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AAbbssttrraacctt  ––  TThhee  iinnccrreeaassiinngg  aavvaaiillaabbiilliittyy  ooff  nneeww  ttyyppeess  ooff  iinntteerraaccttiioonn  ppllaattffoorrmmss  rraaiisseess  aa  nnuummbbeerr  

ooff  iissssuueess  ffoorr  ddeessiiggnneerrss  aanndd  ddeevveellooppeerrss..  TThheerree  iiss  aa  nneeeedd  ffoorr  nneeww  mmeetthhooddss  aanndd  ttoooollss  ttoo  ssuuppppoorrtt  

ddeevveellooppmmeenntt  ooff  nnoommaaddiicc  aapppplliiccaattiioonnss,,  wwhhiicchh  ccaann  bbee  aacccceesssseedd  tthhrroouugghh  aa  vvaarriieettyy  ooff  ddeevviicceess..  

TThhiiss  ppaappeerr  pprreesseennttss  aa  ssoolluuttiioonn  bbaasseedd  oonn  tthhee  uussee  ooff  tthhrreeee  lleevveellss  ooff  aabbssttrraaccttiioonnss  tthhaatt  aalllloowwss  

ddeessiiggnneerrss  ttoo  ffooccuuss  oonn  rreelleevvaanntt  llooggiiccaall  aassppeeccttss  aanndd  aavvooiidd  ddeeaalliinngg  wwiitthh  aa  pplleetthhoorraa  ooff  llooww--lleevveell  

ddeettaaiillss..  WWee  hhaavvee  ddeeffiinneedd  aa  nnuummbbeerr  ooff  ttrraannssffoorrmmaattiioonnss  aabbllee  ttoo  oobbttaaiinn  uusseerr  iinntteerrffaacceess  ffrroomm  ssuucchh  

aabbssttrraaccttiioonnss,,  ttaakkiinngg  iinnttoo  aaccccoouunntt  tthhee  aavvaaiillaabbllee  ppllaattffoorrmmss  aanndd  pprreesseerrvviinngg  uussaabbiilliittyy..  TThhee  

ttrraannssffoorrmmaattiioonnss  aarree  ssuuppppoorrtteedd  bbyy  aann  aauutthhoorriinngg  ttooooll,,  TTEERREESSAA,,  wwhhiicchh  pprroovviiddeess  ddeessiiggnneerrss  aanndd  

ddeevveellooppeerrss  wwiitthh  vvaarriioouuss  lleevveellss  ooff  aauuttoommaattiicc  ssuuppppoorrtt  aanndd  ppoossssiibbiilliittiieess  rreeggaarrddiinngg  hhooww  ttoo  ttaaiilloorr  

ssuucchh  ttrraannssffoorrmmaattiioonnss  ttoo  tthheeiirr  nneeeeddss..    

 

IInnddeexx  TTeerrmmss  --  DD..22..22  DDeessiiggnn  TToooollss  aanndd  TTeecchhnniiqquueess,,  HH..55..22    UUsseerr  IInntteerrffaacceess,,  HHeetteerrooggeenneeoouuss  

cclliieennttss..  MMuullttii--ppllaattffoorrmm  UUsseerr  IInntteerrffaacceess..  AAuutthhoorriinngg  eennvviirroonnmmeennttss..  AAbbssttrraacctt  UUsseerr  IInntteerrffaacceess..  

UUsseerr  IInntteerrffaaccee  DDeessiiggnn..  TTaasskk  MMooddeellss..  

 

1. Introduction 

Recent years have seen the ever-increasing introduction of new types of interactive devices 

(devices that support interaction with users). A wide variety of new interactive platforms is 
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offered on the mass market. We mean for platform a class of devices that share the same 

characteristics, especially in terms of interaction resources. They range from small devices 

such as interactive watches to very large flat displays. Examples of platforms are the desktop, 

the PDA, the mobile phone.  

The availability of such platforms has forced designers to strive to make applications run on a 

wide spectrum of platforms in order to enable users to seamlessly access information and 

services regardless of the device they are using and even when the system or the environment 

changes dynamically. If, on the one hand, this resulted in a dramatic improvement for the 

activities of users, on the other hand it has radically changed the nature of many interactive 

applications, converting them to nomadic applications, namely applications supporting user 

access in various contexts through different interactive devices. In fact, in order to guarantee 

a high level of satisfaction of the users it is necessary that the applications should be able to 

adapt their user interfaces to the different context of uses, in particular to the different devices 

used to access their functionality. This give rise to the fundamental issue of how to assist 

software designers and developers in building such applications, with the consequence that 

there is a need for novel methods and tools for the development of interactive software 

systems able to adapt to different targets while preserving usability. 

 

In current practise the design of multi-platform applications is often obtained through the 

development of several versions of the same applications, one for each platform considered. 

Then, such versions can at most exchange data. This solution with no tool support to address 

multi-platform issues is rather limited because it implies high implementation and 

maintenance costs. The opposite solution, completely automatic, is to use transcoding where 

an application written in a language for a platform is automatically transformed into an 

application in a language for another platform. An example is HTML to WML transcoding 
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[I02]. However, this type of solution often provides bad results in terms of usability because 

it assumes that the same tasks are supported by each platform and tends to support them in 

the same manner without taking into account the specific features of the platform at hand.  

Another solution proposed is the use of style sheets. Each platform is associated with a 

different set of stylesheets. Thus, the same elements are presented differently according to the 

type of platform available. This could be useful, although it is still not capable of covering the 

wide range of possibilities that might occur when relationships between tasks and platforms 

(supporting tasks’ performance) are considered. Indeed, style sheets can help only try to 

better support the same tasks through different platforms, but unfortunately this is not always 

adequate because users often want to carry out different tasks according to the various types 

of platform, not to mention the fact that even mutual relations among tasks performed 

through several platforms may exist. 

A more comprehensive solution can be obtained through the use of model-based approaches, 

different levels of abstractions can capture relevant information without having to deal with a 

plethora of details related to each device and allow a tool to generate the specific version 

adapted for each device, thus representing a viable alternative to overcome the limitations of  

other approaches. 

 

In the paper we first describe the basic concepts characterising our approach. Then we move 

on to describe how we have modified a previously developed tool for task modelling in order 

to support this new approach. The second part of the paper is devoted to describing the tool 

(TERESA) that has been designed and implemented to support this approach, in particular we 

focus on the transformations that it supports, and the XML languages describing the various 

levels of abstraction considered. Lastly, some concluding remarks along with indications for 

future work are provided. 
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2. Design of Multi-platform applications 

 2.1 Basic concepts 

Our approach can be summarised in four words: One Model, Many Interfaces [PS02]. This 

means that we start with an abstract description of the activities to support and we are able to 

obtain different user interfaces for each available platform (see Figure 1). In particular, we 

start with a task model of a nomadic application, which describes the activities that should be 

supported in order to reach the user’s goals. Then, we allow designers to obtain effective user 

interfaces for the various platforms considered through a number of transformations 

implemented by our new tool TERESA (Transformation Environment for inteRactivE 

Systems representAtions).  

    Nomadic Task Model 

 

   Abstract UI 
(Desktop) 

   Abstract UI 
(Pda) 

 

 

 

   Abstract UI 
(Cellphone) 

 

Figure 1: The One Model, Many Interfaces approach. 
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In order to address such issues it is important to consider the various abstraction levels 

involved in an interactive system: 

• Task and object  model, at this level the logical activities that need to be performed in 

order to reach the users’ goals are considered along with the objects that have to be 

manipulated for their performance. Often tasks are represented hierarchically along 

with indications of the temporal relations among them and their associated attributes. 

• Abstract user interface, in this case the focus shifts to the interaction objects 

supporting task performance. Only the main aspects are considered, thereby avoiding 

low level details. An abstract user interface is defined in terms of presentations, 

identifying the set of user interface elements perceivable at the same time, and each 

presentation is composed of a number of interactors [PL94], which are abstract 

interaction objects identified in terms of their main semantics effects. 

• Concrete user interface, at this point each abstract interactor is replaced with a 

concrete interaction object that depends on the type of platform and media available 

and has a number of attributes that define more concretely its appearance and 

behaviour. 

• Final User interface, at this level the concrete interface is translated into an interface 

defined by a specific software environment (e.g. XHTML, Java, …). 

 

To better understand such abstraction levels we can consider an example of task: making a 

flight reservation. This task can be decomposed into selecting departure and arrival towns, 

and, optionally, selecting seat and meal preferences. At the abstract user interface level we 

need to identify the interaction objects needed to support such tasks and the types of effects 

that they have to support. For example, for specifying departure and arrival towns we need 
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selection interaction objects. When we move on to the concrete user interface, we need to 

consider the specific interaction objects supported. So, in a desktop interface the selection can 

be supported by a list object. This choice is more effective than a check-box because the list 

supports a single selection from a potentially long list of elements whereas the check-box is 

suitable to support multiple choices from a limited number of possibilities. The user interface 

of the example is the result of these choices and others involving attributes such as the type 

and size of the font, the foreground and background colours, and decoration images and will 

be implemented in a specific language.  

 

An early version of our approach and tool was introduced in [MPS03], in this paper we are 

able to present an engineered solution, supported through a number of XML-based 

representations and transformations with various levels of automation. We also present the 

associated tool.  

 2.2 Tasks and multi-platform environments 

In order to identify the possible design solutions when multiple platforms are considered, we 

have developed a taxonomy of the relations between tasks and platforms. This is based on the 

observation that it is neither possible nor desirable to do everything through every platform. 

Each platform should be associated with specific contexts and should be effectively used only 

when they occur.  

 

More precisely, in our taxonomy we identify various cases: 

� Same task on multiple platforms in the same manner, for example entering login and 

password is performed similarly in various platforms. 

� Tasks meaningful only on a single platform type; For instance, on a mobile system 

users can effectively check the status of a particular flight or get road directions while 
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driving. On the other hand, while interacting through a desktop system users wish to 

perform tasks such as gathering information on a company including graphical 

representations of geographical information, or reading a movie review while its 

trailer is displayed.  

� Dependencies among tasks performed on different platforms; this occurs when the 

performance of a task through a platform enables or disables the performance of tasks 

through another platform. For example, during a city tour users can select a number of 

works of art. This, in turn, can enable the access to more detailed information 

regarding them through the desktop system. 

� Same task on multiple platforms but performed in different manner … 

o With different domain objects, according to the resources available in a platform, 

different levels of detail can be provided regarding an argument. This means that 

some domain objects can be considered only if, for example, there is enough 

screen available. 

o With different user interface objects, the same task can be supported through 

different interaction objects according to the media and the resources available. 

Figure 2 shows how the select  museum section task can be performed differently: 

using a graphical selection through a map in a desktop system (left part of the 

figure) and using a list of names in a mobile phone where a little screen is 

available (right part). 

o With different task decomposition, when a main task needs to be accomplished it 

can be structured differently. For example, if users want to reserve a flight seat, 

some systems will allow them to specify only the basic parameters (day, departure 

and arrival towns), while others might allow specifying a number of other 
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(optional) parameters, such as preferred departure and arrival time, food 

preferences, and so on.  

o With different temporal relations among subtasks, in particular the type of 

platform considered can impose particular constraints that do not occur in a more 

powerful system. So, for example the small screen of a phone interface may 

require distributing among different sequential presentations some interaction 

techniques that in a desktop system can be included in a single presentation and 

performed in any order. Another example is the vocal interface that serialises 

interactions that can occur concurrently in a graphical interface. 

 

 

 

 

Figure 2: Example of different interfaces supporting the same task through different platforms. 
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2.3 Related Work 

The most common model-based approach in software engineering, UML [BRJ99], has paid 

very little attention to supporting the design of the interactive component of a software 

artefact. Specific model-based approaches have been developed to support user interface 

designers. The first generation of work in this area mainly focused on how to use models to 

support development of desktop interactive applications, examples are Adept [WJKCM93], 

Mobi-D [PE99], Mastermind [SSC95] or how to use such models to support user interaction 

at run-time, still in desktop applications [RS98]. As Myers and others [MHP00]  pointed out 

the increasing availability of new interaction platforms has raised a new interest in this 

approach in order to allow developers to define the input and output needs of their 

applications, vendors to describe the input and output capabilities of their devices, and users 

to specify their preferences. Then, a model-based system can choose appropriate interaction 

techniques taking all of these into account. Even recent W3C standards, such as XForms 

[W3C], have introduced the use of abstractions to address new heterogeneous environments.  

In particular, XForms aims to separate presentation from content through the definition of a 

set of platform-independent controls suitable for general-purpose use. So, to some extent it 

applies concepts that have long been discussed in the research area concerning  model-based 

design of human-computer interaction. The types of abstractions supported by XForms are at 

the level of an abstract user interface. The task level is not explicitly addressed. Once 

XForms is actually supported by the major browsers we plan to extend our environment in 

order to generate code in this mark-up language as well.   

Calvary, Coutaz and Thevenin have defined the concept of plasticity to indicate user 

interfaces able to adapt to different platforms while preserving usability [CCN97]: TERESA 

is a tool for the design and development of applications supporting such concept. The new 

challenges have raised the need to define XML-based languages for representing the relevant 
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concepts and ease their automatic manipulation. Examples of projects that have addressed 

these issues are: The User Interface Markup Language (UIML) (http://www.uiml.org/) 

[APB99] is an XML-compliant language that allows a declarative description of a user 

interface in a device-independent manner. This has been developed mainly by Harmonia and 

Virginia Tech. However, their tools do not support the task level. The Abstract User Interface 

Markup Language (AUIML) is an XML vocabulary designed to allow definition of the 

intention of an interaction.  This work has mainly been carried out at IBM and has quite 

limited tool support. The eXtensible Interface Markup Language (XIML) 

(http://www.ximl.org/) [PE01] is an extensible XML specification language for multiple 

facets of multiple models in a model-based approach. This has been developed by a forum 

headed by RedWhale software. A simple notion of task models is supported by this approach. 

Tool support is not currently available. While these approaches have shown some interesting 

results, there is still a lack of general solutions able to support the various relevant abstraction 

levels.  

Another type of approach is the use of reverse engineering techniques to obtain an abstract 

description of an existing interactive system for a given platform and then use it as a starting 

point for a new design adapted for a  new platform. Examples of such reverse engineering 

approaches are Vaquita [BV02] and WebRevEnge [PP03]: they both start with a desktop web 

site code, the former allows designers to obtain an abstract user interface whereas the latter is 

able to derive the correspondent task model. Both of them can be used as complementary 

support for our approach: once an abstract description has been obtained our tool can help the 

developer to obtain a new design suitable for a different type of platform. 
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 3. The method 

In this section we introduce our method for model-based design of multi-platform user 

interfaces. It is composed of a number of steps that allows designers to start with an 

envisioned overall task model of a nomadic application and then derive concrete and 

effective user interfaces for multiple devices. Next sections describe in detail each step. 

We start with High-level task modelling of a multi-platform application. In this phase 

designers develop a single model, which addresses the possible contexts of use and the 

various platforms involved, including a domain model aiming to identify all the objects that 

have to be manipulated to perform tasks and the relations among such objects. The purpose of 

this model is to provide an overview of the tasks supported by the nomadic application. For 

each task it is possible to indicate what platforms are able to support it and it is also possible 

to show dependencies among tasks that can be performed through different platforms. 

AUI
Desktop

AUI
Mobile

TM
Desktop

TM
Mobile

Nomadic Task Model

AUI
Desktop

AUI
Mobile

TM
Desktop

TM
Mobile

Nomadic Task Model

 

Figure 3: EExxaammppllee  ooff  ddeessiiggnn  pprroocceessss  ffoorr  aa  nnoommaaddiicc  aapppplliiccaattiioonn. 

 

The next step is developing the system task model for the different platforms considered. Here 

designers have to filter the nomadic task model according to the target platform and, if 
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necessary, further refine the task model, depending on the specific platform considered thus 

obtaining the various platform-dependent task models, which represent the input of the next 

step. Figure 3 shows an example of the resulting process in the case of a nomadic application 

that can be accessed through the desktop and the mobile platform.  

Then designers have to move from the system task model to the abstract user interface. The 

goal of this phase is to obtain an abstract description of the user interface composed of a set 

of abstract presentations that are identified through an analysis of the task relations. The 

presentation part will be specified by means of abstract interaction objects composed through 

various operators (grouping, ordering, hierarchy, relation), which stand for different 

composition techniques (for example, the grouping operator will highlight the fact that there 

are objects which should be grouped together because they are closely related to each other). 

In order to support such transformations, we have defined an XML format for the task model 

language and for the abstract user interface language. 

The next step is from abstract to concrete interfaces. This phase is completely platform-

dependent and has to consider the specific properties of the target platform. Then, every 

interactor is mapped into interaction techniques supported by the particular target platform, 

and the abstract operators also have to be appropriately implemented by highlighting their 

logical meaning: a typical example is the set of techniques for conveying grouping relations 

in desktop visual interfaces by using presentation patterns such as proximity, similarity and 

colour.  

The last phase is Code generation, where the code is generated starting with the concrete 

interface description in the target software environment. This can be done completely 

automatically because all the design choices have already been made. In case there is a need 

for implementations in different languages for the same platform only this transformation 

needs to be changed. 
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In order to provide tool support for this method we have extended a tool for task modelling 

that we developed beforehand and we have developed from scratch the TERESA tool for 

authoring multi-platform applications. The functionality of these two tools will be described 

in the next sections. 

4. Task Models of Nomadic Applications 

The ConcurTaskTrees Environment (CTTE) [MPS02] is a highly engineered, publicly 

available (http://giove.cnuce.cnr.it/ctte.html) tool for task modelling. It eases the development 

of task models described using the ConcurTaskTrees (CTT) notation [P99] and supports their 

analysis through a number of features (metrics evaluation, interactive simulation, …). The 

ConcurTaskTrees notation supports a hierarchical description of task models with the 

possibility of specifying a number of temporal relations among them (such as enabling, 

disabling, concurrency, order independence, suspend-resume). In addition, for each task it is 

possible to specify what objects need to be manipulated for its accomplishment (it is possible 

to consider both user interface and domain objects) and a number of attributes (such as 

frequency) (see Figure 4). 
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Figure 4: Description of the concepts represented in the ConcurTaskTrees notation for task models. 

 

In order to support this approach we needed to extend CTTE in such a way to be able to 

capture the specific aspects of task models for nomadic applications: 

• The platform attribute has been added in each task specification; its purpose is to indicate 

the types of platforms that are suitable to support it. As far as this attribute is concerned, it 

is worth noting that at this level –the task level- classes of devices sharing certain 

similarities are considered, rather than specific devices. So, in our framework we made 

provision for typical sample device clusters as mobile phones and PDAs are, together 

with the possibility for the users to define their own device classes. This proved to be 

both feasible and flexible solution to face up to the problem of dealing with the disparate 

platforms that our approach had to consider. Nevertheless, additional levels of refinement 

within the same cluster are considered in the last phase of the method, when the 

knowledge of more specific characteristics of the devices considered becomes useful for 

producing effective final user interfaces. Such characteristics might range from features 
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like screen size and network capacity to information related to the specific operating 

system available, together with multimedia and/or multimodal capabilities of the devices.  

• The platform attribute has also been associated with the objects manipulated during task 

accomplishment. Indeed, CTT allows designers to specify for each task what objects 

should be manipulated during its performance.  

• The filtering functionality according to the platform attribute has been added. This means 

that it is possible to take a task model of a nomadic application and ask to view only the 

parts that can be effectively supported by a given platform. If the task model has not been 

carefully designed, this can generate a model with some unconnected parts. However, the 

tool can help in refining it. The filter-and-refine mechanism allows designers to maintain 

the global picture of the application, which, if appropriately reflected and conveyed in the 

user interfaces will have a beneficial effect also on the final users. 

5. TERESA 

 5.1 Approach 

A number of main requirements have driven the design and development of TERESA:  

• Mixed initiative; we want a tool able to support different levels of automation ranging 

from completely automatic solutions to highly interactive solutions where designers 

can tailor or even radically change the solutions proposed by the tool. This is 

important to obtain a tool able to satisfy a variety of needs: situations when the time 

available is short, the application domain is rather narrow, or the designer has no 

expertise call for completely automatic solutions. When designers are expert or the 

application domain is either broad or has specific aspects, then more interactive 

environments are useful because they allow the designer to directly make important 

design decisions. 
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• Model-based, as Myers and others pointed out [MHP00]  the variety of platforms 

increasingly available can be better handled through some abstractions that allow 

designers to have a logical view of the activities to support. 

• XML-based, XML-based languages have been proposed for every type of domain. In 

the field of interactive systems there have been a few proposals that partially capture 

the key aspects to be addressed. 

• Top-down, this approach is an example of forward engineering. Various abstraction 

levels are considered, and we support cases when designers have to start from scratch. 

So, they first have to create more logical descriptions, and then move on to more 

concrete representations until they reach the final system. We are aware that in other 

cases bottom-up approaches may be preferable. For this purpose, we have also 

developed a tool (WebRevEnge [PP03]) that allows building task models from web 

site code. It complements the approach pursued through TERESA. 

• Different entry-points, our approach aims to be comprehensive and to support the 

various possibilities indicated by our task/platform taxonomy, although it may happen 

that only a part of it needs to be actually supported (for example, when only different 

brands of mobile phone are considered). In this case, there is no need for a nomadic 

task model, given that only one type of platform is involved and designers can start 

with either the corresponding system task model or the corresponding abstract user 

interface. 

• Web-oriented, the Web is everywhere, and so we decided that Web applications 

should be our first target. However, the approach is also valid for generating user 

interfaces for other types of software environments, such as Java applications, 

Microsoft environments, …. This simply requires extending the implementation of the 
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last transformation (from the concrete to the final user interface) for the specific 

software environments. 

 5.2 Main functionality 

TERESA is a transformation-based environment that supports the design of an interactive 

application at different abstraction levels and generates the concrete user interface for various 

types of platforms. The main transformations supported in TERESA are:  

• Presentation task sets and transitions generation.  From the XML specification of a CTT 

task model concerning a specific platform , it is possible to obtain the set of tasks which are 

enabled over the same period of time according to the constraints indicated in the model  

(Enabled Task Sets). Such sets, depending on the designer’s application of a number of 

heuristics supported by the tool, are grouped into a number of presentation task sets and 

related transitions. Since there is a direct correspondence between the specific platform-

dependent task model and the enabled task sets identified accordingly, it is evident that the 

selection of the specific platform considered has an impact on the identification of such sets 

and in turn on the overall organisation of the final user interface. 

• From task model -related information to abstract user interface. The goal of this phase is 

mapping the task-based specification of the system onto an interactor-based description of 

the related abstract user interface. Both the XML task model and Presentation Task Sets 

specifications are the input for the transformation generating the associated abstract user 

interface . The specification of the abstract user interface, in terms of both its static structure 

(the “presentation” part) and dynamic behaviour (the “dialogue” part), is saved for further 

analyses and transformations.  It is worth pointing out that using TERESA it is also possible 

to access the inverse mapping, since for each interactor the tool is able to automatically 

identify and highlight the related task, so that designers can immediately spot such a 

relation. This results in a significant improvement especially when it comes to specifying 
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the properties of each interactor, as the knowledge of the task it supports is an important 

indication of its meaning and goal, so it helps designers to position the interactor within the 

overall application and decide on the most appropriate settings.    

• From abstract user interface to concrete interface for the specific platform. This 

transformation starts with the loading of an abstract user interface previously saved and 

yields the related concrete user interface for the specific media and interaction platform 

selected. A number of parameters related to the customisation of the concrete user interface 

are made available to the designer. 

• Automatic UI Generation. Through this option the tool automatically generates the final 

UI for the target platform, starting with the currently visualised single-platform task model, 

and using a number of default configuration settings related to the user interface generation. 

 5.3 TERESA Abstract User Interface language 

An abstract user interface is composed of a number of presentations, which defines a set of 

presentation and interaction techniques perceivable by the user at a given time. The 

connections define the dynamic behaviour of the user interface. More precisely, they indicate 

what interactions trigger a change of presentation and what the next presentation is. They can 

be associated with conditions in case a specific combination of interactions should trigger the 

change of presentation.  

The structure of the presentation is defined in terms of interactors (also called Abstract 

Interaction Objects or AIO) and their composition operators (see Figure 5).  It is possible to 

distinguish between interactors supporting user interaction (interaction_aio) and those that 

present results of application processing (application_aio). 

Each interaction_aio defines an abstract interaction object which implies an interaction 

between the user and the application. Such an interaction can  be of different types depending 

on the type of task supported. We have selection_aio (to select between a set of elements),  
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edit_aio (to edit an object), control_aio (to trigger an event within the user interface). 

Differently from an interaction_aio, an application_aio defines an abstract application object 

which implies an action only from the application. Each application_aio can be of different 

types (text_aio, object_aio, description_aio, feedback_aio) depending on the type of output 

the application provides to the user: a textual one, an object, a description, or a feedback 

about a particular state of the user interface. 
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Figure 5: The concepts and their relations represented in the TERESA notation for abstract user interfaces. 

 

The composition operators can involve one or two expressions, each of them can be 

composed of one, several interactors or, in turn, compositions of interactors. In particular, the 

composition operators have been defined taking into account the type of communication 

effects that designers aim to achieve when they create a presentation [MS95]. They are: 

• Grouping (G): indicates a set of interface elements logically connected to each other; 
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• Relation (R): highlights a one-to-many relation among some elements, one element 

has some effects on a set of elements; 

• Ordering (O): some kind of ordering among a set of elements can be highlighted; 

• Hierarchy (H): different levels of importance can be defined among a set of elements. 

6. From System Task Models to Abstract User Interfaces 

6.1 Identification of the Enabled Task Sets 

TThhee  EEnnaabblleedd  ttaasskk  sseettss  ((EETTSSss))  aarree  sseettss  ddeerriivveedd  ffrroomm  aa  CCTTTT  ttaasskk  mmooddeell,,  aanndd  rreepprreesseenntt  ttaasskkss  

tthhaatt  aarree  eennaabblleedd  oovveerr  tthhee  ssaammee  ppeerriioodd  ooff  ttiimmee..  IInn  ppaarrttiiccuullaarr,,  tthhee  EETTSSss  aarree  ddeerriivveedd  ffrroomm  

aannaallyyssiinngg  tthhee  ffoorrmmaall  sseemmaannttiiccss  ooff  tthhee  CCTTTT  tteemmppoorraall  ooppeerraattoorrss::  ffoorr  eexxaammppllee,,  iiff  ttwwoo  ttaasskkss  aarree  

ccoonnccuurrrreennttllyy  eexxeeccuutteedd,,  tthheeyy  aarree  eennaabblleedd  aatt  tthhee  ssaammee  ttiimmee,,  ssoo  tthheeyy  bbeelloonngg  ttoo  tthhee  ssaammee  eennaabblleedd  

ttaasskk  sseett..  AAlltteerrnnaattiivveellyy,,  iiff  ttwwoo  ttaasskkss  aarree  ccoonnnneecctteedd  tthhrroouugghh  aann  eennaabblliinngg  ooppeerraattoorr,,  tthhee  sseeccoonndd  

ttaasskk  wwiillll  bbee  eexxeeccuutteedd  jjuusstt  aafftteerr  tthhee  eexxeeccuuttiioonn  ooff  tthhee  ffiirrsstt  oonnee,,  ssoo  tthhee  ttaasskkss  ddoo  nnoott  bbeelloonngg  ttoo  tthhee  

ssaammee  eennaabblleedd  ttaasskk  sseett..  

 

 Figure 6: Example of calculation of enabled task sets. 
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FFiigguurree  66  sshhoowwss  aann  eexxaammppllee  ooff  aa  sseett  ooff  eennaabblleedd  ttaasskk  sseettss  aassssoocciiaatteedd  wwiitthh  aa  ssiimmppllee  ttaasskk  mmooddeell  

rreellaatteedd  ttoo  tthhee  AAcccceessss  ttoo  ttiicckkeett  rreesseerrvvaattiioonn  ttaasskk..  DDeepptthh--ffiirrsstt  vviissiittiinngg  tthhee  ttaasskk  ttrreeee,,  tthhee  ffiirrsstt  lleeaaff  

ssuubbttaasskk  ((SSeelleecctt  aacccceessss  ttiicckkeett  bbooookkiinngg))  iiss  ffoolllloowweedd  bbyy  aann  eennaabblliinngg  ooppeerraattoorr  ((>>>>))..  TThhiiss  mmeeaannss  

tthhaatt  nnoo  ootthheerr  ttaasskk  iiss  eennaabblleedd  ttooggeetthheerr  wwiitthh  iitt,,  ssoo  tthheerree  iiss  oonnee  sseett  ccoommppoosseedd  ooff  oonnllyy  iittsseellff..  

TThheenn,,  tthheerree  aarree  ttwwoo  ssuubbttaasskkss  ((EEnntteerr  nnaammee  aanndd  EEnntteerr  ssuurrnnaammee))  ccoommppoosseedd  uussiinngg  tthhee  

iinntteerrlleeaavviinngg  ooppeerraattoorr  ((||||||))  aanndd  ffoolllloowweedd  bbyy  aannootthheerr  eennaabblliinngg  ooppeerraattoorr  ((tthhee  iinntteerrlleeaavviinngg  ooppeerraattoorr  

hhaass  hhiigghheerr  pprriioorriittyy  tthhaann  tthhee  eennaabblliinngg  oonnee))..    TThhiiss  mmeeaannss  tthhaatt  tthheeyy  aarree  eennaabblleedd  oovveerr  tthhee  ssaammee  

ppeerriioodd  ooff  ttiimmee  aanndd,,  oonnllyy  aafftteerr  tthhee  ppeerrffoorrmmaannccee  ooff  bbootthh  ooff  tthheemm,,    tthhee  ootthheerr  ttaasskkss  aarree  eennaabblleedd..  

SSoo,,  tthheerree  iiss  aannootthheerr  eennaabblleedd  ttaasskk  sseett  aassssoocciiaatteedd  wwiitthh  tthheemm..  IInn  aann  aannootthheerr  ppaarrtt  ooff  tthhee  mmooddeell  

tthheerree  iiss  aann  iinnssttaannccee  ooff  tthhee  cchhooiiccee  ooppeerraattoorr  (([[]]))  bbeettwweeeenn  tthhee  CCaanncceell  aanndd  tthhee  SSeennddiinngg  rreeqquueesstt  

ssuubbttaasskkss..  SSiinnccee  tthhee  uusseerr  sshhoouulldd  bbee  aabbllee  ttoo  cchhoooossee  bbeettwweeeenn  oonnee  ooff  tthheemm,,  tthheeyy  aarree  eennaabblleedd  oovveerr  

tthhee  ssaammee  ppeerriioodd  ooff  ttiimmee  aanndd  bbeelloonngg  ttoo  tthhee  ssaammee  eennaabblleedd  ttaasskk  sseett..  

  

IItt  iiss  wwoorrtthh  ppooiinnttiinngg  oouutt  tthhaatt  tthhee  ttaasskk  mmooddeell  sshhoowwnn  iinn  FFiigguurree  66  ddeessccrriibbeess  tthhee  aaccttiivviittyy  ooff  

rreesseerrvviinngg  aa  ttiicckkeett  pprroovviiddeedd  tthhaatt  aa  ssppeecciiffiicc  ppllaattffoorrmm  --tthhee  mmoobbiillee  pphhoonnee  iinn  tthhiiss  ccaassee--  iiss  

ssuuppppoosseedd  ttoo  bbee  uusseedd..  IIff  aannootthheerr  ppllaattffoorrmm  iiss  ccoonnssiiddeerreedd,,  tthhee  ssppeecciiffiiccaattiioonn  ooff  tthhee  ssaammee  aaccttiivviittyy  

mmiigghhtt  cchhaannggee  qquuiittee  rraaddiiccaallllyy  ee..gg..  dduuee  ttoo  aa  ddiiffffeerreenntt  oorrggaanniissaattiioonn  ooff  tthhee  eexxppeecctteedd  iinntteerraaccttiivvee  

sseessssiioonn  ((ffoorr  iinnssttaannccee,,  eenntteerriinngg  ssuurrnnaammee  mmiigghhtt  bbee  eexxeeccuutteedd  ccoonnccuurrrreennttllyy  wwiitthh  tthhee  ttaasskk  ooff  

eenntteerriinngg  ccrreeddiitt  ccaarrdd  nnuummbbeerr))..  HHeennccee,,  aannootthheerr  ttaasskk  mmooddeell  iiss  ssppeecciiffiieedd  aaccccoorrddiinnggllyy,,  wwhhiicchh  iinn  

ttuurrnn  lleeaaddss  ttoo  aa  mmooddiiffiieedd  aarrrraannggeemmeenntt  ooff  EETTSS..      

  

TThhee  ccaallccuullaattiioonn  ooff  tthhee  eennaabblleedd  ttaasskk  sseettss  iimmpplliieess  tthhee  ccaallccuullaattiioonn  ooff  tthhee  ccoonnddiittiioonnss  tthhaatt  aallllooww  

ppaassssiinngg  ffrroomm  EETTSS  ttoo  EETTSS,,  wwhhiicchh  ddeeppeennddss  oonn  tthhee  tteemmppoorraall  ooppeerraattoorrss  eexxiissttiinngg  aammoonngg  tthhee  

vvaarriioouuss  ttaasskkss..  SSuucchh  ccoonnddiittiioonnss  ccaann  bbee  pprreesseenntteedd  iinn  vvaarriioouuss  mmaannnneerrss..  OOnnee  eexxaammppllee  iiss  wwhheenn  iitt  

iiss  jjuusstt  aa  ttaasskk  tthhaatt  aalllloowwss  eennaabblliinngg  tthhee  nneexxtt  sseett  ooff  ttaasskkss  ((tthhee  ssiimmpplleesstt  eexxaammppllee  iiss  wwhheenn  oonnee  ttaasskk  
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iiss  ccoonnnneecctteedd  tthhrroouugghh  aann  eennaabblliinngg  ooppeerraattoorr  wwiitthh  ootthheerr  ttaasskkss)),,  ssoo  iinn  tthhiiss  ccaassee  tthhee  ccoonnddiittiioonn  

ccooiinncciiddeess  wwiitthh  tthhee  ttaasskk  iittsseellff..  HHoowweevveerr,,  tthheerree  aarree  ootthheerr  ccaasseess  iinn  wwhhiicchh  ssuucchh  aa  ccoonnddiittiioonn  

rreevveeaallss  ttoo  bbee  aa  BBoooolleeaann  eexxpprreessssiioonn  iinnvvoollvviinngg  ttwwoo  oorr  mmoorree  ttaasskkss..  IItt  hhaappppeennss  wwhheenn  tthheerree  iiss  aa  

ggrroouupp  ooff  ttaasskkss  wwhhiicchh  aarree  ccoonnccuurrrreennttllyy  ppeerrffoorrmmeedd  aanndd  ssuucchh  aa  ggrroouupp  iiss  ccoonnnneecctteedd  wwiitthh  aann  

eennaabblliinngg  ooppeerraattoorr  ttoo  aannootthheerr  sseett..  IInn  tthhiiss  ccaassee,,  wwhhaatteevveerr  tthhee  eexxeeccuuttiioonn  oorrddeerr  ooff  tthhoossee  ttaasskkss,,  tthhee  

ccoonnddiittiioonn  ffoorr  mmoovviinngg  ttoo  tthhee  nneexxtt  sseett  ooff  ttaasskkss  iiss  tthhee  ffaacctt  tthhaatt  oonnllyy  wwhheenn  aallll  tthhee  ttaasskkss  aarree  ccaarrrriieedd  

oouutt,,  tthhee  nneexxtt  sseett  iiss  eennaabblleedd..  AAss  aa  rreessuulltt,,  tthhee  BBoooolleeaann  ccoonnddiittiioonn  eexxpprreessssiinngg  ssuucchh  aa  ccoonnssttrraaiinntt  iiss  

aann  AANNDD  ooppeerraattoorr  aapppplliieedd  ttoo  aallll  tthhee  iinnvvoollvveedd  ttaasskkss..  IInn  ootthheerr  ccaasseess  tthhee  OORR  bboooolleeaann  ooppeerraattoorr  iiss  

nneecceessssaarryy  ttoo  eexxpprreessss  tthhee  ffaacctt  tthhaatt  tthhee  ppeerrffoorrmmaannccee  ooff  jjuusstt  oonnee  ttaasskk    iinn  tthhee  sseett  eennaabblleess  tthhee  nneexxtt  

pprreesseennttaattiioonn..  MMoorreeoovveerr,,  aallssoo  ccoommpplleexx  eexxpprreessssiioonnss  wwiitthh  ccoommbbiinnaattiioonnss  ooff  AANNDD//OORR  ooppeerraattoorrss  

ccaann  ooccccuurr..  

  

66..11..11  HHeeuurriissttiiccss  ffoorr  oobbttaaiinniinngg  pprreesseennttaattiioonn  ttaasskk  sseettss  aanndd  ttrraannssiittiioonnss 

AAss  tthhee  nnuummbbeerr  ooff  tthhee  eennaabblleedd  ttaasskk  sseettss  ggeenneerraatteedd  iiss  ooff  tthhee  ssaammee  oorrddeerr  aass  tthhee  nnuummbbeerr  ooff  tthhee  

CCTTTT  eennaabblliinngg  ooppeerraattoorrss  aappppeeaarriinngg  iinn  tthhee  ttaasskk  mmooddeell,,  aa  ddiirreecctt  mmaappppiinngg  bbeettwweeeenn  tthhee  eennaabblleedd  

ttaasskk  sseettss  aanndd  tthhee  uusseerr  iinntteerrffaaccee  pprreesseennttaattiioonnss  mmiigghhtt  pprroodduuccee  excessively mmooddaall  uusseerr  iinntteerrffaacceess  

oorr  aa  hhiigghh  nnuummbbeerr  ooff  pprreesseennttaattiioonnss  wwiitthh  aa  vveerryy  lliimmiitteedd  nnuummbbeerr  ooff  eelleemmeennttss..  AA  nnuummbbeerr  ooff  

hheeuurriissttiiccss  hhaavvee  bbeeeenn  iiddeennttiiffiieedd,,  ffoorr  tthhee  ppuurrppoossee  ooff  hheellppiinngg  ddeessiiggnneerrss  iinn  oobbttaaiinniinngg  aa  lloowweerr  

nnuummbbeerr  ooff  pprreesseennttaattiioonnss..  IInn  ppaarrttiiccuullaarr,,  once the ETSs have been defined, we need to specify 

some rules to reduce their number by merging two or more ETSs into new sets, called 

Presentation Task Sets or PTSs. The reasons for such step are various: first of all, reducing 

the initial number of ETSs which -as we previously note-d in some cases can be very high; 

secondly, keeping and highlighting in the same presentation significant information (as a data 

exchange is) even when the involved tasks belong to different ETSs so that users can better 

follow the flow of information; lastly, avoiding repeatedly considering groups of tasks that all 
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share a similar structure. These rules are particularly useful when desktop systems are 

considered. Up to now, the heuristics that have been identified are the following:  

• If two (or more) ETSs differ for only one element, and those elements are at the same 

level connected with an enabling operator, they can be joined together. 

• If an ETS is composed of just one element, it should be joined with another ETS that 

shares some semantic feature. 

• If some ETSs share most elements, they can be unified  iinn  oorrddeerr  nnoott  ttoo  dduupplliiccaattee  

iinnffoorrmmaattiioonn  wwhhiicchh  iiss  aallrreeaaddyy  aavvaaiillaabbllee  iinn  aannootthheerr  pprreesseennttaattiioonn  iinn  aallmmoosstt  aallll  ppaarrttss..  For 

example if the common elements all appear at the right of the disabling operator, they 

can be joined in only one PTS. 

• If there is an exchange of information between two tasks, they can be put in the same 

PTS in order to highlight such data transfer. 

 

It is worth noting that the designer can decide about the heuristics’ application, also taking 

into account the features of the specific platform considered. For example, if we consider 

graphical user interfaces, it is likely that on devices with small screens the heuristics will be 

less applied than on other devices with more extended capabilities. The reason is that desktop 

systems rely on large screen areas, whereas on small displays too many user interface objects 

in the same presentation would tend to add clutter rather than increase usability.  

 6.2 Mapping tasks to interactors 

OOnnccee  wwee  hhaavvee  oobbttaaiinneedd  tthhee  iinnffoorrmmaattiioonn  aabboouutt  ttaasskkss  bbeelloonnggiinngg  ttoo  eeaacchh  pprreesseennttaattiioonn  ttaasskk  sseett  

ttooggeetthheerr  wwiitthh  tthhee    ttrraannssiittiioonnss  aammoonnggsstt  tthhee  vvaarriioouuss  sseettss,,  tthhee  nneexxtt  sstteepp  iiss  oobbttaaiinniinngg  tthhee  

ddeessccrriippttiioonn  ooff  tthhee  aabbssttrraacctt  uusseerr  iinntteerrffaaccee  iinn  tteerrmmss  ooff  aabbssttrraacctt  uusseerr  iinntteerrffaaccee  oobbjjeeccttss  aanndd  

ooppeerraattoorrss..  IInn  oorrddeerr  ttoo  ddoo  tthhiiss,,  ttwwoo  sstteeppss  aarree  nneecceessssaarryy::  
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••  mmaappppiinngg  tthhee  vvaarriioouuss  ttaasskkss  iinnttoo  ccoorrrreessppoonnddiinngg  iinntteerraaccttiioonn  oobbjjeeccttss  ooff  tthhee  aabbssttrraacctt  uusseerr  

iinntteerrffaaccee;;  

••  ddeerriivviinngg  tthhee  aapppprroopprriiaattee  ccoommppoossiittiioonn  ooppeerraattoorrss  tthhaatt  sshhoouulldd  bbee  aapppplliieedd  ttoo  tthhee  vvaarriioouuss  

iinntteerraaccttoorrss..  

  

66..22..11  TTrraannssffoorrmmiinngg  ttaasskkss  iinnttoo  aabbssttrraacctt  iinntteerraaccttiioonn  oobbjjeeccttss  

IInn  oorrddeerr  ttoo  mmaapp  tthhee  vvaarriioouuss  ttaasskkss  iinnttoo  tthhee  rreellaatteedd  aabbssttrraacctt  uusseerr  iinntteerrffaaccee  oobbjjeeccttss,,  wwee  hhaavvee  ttoo  

ccoonnssiiddeerr  tthhee  iinnffoorrmmaattiioonn  ccoonnttaaiinneedd  iinn  tthhee  ttaasskk  mmooddeell..  FFiirrsstt  ooff  aallll,,  tthhee  aallllooccaattiioonn  ooff  aa  ttaasskk    

((wwhheetthheerr  tthhee  ttaasskk  iiss  ppeerrffoorrmmeedd  eeiitthheerr  tthhrroouugghh  aann  iinntteerraaccttiioonn  bbeettwweeeenn  tthhee  ssyysstteemm  aanndd  tthhee  uusseerr,,  

oorr  jjuusstt  bbyy  tthhee  aapppplliiccaattiioonn))  iiss  uusseeffuull  iinnffoorrmmaattiioonn  ttoo  iiddeennttiiffyy  tthhee  ccaatteeggoorryy  ooff  tthhee  aassssoocciiaatteedd  

aabbssttrraacctt  uusseerr  iinntteerrffaaccee  oobbjjeecctt  ((rreessppeeccttiivveellyy,,  iinntteerraaccttiioonn__aaiioo  oorr  aapppplliiccaattiioonn__aaiioo))..  EEaacchh  ooff  tthheessee  

iinntteerraaccttoorr  ccaatteeggoorriieess  rreepprreesseennttss  aa  ccllaassss  ooff  iinntteerraaccttoorrss  iiddeennttiiffiieedd  bbyy  tthhee  ttyyppee  ooff  tthhee  ttaasskk    

ssuuppppoorrtteedd..  FFoorr  eexxaammppllee,,  aann  ““eeddiitt””  ttaasskk  ttyyppee  iinnddiiccaatteess  tthhaatt  tthhee  ccoorrrreessppoonnddiinngg  iinntteerraaccttoorr  sshhoouulldd  

aallllooww  iinnffoorrmmaattiioonn  mmooddiiffiiccaattiioonn,,  aass  wweellll  aass  aa  ‘‘sseelleeccttiioonn’’  ttaasskk  ttyyppee  iinnddiiccaatteess  tthhaatt  tthhee  aassssoocciiaatteedd  

iinntteerraaccttiioonn  tteecchhnniiqquueess  sshhoouulldd  ssuuppppoorrtt  tthhee  ppeerrffoorrmmaannccee  ooff  tthhiiss  kkiinndd  ooff  aaccttiivviittyy..    

AAccttuuaallllyy,,  tthheessee  iinntteerraaccttoorrss  aarree  ggeenneerriicc  ccllaasssseess  ooff  iinntteerraaccttoorrss,,  wwhhiicchh  mmeeaannss  tthhaatt  iitt  iiss  ssttiillll  

ppoossssiibbllee  ttoo  iiddeennttiiffyy  mmoorree  ssppeecciiaalliisseedd  ssuubbccllaasssseess  uupp  ttoo  rreeaacchhiinngg  eelleemmeennttaarryy  iinntteerraaccttoorrss..  TThhee  

llaasstt  sstteepp  ffoorr  ddeecciiddiinngg  tthhee  ttyyppee  ooff  iinntteerraaccttoorr  aannaallyysseess  tthhee  sseemmaannttiiccss  eeffffeeccttss  ooff  tthhee  iinntteerraaccttiioonnss  

ttoo  ssuuppppoorrtt..  AA  nnuummbbeerr  ooff  iinntteerraaccttoorrss  hhaavvee  bbeeeenn  iiddeennttiiffiieedd  ((nnuummeerriiccaall,,  tteexxtt,,  oobbjjeecctt,,  ppoossiittiioonn))  ffoorr  

tthhiiss  ppuurrppoossee..    TThheenn,,  tthhee  ccoommbbiinneedd  aannaallyyssiiss  ooff  ttaasskk  ttyyppee  aanndd  ccllaassss  ooff  ttaasskk  oobbjjeeccttss  mmaanniippuullaatteedd  

wwiillll  aallllooww  tthhee  iiddeennttiiffiiccaattiioonn  ooff  tthhee  ssppeecciiffiicc,,  eelleemmeennttaarryy  iinntteerraaccttoorr  tthhaatt  iiss  ffiinnaallllyy  sseelleecctteedd  ffoorr  

tthhee  mmaappppiinngg..  

IInn  aaddddiittiioonn,,  ppaarrttiiccuullaarr  ttaasskk  ttyyppeess  aallllooww  tthhee  ssppeecciiffiiccaattiioonn  ooff  aattttrriibbuutteess  wwhhiicchh  aarree  ppeeccuulliiaarr..  FFoorr  

sseelleeccttiioonn  ttaasskkss,,  bbeessiiddeess  ssppeecciiffyyiinngg  tthhee  ttyyppee  ooff  sseelleeccttiioonn  ssuuppppoorrtteedd  ((ssiinnggllee  oorr  mmuullttiippllee)),,  iitt  iiss  

aallssoo  ppoossssiibbllee  ddeeffiinniinngg  tthhee  ccaarrddiinnaalliittyy  ooff  tthhee  sseett  ooff  oobbjjeeccttss  wwhhiicchh  tthhee  sseelleeccttiioonn  wwiillll  bbee  
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ppeerrffoorrmmeedd  ffrroomm  ((hhiigghh//mmeeddiiuumm//llooww))..  FFoorr  tthheessee  ttaasskkss,,  tthhee  iinnffoorrmmaattiioonn  aabboouutt  tthhee  ccaarrddiinnaalliittyy  ooff  

tthhee  sseett  iiss  uusseeffuull  ttoo  sseelleecctt  tthhee  aapppprroopprriiaattee  ttyyppee  ooff  iinntteerraaccttoorr  aabbllee  ttoo  ssuuppppoorrtt  tthhee  sseelleeccttiioonn..    

TThhee  ssaammee  ttyyppee  ooff  rruullee  iiss  aapppplliieedd  iinn  tthhee  ccaassee  ooff  aapppplliiccaattiioonn  ttaasskkss..  ‘‘FFeeeeddbbaacckk’’  aanndd  ‘‘VViissuuaalliissee’’  

aarree  eexxaammpplleess  ooff  ttaasskk  ttyyppeess  bbeelloonnggiinngg  ttoo  tthhee  aapppplliiccaattiioonn  ttaasskk  ccaatteeggoorryy,,  tthheeyy  iinnddiiccaattee  tthhee  

aaccttiivviittyy  ooff  pprreesseennttiinngg  ssoommee  rreessuullttss  ooff  aa  sseerrvveerr--ssiiddee  aapppplliiccaattiioonn  pprroocceessssiinngg  oorr  ssoommee  aapppplliiccaattiioonn  

ddaattaa..  AAllssoo  iinn  tthhiiss  ccaassee  tthheerree  aarree  iinntteerraaccttoorrss  ssuuiittaabbllee  ttoo  ssuuppppoorrtt  tthheessee  aaccttiivviittiieess..  

  

66..22..22  IIddeennttiiffiiccaattiioonn  ooff  tthhee  iinntteerraaccttoorr  ccoommppoossiittiioonn  ooppeerraattoorrss  

TThhee  ooppeerraattoorrss  tthhaatt  aappppeeaarr  iinn  tthhee  aabbssttrraacctt  uusseerr  iinntteerrffaaccee  aarree  ddeerriivveedd  bbyy  aannaallyyssiinngg  tthhee  CCTTTT  ttaasskk  

mmooddeell  ssppeecciiffiiccaattiioonn..  IInn  ppaarrttiiccuullaarr,,  nnoott  oonnllyy  aarree  tthhee  CCTTTT  ooppeerraattoorrss  aannaallyysseedd,,  bbuutt  aallssoo  ootthheerr    

aattttrriibbuutteess  ooff  tthhee  ttaasskkss  ((lliikkee  tthhee  ffrreeqquueennccyy))  ttaakkee  ppaarrtt  iinn  tthhiiss  ttrraannssffoorrmmaattiioonn..    

IInn  ffaacctt,,  oonn  tthhee  oonnee  hhaanndd,,  tthheerree  aarree  ssoommee  CCTTTT  ooppeerraattoorrss  wwhhiicchh  aarree  ddiirreeccttllyy  lliinnkkeedd  wwiitthh  

ooppeerraattoorrss  ooff  tthhee  aabbssttrraacctt  uusseerr  iinntteerrffaaccee..  IItt  iiss  tthhee  ccaassee  wwhheenn  ttwwoo  oorr  mmoorree  ttaasskkss  sseeqquueennttiiaallllyy  

ppeerrffoorrmmeedd  eenndd  uupp  iinn  tthhee  ssaammee  pprreesseennttaattiioonn  ttaasskk  sseett::  tthhee  sseeqquueennttiiaalliittyy  aatt  tthhee  ttaasskk  lleevveell  ccaann  bbee  

ttrraannssllaatteedd,,  aatt  tthhee  aabbssttrraacctt  uusseerr  iinntteerrffaaccee  lleevveell,,  bbyy  aappppllyyiinngg  tthhee  oorrddeerriinngg  ooppeerraattoorr..    

OOnn  tthhee  ootthheerr  hhaanndd,,  ootthheerr  ooppeerraattoorrss  ooff  tthhee  aabbssttrraacctt  uusseerr  iinntteerrffaaccee  ttaakkee  iinnttoo  aaccccoouunntt  tthhee  

aattttrriibbuutteess  ooff  tthhee  iinnvvoollvveedd  ttaasskkss,,  rraatthheerr  tthhaann  tthhee  CCTTTT  tteemmppoorraall  ooppeerraattoorrss  eexxiissttiinngg  aammoonnggsstt  

tthheemm..  FFoorr  eexxaammppllee,,  iitt  iiss  tthhee  ccaassee  ooff  tthhee  HHiieerraarrcchhyy  ooppeerraattoorr,,  wwhhoossee  aapppplliiccaattiioonn  rruullee  ssttrroonnggllyy  

ddeeppeennddss  oonn  tthhee  ffrreeqquueennccyy  vvaalluueess  ooff  tthhee  ttaasskkss  iinnvvoollvveedd..  AA  hhiigghh  lleevveell  ooff  ttaasskk  ffrreeqquueennccyy  iiss  

iinnddiiccaattiioonn  tthhaatt  aa  ttaasskk  iiss  rreeccuurrrreennttllyy  ppeerrffoorrmmeedd,,  ssoo  iitt  hhaass  ggrreeaatteerr  ‘‘iimmppoorrttaannccee’’  wwiitthh  rreessppeecctt  ttoo  

ootthheerr  ttaasskkss  tthhaatt  aarree  lleessss  ffrreeqquueennttllyy  ppeerrffoorrmmeedd::  tthhee  hhiieerraarrcchhyy  ooppeerraattoorr  iiss  aapppprroopprriiaattee  ffoorr  

ccoonnvveeyyiinngg  tthhiiss  kkiinndd  ooff  iinnffoorrmmaattiioonn..  
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66..22..33  TThhee  ddeeffiinniittiioonn  ooff  tthhee  lliinnkkss  wwiitthh  tthhee  ffuunnccttiioonnaall  ccoorree..  

OOnnee  iissssuuee  iiss  hhooww  ttoo  ccoonnnneecctt  tthhee  iinntteerraaccttiivvee  ppaarrtt  ooff  aa  ssooffttwwaarree  aapppplliiccaattiioonn  wwiitthh  tthhee  ffuunnccttiioonnaall  

ccoorree,,  the set of application functionalities independent of the media and the interaction 

techniques used to interact with the user..  SSiinnccee  iinn  tthhee  ttaasskk  mmooddeell  tthhee  aaccttiivviittiieess  ssuuppppoosseedd  ttoo  bbee  

ppeerrffoorrmmeedd  bbyy  tthhee  ssyysstteemm  aarree  iiddeennttiiffiieedd  bbyy  tthhee  ssyysstteemm  ttaasskkss,,  tthhee  ttooooll  aauuttoommaattiiccaallllyy  iiddeennttiiffiieess  

iinn  tthhee  ttaasskk  mmooddeell  tthhee  ttwwoo  ssiittuuaattiioonnss  tthhaatt  aarree  rreelleevvaanntt  ffoorr  ssuucchh  aa  lliinnkk  ::  

••  wwhheenn  ((tthhee  ssyysstteemm  ttaasskkss  aassssoocciiaatteedd  wwiitthh))  iinntteerrnnaall  ffuunnccttiioonnaalliittiieess  aarree  ssuuppppoosseedd  ttoo  

ppeerrffoorrmm  iinnffoorrmmaattiioonn  aacccceessss  ttoo  tthhee  bbaacckk--eenndd;;    

••  wwhheenn  aann  iinntteerrnnaall  ffuunnccttiioonnaalliittyy  nneeeeddss  ttoo  pprreesseenntt  iinnffoorrmmaattiioonn  ttoo  tthhee  uusseerr..    

IInn  oorrddeerr  ttoo  mmaannaaggee  tthheessee  ttwwoo  ccaasseess,,  iinn  eeaacchh  ttaasskk  ssppeecciiffiiccaattiioonn  tthhee  oobbjjeeccttss  hhaannddlleedd  ttoo  ppeerrffoorrmm  

tthhee  ttaasskkss  aarree  iinnddiiccaatteedd,,  ccllaassssiiffiieedd  iinn  ppeerrcceeiivvaabbllee  aanndd  aapppplliiccaattiioonn  oobbjjeeccttss::  tthhee  ffiirrsstt  oobbjjeeccttss  hhaavvee  

aa  ddiirreecctt  iimmppaacctt  oonn  tthhee  uusseerr  iinntteerrffaaccee  iinnaassmmuucchh  aass  tthheeyy  aarree  aassssoocciiaatteedd  wwiitthh  ccoonnccrreettee  wwiiddggeettss  

aappppeeaarriinngg  oonn  tthhee  uusseerr  iinntteerrffaaccee  ((mmeennuuss,,  bbuuttttoonnss,,  iimmaaggeess,,  llaabbeellss,,  eettcc..)),,  wwhheerreeaass  tthhee  

““aapppplliiccaattiioonn””  oobbjjeeccttss  hhaavvee  aa  mmoorree  aabbssttrraacctt  ccoonnnnoottaattiioonn  aass  tthheeyy  rreeffeerr  ttoo  llooggiiccaall  oobbjjeeccttss  

ccoonnnneecctteedd  wwiitthh  tthhee  aapppplliiccaattiioonn  uunnddeerrnneeaatthh..    

IInn  tthhee  ffiirrsstt  ssiittuuaattiioonn  nnoo  ppeerrcceeiivvaabbllee  aaccttiivviittyy  oonn  tthhee  uusseerr  iinntteerrffaaccee  ssiiddee  ooccccuurrss,,  ssoo  iitt  iiss  ppoossssiibbllee  

ttoo  aauuttoommaattiiccaallllyy  iiddeennttiiffyy  tthhee  rreellaatteedd  ttaasskkss  bbeeccaauussee  tthheeyy  aarree  ssyysstteemm  ttaasskkss  cchhaarraacctteerriisseedd  bbyy  aa  

llaacckk  ooff  ppeerrcceeiivvaabbllee  oobbjjeeccttss  iinn  tthheeiirr  ssppeecciiffiiccaattiioonn..    TThhee  iinntteerraaccttoorrss  iinnvvoollvveedd  iinn  ssuucchh  

ffuunnccttiioonnaalliittyy  aarree  tthhoossee  hhaannddlliinngg  tthhee  aapppplliiccaattiioonn  oobbjjeeccttss  wwhhoossee  vvaalluueess  sshhoouulldd  bbee  uusseedd  ttoo  sseenndd  aa  

rreeqquueesstt  ttoo  tthhee  ffuunnccttiioonnaall  ccoorree..  IInn  tthhee  aabbssttrraacctt  iinntteerraaccttoorr  tthheerree  iiss  aann  aattttrriibbuuttee  iinnddiiccaattiinngg  wwhhaatt  

ffuunnccttiioonnaalliittyy  ooff  tthhee  ccoorree  sshhoouulldd  bbee  aacccceesssseedd  ((iiddeennttiiffiieedd  tthhrroouugghh  tthhee  ccoorrrreessppoonnddiinngg  aapppplliiccaattiioonn  

ttaasskk))  aanndd  ootthheerr  aattttrriibbuutteess  iinnddiiccaattiinngg  tthhee  ppaarraammeetteerrss  aassssoocciiaatteedd  ttoo  ssuucchh  aa  rreeqquueesstt..  TThhiiss  

iinnffoorrmmaattiioonn  iiss  ffuurrtthheerr  rreeffiinneedd  wwhheenn  mmoovviinngg  ttoo  tthhee  ccoonnccrreettee  iinntteerrffaaccee  lleevveell..    

AAllssoo  tthhee  sseeccoonndd  ccaassee  ((wwhheenn  aann  iinntteerrnnaall  ffuunnccttiioonnaalliittyy  nneeeeddss  ttoo  pprreesseenntt  iinnffoorrmmaattiioonn  ttoo  tthhee  uusseerr))  

ccaann  bbee  aauuttoommaattiiccaallllyy  ddeetteecctteedd,,  bbeeccaauussee  iinn  tthhiiss  ssiittuuaattiioonn  wwee  hhaavvee  aapppplliiccaattiioonn  ttaasskkss  
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mmaanniippuullaattiinngg  bbootthh  ppeerrcceeiivvaabbllee  aanndd  aapppplliiccaattiioonn  oobbjjeeccttss..  TThhiiss  mmeeaannss  tthhaatt  tthhee  aapppplliiccaattiioonn  

ffuunnccttiioonnaalliittyy  tthhaatt  hhaass  ttoo  pprreesseenntt  iinnffoorrmmaattiioonn  ttoo  tthhee  uusseerr  nneeeeddss  ttoo  ccoommmmuunniiccaattee  wwiitthh  tthhee  

iinntteerraaccttoorr  hhaannddlliinngg  tthhee  ppeerrcceeiivvaabbllee  oobbjjeecctt  aassssoocciiaatteedd  wwiitthh  tthhee  ttaasskk..  

 

7. From the abstract user interface to the concrete user interface 

One of the main goals in the design of TERESA is to provide a flexible environment for 

designers following a mixed initiative paradigm. The environment supports designers 

according to various possible requests of use: there are cases when the designer wants to have 

as much automatic support as possible, in other cases they may want to change some general 

design assumptions, yet in others they want to have full control in order to modify all the 

possible details in the design process. At the beginning a number of general parameters and 

information are presented: as you can see in Figure 7, in the left part the designer has a global 

picture of the current state of the design in terms of abstract presentations currently 

generated, general user interface parameters, composition operators settings, etc. together 

with the possibility to further select one of these options and visualise/modify the related 

attributes in the right-hand panel window. An example of the levels of control available in 

TERESA for designers is the possibility of selecting the specific communication technique to 

be used for implementing each interactor composition operator (see Figure 7). The tool can 

provide suggestions according to predefined design criteria, but developers can modify them: 

for example, they can decide to implement the grouping operator by means of a fieldset, the 

hierarchy operator through different font sizes, the ordering by means of an ordered list, and 

the relation operator by means of a form. Once a designer selects a specific type of 

communication technique, its preview is highlighted accordingly besides the pull-down menu 

in order to facilitate the understanding of the main characteristics of the resulting design. 
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Figure 7: Panel for selecting the implementation of each composition operator in the abstract language. 

 

In addition, depending on the type of platform considered there are different ways to 

implement design choices at the user interface level. For example the same grouping operator 

could be implemented with different techniques depending on whether the desktop or the 

mobile platform is considered. In fact, on the one hand the desktop environment allows the 

use of tables, so the grouping operator can be implemented by a number of techniques 

including both unordered lists by row and unordered list by column (apart from classical 

grouping techniques like fieldsets, bullets, and colours). On the other hand, the small 

capability of a mobile phone does not allow implementing the grouping operator by using an 

unordered list of elements by column then this technique is not available on this platform. 
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Other differences regarding the environments related to each platform can be found for the 

hierarchy operator: in the desktop environment, the hierarchy operator can be effectively 

implemented by varying the space allotted to the different objects in the presentation (for 

graphical user interfaces) or varying the size of text if a textual interaction object is 

considered. Neither of them can be used in the mobile environment respectively because in 

the first case the small area of cellphones’ displays does not allow considering this dimension 

and, in the second case,  the limited capability of this platform does not allow the designer to 

vary too much the dimension of the text without compromising the quality of the result.  

In addition, other differences can be found in supporting the user interface design between 

the two platforms, for example in the global parameters that are available to designers for 

customising the user interface: in the desktop system parameters such as the background 

picture, the colour of the text, etc. are available, whereas in some cellphone systems they 

cannot be supported due to the limited capabilities of the considered platform. 

 

In the prototyping phase the designer can select any presentation and change either how to 

implement a composition operator in it (see an example of grouping specification in Figure 8) 

or a specific interaction object or some of its attributes. It is worth pointing out that the tool 

enables saving the current configuration settings for future uses and modifications, so that the 

designers can incrementally build the user interface and are spared starting the process from 

scratch every time. 
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Figure 8: Possibility of defining parameters in a specific presentation. 

 

As we mentioned before, the tool also supports variability within an interaction platform. For 

example, there are many types of devices that belong to the mobile phone platform. They can 

vary in terms of screen size, number and location of softkeys, colour support and so on. Thus, 

the tool supports the possibility of indicating the main characteristics of the device considered 

within the selected platform (such as number of characters per line or number of lines 

supported by the display). This further information is considered in the final generation of the 

user interface, for example, to decide whether to use field sets or images. 

 

Figure 9 shows how the result of the prototyping process is shown to the designers: an overall 

summary table is provided by the tool in order to allow designers to understand the design 

criteria currently applied.  As you can note, in presentation 3 there are two grouping operators 

which have been currently implemented with two different techniques (fieldset and unordered 

list on columns), as a result of a further designer’s customisation  of presentation 3. 

 30 



 

Figure 9: Panel summarising the design choices. 

8. EXPERIENCES of USE and LESSONS LEARNT 

The tool has been used in a number of cases for various purposes in different settings. In a 

HCI course at a computer science department after a two-hour lesson on task modelling 

students were introduced to the tool for developing and analysing task models for another 

couple of hours, next they attended a lesson on model-based design and after that they were 

able to use the TERESA tool for the development of a small application running on a 

platform chosen by them. Each student developed the user interface for only one platform 

because the time available was limited but different students selected different platforms. So, 

at the end it was possible to obtain a multi-platform application. This demonstrates that the 

environment requires limited effort to learn it and even people with low experience were able 

to generate user interfaces according to usability criteria thanks to the tool support. 
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A more formal experiment was conducted at the Motorola Italy software development centre 

[CFMRB03]  where five developers were asked to participate in a 30 minute preparation 

session and to dedicate 10 minutes reading the TERESA help prior to start the exercises. The 

first experiment consisted in starting with a given task model and obtaining the corresponding 

user interface for both desktop and mobile phone. A second experiment was conducted in 

order to collect more information about satisfaction and cost/effectiveness of the approach. 

Results showed similar total times both for the TERESA approach and the traditional one, 

with opposite impact on different phases. The use of the tool almost doubled required time at 

design stage, while at development stage the results show a dramatically improved 

prototyping performance, reducing required time to half.  

This leaves a margin for further improvement, since the design time required by TERESA 

approach is expected to decrease as the subjects become more familiar with model-based 

techniques and notations. 

Moreover the slight total time increase is acceptable since it involves a trade-off with design 

overall quality: many subjects appreciated the benefits of a formal process and support to 

individuate the most suitable interaction techniques. For example designers reported 

satisfaction about how the tool supported the realization of a coherent page layout and 

identification of links between pages. The evaluators noticed and appreciated the improved 

structure of the presentations and more consistent look of the pages resulting from the model-

based approach, as well as the reduced risk of forgetting the formal specifications. This is 

also coupled with an increased consistence between desktop and mobile version, pointed out 

by almost all the evaluators.  

In summary, TERESA emerged from the evaluation as an appealing solution for designing 

and developing user interfaces on multiple and heterogeneous devices.  
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8. CONCLUSIONS 

We have presented a method and the associated tool supporting design and development of 

nomadic applications. It allows designers to use the results of a conceptual analysis in terms 

of tasks and their relations as input for supporting the user interface prototyping, taking into 

account the characteristics of the platform considered. Designers have different levels of 

control over the development process. The resulting environment supports heterogeneous 

interaction devices through multiple levels: at the task level it is possible to identify what 

activities can be effectively supported by each platform, at the abstract user interface level it 

is possible to define what interactions should be supported and then, with the support of the 

tool, it is possible to derive a corresponding usable interface. The tool is able to store the 

mappings among the various abstraction levels. This information can be useful for designers 

for various purposes. The tool is publicly available at http://giove.cnuce.cnr.it/teresa.html  

This approach has been applied to the development of two nomadic applications: one in the 

museum application domain and an office application. 

While the current TERESA version supports the design and development for graphical and 

vocal interfaces for various platforms (currently through the generation of XHTML, XHTML 

Mobile Profile and VoiceXML [BP03]  but other software environments will be considered 

soon), further work will be dedicated to support a broader set of modalities and their 

combinations.  
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