type of presenta- 
tion depends on the type of information which has 

to be provided. Thus we have identified the follow- 
ing application type tasks: description, visual, spa- 
tial, and alternative. 

Description tasks are used when descriptive infor- 
mation has to be delivered and thus require textual 
presentation. More specifically, if the user is a tour- 
ist and a work of art has to be presented a simple 
caption will be used whereas if historical informa- 
tion (on the town, the museum, etc.) have to be pre- 
sented short summary schemes will be used with a 
limited number of characters. In both cases it is 
important to use fonts that help to make the infor- 
mation presentation clear. If the user is a student 
and information on works, artists or historical peri- 
ods have to be presented, long well documented texts 
or videos should be used. 

Visual tasks will be used when visual information 
(such as an image of a work or a picture of the town) 
have to be presented. Spatial tasks are used when 
the location of some item has to be indicated. In 
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abstract mapnitude by a round ahape 
broken by directional l ines  and 
geometric planes. 
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Figure 4: An example of presentation of information about a work of art. 

this case we will use images with some specific ar- 
eas highlighted (for example museum maps with 
different rooms colored differently). 

Interaction tasks in a hypermedia environment re- 
quire the use of links or other interaction techniques. 
There are different types of interaction tasks too: 
selection, control and editing. The selection task 
allows the user to make a choice. If the user is a 
tourist the various possibilities should be presented 
by well distinct objects and areas (using clear la- 
bels or images to highlight them). Whereas if the 
user is student or an expert, then embedded anchors 
or lists with selectable items can be used as well. 
Control tasks gives the possibility to generate events 
which activate related processing (for example play- 
ing audio). 

The task model can also give useful information on 
how to design the dynamic behavior of the user in- 
terface of the hypermedia document. Depending on 
the temporal relationships among tasks we can de- 

cide when some interaction techniques will be avail- 
able to the end user. 

If a task T2 disables a task T 1 then the related inter- 
action techniques should be available at the same 
time. At the beginning the user will perform T1. 
When the first action associated withT2 occurs then 
the presentation elements associated with T1 will 
disappear. For example T1 can be the 
Showhnguage task which indicates the possible 
languages which can be used to present the museum 
information, and T2 is the CloseSession Task. When 
T2 is performed the information associated with T1 
will disappear. 

If there is a sequential enabling relationship between 
two tasks then the presentation of information asso- 
ciated with the second task can be performed only 
after the termination of first task. For example, if 
the first task allows the user to select the preferred 
language to present information and the second task 
allows the system to show a set of already defined 



profiles and there is a sequential enabling relation- 
ship between them, it means that possible user pro- 
files will only be presented after the user has se- 
lected the preferred language. 

It is possible to have information communication 
between the terminated task and the task enabled. 
Another possible relationship is the choice among 
tasks. This implies that at the beginning the user is 
allowed to make at least the first action associated 
with the possible tasks. Then depending on the user's 
choice, the interaction techniques associated with 
the chosen task will be made available and those 
associated with the other tasks will disappear com- 
pletely. For example, the user can decide to get in- 
formation on the town or on the museum. Depend- 
ing on the choice only town-related or museum-re- 
lated information will appear. 

If two tasks are concurrent (the first action of one 
task can be performed before the last action of the 
other task) then the related presentation techniques 
can be available to the end user at the same time. 
For example, it is possible to show a video and man- 
age the sound concurrently so that during the video 
presentation the user can enable or disable the sound. 

This section outlines the structure of the resulting 
hypermedia using concepts similar to those of the 
HDM model [GPS93] to describe it. The informa- 
tion concerning the Museum of Marble is organized 
into entity types such as Town, Street, Museum, 
Room, Artist, Work, Material, and Historical Period. 
The applicative links are associated, for example, 
to the relationship in terms of contents between the 
Room entity and the Work entity. Some entity types 
have been structured as collections. For example, 
collections of works have been created that are as- 
sociated with a given material. There is an index 
from where it is possible to get direct access to a 
member of the collection or all the members can be 
visited sequentially, for example in alphabetical or- 
der. 

The existence of different user typologies each with 
their own specific requiremcnts stimulated us to 
design the nodes, the elementary information con- 
tainers, in such a way as to allow different views of 
them (each related to the user's role). This means 

that the basic information is the same for the differ- 
ent user types but it is communicated differently. 
For example, a work type node can be presented as 
a schema if the information is for a non expert user 
whereas it can be a detailed text if the user is an 
expert in the field. 

Besides having different perspectives on the same 
node, we also have to take into account that a com- 
ponent can be composed of multiple nodes and it is 
not necessary to allow all the users to access all of 
them. Consequently we have links in the data struc- 
tures which are sometimes not presented. For ex- 
ample, an entity of work type can be composed of 
two nodes, the first of work description type and 
the second of technique of development type: the 
information contained in the second node will only 
be presented to users who selected the expert pro- 
file and who are most likely to be interested in this 
information. 

We have presented the first results of a research 
which applies a task-based method to the design of 
an interactive user interface for supporting naviga- 
tion of museum information. During this part of the 
work we often realized the utility of using task mod- 
els especially when we had to discuss the design 
solution with possible end users and people manag- 
ing the museum, since they represented a precise 
description of what the interactive system behavior 
should be. 

The resulting task models have been used for de- 
veloping a hypermedia so as to obtain an interac- 
tive implementation consistent with the require- 
ments expressed at the task level. 
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