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Preface

INTRODUCTION TO COMPUTER-AIDED
DESIGN OF USER INTERFACES

Jean Vanderdonckt l and Angel Puerta2,3
Jlnstitut d'Administration et de Gestion - Universite catholique de Louvain
Place des Doyens, 1 - B-1348 Louvain-la-Neuve (Belgium)
vanderdonckt@gant,ucl.ac,be , vanderdoncktj@acm,org
Web: http://www.arpuerta.com
JKnowledge Systems Laboratory, Stanford University, MSOB x215
Stanford, CA 94305-5479, USA
puena@camis.stanford.edu
3RedWhaie Corp., 277 Town &Country Village
Palo Alto, CA 94303, USA
puerta@ redwhale. com
Web: http://www.redwhale.com

Computer-Aided Design of Vser Interfaces (CADUI) is hereby referred
to as the particular area of Human-Computer Interaction (HCI) intended to
provide software support for any activity involved in the development life
cycle of an interactive application, Such activities namely include task
analysis, contextual inquiry [l], requirements definition, user-centred design,
application modelling, conceptual design, prototyping, programming, in­
stallation, test, evaluation, maintenance, Although very recently addressed
(e.g., [3]), the activity of re-designing an existing user interface (VI) for an
interactive application and the activity of re-engineering a VI to rebuild its
underlying models are also considered in CADVI.
A fundamental aim of CADVI is not only to provide some software sup­

port to the above activities, but also to incorporate strong and solid meth­
odological aspects into the development, thus fostering abstraction reflection
and leaving ad hoc development aside [5,7]. Incorporating such methodo­
logical aspects inevitably covers three related, sometimes intertwined, facets:
models, method and tools. Today, any sound methodology should propose
some method founded on models and supported by appropriate tools [2].

1



2 Vanderdonckt and Puerta

Models are intended to capture, to characterise and to abstract real-world
information that will lead to a future VI. As every model is built on some ab­
straction mechanisms, it usually consists in a partial view of the real world
with respect to the design problems. Consequently, one or several models
may be required. Information is primarily stored into models according to an
appropriate format allowing a computer-based system or an automata to so
manipulate them, to access them, to retrieve them, to update them, to man­
age them. Several types of models can be imagined [6,7] (Fig. 1).

.=J ••u.na , ...."..
hJ. ..., I

Generated UI n01 ~

Figure 1. Philosophy of a model-based approach.

A Task model is used to describe the tasks the end-user has to perform.
Goals in a task model specify when a desired state is met, methods describe
procedures to achieve a goal, where atomic methods achieve a goal in one
step and composite methods decompose a goal into sub-goals.
A Data model is used to abstract the data semantics to be manipulated

throughout the VI input/output. It usually consists in a conceptual schema of
entities, relationships of a particular design problem or of objects and meth­
ods in an object-oriented definition.
A Control model is to specify the services an application provides. It is

mostly object-oriented; objects capture the state of entities and the opera­
tions change the state of objects. It is important that the operations corre­
spond to the atomic methods specified in the task model.
A Presentation model specifies the object and operation appearance, the

hierarchical decomposition of displays into components, the attributes and
layout of each component.
A Conversation model is used to describe the human-computer conver­

sation. It describes when the end-user can invoke commands, select or spec­
ify inputs and when the computer can query the end-user and presents in­
formation.
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A Behaviour model is sometimes used to specify the input behaviour.
The use of a presentation model and a behaviour model allows specifying
the layout and the dynamic behaviour of the user interface independently.
A Platform model can be used to describe platform characteristics, e.g.,

input devices, output devices. This type of model is particularly appropriate
for CADVI systems intended to produce multi-platform VIs.
An Environment model can describe workplace characteristics, e.g., cul­

tural characteristics, environment factors. These models are used in different
ways.
A User model specifies the end-user characteristics. A user model can be

used in order to generate individual user interfaces (adapted to stereotypes),
to reconfigure the interface to the end-user, to provide adaptive user inter­
faces, to provide an appropriate level of help, to actively guide the user dur­
ing interaction.
Development activities are organised into a structured way called Method

(the second facet of a methodology) so that they can share common defini­
tions and languages, they can share the same kind of information, they can
be reproduced equally and communicated in the same way. A method is
generally founded on one or several models. This foundation is referred to in
the literature as a Model-Based Approach to produce a final VI [5,9]. A
model can underlie one particular development activity or be shared among
several of them.
Among all these models, the task model has today gained much attention

and many acceptances in the scientific community to be the model from
which a development should be initiated. In the model-based approach (Fig.
1), one or several models, possibly including a task model, are exploited to
reach a final VI, sometimes with variants obtained by varying the considered
models parameters (e.g., user profiles, user preferences, design options).
Rather, in the Task-Based Approach, at least one model, the task model, is
exploited to feed in the other models in a particular way that is task depend­
ent or context-dependent (Fig. 2).

Generated VI ""3~

Figure 2. Philosophy of a task-based approach.
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The other models (e.g., data model, domain model) are in tum exploited to
reach several possible UIs depending on task parameters on one hand and on
other parameters on the other. Often, the context covers three facets: the
task, the user who is responsible for carrying out the task, and the environ­
ment in which the user lives. This environment not only encompasses physi­
cal and ergonomic considerations of the workstation (e.g., posture, light,
screen distance, ambient noise, and contextual characteristics), but also
hardware and software considerations.
The third facet of a methodology are its Tools. Computer-based tools are

needed to support activities related to the models underlying the method,
often along with some automated or semi-automated support for producing
code.
The above three facets are commonly used in Software Engineering to

develop software in a structured, formal, reproducible, understandable,
communicable way. Computer-Aided Software Engineering (CASE) tool is
the use of a computer-assisted method to organise and control the develop­
ment of software, especially on large, complex projects involving many
software components and people. Using CASE allows designers, code writ­
ers, testers, planners, and managers to share a common view of where a
project stands at each stage of development. CASE helps ensure a disci­
plined, check-pointed process. A CASE tool may portray progress (or lack of
it) graphically. CASE tools may also serve in Software Engineering as a re­
pository for or be linked to document and program libraries containing the
project's business plans, design requirements, design specifications, detailed
code specifications, the code units, test cases and results, and marketing and
service plans. Similarly, CADUI tools may also fill this role in the domain of
HCI.
In the past, we spoke a lot about specific components like toolkits, li­

braries, User Interface Management Systems (UIMSs), Interface Builders
and other tools [4]. Although these software may be required to produce a
UI, they are more devoted to the programming activity itself. In this sense,
they can be also considered as CADUI tools. But, in general, CADUI tools
are focused on supporting any activity, and more specifically the design, the
specifications, the modelling and the evaluation of a UI. And not just for
programming it.
This book contains the results of the 3nd International Conference on

Computer-Aided Design of User Interfaces held in Louvain-Ia-Neuve (Bel­
gium), 21-23 October 1999. The previous edition, the 2nd International
Workshop on CADUI has been held in Namur (Belgium), 5-7 June 1996. Its
acronym -CADUI'96- has been chosen to reflect the change of scope from
the lSi International Workshop on Computer-Aided Generation of User Inter­
faces held in Ulm (Germany), 18-19 November 1993.
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We do hope that, in the future, tools and techniques for CADUI presented
in this volume can evolve, merge and integrate to foster better UI develop­
ment than ever where [10]
• designers and developers are recognised as more active persons who can
see their work supported and aided by software tools;

• designers are more supported by appropriate and powerful CADUI tools;
• a mixed-initiative with human control is proposed to designers rather a
than passive role;

• final users are respected in the complexity of their interactive tasks.
This edition of CADUI especially focused on any mean to re-design or

re-engineer an existingUI into a more usable one, along with related models.
A permanent address on CADUI can be accessed at http://belchi.qant.ucl.ac.
be/cadui. Not only the presentations of the contributors of this book but also
references on related work are provided. A mirror will be partially accessible
at http://www.redwhale.com.
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Chapter 1

MODELING FOR COMPONENT BASED
DEVELOPMENT IN UML/CATALYSIS

Alan Cameron Wills
TriReme Corp., Manchester, United Kingdom, aLan@trireme.com
TeL: +44-161-225.3240 - Fax: +44-161- 257.3292

Abstract Component Based Development tCBD) applies the best techniques of object
oriented design to the large scale architecture of systems. As in (properly­
applied) Object-Oriented Design, separation of concerns, encapsulation, and
pluggability make a system extensible and flexible as business needs change.
Many of the design principles are therefore very similar. Components are nev­
ertheless different from objects: they cross language and host boundaries; they
may be distributed, with consequent robustness and performance issues; they
have more sophisticated interfaces than the object's list of messages. This pa­
per will explore some of design methodology for CBD. The ideas will be
based on the Catalysis approach.

Keywords: Component Based Development, Object-Oriented Design.

1. TYPES: BEHAVIORAL SPECIFICATION

The black box. A prominent feature of good design is encapsulation
(Fig. la): the idea that when one part of a program uses another, it should
depend only on what it does, rather than how it works inside. This helps pre­
vent changes in one part of the design from spreading to others; and allows
orie basic set of requirements to be fulfilled by a variety of different imple­
mentations. Modem programming languages, and languages for intercon­
necting components, therefore provide for interface definitions, in which you
can list just what a client (of an object, component, module, ...) will see. One
object (etc) may provide several interfaces. Interface definitions list the op­
erations, but don't say what they do. So the client (software designer, user,
...) doesn't know what to expect. To describe properly what the client should
expect from the black box, we have to say more (Fig. Ib).

7
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Figure I. The black box

Black box with label. A Type Spec is a 'label' for an object/compo­
nent/systeml.... It still says nothing about what goes on inside, but describes
the effects of the operations on each other. <An implementation> confonns
to <a type spec> means only that any instance of the implementation be­
haves as a client using the listed operations would expect from the specifica­
tions. In this example, the hire operation links a video to a member; a further
hire cannot be done for the same video, until a return of that video is per­
formed. We don't care how the operations work, or how the information is
recorded in any implementation, provided it meets these expectations.

hire
re/llm
re.terv

gerHir8l:-~1II-~~~~

operation hire (video, customer)
postcondition This video is on hire to this
customer.
precondition This video is on hire to nobody.
operation return (video)
postcondition This video is on hire to nobody.
precondition This video is on hire to a Cus­
tomer.
function Customer getHirer (video)
postcondition returns the customer that this
video is on hire to

Figure 2. The black box with label

Models. Certain words and phrases recur throughout these descriptions:
video, customer, is-on-hire-to, ...The spec is about how their relationships
change. We can make a picture of them: e.g., any Video is-on-hire-to one or
no Customer. The purpose of the model is to provide a vocabulary for de­
scribing the operations. It says nothing about the internal structure of the
component that performs the operations. It is possible (though not manda­
tory) to write the operation specs in a formal language such as OCL.
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Video Customer

nam~--;;::::"1
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Figure 3. Models.

2. ABSTRACT MODELS

Attributes and associations. Within a type model (Fig. 4),
• Associations and attributes are different ways of presenting the same in­
formation. We use the association style where there is more information
to show about both types, and the attribute style (for ,example with
'name:String) where there is nothing of interest to add about the target
type (usually because it has been defined elsewhere).

• An attribute/association says that the component 'knows' this relation­
ship. It can tell us the name of a Customer and which Customer(s) have a
given name, and who has what Video. Because we don't know about the
implementation, we don't know how fast or slow looking up this infor­
mation might be.

• Public attributes/associations imply there is a direct read-only query. Pri­
vate attributes/associations imply the information is there, but can be ob­
served only indirectly, in its effect on the specified operations.

Video Customer

isOnHireTo: (Customer I NUll) name: String
isHiring: Set (Video)

_____---!~_eqUiValenr1.. _

0.. ' isonHireT~
~ I nam§:~,
~ isH iring o.. iCustomer i~

Figure 4. Attributes and associations.

Actions. In an object oriented program, the designer assigns every op­
eration to one object or another: part of the skill of 000 is to distribute the
tasks so that any change in requirements tends to affect just a few objects.
But in the earlier stages of design, we may know what outcome we want an
operation to achieve; but have not yet divided the necessary steps between
the affected objects, nor even worked out what those steps might be (Fig. 5):
• Actions provide a pictorial notation linking the affected objects, without
saying who does what.

• Postconditions (and preconditions) provide a way to describe something
about the outcome of an action, without saying how it is achieved (nor
necessarily saying everything there is to say about the outcome).
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• A whole series of smaller actions can be summarised by one. For exam­
ple, 'get cash from bank' with postcondition 'more cash in pocket, less in
account' summarises the options of a visit to the bank counter or the
ATM, and the sequences & loops of actions (verify identity, choose fa­
cility, ...) whereby it's achieved.

Actions are used to express the facilities provided by a component, inde­
pendently of the dialogue of operations used to achieve it. For example,
"extend an existing rental" may be considered to be provided by software,
even if it does so only by allowing the video to be nominally returned and re­
hired.

00 pm!(fWTI --­
each opelUTion
assigned To a
specific class

Annlrsis ---
aetiims separaTe from
specific objecTS.
bUT associaTed wiTh
all The Types of

~deo is on hire to noboc¥ .J objecT They affrcT

--IIIIIIIJIO~:;---------
post v ideo has been watched l¥

customer

~
~ - ~

High-level analysis --- ~~;~"e~~~Vid~e~O~Re~n~ta~1 ~sY~s~te~m~~~~CdeTailed inTertU:Tion ~ 'sOnHreTVideo· I "/ Custome~
summarised by ovemll retuT 0..1'-

TransacTions Cus orner

fflll Customer system's record ofwstomer

Figure 5. Actions.

3. CONSTRUCTINGAMODEL

The kinds of model are the following:
• Business (domain) model: used to describe the concepts and actions that
occur in the business.

• System or component model: used to describe the services provided by a
piece of hard-ware, software, or a person or business department, to other
such components.

• Design model: shows how a service is provided by interactions between
smaller objects or components (again, whether hardware, software, or
people). Each of the smaller pieces may itself be defined by a component
model.

• Model framework: a generalised fragment of one of the above,focussing
on one set of relationships or interactions. Can be instantiated and com­
bined with others to make new models.
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3.1 Business model

The steps are the following (Fig. 6):
1. Using any description of the business, sketch types, associations, and ac­
tions. Concepts ~ types; static relations ~ associations & attributes;
verbs ~ actions.

2. Interview or analysis of existing material: cycle around these questions:
What happens'~ Draw actions associated with affected and participating
types. For every action you find, write a postcondition (see below);
this yields associations/attributes. For every association or attribute you
find, ask: What other actions affect or are affected by it? For every type
you find, consider whether it has interesting changes of state that can be
shown on a state chart. While doing all the above, stick to an appropriate
level of detail: in general, a business model should tend towards the ab­
stract. Think 'is this action part of a larger action?' and if so, consider
whether to deal at that level instead. Use-case scenarios are a useful input
to this process, provided you don't let them lead you into fine detail.

3. Writing a postcondition. Write an informal description of the outcome of
the action. Be careful to avoid saying how it happens (what steps, or who
does what): just stick to the relationship between before and after.
For instance, reserve (customer, title): this customer is now on the wait­
ing list for this title. Draw an instance diagram ("snapshot") of a typical
situation before and after this action. You may find you need new asso­
ciations or attributes to represent the concepts affected and the relation­
ships that have changed. Every changeable fact about the objects should
be represented by an attribute or association. For instance, new type Title
required, with association 'waitingList' to Customer. Write the postcon­
dition again in terms of changes in the attributes/associations, or new ob­
jects created. One can use a formal language like OCL.) For instance, re­
serve (customer, title): customer has been appended to title.waitingList.
Write a precondition.

3. As you find types and associations, write dictionary entries explaining
what real-world fact this symbol represents. For instance, Title::wait­
ingList is the set of Customers who have requested and not since hired a
Video of this Title.

4. Write business rules in terms of the model. Most rules are invariants.
Loops in the type diagram often suggest the necessity for invariants.
Some business rules are about permitted changes of state: state charts are
useful for this purpose.
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A customer gets athing from the shop,
in exchange for the thing's price.

post shop.till = shop.till@pre + thing. price
and customer.pocket --= thing.price
and customer.pcsessions += thing
and ShOp.possessions --= thing

Figure 6. Business model.

3.2 Component model

Main principles like that of business modeling; but actions are the inter­
actions between the component and the surrounding world; post/precondi­
tions are about changes in the component's state; types & associations are
those modeling the component's state.
1. A component is always part of some larger design, perhaps how the busi­
ness organisation works around it. Model this design and see how it re­
fines the business goals defined in the business model. Some of the ac­
tions will involve our component; some will not. Avoid detailed actions:
be precise about the outcomes of high-level actions.

2. Write post/preconditions for the actions involving this component. Just
write their effect on this component (not any other participants). As con­
cepts and relationships become involved, borrow types and associations
from the domain model to represent them. Conversely, do not use types
and associations that are not required to describe some action. In this
way, the component model becomes a projection (filtered version) of the
domain model.

3.3 Design model

The purpose is to show how business-model actions' goals are realised
by a combination of actions involving software components, hardware, peo­
ple, etc; or to show how a component specification's goals are realised by a
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combination of actions involving internal objects or smaller components.
The smaller actions may ultimately be object-oriented messages.
1. Decide what your smaller components will be. This will be readjusted
later. In a basic 00 design, each class will directly represent a type in the
model. In a component design, each component will represent some part
of the overall system type model. Document how the states of the com­
ponents represent the overall state (see Refinement).

2. Take each higher-level action separately (business action, component in­
terface action).

3. Review the changes of state in an instance diagram (snapshot) showing
the two states before and after the action.

4. Invent actions (or messages) between the smaller components (or objects)
that will work together to achieve the target change of state. They may
operate in a sequence or· in parallel (as a pipeline, for example). Use col­
laboration or sequence diagrams to document the sequence; or state
charts, if there are significant loops and branches. Check that the changes
of state in the components really do amount (given the retrieval) to the
overall abstract system state change.

5. Collect together the tasks of each constituent object or component (the
actions it is involved in). Review how well the design is decoupled, and if
necessary redistribute tasks.

6. The actions between components may be abstract (rather than specific
messages). Refine them to more detailed protocols (for example using a
communications protocol; or simply a series of individual messages).

14~I A refinement fo REfinement statechart
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Figure 7. Design model.
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4. REFINEMENT AND CONFORMANCE

Refinement means looking at something in more detail. An interface
definition can say exactly what is expected of the implementor, but must
leave out how to implement it (since every implementation will be different).
Also in the earlier phases of analysis and design, we omit detail (such as how
a goal is achieved, and who does what) in favour of the most important is-
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sues (what is achieved). It's important to be able to tell whether a particular
implementation really does conform to a given abstract description. The
main cases fit into two categories: action refinement and component refine­
ment. We use the diamond 'aggregation' symbol to denote a refinement re­
lationship.

4.1 Action refinement

An action represents a goal (pre/postcondition); and in general this is
achieved by performing some combination of smaller actions. An action
takes a finite period of time. The constituents may happen in sequence, or in
parallel (as, for instance, in a pipeline). There are two main cases:

1. External action refinement (Fig. 8a): the abstraction is an action
between two or more participants; the refinement is between a corre­
sponding set of participants, showing how they achieve the overall effect.
Often, the refined layer is already determined and it is not necessary to go
further into it. Typical examples: abstraction: a transaction; refinement:
the individual operations; abstraction: a message; refinement: the detail of
the messaging protocol (for example, CORBA); abstraction: a user's goal
such as obtaining cash; refinement: the operations at the cash machine or
in the bank. New objects are usually introduced in the model(s) of the
participants, because extra information is required to record the interme­
diate states of the interaction.

2. Internal action refinement (Fig. 8b): the refinement shows how one
of the participants achieves its part of the overall goal, by actions between
its consitituent parts. Typical examples: abstraction: a message sent to an
object; refinement: a collaboration of messages between associated ob­
jects; abstraction: a user's operation at a client subsystem; refinement: the
client's interactions with the server(s); abstraction: a customer's order
made with a shop; refinement: the internal workflow that delivers the
goods (including some interactions between employees and software). In
both cases, you need to show in what combinations the smaller actions
can be used. State charts are well-suited to this; alternatives are activity
diagrams (with swim lanes); regular expressions; and (worst) sequence
charts or collaboration diagrams.
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post shop. till = shop.till@pre + thing.price
and customer.pcx:ket- = thing.price
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Figure 8. External (a) and internal (b) action refinement.

4.2 Component refinement

Component refinement means that the infonnation held by the system as
a whole is divided up between several pieces. They may be objects in an 00
program; or distributed components; or linkable modules. Issues that help
decide how to divide up a system include: existing assets; separation of indi­
vidually-variable features; perfonnance; continuity of service (while parts
are down); openness (existing components can cope with more types as they
come along). There are two basic patterns for distributing infonnation be­
tween components:
I. Partitioning: infonnation divided between the components without over­
lap is good for separation of concerns and openness (each component de­
fines types needed locally);

2. Replication: infonnation is held in more than one component is good for
economising on bandwidth (if and only if more queries than changes) and
for continuity of service.
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4.2.1 Retrievals

Wills

Once a partitioning has been decided, it is helpful to document how the
business concepts are represented in the implementation (and particularly
how they are spread between components). Sketch derivations on models (as
dashed lines here). Write up derivation: informally, or in OCL or program
code as in example. Examples of retrieval are (Fig. 9): each customer is rep­
resented as a Payer in the Accounts system, some customers are also repre­
sented in the Despatch system, an Accounts System: :Payer' s account repre­
sents the abstract Customer's account, a DespatchSystem::Customer's orders
represent the abstract Customer's orders. If the Customer is not represented
in the Despatch System, then the Customer has an empty list of Orders. The
OrderTotals in an Account are represented in Accounts System by Accoun­
tItems with Code == "Order".

tsusmess ~upport ~ystem

~--- -------- -----I:elriel'ol
--~--- ----.-.- ----- --- -- -.----- -~--_.- ---.-
*~J OrderItem IICustomer I -------

name I . I value: 1. I ,

--------11 I inv OrderTotal ::
* IAccountlteml.A

Account r l value: £ ... OrderTotal I value= ,.. order.items.value ->sum

0 retri~'val
acSysl , IdisSys

Accounts System :B1Zsupii:Sy~ifetfi-''-var: Dispatch System

*Ipayers-- -------- ------ __:~~:;;h~:h inl~~;~2;~;~_ --------------,.-1 customers
I Payer I customer I

name way'" uU.'J U, name
\'" ------0 ac *~~~der--------~emI ttem I cross referenceIAccount * cooe I 0,1

OrderI~value: £ I a coumuem I

Figure 9. Examples of retrievaL

4.2.2 Synch invariants

Document how info in one component needs to keep up to date with an­
other. Decide what synch is required, leave how until later. Sketch links in
model as here. Write up informally or in OCL or code: the name of the
Customer in the Dispatch System is the same as the name of the corre­
sponding Payer in the Accounts System. Dispatch System::Customer::
(payer.name==name). Include Business Model invariants that are sp~ead

across components: Any Order's accountItem is the sum of the values of its
Items - DispatchSystem:: Order :: accountItem.value == item.value7sum
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4.2.3 Cross references

A Cross Reference is a handle for identifying an object in one component
or domain from within another, e.g. the number on your credit card is an
XRef from you to your account. or the link between Customers and Payers
would normally be implemented by a key.

Account8 Sy!tem acSvs disSvs n',<n~tm "v<:lPl'

Paver I
Business Support Sy!tem I I Customer

/name name
key key

invariant disSys.customers ..>
forall. customer: (acSys.pltf elS[key =Gustom er. keyj··>size==1)

-- there is one Payer wlh the sarre key as ary Custorrer

/:::::::--

Figure 10. Cross references.

5. COMPONENT KITS

Selector
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This example in Fig. 11 shows some key properties of components both
in the software and hardware worlds. This assembly is made from a kit of
components, designed so that there are many different ways of assembling
them. The person who assembles the components to make a product is (like
users of Lego and Meccano) assumed to have different skills than the de­
signers of the kit. The rule is therefore that end-products are made by 'wir­
ing' components, but that the internal designs of the components don't
change. The benefits include that components are well understood and
widely used, and much effort can therefore be put into making them work
well. Like Lego, Meccano, and friends, the kit is good for making a certain
range of products in a certain style. Like hardware kits, the most successful
products are made by choosing members of the same kit, rather than trying
to mix technologies, though adaptors can be made.

Button
c::::l

Figure JJ. Component kits.
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5.1 Connectors

These components are like objects: their internal structure is invisible,
they have well-defined interfaces, there are classes and instances (e.g. we
can see two instances of Button above). But there are differences from plain
objects. An object interface (as in Java, IDL, etc) is a list of function calls:
drawings of them show arrows going into the object. These components,
however, have arrows coming out (the Button's 'pressed' output, Motor's
'speed', ...). What does it mean, for a component to have an output, and for
an assembler to wire it to some input? We can easily envisage an answer,
along the lines of 'an output signifies that the component accepts a request to
register the interest of the input....' But the fact is that we would rather as­
semble the components dealing at the level of the connectors, rather than
going down to the individual messages all the time. We can plug these com­
ponents together provided they're all built to the same set of conventions
about what it means to plug them together.

5.2 Connector types

There are two types of connector in the example, which we've called
«event» and «property» (corresponding roughly to the connector types
in Java Beans). While the «event» couplings carry one-off messages, the
«property» connectors send a continuous update of an integer value (such
as the Motor's speed). In kits of larger-scale components, we can invent
grander kinds of connector: for example, a «workobject transfer», which
negotiates a controlled transfer of a piece of business work from one user to
another. In a workflow system, there are many components with this kind of
connector.

5.3 Kits

What makes these components so versatile is that there are fewer types of
connection than components. The Motor could be wired straight to the Me­
ter, or one of the Buttons straight to the Motor's stop input. This is what
makes this bag of components a coherent kit: its members can be plugged
together in many different ways. By contrast, chunks of software procured
from all over the place would probably need lots of 'glue'.

5.4 Component Kit Architecture

The same principles apply at any scale. In a larger system (Fig. 12), the
components will be substantial applications, possibly operating in different
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interfaces defined
clearly enough for
third parties to
supply components

[tern

define separate models
for different components-"" business modelI
and make clear
mappings between them W

machines; and the connectors will be more sophisticated and carry more in­
formation. For example, a share-dealer support system produces a stream of
deals; these flow through a variety of components. In a component based de­
SIgn, we can separate three activities: (I) Product building: rapid building of
products by configuring components, (ii) Component design: implementing
a specific component, and (iii) Kit Architecture: defining the connectors.

define interfaces unambiguously X
using powerful co~ponentconnec"i'o;;

'A-c-c-o-un-t-s":'"Sy-s-te-m-----i ...... Dispatch System
«workobject transfer»

Figure 12. Component kit architecture.

5.4.1 Common models

For larger designs, the information transferred between components is
more substantial than just numbers. The architecture therefore includes a
model of what flows across the connectors, what the components talk about.
This is clearly related to a common business model. Designers of compo­
nents need to relate their own views back to the common model. For exam­
ple, Accounts may think of a Customer as something with an account con­
taining a list of debits and credits; Dispatching thinks of a Customer as a
thing with an Order containing a list of products. The common model is gen­
erally based on the business domain model, and must include information on
the business rules that should be adhered to by all components in the kit.

5.4.2 Kit architecture

Component kit architecture means defining a set of connectors that your
projects will use, and defining what they achieve and how they work. Some
of them can be adopted from existing platforms, for example, Java Beans
supplies a mechanism similar to our continuous-update connectors; and
CORBA provides a transaction service. The point of the architecture is to de-
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tl'Reuse

tI' Traceability

tI' Components

fine what conventions the component designers will stick to, In order to
make the components easy to reconfigure.
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APPENDIX

Catalysis = UML ++

z UML + clear techniques + context-flexible process
- 00 analysis and design

Component Based Development

• rapid development of families of products

Reuse of models & designs

• frameworks and patterns

Process patterns tI' Process

• combine appropriate techniques to cover many situations

Unambiguous specification tI' Precision

• for high-integrity design and early exposure of important issues

Traceability spec. through code tI' Abstraction

• maintainability. strong quality assurance

Coherence between UML models

• strong cross-checking helps consistency and completness
tI' Coherence
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Abstract How do we design computer systems so that they are useful and efficient arte­
facts that improve the quality and productivity of our lives? What explanations
can we offer as to why some systems achieve this and others fail? How can we
predict which systems or system features are going to be usable and useful and
which ones are not? If we knew how to answer these questions then we would
be in a better position to design and evaluate computer systems. Moreover, we
would be developing an explanatory understanding of HCI and furthering the
discipline of computing as a science. This paper provides an example of an
explanatory, causal account of HCI that shows how models and principles for
HCI can be developed from theory and practice. In particular, the paper con­
siders principles for designing user interfaces to support user tasks. It goes on
to consider how further factors need to be considered in the design of collabo­
rative and mobile systems to support healthcare. How these can be modelled to
provide an explanatory, causal understanding of relevant aspects of human
computer interaction is discussed. The implications of this for further princi­
ples of design and evaluation are considered. Examples are provided from cur­
rent work with theoretical, empirical and design considerations made.

Keywords: Human Computer Interaction, Design Principles, User Tasks, Group Work,
Collaboration.

1. INTRODUCTION

How can we design computer systems so that they are useful and effi­
cient artefacts that improve the quality and productivity of our lives? What
explanations might we offer as to why some systems succeed and others
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fail? How can we predict a priori which systems and system features are
going be useful and usable and which ones will not? If we knew the answers
to these questions then we would be in a better position to design and evalu­
ate computer systems. Also, we would be developing an explanatory under­
standing of HCI and computing science. I use the words explanatory under­
standing to differentiate such an approach from other, alternative, forms that
seek purely to describe or to assess interactive systems, without giving any
explanatory, causal account of how such interaction might have come about.
In recent writings in human computer interaction and software engineering
much attention has been given to ethnomethodological studies of human ac­
tivity as either inputs to design or the analysis of peoples' use of design in
the work place or elsewhere. While such approaches are useful, they fail to
provide an explanatory, causal account as to how or why designs fail or suc­
ceed. Hence, they offer little in the way of guidance or principles for design.
It is not the use of ethnomethodological approaches that I am dissatisfied
with, far from it, I have long argued for the forms of observation, data col­
lection and analysis that such approaches bring. It is the failure to recognise
that a description is not an understanding and that causal explanations are
needed to arrive at an understanding of what counts for good design knowl­
edge.
Further problems arise in HCI because of the over emphasis on assess­

ment in evaluation where all that is asked is, "is A better than B" or " is A
good for C". Such questions are regularly asked and answered using various
degrees of empirical rigour. It is clear that for some purposes, such questions
are valid and the accuracy to which they can be answered will, to some de­
gree, depend upon the rigour with which the empirical assessment was un­
dertaken. However, by failing to provide an underlying explanatory, causal
account of why "A is better than B" or "A is good for C", HCI is failing to
provide a basis for reasoning and reflecting upon the fundamental questions
about why some computer systems improve our lives and others do not.
Again, I am not against empirical or evaluative approaches, they form an
important methodological part of HCI and play a significant role in our
search for causal explanations.
In the design and evaluation of interactive computer systems, we must

understand what causes some interactions to be seen as good, productive,
and useful, and what causes others to fail. Thus, we need an explanatory and
causal understanding of human-computer interaction.
Interactions between people and computers occur in many and varied

contexts and situations, between many and varied people, for many and var­
ied purposes and with many and varied forms of computers. Moreover, these
are all themselves changing over time, as technology, situations, contexts,
purposes and people evolve. Consequently, the "complete and absolute
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truth" about HCI will never be known as there will always be many new and
unanswered questions. Hence, HCI researchers will always have new chal­
lenges and questions facing them
One aspect of seeking such a causal and explanatory understanding of

HCI is that we need to consider the people, computers, tasks, situations and
contexts in which the interactions occur, not as individual components but as
they come together in HCI. Partitioning up HCI into separate components is
going to fail to give a full account since the very nature of the problem to be
understood is how they interact. Each component constrains and influences
the interaction of the other components. Therefore, we need to be able to
construct models of interaction that identify and provide a basis for reason­
ing about the influences and constraints these components place upon each
other.
Most recently, our interaction with computers has begun a further stage

·in its evolution. With the developments in mobile, distributed and multime­
dia computing the technologies have made it possible for HCI to occur in the
park, in the car, under-water and in many far more varied contexts and situa­
tions than before. In the past we have been less concerned with the context
and situation than we now need to be because that factor was more or less
fixed and less variable than it now is. Therefore, its influences on HCI could
be more readily ignored or left unexplained. Similarly, we had far fewer
tasks and purposes to understand consequently, we were less affected by
having only a descriptive and not an explanatory understanding of HCI in
terms of these.
The relationship between theoretical models and the practice of HCI de­

sign is not straightforward. Barnard [I] adapts from Long [6] a framework
which portrays the relationships between a theoretical science base and 'real
world' systems design. Barnard describes 'bridging representations' between
the real world and the theoretical scientific representation of the way in
which the real world behaves. Bridging representations are required in both
directions between scientific theory and the world. More or less formal
analysis of the world leads to a 'discovery representation' which simplifies
the world according to the researcher's purposes. Scientific theory is then
developed based on the discovery representations. Applied science then re­
quires an 'application representation' to serve as a bridge between theory
and the application domain.
This paper provides an example of an explanatory causal account in HCI

that attempts to overcome the problems of partitioning it into separate com­
ponents and shows how models and principles for HCI might be developed
from such an approach. In particular, the paper considers how user, task,
context and situation factors can influence the design of computer systems to
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support healthcare, and how such factors can be modelled to provide an ex­
planatory causal understanding of the HCI that occurs. Principles for de­
signing user interfaces to support user tasks are offered as a further example
of how such accounts can be used to support the software engineering of
good HCI.

2. THEORY BASED DESIGNAND GROUPWARE

Groupware, as software to support collaborative group working has come
to be called, has been prolifically produced over the past decade without
much in the way of theoretical based models of group activity to support de­
sign. There is nevertheless a tradition of designing systems, including col­
laborative systems, with direct bases in theory. Thus, psychological models
of human-human communication have been used a basis for systems design,
both when the system is designed to mediate and to support human-human
interaction and when human-human interaction is used as a model for hu­
man-computer interaction.
Moreover, there have been examples in which the use of a theoretical

model to guide system design has resulted in inflexible and ultimately unus­
able systems. For example, Winograd and Flores' [10] design of Coordinator
was heavily based upon speech act theory [9] and had many criticisms for
the way it constrained and forced group communication to occur. In the case
of Coordinator and speech act theory it would be wrong to conclude that
theory based design does not work, or that the theory in question was a poor
theory. The mistake that occurred was a failure to recognise that a theory of
communication and language use is not an applied theory for the design or
evaluation of computer systems. It fails to recognise that the problem do­
main of computer system design and evaluation is not the same as linguis­
tics. Consequently, what may be a perfectly sound linguistic theory fails to
be an applied linguistic theory for HCI. It fails because the scope of phe­
nomena it was originally meant to explain is not the same as that to which it
is being applied. Also, it fails because it does not take account of how to ap­
ply the constructs, assumptions and predictive base of the original theory to
design and evaluation such that the designers and evaluators might know
how to interpret and make sense of the theory relative to human computer
interaction and computer mediated group work.
It does not follow that design is doomed to fail when it attempts to follow

a theoretical model based approach. Design without theory and models is
hacking or at best intuitive and experience based and does not result in a dis­
cipline of HCI that can pass on a reasoned and causal understanding of what
leads to good design and good usability. On the other hand, the lack of ap-
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plicable theoretical models to support the design and evaluation of group­
ware has not prevented systems being produced and some of these may well
be highly usable, effective and efficient systems. That is not the point. The
point is to know what makes a system good or bad, what causal explanation
can be given as to why one design idea works and another one does not.
Without such understanding, design knowledge and t.he discipline of HCI

cannot be established, communicated or developed. Furthermore, designers
will have a poor basis for predicting the usability and quality of their de­
signs, and good HCI will only be achieved by post hoc evaluations of design
Ideas to find out if they are good or bad. This is unfair and unsatisfactory,
both to designers and users alike. There must be a sound theoretical and
principled basis for designing collaborative systems that provides explana­
tory and predictive models which can be applied to the design and evaluation
of groupware to effect good design, good usability and good HCI.

3. DEVELOPING A THEORETICAL BASIS FOR
MODELLING

In previous research [3,4,5], we have developed a theory of Task Knowl­
edge Structures (TKS) for the purpose of understanding and explaining the
structure of human task activity so as to provide designers of computer sys­
tems with a basis for understanding how to design systems to support people
in carrying out both existing and new tasks. From this applied theory of tasks
we developed a model based approach to user interaction design (ADEPT)
and demonstrated how the TKS based models of human activity could be
used to inform and facilitate design. More recently, following from the theo­
retical work we have been able to formulate four principles of design that
have theoretical explanatory basis, provide predictive guidance to designers
and that have been empirically shown to produce increased usability.
In summary Task Knowledge Structures encompasses: roles (including

within and between tasks), task goal structures (not restricted to hierarchies),
task procedures (showing procedural dependency), taxonomic substructure
(declarative knowledge of the task domain). TKS models actual and required
knowledge and has been applied to, complex and creative tasks. It includes a
methodology for gathering data, analysing those data, modelling, and appli­
cation to design. In the ADEPT model based design environment TKS was
used to model existing work task knowledge, proposed work and user inter­
face designs to support the proposed work. TKS has also been used as basis
for formal modelling of interaction using the process algebra - LOTOS [7]
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3.1 Four Principles from TKS

From TKS theory we have developed four principles for design, again in
summary form these principles are:

• Taxonomic Structure: Objects that are the same or similar will be
conceptually grouped together, and actions on the same or similar
objects will be carried out together.

• Procedural Dependency: Actions which are causally related to each
other through a task goal structure will be conceptually grouped to­
gether.

• Conformance: User interfaces which conform to the users conceptual
grouping will be easier to use.

• Transformation: transforming a conceptual grouping to accommo­
date changes in the level or structure of concepts is cognitively ex­
pensive.

I do not propose to expand these principles here since the objective in
this paper is to go beyond these and begin to develop theoretical models and
design principles for supporting collaborative work. However, it is worth
stating that these four principles have direct implications for the design of all
classes of systems.

3.2 Some implications from TKS principles

• Categorise objects based on object taxonomy and reflect this cate­
gory structure in the user interface through perceptual properties of
the display (such as the spatial grouping of objects).

• Actions should be categorised according to their procedural, sequen­
tial causal relations and this should be reflected in the user interface
display through the temporal and perceptual properties of the user
interface design.

• Users can and do follow the user interface structure to build their
own task knowledge structures provided that the user interface sup­
ports a task structure.

• Where the user interface does not support a task structure the user
will impose their own task structure but this will take longer to
achieve and their performance with the user interface will be slower
than if the interface reflected a task structure.

The particular scope and form of the original TKS theory was limited to
individual users carrying out tasks by themselves. While it accommodated a
role perspective on work it did not consider how people work together to
perform group tasks or how individual and group tasks interact. To extend
this theoretical basis we must consider the nature of group tasks, the nature
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of collaboration and the interaction between group tasks individual tasks.
Moreover, we must approach this from the motivation and for the purpose of
informing the design and evaluation of computer supported collaborative
work.

4.. EXTENDING THE THEORY AND PRINCIPLES
TO COLLABORATIVE GROUP TASK

Much attention has been given to supporting collaboration, through as­
sumptions about sharing data/information, reciprocal views of participants
and creating awareness of each group member. Similarly, attempts have
been made to base the design around quasi "metaphors" such as "rooms" and
"locales" in which group and individual activity is intended to occur. How­
ever, these intuitions and assumptions do not provide any insight in to the
nature of collaboration or group work. Consequently, computer systems de­
signed to support collaborative work often fail to support any particular form
of collaborative group work, and provide little in the way of HCI theory.

In considering the nature of collaborative group work three important ac­
tivities need to be understood, not as separate activities but as synthesised
acts. These activities can themselves be though of in term of tasks in so
much that they require cognitive, social and external resources and are pur­
poseful. The three forms of activity that are synthesised in collaborative
group work concern: Collaboration Tasks, Group Tasks, Individual Tasks.
For example, consider what may go on when a team of doctors and

nurses are engaged in the task of performing an operation in a neuro-surgical
operating theatre. Together the group work at the common goal of removing
a tumour from a patient's brain. Each member of the team will carry out
various acts, some in co-ordination with other member s of the team and
others on their own, some of these acts will be part of the team activity and
some not. For instance, the consultant surgeon may be accessing and re­
moving the tumour. The senior registrar may have prepared the patient, be
assisting and observing the consultant during the removal of the tumour, and
subsequently be involved in making good the surgery once the consultant
has removed the tumour. The anaesthetist may be involved in monitoring the
patient's body state and life support system while the surgery is in progress.
The nurses may be involved in keeping everything that is needed during the
operation "to-hand" and in ensuring that everything in the operating theatre
that comes into contact with the patient is kept sterile at all times.
In this over-simplified example of what is in fact a very complicated

collaborative group activity, there are aspects of both group and individual
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tasks that occur, as in the way the surgeon and the anaesthetist may be
working completely independently on tasks that form part of the group ac­
tivity but of themselves do not require much collaboration. At other times
the surgeon may require the anaesthetist to alter the body state of the patient
(e.g. the oxygen level) in concert with a particular aspect of the removal of
the tumour. At yet further stages in the operation the anaesthetist may have
so little to do that they begin to be fill in a cross-word puzzle while moni­
toring the displays and alarms.
The point is that there are various forms of group and individual task

structures involved here. In addition there are tasks of collaboration, as for
example how the surgeon signals to the anaesthetist that he wants her to alter
the oxygen level. The amount of effort expended and required to do this may
vary. Whatever effort is required to collaborate is an additional task and re­
quires additional resources beyond those of the individual and group tasks.
The resource load of the various task (i.e. the group tasks, the individual
tasks and the collaboration tasks) are all incurred in performing the activity
and must be born by the members of the team.
In developing an HCI account of collaborative work that can contribute

to the design and evaluation of collaborative systems we must be able to un­
derstand the structure of these tasks and how the resource costs involved in
such human activity can be affected by computer technologies.

In an attempt to develop a conceptual framework for modelling collabo­
rative group work in HCI we have proposed the following group task mod­
elling framework:

• Group goals give the purpose of the group activity, give the respon­
sibilities of the group, and become the focus for attaining 'common
ground'.

• Individual goals give the purpose of individual activity, give the re­
sponsibilities of individuals, and provide the individuals basis for
making contributions to 'common ground".

• Group objects are artefacts available to the group. They have, prop­
erties, relations, states, and can become the content of 'common
ground'.

• Individual objects are artefacts available to the individual. They
properties, relations, states, and are excluded from 'common ground'.

• Group processes are patterns of actions available to the group. They
have procedural relations.

• Individual processes are patterns of actions available to individuals.
They have procedural relations.
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In recent work involving the application of computer technologies to
support group work (as part of the EPSRC funded mushroom project) we
have been studying how nurses, general practitioners and consultants work
together in the management of diabetes. What follow is a small example
taken from our studies. Diabetes is a chronic disease that involves patients,
clinic nurses, GPs in local surgeries and consultants in regional and district
hospitals. The interaction and group work occurs between the medical staff
and the patient and between medical staff themselves. The interaction and
group working is extended over space and time and it occurs through meet­
ings, postal communication, telephone calls, and through sharing common
data and information.

Diabetes patient scenario:
Cath is a chronic diabetes patient with recently developed eye problems.
She visits her local diabetes clinic for a regular check-up, data are col-

lected, checks made and notes taken by the clinic nurse - Cath is then re­
ferred to the GP. One week later Cath visits her GP with herfriend, data are
collected, checks made, notes consulted and taken by the GP and Cath is ­
referred to Consultant. Six weeks later she visits the diabetes consultant at
the district hospital, notes are consulted, and checks are made by the con­
sultant. Cath is, referred to an eye specialist. Letters are given to Cath to
take to the eye specialist and her GP.

We can begin to think of the collaboration task resources involved in
these activities such as:
• Effort involved in co-ordination of the group process. For example
the effort involved in the nurse flagging significant items to the GP .

• Effort involved in establishing common ground between the General
Practitioner and the nurse. For example, the GP reading through the
notes to build up an understanding of current situation - requires in­
terpretation on part of GP.

• Effort involved in individual processes. For example, the effort in­
volved in transformation of data from the patient's home kept record
to the nurses' clinic kept record sheet.

We have found that there are indeed problems in performing the collabo­
rative group tasks that can be attributed to the collaboration tasks and the re-
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sources they require at a given time either being to great, not available or in­
adequately supported. Here are some examples of those problems found:
The GP may miss flagged items from the shared patient record. For ex­

ample, on one occasion the GP missed important flagged eye information
and consequently had to re-establish this from the patient. This results in a
duplication of effort. The GP may not complete task as the nurse expected.
For example, on one occasion the nurse expected a certificate to be written
but this did not occur. This results in incomplete handling of the patient and
requires the making of a new appointment.
The information may be incomplete. For example, the notes did not con­

tain details of a letter. This resulted in extra effort on the part of the GP to
find out that consultant had issued a letter.

6. COLLABORATIVE TASK RESOURCE MODEL­
LING FRAMEWORK

In developing the collaborative task modelling framework in terms of re­
sources and their requirements in interaction of group task activities we can
think of this in terms of the group tasks resources.
Thus, collaborative environments supporting collaborative group work­

ing can be assessed in terms of resource costs, contributing to the effort re­
quired to achieve: group, individual, and collaboration goals. Where effort is
expended in interactions required to perform; group procedures, individual
procedures and collaboration procedures. In doing these use can be made of
group and individual computational processes. The effects of these will bring
about changes to and involve the use of; group and individual objects.
Collaboration requires effort as for example in the effort required on the

part of the consultant to interpret and explain current results in the context of
the patient's medical history. For example, finding trends in the patient's
weight control was difficult because of the format of the data presentation.
Furthermore, we can begin to evaluate collaborative work systems in terms
of their resource costs.

In developing the collaborative task modelling framework in terms of re­
sources and their requirements in group work activities we can think of this
in terms of group task resources. Group task resources are what knowledge
(both procedural and declarative) the individual and the group as a whole
need to carry out the tasks in which they are engaged. In addition , the
group-computer interaction resources can be thought of in terms of the above
plus what declarative and procedural resources the computer system needs in
order to support the group activity.
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Clark and Brennan [2] also discuss the "costs of grounding" . These are
the additional resources expended for the collaboration to succeed.
In summary we can think of group tasks resources as being composed of

different forms of task knowledge modelled in terms of: Group task taxo­
nomic structures; Individual task taxonomic structures; Group task proce­
dural dependencies; Individual task procedural dependencies; and that re­
cruit and utilise Collaboration task knowledge structures.
Hence, we have a basis for designing and assessing collaborative systems

supporting collaborative group work in terms of resource costs. These re­
source costs are incurred in the efforts required to achieve group and indi­
vidual goals, through the interactions which constitute group procedures, in­
dividual procedures, group computational processes and individual compu­
tational processes, and in the consumption and use of group objects, individ­
ual objects, group data and individual data in those processes.

6.1 Implications for Design Principles

From the earlier work on individual tasks we have identified four princi­
ples relevant to Task Knowledge Structures. These are the principles of;
Taxonomic Structure, Procedural Dependency, Conformance, and Transfor­
mation.

6.2 Collaborative Task Principles

Collaborative tasks require common ground. Common ground derived
from taxonomic and procedural knowledge of individual and from group.
Resources are expended in: establishing conformance of common ground in
the group and performing transformation of individual knowledge to shared
knowledge and group knowledge to shared knowledge. As noted above, in
order to account for collaborative work, the theoretical basis of TKS needs to
be extended to consider group, individual and collaboration tasks. In addi­
tion, if the underlying theory is to have a use in HCI design, we must also
extend the bridging structures represented by the HCI principles derived
from TKS theory. Bridging representations need to be developed which re­
flect that (i) collaborative tasks require grounding as a necessary overhead,
(ii) common ground is derived from taxonomic and procedural knowledge of
individuals in the group and from the context in which the collaboration oc­
curs, and (iii) resources are expended in establishing the required levels of
common ground amongst the group members relative to the tasks they are
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performing jointly, and in performing transformations of individual knowl­
edge and information to shared knowledge. The work outlined above has be­
gun these twin processes of extending both theory and design principles.
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Abstract BobbysM is a computer-based tool that supports Universal Design of a specific
computer-human interface, the World Wide Web. The notion of a universally
designed Web challenges society to think about plurality-to consider all indi­
viduals, regardless of age, ability, race, or economic or cultural background­
when developing new technologies. Yet at this time, though the Web has much
potential for broad inclusion, it often excludes some people from participating
in much the same way that a staircase prevents a person in a wheelchair from
going in a building's door. In response to this, CAST launched Bobby in
August 1996. Bobby teaches Web designers about Web accessibility by dis­
playing accessibility problems directly within the context of the designer's
site. Bobby is a teaching tool, helping Web designers (including the rapidly
growing number of non-professional designers who are putting up sites) learn
skills they can apply later. The more people use Bobby, the more likely they
will be to integrate accessibility principles into their way of thinking and their
style of Web site design.

Keywords: Universal design, web site evaluation.

1. INTRODUCTION

The Center for Applied Special Technology (CAST) was founded to
study and develop ways technology can be used to enable people with dis­
abilities, especially in educational environments, to participate in the main­
stream. In recent years, CAST has refined the concept of Universal Design, a
term borrowed from architecture. Universal Design of technology refers to
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software and hardware features that are created with a wide range of users in
mind. Universally designed products reduce the need for multiple products
targeted to different populations; instead, one product can benefit users with
a wide range of needs and preferences.
While developing universally designed software products, CAST found

that products using Web pages rely in tum on Universal Design features of
those pages. To help authors incorporate those features into their pages,
CAST created BobbysM [1]. This free software examines the structure of
HTML pages and notes technical or design issues that may present barriers
to persons with disabilities who access the site. The tool has helped thou­
sands of users and organizations make significant improvements to their
Web sites. These people have in the process been educated about Universal
Design principles and now incorporate Universal Design into every aspect of
their Web site development.

2. UNIVERSAL DESIGN FOR LEARNING

Universal Design originated in architecture and product design, where
accommodating the widest spectrum of users increases commercial viability.
Architects practicing Universal Design create structures that from the outset
are intended to be used by all individuals, including those with disabilities.
Although Universal Design has it roots in accessible design, it encompasses
a philosophy that good design benefits everyone. A product that has not been
designed with accessibility in mind may not be usable by a person with a
disability, and it also may be less than optimally useable by a person without
a disability.
Universal Design for Learning (OOL) is an application of these princi­

ples to learning environments. The basic premise of OOL is that the learning
medium should include alternatives to make it accessible and applicable to
students, teachers, and parents with different backgrounds, learning styles,
abilities, and disabilities in widely varied learning contexts. The "universal"
in Universal Design does not imply there will be one optimal solution for
everyone, but rather it underscores the need for inherently flexible, custom­
izable content, assignments, and activities.

2.1 3 Brain Systems

PET scans and other advanced imaging techniques enable neuroscientists
to study the learning brain in action. These tools generate images of the brain
that distinguish highly active regions from those that are less active. Patterns



Evaluating accessibility and usability ofweb Pages 35

of regions that become active while an individual is performing different
learning tasks generate information about how the brain works as we learn.
Recent neurological findings [2] confirm earlier descriptions of three

spatially and functionally distinguishable though interconnected systems in
the learning brain. Broadly speaking, one system recognizes patterns, one
generates patterns, and the third determines priorities. Recognition systems
know what and where an object is, strategic systems know how to do things,
and the affective systems know which objects and actions are important.

2.1.1 Recognition

Most of the posterior half of the brain's cortex is devoted to recognizing
patterns. Pattern recognition systems make it possible to identify visual,
auditory, and olfactory stimuli-to know that a particular stimulus pattern is
a book, your dog's bark, the smell of burning leaves. In academic learning,
pattern recognition systems are essential for identifying basic patterns such
as letters and words, or more complex patterns such as paragraph structure,
author's style, or the relationship between a mathematical formula and its
graphical representation.

2.1.2 Strategic

The anterior part of the brain (the frontal lobes) comprises the networks
responsible for knowing how to do things-holding and moving a pencil,
riding a bicycle, speaking, reading a book, planning a trip, writing a narra­
tive. Actions, skills, and plans are highly patterned activities, requiring the
strategic brain systems responsible for generating patterns. Strategic systems
are critical for all learning tasks, working in tandem with recognition sys­
tems to learn to read, compute, write, solve problems, plan and execute
compositions and complete projects. Like the posterior brain systems, frontal
systems are essential for generating basic patterns such as forming a letter,
and complex patterns such as drawing or writing a composition.

2.1.3 Affective

At the core of the brain (the limbic system) lie the networks responsible
for emotion. Neither recognizing nor generating patterns, these networks
determine whether the patterns we perceive matter to us, and help us decide
which actions and strategies to pursue. With the affective systems, we pursue
goals, develop preferences, build confidence, persist in the face of difficulty,
establish priorities, and care about learning. Recent neurological work shows
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that the capacity to detennining which patterns count is critical to human
intelligence and to all learning.

2.2 3 Principles ofUDL

These three brain systems form the foundation for CAST's three princi­
ples of Universal Design for Learning. Learning requires complex interac­
tions of the recognition, strategic, and affective systems, and no two brains
function in exactly the same way. While everyone's brain functions take
place in roughly the same areas and work together in roughly the same way,
PET scans show that each individual has his or her own activity "signature."
Each of us has a different functional allocation of cortex. Some people have
larger regions devoted to recognizing patterns, generating strategies, or fo­
cusing on particular priorities and these differences seem to be reflected in
different configurations of learning style, relative strengths and weaknesses,
and varying "kinds" of intelligence.
Thinking about individual differences in light of the three brain systems

can help us understand the ways in which curriculum must be flexible to
reach all learners. Multiple representations of content can adjust to the rec­
ognition systems of different learners; multiple options for expression and
control can adjust to the strategic and motor systems of different learners;
multiple options for engagement can adjust to the affective systems of dif­
ferent learners.

2.2.1 Multiple Means of Representation

No single representation of information is ideal, or even accessible, to all
learners. Some students thrive in lectures; others obtain information effec­
tively from text, while still others learn best through visual media such as
diagrams, illustrations, charts, or video. These learning differences reflect
variations in neurology, background experiences, and constitution and are
manifested along a continuum from slight preferences to profound necessi­
ties. For example, one student with a proclivity for art may find an image
more comprehensible than a verbal description of an idea; another who is
deaf will be shut out completely if only a verbal description is provided.
Universally designed materials accommodate this diversity through alter­

native representations of key information. Students with different prefer­
ences and needs can either select the representational medium most suitable
for them, or gather information from a variety of representational media si­
multaneously.
Unlike the printed page, computers provide the opportunity to present in­

formation in multiple media and to provide settings that pennit selecting
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among the offerings. Additionally, computers can often transform informa­
tion into a medium most appropriate for the user. However, it is not always a
straightforward matter to do so. In some cases a direct translation is possible,
as in text-to-speech or spoken dialogue to written caption. In other cases,
interpretation is necessary, as in image description or text version of a sound
effect. Some content cannot truly cross media in a way that most people
would agree on: a poem or music, for example. It is essential, therefore,
when providing multiple representations, to consider the purpose of the ac­
tivity, and the nature of the learners themselves.

2.2.2 Multiple Means of Expression

Just as no single mode of presentation suits all learners, neither does any
single mode of expression. The dominant mode for expressing ideas and
demonstrating learning has long been text on the printed page. Work in mul­
tiple intelligences [3] and school reform supports the notion that more op­
tions, including artwork, photography, drama, music, animation, and video,
open doors for a greater number of students to successfully communicate
ideas, knowledge gained, and talents. These ideas apply to students with
particular skills and proclivities as well as to students with disabilities that
prevent them from using certain media effectively or at all. Universally de­
signed materials offer multiple options for expression and control. Persons
with particular preferences or learning needs can find media, supports, and
options that enable them to demonstrate their knowledge in the way that is
most effective for them.

2.2.3 Multiple Means of Engagement

Reaching to users' enthusiasm and interests is critically important.
CAST's third principle of Universal Design proposes that media should sup­
port varied skill levels, preferences, and interests by providing flexible op­
tions. For any given user, there must be content that is interesting and pro­
vides a clear purpose. Digital materials and electronic networks have the
potential to provide the flexibility, and developers, researchers, and educa­
tors will have to ensure that sound pedagogy guides the development of new
digital curricula.
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3. UNIVERSAL DESIGN PRINCIPLES FOR THE
WEB

The World Wide Web is a potentially rich learning environment. The no­
tion of a universally designed Web challenges society to think about plural­
ity-to consider all individuals, regardless of age, ability, race, or economic
or cultural background-when developing new technologies. Yet at this
time, though the Web has much potential for broad inclusion, it often ex­
cludes some people from participating in much the same way that a staircase
prevents a person from going in a building's door.
The technology now exists to support inclusion of many different types

of people in ways that were previously unconsidered, yet that technology is
not always used to its maximum benefit. For individuals with visual dis­
abilities, for example, the Web's highly graphical environment poses serious
problems. Even with a screen reader, a tool used by individuals with visual
impairments to translate written text into spoken text, Web pages can still be
inaccessible when screen readers cannot navigate text in columns or recog­
nize images. For individuals who are deaf or hard of hearing, multimedia
and audio elements of Web pages are inaccessible without such accommo­
dations as captioning or text descriptions.
Over the last several years, under the leadership of Tim Berners-Lee, in­

ventor of the World Wide Web and Director of the World Wide Web Con­
sortium (W3C), key stakeholders mobilized to move the Web toward univer­
sal accessibility. This increased focus led, in April 1997, to the W3C's es­
tablishment of the Web Accessibility Initiative (WAI) to lead the Web to its
full potential by promoting a high degree of usability for people with dis­
abilities. In coordination with other organizations worldwide, the WAI is
pursuing accessibility through development of technology, guidelines, tools,
education and outreach, and through research and development.
An important piece of the WAI's work has been the development of a

document called the Web Content Accessibility Guidelines [4] which brings
together all of the previous efforts in this area and provides many new ideas.
Within this larger international movement, CAST has identified a critical
need to provide practical support to Web developers in implementing the
guidelines.

3.1 Supporting the Authoring of Universally Designed
Web Sites

Applying the principles of Universal Design to a web site requires
awareness of and commitment to the issues. Equally importantly, it requires
enough applied understanding of these issues to create effective universally
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designed web sites. That is, an author must know the design principles that
make a web site universally designed, and the author must know technically
how to realize those principles on the web site. To help bring this awareness
about, CAST launched Bobby in August, 1996. Bobby is a free interactive
tool offered on CAST's web site that analyzes an HTML page with respect
to the WArs Web Content Guidelines, and translates them into instructions
for improving its accessibility. After typing in a URL, Bobby delivers a full
report within seconds. This report optionally includes the original page, with
"Bobby-hat" icons (Figure 1) that visually show the location of errors.
'!I8.bby _~

Figure J. A page evaluated by Bobby. (a) the original page. (b) the page with visual noti­
fication of accessibility errors. Clicking on the "hat" provides a more extensive descrip­

tion of the error.

Bobby then explains the factors that limit the site's use and recommends
ways to fix those problems. In the report, the factors are presented as a list of
error types. For each type, the parts of the page on which it is found is indi­
cated, this time by showing the HTML source. An extended explanation of
the cause of the error and means of repairing it is available by clicking on the
error title. The errors are organized by three levels of priority-Priority 1 is­
sues are the most important to address for accessibility. Within the priority
levels, the report is also grouped into items that it can evaluate automati­
cally, and descriptions of items that require human judgment to determine an
appropriate response. While any web page will require an amount of subjec­
tive determination, Bobby is able to address many of the most numerous ac­
cess issues.
Now in version 3.1, Bobby has been continually enhanced to provide

better support for the guidelines. Many of its recommendations are for alter­
nate representations of media, such as text alternatives and extended de­
scriptions for images; others help authors avoid problems encountered by
persons using access aids or non-standard browsers. Bobby can test most of
these guidelines. In some cases the test involves detecting the presence or
absence of certain features e.g., text alternatives that are included with spe­
cific HTML constructs like the ALT or LONGDESC attribute of media ele-
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ments. In other cases, Bobby examines the way certain elements are used,
such as color, size, or hierarchical organization.
Bobby is designed to be an educational tool that teaches Web designers

about Web accessibility. As Web designers use Bobby, they not only learn
how to address problems within their own site, they also learn skills that they
can apply to site design in the future. Bobby offers concrete design sugges­
tions and is linked to other sites that discuss access issues. The more one
uses Bobby, the less likely one is to need it in the future, as accessibility is­
sues and their solutions become integrated into one's Web design at the out­
set.

In order to serve as an effective model of accessibility and good interface
design, Bobby employs the latest technological innovations in its own de­
sign. Bobby is now written in 100% Java, and has two forms: the online
server, and a downloadable version that uses the same page evaluation code
and offers both a graphical and a command-line interface. Since it is written
in Java, this version can run on many different hardware platforms. Bobby
uses Java's most current accessibility features, which allows the program it­
self to be accessible to users with disabilities. Many access aids are built into
the interface, and it has the requisite code to allow third party access aids to
communicate with it effectively.

3.2 Universal Design of the UDL Tool

A product that supports the development of universally designed com­
puter-based products should be universally designed itself. Through the de­
velopment of Bobby and other CAST products, the application of VDL prin­
ciples has been continuously refined. Additionally, the technology is con­
stantly evolving and opening up new opportunities for improvement. In the
past, the accessible version was the server version that was provided on an
accessible web page. The first version of the application was not accessible
to all users because of limitations in the Java language at that time. Java has
now evolved and Bobby takes full advantage of its features to provide an ac­
cessible interface.
Thus, universal design as it relates to physical accessibility of the product

has now been largely achieved. The next level of universal design is its cog­
nitive accessibility, or its usefulness to a wide range of audiences. This re­
quires a transformation of the reports Bobby presents to users. Current
Bobby reports are appropriate mainly for expert HTML authors who are
comfortable editing source code. Much web design is now done by people
using authoring tools who may not what understand the HTML errors pre­
sented, or how to solve them. Providing information appropriate to these us-
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ers will make its benefits available to a wider audience and improve its abil­
ity to influence positively the design of web pages worldwide.
The quality and thoroughness of page examination will be enhanced to

give Bobby a more complete view of a web page. As Bobby is enhanced,
new types of optional checks will be added to Bobby to expand its role as a
Umversal Web Page Design Evaluation tool. Some check types under con­
sideration mclude spell checklOg. page readabilityo and site layout and visual
design. Some of these are topics related to human-computer interaction prin­
ciples about which a larger understanding is now reaching the Web devel­
opment community. Analysis and validation of these issues will become as
important as accessibility evaluation in the near future.
Another important component of Universal Design in the modem world

is internationalization and multiculturalism. Already, Bobby has been in the
position of providing English-only reports for non-English web pages from
around the world. It is important that Bobby be able to examine non-English
pages in a manner appropriate to the language, and provide reports in that
language (or another language of the user's choice). Multiculturalism of the
tool means that it must be usable, from the opening interface to the final re­
port, by people with different assumptions, experiences, and educational
backgrounds. A first step to achieving these goals will be the creation of an
international version that allows users to switch languages on the fly.
Bobby will also broaden the context of its use by providing a complete

API that will allow other developers to integrate Bobby into their products.
This will be of value to developers of page authoring programs who will be
able to incorporate Bobby's features directly into their product. This will
also allow the development of products that use Bobby's core functionality
to accomplish different goals; for example, Bobby is currently expected to
be integrated with an interactive repair tool that steps the user through the
process of fixing problems that Bobby itself has merely identified and ex­
plained.

3.3 Impact

Bobby teaches Web designers to correct access problems in a simple and
inviting way. Users type in the URL they want to analyze and Bobby tests
the page, highlights problems, gives an accessibility rating, and explains any
access problems found. Bobby also gives links to other sites that discuss ac­
cess issues. Seeing how their sites look to people with disabilities gives Web
developers an understanding of the sometimes subtle barriers "hidden"
within their sites.
Because Bobby is a teaching tool, Web designers (including the rapidly

growing number of non-professional designers who are putting up sites)
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learn skills they can apply later. The more people use Bobby, the more likely
they will be to integrate accessibility principles into their way of thinking
and their style of Web site design. Hundreds of thousands of visitors have
come to the Bobby Web site, and many of them report using the program to
test their sites. Overall. Bobby is testing more than 3 million Web pages a
month and is referenced from more than 2800 sites.

4. CONCLUSION

Universal Design is an important approach to addressing accessibility is­
sues in technology. Bobby was created to encourage universal Web page de­
sign by checking pages for potential problems and teaching authors how to
resolve them. Many developers learn about accessibility issues when they
use Bobby to validate their HTML for various browsers and use Bobby's
graphic download time assessment. The tool was used by CAST as it devel­
oped its new model, universally designed Web site. CAST continues to use
the venue of its Web site, combined with the success of Bobby, to support
and encourage other developers to produce universally designed technology.
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Abstract Model-based tools enable developers to produce prototype user-interface designs
from a model of the system. However most existing model-based tools do not
enable a developer to work from an abstract specificationofthe system to produce
a prototype design. Instead, the model of the system that is provided to the
tool is at a low level of abstraction. Consequently, much design work focuses
prematurely on the concrete visual appearance of the user-interface. To address
this issue, this paper discusses a model-based design process that commences
from an abstract specification.

Keywords: Model-based design, user-interface design, Object-Z.

1. INTRODUCTION

Most existing methods and tools for developing user-interfaces focus the
developers' attention prematurely on the visual appearance of the system [9].
The user-interface must provide appropriate access to the abstract information
and operations described in the system's functional requirements. Focusing
initially on appearance rather than function, can corrupt the architecture of the
system, diminish usability and require that work be abandoned. The objective
of this paper is to discuss model-based design methods that are amenable to
tool support and that help developers avoid such wasted design effort.
In an object-oriented interactive system design, some objects are presented

to users. Each such object and its presentation (including user interactions
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required to invoke operations) together define an "interactor" [2]; the object
provides the abstract specification of the interactor.
In Section 2. we discuss the need for improved methods for model-based

design. Section 3. presents the Interface-Adapter pattern for augmenting
interactive system specifications to produce user-interface designs. A pattern
is a description of a recurring structural or behavioural solution [4]. Our
approach is based on the adapter design pattern described by Gamma et a1. [4].
We summarise the complete pattern, which is given in [6]. Section 4. gives
an example of model-based design commencing from an interactive system
specification and applying the Interface-Adapter pattern. Section 5. considers
future work that would apply our method as the basis of a model-based design
tool.

2. MODEL-BASED DESIGN

Lauridsen [7] argues that many of the problems in user-interface develop­
ment are caused by the low level of abstraction at which design decisions are
made, resulting in lack of overview in the design process. Instead a stronger
connection is needed between the interactive system specification and the user­
interface design.
User-interface designs in which each interactor is trivially presented in terms

of one or more "widgets" can be derived from abstract system specifications
[6]. A widget is any widely used interactor such as a button, scrollbar or list.
A design may reuse widgets from a library. Operations on the specification
interactors are invoked indirectly by user-interaction with widgets, and the state
and outputs of specification interactors are presented by widgets.
There has been much research of mechanisms for tool-assisted selection

of widgets based on functional specifications [7]. Tools that assist the user­
interface development process, using models of the interactive system, are
"model-based" [11]. Model-based tools have not been widely accepted
in industry [11] because they lack customisability, do not support complex
relationships between widgets and in most cases the resulting implementations
are slow because they are interpreted. Most developers use interface builders,
toolkits and a programming language. Further, most existing tools do not assist
developing widget-based implementations (i.e., implementations constructed
using widgets) from an abstract specification. In particular, they do not enable
progressive development of a concrete specification in terms of widgets from
an abstract specification.
In [6], we advocate using an abstract system model as the basis for task de­

composition, avoiding the need to produce the model following taskdecompo­
sition. For most model-based tools, the initial specification of the user-interface
that must be provided to the tool is at a low level of abstraction. Our approach
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is similar to the approach used in VIDE [10], because like VIDE, the design
is derived by manipulation of an abstract system model. However we ensure
that the transformations are correctness preserving (a design derived by trans­
formation is compatible with the original abstract specification). To enable
demonstration of correctness of transformations, our models are expressed in
terms of Object-Z [3], a formal, object-oriented specification language. Our
approach does not automate design of the user-interface for a system. At each
stage of the development process, it is the responsibility of the designer to
choose the transformations that will be performed.
By commencing from an abstract model of the system, attention is focused

on providing support for the tasks expressed in the abstract model. Our method
ensures that every such task is expressed as a concrete task in the user-interface
design: each operation of the specification can be expressed as a combination
of operations of the user-interface design.

3. INTERFACE-ADAPTER

We summarise a pattern for producing user-interface designs from interactive
system specifications. Our summarised pattern, Interface-Adapter, consists
of two parts: the Context that describes the circumstances in which the pattern
can be applied, and the Solution that describes the effect of applying the pattern.

Context. The Interface-Adapter pattern is used when an operation of a
specification class produces output or updates the state ofan interactor. Because
almost all interactive systems will either produce output or update state, the
Interface-Adapter pattern is widely applicable.

Solution. In the Interface-Adapter pattern, an adapter interactor is inter­
posed between the user and a core interactor. Input to the core interactor and/or
output from the core interactor are handled by the adapter interactor. The
Interface-Adapter pattern corresponds to task decomposition.
Although Interface-Adapter produces a potential architecture for the sys­

tem, its primary purpose is to derive user-interface designs. The architecture
derived by Interface-Adapter is deliberately simple; other more complex user­
interface architectures such as PAC [1] and MVC [8] can be readily derived
from the architecture produced by Interface-Adapter [5].
The interactors that are added to a specification using the Interface-Adapter

pattern provide mechanisms for performing the abstract tasks defined by inter­
actors in the abstract specification. The tasks supported by the system following
application of the Interface-Adapter pattern are the same as prior to applying
the pattern, except that the action sequence to perform tasks that now involve the
adapter interactor has been decomposed (i.e., the system fol1owing application
of the pattern is compatible with the original system).
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The Interface-Adapter pattern is depicted in Figure 1.1 using Rumbaugh's
object model notation as described in [4]. We assume that the core interactor
writes data that is to be presented to the user in the variable outData, while the
adapter interactor receives data from the user in the variable inData.

adapter.adaptOutput(outData)

Core

receive!nput(data)

produceOutput

adapte

core

Adapter

adaptInput .........
adaptOutput(data)

.. core.receiveInput(inData)

Figure 1 The Interface-Adapter pattern

4. CASE STUDY: THE VOTING SYSTEM

We use a simple example to demonstrate how the Interface-Adapter pattern
is used to transform an abstract Object-Z specification. For simplicity, because
our primary concern is to illustrate principles, the example that we present
in this paper is deliberately "toy" sized. A larger web browser case study is
presented in [5].

4.1 ABSTRACT SPECIFICATION

The purpose of the voting system user-interface is to allow the user to
construct a vote consisting of an ordered list of candidate names. Such a
system would be useful for automating an optional-preferential voting system.
The user-interface provides a list of available candidate names that cannot
be altered by the user. No candidate name is duplicated. The vote has no
duplicates, contains any number of candidate names from the list of candidates
and is initially empty. We declare a given set CANDIDATE that describes the
set of all possible candidates.
In an Object-Z specification, a class is defined by a named box encapsulating

state and, optionally, initialisationand operations. The state schema in the class
is un-named and contains attribute declarations and a constraining invariant.
The class Candidates initially describes the candidates with which the user is



.... Remove _

Ll (candidates)
candidate?: CANDIDATE

candidate? E candidates
candidates' =

candidates \ {candidate?}
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supplied. The initialisation schema is labelled !NIT and defines the initial state
of instances of the class.

_ Candidates

Icandidates: IF CANDIDATE

!NIT _

[candidates = CANDIDATE

_Reset _

Ll (candidates)

candidates' = CANDIDATE

An operation schema is divided into two parts. The upper part defines the
context of the operation including inputs and outputs. The Ll-Iist defines those
state attributes that are altered by an operation. State variables not listed in
the Ll-list are unchanged by that operation. The lower part defines a predicate
relating the initial and final states of the operation. The decorations? and !
indicate input and output attributes respectively.
The class Vote represents a single vote as a list of candidate identifiers

(without duplicates) in decreasing order of preference.

r-- Vote

Ivote: iseq CANDIDATE

,...SubmitVote _

Ll(vote)
vote!: iseqCANDIDATE

vote' = ()
vote! = vote

Clear _

[ L'>{vote)

[vote' = ()

!NIT _

[vote = ()

Insert _

~(vote)

posn? : N
candidate?: CANDIDATE

posn? E dom vote U {#vote + I}
candidate? f/. ran vote

vote' = (1 .. posn? - 1) 1voter­

(candidate?)r-
(posn? .. #vote) 1vote

The system is defined by the instantiation of the Candidates and Vote inter­
actor classes.
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I VotingSystem ---------------------
I . /Nrr _

I Icandidates: Candidates Icandidates ./Nrr
I vote: Vote I vote./Nrr

'-------------
candidates.candidatesU ran vote. vote = CANDIDATE

AddToVote == candidates.Remove /\ vote.Insert
ClearVote == vote.Clear /\ candidates.Reset
SubmitVote == vote.SubmitVote /\ candidates.Reset

The operation AddToVote removes the user's selection from candidates and
inserts the candidate in vote (the candidate? attributes in the interface for each
operation ofthe conjunction are unified). Both ClearVote and SubmitVote reset
the system to its initial state, with SubmitVote also ,outputting the completed
vote.

4.2 REDEFINITION IN TERMS OF WIDGETS

We redefine the Candidate and Vote classes using the List class. The
List class specifies a list widget and provides the presentation for the rede­
fined Candidate and Vote classes. Widget classes are distinguished from other
Object-Z classes because they have an associated presentation to which their
state and operations can be mapped. In [5] we provide a complete version of
List that has operations to select elements, but in this specification the selection
operations are not used.

_List[X]

elements : seqX
selection : lP'N

#selection ~ 1
selection ~ dom elements

r/Nrr _

elements = ()
selection = 0

The Candidates/ist class transforms the attribute candidates in the Candidates
class (denoted by candidatesoriginal) using the coupling invariant ran candidates =
candidatesoriginal, and transforms the interface for Remove using the coupling
invariant candidate? = candidates(posn?). The interactor class Candidates/ist
extends List to allow the candidate at a chosen numeric index in the list to be
removed using the Remove operation. The Remove operation takes a position
as input, rather than using the selection, because the operation models direct
manipulation of the list widget. The addition of candidate! to the interface
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of Remove ensures that the effect of the system operation AddToVote on the
system state is unchanged (see VotingSystem/ibrary below).

posn? E domcandidates
candidate! = candidates(posn?)
candidates' =

squash(candidates ~ {candidate!})

Icandidates E iseq CANDIDATE

INIT _

[ran candidates = CANDIDATE

,...Reset _

~ (candidates)

ran candidates' = CANDIDATE

_ Candidates/ist
List[CANDIDATE] [candidates / elements]

,...Remove _

~ (candidates)
posn?: N
candidate!: CANDIDATE

Similarly, we replace the class Vote by Vote/ist, using the List library class.
For brevity, we elide the redefinition of the Vote class.
We use buttons to invoke the operations to submit the vote and clear the vote

(i.e., we apply the Interface-Adapter pattern). Buttons offer a Click operation
that normally occurs in association with an operation of a specification inter­
actor. The Button class specification and presentation (including executions
required to invoked operations) is defined in [5]. The Click operation for each
button is promoted only in conjunction with operations on vote and candidates.
The VotingSystem/ist class is defined in terms of Candidates/ist and Vote/ist.

_ VotingSystem/ist _

candidates: Candidates/ist
vote: Vote/ist
submit, clear: Button[Text]

submit. label = "Submit"
clear.label = "Clear"

,...INIT _

candidates.INIT
vote.1N1T
submit.INIT
clear.INIT

AddToVote ~ candidates.Removefposnl?/ posn?] II vote.Insertfposn2?/ posn?]
ClearVote ~ clear.Click 1\ vote.Clear 1\ candidates.Reset
SubmitVote ~ submit.Click 1\ vote.SubmitVote 1\ candidates.Reset

We indicate the active interactor for the operationsClearVote and SubmitVote
by underlining. The active interactors for an operation are the interactors with
which the user must engage to invoke the operation.
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4.3 INTRODUCTION OF DRAG-AND-DROP

r--

!NIT

value: lP'X [vatue= '"
dragging: Ja --, dragging

#value::; 1 _Drop

,-StartDrag
b.(dragging, value)

b.(dragging, value)
out!: X

in?: X dragging

--, dragging
--, dragging'
value' = 0dragging'
{out!} = valuevalue' = {in?}

To demonstrate the correctness of a drag and drop design formally, we apply
the Interface-Adapter pattern, interposing a buffer between the candidate and
vote lists into which a candidate is inserted during a drag and from which it is
removed when the consequent drop occurs. The drag and drop buffer receives
output from candidates.Remove and provides input to vote.Insert. The class
DragDrop presents the candidate identifier that is currently the subject of a drag
operation. Operations of the DragDrop class are not directly accessed by the
user; rather they are invoked by interaction with objects of other classes in the
system. DragDrop does not constrain the location of the drop; such constraints
are dealt with in the specification of the interactors that use DragDrop.

DragDrop[X]

We extend the Candidateslist and Vote/ist interactor classes to use an instance
of theDragDrop class to move a chosen candidate from the candidates list to the
vote list; dragging a candidate is modelled by the operation ChooseCandidate.
The operation Remove is subsumed by the operation ChooseCandidate and is
removed from the availability list (denoted by f).

DraggableCandidates _

Candidateslist
!NIT _

Ibuffer: DragDrop[CANDIDATE] [_bu_rffi_e_r._IN_IT _

ChooseCandidate == Remove II buffer.StartDrag[candidates?/ in?]

The ChooseCandidate operation models a "drag". The operation is in­
voked by pressing or clicking a mouse-button with the mouse cursor over the
candidates list and then using the mouse to move the candidate that is being
dragged.



submit. label = "Submit"
clear.label = "Clear"
candidates.buffer = buffer
vote.buffer = buffer
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We define the DroppableVote class by inheritance from Vote/ist. For brevity
we elide its definition.
We give the completed system class for the widget-based specification as

VotingSystemdragdrop. The class VotingSystemdragdrop provides a user-interface
design for the voting system because the presentation has been completely
defined. We indicate the active interactors for each operation.

- VotingSystemdragdrop
lNIT _

candidates: DraggableCandidates candidates.lNIT
vote: DroppableVote vote.lNIT
buffer: DragDrop[CANDIDATE] buffer.lNIT
submit, clear: Button[Text] submit.lNIT

clear.lNIT

AddToVote == candidates.ChooseCandidate ~ vote.lnsertCandidate

Because the drag and drop interface-adapter has been introduced and handles
communication ofcandidates between the candidate and vote lists, the operation
AddToVote is redefined. The redefined operation passes selected candidates to
the vote list via the drag and drop buffer; this is achieved by sequentially
composing operations to choose a candidate from the candidates list and insert
that candidate into the vote list.
The redefined AddToVote operation (denoted in our discussion by

AddToVoteconcrete) has the same effect on the state of the candidates and vote in­
teractors as did the originalAddToVote operation (denoted by AddToVoteabstract)
for the class VotingSystem/ist but also manipulates the state of the buffer inter­
actor. In behaviours of the original system, we replace the AddToVoteabstract
operation by the AddToVoteconcrete operation to obtain behaviours of the trans­
formed voting system (defined by VotingSystemdragdrop). All the behaviours of
the original system are represented by behaviours of the transformed system.
Figure 1.2 shows the presentation for the voting system, using Tk widgets.

5. CONCLUSIONS

By transforming from an abstract specification to a widget-based prototype
using Interface-Adapter, the developer can be sure that their implementa­
tion provides mechanisms to perform required tasks. Formal transformations
help achieve conformance of a widget-based design to an original (abstract)
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candidates ..... .[>

submit··· ..

Candidates

andrew
jason
melanie
michelle

Submit I

anthony
bUffy
ian

Vote

<} vote

..................... buffer

aear ..... clear

Figure 2 Tcl!fk implementation of the voting system

interactive system specification. However, applying transformations is time
consuming; hence the technique, used manually, is likely to be feasible only
for safety-critical or small systems. Since formal methods are commonly ac­
knowledged to be of most benefit for larger scale systems, developers need
tools to assist them in using formal approaches for large or commercial scale
user-interface development.
Our future work will investigate how to provide such tool support for trans­

forming abstract formal interactive system specifications to prototype widget­
based user-interface designs. The intent is to develop mechanisms for model­
based user-interface development suitable for industrial use. A tool for assisting
formal development of user-interfaces would assist developers applying pat­
terns for transforming an abstract user-interface specification to a widget-based
specification, would guide transformations (e.g., by identifying suitable widgets
corresponding to a specification) and would permit association of design infor­
mation (such as presentation and widget layout) with resulting widget-based
specifications. The tool would support a philosophy of iterative redesign, user
testing and analysis. Adapter components could be plugged and unplugged to
and from core interactors as required, and core interactors could be redefined
in terms of different widgets if necessary, with the tool performing necessary
correctness checks for the designer.
With tool support, we believe our method offers significant advantages over

conventional user-interface development techniques. By concentrating the
developers' attention on the abstract system specification, the correctness of the
user-interface (satisfaction of abstract tasks) is enhanced. The developer is free
to focus their attention on usability issues concerning the design rather than less
creative but time consuming issues ofconformance to the abstract specification.
Further, by focusing on abstract tasks initially, developers may avoid premature
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design effort before abstract tasks have been properly fonnulated. With our
approach, prototyping is used judiciously (because it is an expensive activity)
only after significant requirements analysis has been done and never simply to
verify that the prototype design confonns to the abstract requirements.

References

[1] J. Coutaz. Architectural Models for Interactive Software. In S. Cook,
editor, European Conference on Object-oriented Programming - ECOOP
'89, pages 382-399. Cambridge University Press, 1989.

[2] 1. Coutaz, L. Nigay, and D. Salber. Agent-Based Architecture Mod­
elling for Interactive Systems. Technical Report SMlWP53, LGI-IMAG,
Grenoble, April 1995. ESPRIT BRA 7040 Amodeus-2.

[3] R. Duke, G. Rose, and G. Smith. Object-Z: A Specification Language
Advocated for the Description of Standards. Computer Standards and
Interfaces, 17:511-533, 1995.

[4] E. Gamma, R. Helm, R. Johnson, and J. Vlissides. Design Patterns:
Elements ofReusable Object-Oriented Software. Addison-Wesley, 1994.

[5] A. Hussey. Object-Oriented Specification and Design ofUser-Interfaces.
PhD thesis, Department ofComputer Science and Electrical Engineering;
The University of Queensland, February 1999.

[6] A. Hussey and D. Carrington. Which widgets? Deriving Implementations
from Fonnal User-Interface Specifications. In 5th Eurographics Workshop
on the Design, Specification and Verification ofInteractive Systems, DSV­
IS '98, pages 239-257. Springer-Verlag, 1998.

[7] O. Lauridsen. Generation of User Interfaces using Fonnal Specification.
In K. Nordby, P. Helmersen, D. J. Gilmore, and S. A. Arnesen, editors,
Human-Computer Interaction - INTERACT '95, pages 325-330. Chap­
man and Hall, 1995.

[8] ParcPlace Systems Inc. VisualWorks User's Guide. ParcPlace, 1994.

[9] K. Schneider and A. ander Repenning. Deceived by Ease of Use. In
DIS '95 Symposium on Designing Interactive Systems: Processes, Prac­
tices, Methods and Techniques, pages 177-188. ACM Press, 1995.

[10] P. Sukaviriya, J. D. Foley, and T. Griffith. A Second Generation User
Interface Design Environment: The Model and the Runtime Architecture.
In INTERCHI '93: Bridges between Worlds, pages 375-382. ACM Press,
1993.

[11] P. Szekely. Retrospective and Challenges for Model-Based Interface De­
velopment. In F. Paterno, editor, Interactive Systems: Design, Specifica­
tion and Verification -1st Eurographics Workshop, pages 1-27. Springer­
Verlag, 1994.



Chapter 5

A METHOD ENGINEERING FRAMEWORK FOR
MODELING AND GENERATING INTERACTIVE
APPLICATIONS

Christian Martin
Fachhochschule Augsburg - University ojApplied Sciences
Department ojComputer Science, BaumgartnerstrafJe 16, D-86161 Augsburg
maertin@informatik.fh-augsburg.de

Abstract This paper reviews model-based design environments for interactive software
systems. The expressiveness and flexibility of such environments can be raised
by using a method engineering approach for tailoring object-oriented design
methodologies that meet project-specific requirements. Applying artefacts
such as software patterns to computer-aided user interface construction can
further improve the resulting interactive applications.

Keywords: Model-based design environments, AME, OBJECTWAND, method-engineering,
software life cycle, development approach, artefacts, patterns, UML

1. INTRODUCTION

Over the last couple of years new requirements for application software
have emerged: richer interactive functionality, enhanced usability, multime­
dia support, Web integration, client-server organization, high reliability,
maintainability and extendability.
Model-based design environments for interactive software systems (155s)

can help to cope with these complex requirements. Such systems conse­
quently apply a modeling paradigm (e.g. object-oriented, declarative, ER­
based, etc.) to represent the structure and behavior of the user interface and
its relationships to the application's domain functionality. Two main catego­
ries of model-based environments for designing ISSs can be distinguished:
model-based specification systems and model-based generators.
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Some recent systems have demonstrated that a combination of both inter­
active specification techniques and automatic generator components makes
sense. In AME [7] and its successor OBJECTWAND [9] a life cycle driven ap­
proach was chosen to coordinate intelligent automated tools and flexible in­
teractive tools for specifying and designing prototypical ISSs for the busi­
ness domain. Models are represented by an object-oriented scheme that is
based on a set of modeling classes. These classes, their role in a model speci­
fication, the life cycle activities and tools that refine a given model specifi­
cation into a more detailed one are formally described in [8]. Related work
on model-based ISS design environments is covered in [12].
In the following chapters an evolutionary and synergistic approach for

tailoring more individual ISS design methodologies is discussed. This ap­
proach is a preliminary result of SALC (Software Automation Life Cycle), a
project set up to explbre hierarchy levels and activities in generic software
processes with respect to their automation potential.

2. METHOD ENGINEERING FOR CADUI

Method engineering is the "coordinated and systematic approach to es­
tablishing work methods" and therefore "produces methodologies" [10]. To
facilitate the development of individual computer-aided design environments
for interactive applications we propose a meta-model of ISS design method­
ology. It defines the meta-structure and possible elements of individual
model-based ISS design methodolgies. It can also be used as a framework
for building ISS design environments.

2.1 Meta-model purpose

The meta-model is shown in Figure I in UML notation. It will help to
clarify the notion ISS design methodology and allows us
• to define specific methodologies for individual ISS projects,
• to define life cycle driven tools that support development activities,
• to build a repository for methodology elements and meta-level CASE
tools for ISS method engineering, and

• to re-engineer existing ISS design environments for other contexts.
Most existing ISS design environments impose a life cycle with a fixed

number of predefined activities on each new project. Life cycle activities are
directly associated with development activities and tools that generate or aid
to create the UI and couple it to the domain parts of an application. This is
not so different from the view taken by designers of modeling techniques
like UML [I]. They propose one life cycle, e.g. the Rational Unified Proc­
ess, that typically comes together with the modeling technique.
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Figure 1. A meta-model of ISS design methodology

However, in general the project-specific and organization-related re­
quirements vary too much, to be mirrored by one process alone. A given life
cycle cannot be flexible enough to be applied to the whole spectrum of real
life development projects. Specific requirements of ISSs, e.g. user participa­
tion, organizational context, integration of new media and conformance to
HeI standards further complicate the situation.
Therefore, we suggest to use method engineering based on meta-models,

to gain project- and domain-oriented insights into ISS design. Each ISS de­
sign project may require an individual life cycle. See [3, 11] for related work
on life cycle meta-modeling. Our studies have also been influenced by Evo­
lutionary Fusion [6] and Catalysis [4].
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2.2 Meta-model structure

A project is composed of project steps. Each step is associated with a
semantic task to be accomplished during the development life cycle and with
a development activity that implements the task. Project managment man­
ages the development team, schedules project steps and keeps track of the
various requirements of a specific project. The development team is respon­
sible for executing the steps <sequentially, overlapping, or in parallel). A
project may follow an existing life cycle (top down) or compose a new life
cycle from given and/or new cycle activities (bottom up). A life cycle activ­
ity (e.g. analysis) is composed of one or more life cycle tasks.
Different development approaches may be required for different projects.

A project uses the selected development approach with its set of defined de­
velopment activities. Development activities for ISS design may be interac­
tive (e.g. designing a class diagram) or automated (e.g. generating the layout
for dialog box with given interaction objects). They mirror the techniques
and notations of the development approach. A major difference between the
meta-model and most existing model-based design environments is that here
a tool can be associated with a development activity but is not identical with
the development activity. The activity specifies input, output and effects of
the tool. A tool implements a development activity. The development ap­
proach also specifies the set of artefacts, produced and modified by devel­
opment activities. The class artefact defines all elements needed for model­
ing and generating ISSs. All components of ISS models as well as data and
knowledge resources applied by development activities in order to refine a
model are collected in this class. An environment like AME is as an instance
of the meta-model and an example ISS design methodology for business­
related GUI applications.

3. DESIGN ARTEFACTS

Artefact classes in our meta-model are structured as shown in Figure 2.
Our attention is mainly 'focussed on artefacts like patterns and structural re­
lationships which can improve future ISS modeling and generator tools.

3.1 Exploiting patterns

In AME structural patterns in OOND diagrams were parsed in order to
automatically generate the window and dialog box hierarchy for GUI appli­
cations. In addition source code templates for generating the behavior of
standard interaction objects and dialog boxes were used. Recently tools that
generate code from design patterns [5] have emerged, at least for adapting
design patterns to specific contexts (see e.g. [2]).
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Figure 2. Design artefacts in the meta-model.

3.2 Applying patterns to ISS modeling and generation

In SALe a prototypical modeling tool (MDT) was developed for applying
software patterns to automated ISS design beyond the scope available in
AME. MDT consists of a graphical editor and an extensible graphical library
of software patterns. The editor is used for constructing UML class diagrams
for ISSs from primitive modeling elements, adaptable design patterns from
the library, and Java-based UI frameworks.

MDT can also be used to create new OOA domain patterns and graphi­
cally specify their mapping to detailed OOD structures and behavior. This
feature allows to represent the mapping of non-standard relationships be­
tween domain classes - e.g. associations with domain-specific roles - to re­
usable individual UI class structures. It also allows to specify the related
source code for expanding the pattern within a specific context.

4. CONCLUSION

In this paper a method engineering approach for defining ISS design
methodologies was presented. Meta-model-based approaches like this will
enable us to adapt existing model-based ISS design environments to project­
specific requirements.
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Some aspects for applying pattern artefacts were highlighted. In SALe
we currently examine the use of concrete patterns in ISS design environ­
ments. We have developed a Web-based stock trading agent using Java­
based development tools. Some generic patterns were extracted and repre­
sented as UML class diagrams. We now identify those parts of the applica­
tion windows and their elements which are strongly related to the patterns
and look for efficient ways to make them reusable by ISS generators.
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Abstract We describe in this paper GIPSE, a model based system that is specialised in
CAD systems. GIPSE facilitates the design and the development of applica­
tions using structured dialogues. From a functional core and some initialisation
files describing the user interface properties such as the tasks, their structura­
tion and the presentation, GIPSE allows the online construction of self-running
applications.

Key words: Model-Based Systems, CAD, User Interface, CADUI

1. INTRODUCTION

User interface and dialogue control are a large part of any software. They
are hard to implement, to debug and to maintain [11]. The problem grows
much worse when the application dialogue extends, or when it follows some
dialogue strategy where relations between user tasks are not well defined.
Such is the case in CAD systems. The user must be able to express a lot of
geometrical relations between entities, leading to a structured dialogue
where parameters of tasks may be given by the way of a (possible huge)
number of subtasks.
A lot of tools have been created in order to facilitate designing user inter­

faces. These tools range from toolkits and application frameworks to model
based systems. In the latter ones, the desired user interface is automatically
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generated from a specification made of declarative models. However, few of
these tools address the problem of structured dialogues.
Our goal in this paper is to describe GIPSE, a model based system spe­

cialised in applications where this dialogue form is usual. In the subsequent
section, we explain more precisely the particularities of our main domain,
CAD software. A natural decomposition of structured dialogue in a general
task structure follows. Then we describe GIPSE, our specialised model
based system, and give some example of its use.

2. DOMAIN

Technical design is a domain where construction constraints are largely
used. In order to be helpful for end users, Computer Aided Design (CAD)
software have to facilitate the expression of these constraints. Graphical ap­
plications do not usually ask the user for carefully positioning objects. On
the contrary, CAD systems require the user to strictly define the geometrical
entities that make up technical objects. So, systems offer a wide range of
methods for constructing these entities. A software from the former type
may allow the construction of an ellipse with two mouse interactions, and
then may allow its modification by the way of direct manipulation. On the
contrary, CAD systems allow the creation of these entities in terms of centre,
radius, axis, or allow the use of constraints such as tangency or coincidence.
Moreover, these parameters can themselves be defined by the way of nu­
merical or grapho-numerical expressions. Circle creation, for example, can
use a subtask that returns the projection of a position on a line to define its
centre, and then use another subtask to calculate the distance between two
entities as the radius. The dialogue associated with a task is recursively in­
cluding dialogues associated with subtasks allowing the realisation of inter­
mediate goals.
This kind of dialogue is called a structured one [15]. On the one hand, it

gives to the user a very powerful way of expressing constructs constraints.
On the other hand, using these dialogues requires specific software archi­
tecture, to reduce the combinatorial explosion of subtask calls. Some exam­
ples of these architectures may be found [4, 10, 18].
Nevertheless definition and implementation of these dialogues is very

difficult. Current user interface development systems lack the ability to de­
scribe them. These systems, such as JANUS [I], MASTERMIND [20] TRI­
DENT [2] or MECANOlMobi-D [16, 17], may be used in fields where the
user's tasks are well defined. Examples of such fields are database manipu­
lation (JANUS), or stock management (Mobi-D). In such systems, the num­
ber of tasks allowed to the user at any point of the session is limited. In con-
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trast, structured dialogues give the user many ways of expressing his/her
needs: any (sub)task able to produce a parameter from a currently waited
kind must be available.

3. STRUCTURED DIALOGUES

Structured dialogues may be seen as a set of producers and consumers.
Some tasks consume data produced by some other tasks. In our previous ex­
ample, the "Create Circle" task gets data from two others tasks, "Projection"
and "Distance", which produce respectively one position and one real value.
Tasks may be decomposed in three categories: terminal tasks, production

tasks and opportunistic tasks.
• Terminal tasks use data, but do not produce) them. They are used to
modify the application (mainly geometrical) model. Some examples are
tasks allowing entity creation, destruction or modification. These tasks
are the main reason for the existence of CAD systems. At any moment,
only one terminal task may be active. One can not create a circle while
creating a line. Two dialogue strategies may apply: either the expression
of a new terminal task is forbidden (by disabling menu components), ei­
ther this expression replaces the current one, which is then cancelled,
with all its subtasks.

• Production tasks consume data in order to produce another data that will
be transmitted to another tasks. These subtasks exist solely in the context
of another task, either a terminal task or a production (sub)task. If no ter­
minal task is in use (i.e. the user is not currently modifying the model),
then no production task must be available, as there is no one to transmit
data. It is the existence of such tasks that define structured dialogue. Pro­
duction tasks are defined by the result they give, and not by their client
(to which task they give it). The "Centre" task gives a position, and may
be used to define the extremity of a line or the centre of an ellipse. Last,
production tasks do not modify the application model. They may extract
some information from their parameters ("Centre"), or they may calculate
some value ("Distance"), but they do not create, modify or destroy any
entity while doing so.

• Opportunist tasks are the third kind of tasks in structured dialogues.
These are the tasks that neither modify the model, neither produce infor­
mation for other tasks. These tasks allow end users for asking for a modi­
fication of the system to allow better realisation of tasks. An example of

I Be careful that we are interested here in dialogue. So, when we claim that terminal tasks
do not produce anything, it is in the sense of dialogue: they do not produce any data (dia­
logue token) for other tasks. Obviously, they produce entities in the CAD system model.
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this kind of task is the translation of the visible content of a window. Op­
portunist tasks modify the presentation of data, but do not change them.
These tasks may be used at any moment, without cancelling the currently
active terminal task. The former temporarily replaces the latter, until it is
completed. The terminal task then resumes as if no interruption had ever
been done. In our previous example of a circle construction, the user may,
at any moment, ask for a zoom, define the position that delimits the
zoomed area, and then resume his/her construction.

4. GIPSE: AMODEL-BASED SYSTEM

GIPSE is a model-based system specialised in software that use struc­
tured dialogues. Its main goal is to provide a basis than can be extended later
to provide additional capacities. One of the stated goals was to allow for fast
modification of the dialogue.
GIPSE does not generate code. It is composed of a software component

that links itself with the application in order to manage the dialogue. It acts
as the dialogue controller for the whole application. As the application starts­
up, specifications of the dialogue properties and functional core functionali­
ties are loaded from textual models. From this point, GIPSE manages the
dialogue until the end of the session with the application.
This structure has several benefits. First, as the model is directly used by

the system, there is no recompilation time whenever there is a change in the
dialogue structure. Second, as the dialogue is itself a data structure, in oppo­
sition to hard coded dialogue, it is possible to dynamically modify it. The
user may be allowed to remove unneeded functionnalities, or to add new
ones, created by the way of Programming by Demonstration (PbD) [3]. This
leads to the possible extension and specialisation of a system by the end user
himself/herself [14]. Third, it is possible to integrate verification tools in the
software itself. Some works have already been done on that subject [9]. This
ability to examine the software dialogue, even during run time, comes handy
when the end user is able to modify the dialogue. Inconsistency or incorrect
dialogue structures may be notified.
In this paper, we do not focus on the PbD features of GIPSE, which is a

purely interactive tool that allows developing interactive applications by ex­
tension/specialisation [6, 13, 14]. We only deal with declarative models that
are used by GIPSE to manage the interactive system
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GIPSE uses an architectural model called H4 [7], which was designed
specifically for CAD systems. In the H4 model, the dialogue controller is
composed of a hierarchical set of agents, named dialogue interactors, rela­
tively to the theory of Interactors ([8, 12]). Each of them corresponds to a
task level: they group and structure system tasks in a hierarchical fashion.
They are defined by the nature of information they accept as input, and pro­
duce output information, which is the result of the task. Usual dialogue in­
teractors in drawing applications include designation (picking graphical en­
tities), information (giving information such as centre or extremity of enti­
ties), calculus (projection, distance), and creation. Communications between
interactors are automatically managed by a Monitor. Interactors may accept
information from any other interactor that is lower in the hierarchy, without
knowing who produced it. The communication unit is a typed element,
named Token, which may either be a command (order to initiate an action)
or data (parameter of actions). The monitor transmits tokens to the next in­
teractor in the hierarchy that waits for such typed data.

Monitor [nteractors

I
~ Create_Circle (Position, Real)

{t",
~ . . ~. ft . .
~ -J'

I:
-~ I
I:..... l"- n .. , {)h;p", II

..I:

I--I~~.

Figure I. Dialogue controller in GIPSE.

This model of dialogue controller allows for a great deal of independence
between tasks. The monitor manages communication between separate task
levels. Possible interactions between tasks of the same level are managed by
the interactor that manages this level. Each task can be defined independ­
ently from each other. The same thing can be said about interactors. Each
one is independent from the other, and manages the tasks at its own level.
The number of other interactors able to provide or consume data does not
matter. An interactor provides data to and consumes data from the monitor,
and transmits theses data to any active task via the monitor. One conse­
quence of that structure is no need for complex task and dialogue models
(see section 4.2). It should be noticed that this model is focusing on dialogue
control. Presentation of model objects is out of its scope. CAD entities are
highly structured and relational. Their presentation on the screen is therefore
left to the functional core, using some specialised software component.
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4.2 Specification of CAD software with GIPSE

A system, in the H4 model, can be specified from three components: to­
kens (communication unit between tasks), tasks (communication unit be­
tween user and system) and interactors (task structuring unit). The monitor
can be derived from the interactors order.
The description of these components, along with a description of the

presentation, allows for the complete specification of the application dia­
logue. The token specification is akin to the object model, whereas tasks
specification constitutes the task model, interactors specification represents
the dialogue model and presentation specification states for the presentation
model.

4.2.1 Object model

Tokens are objects that communicate user's intention. They may contain
data (references to model objects, or values), or commands initiating tasks.
Commands, and some data such as string or numerical value, exist in any
application. Most of them, however, are application-dependent and refer to
model objects.
Tokens are a communication unit, allowing tasks to freely exchange data.

The exact structure and value of these objects are of no importance to other
dialogue controller objects. The interactor that manages a given task does
not care what is the value of a position. What is important is the nature of the
transmitted data, as it allows it to know when the task may be called (i.e.
have received all parameters).

-- !roken.
Rectangle
Line
Point
Arc
Unbounded_Line
Circle
-- Group.
Support_Object
Drawing_Object
Graphical Object

{Unbounded_Line, Circle}
{Rectangle, Line, Point, Arc}
{Support_Object, Drawing_Object}

Figure 2. Object model example.

The object model of the dialogue controller contains the list of applica­
tion-dependent token types, and provides for a structuring mechanism (Fig­
ure 2.). This structuring mechanism (groups) allows for concision in task de­
scription, as we will see in the next section.
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Thanks for the H4 architecture, tasks may be defined individually, with­
out any connection between them. A name, a list of input parameters and one
(optional) output parameter define each task. This specification allows the
system to automatically disable any task that cannot give any parameter of
the waited kind. As it has been said, it defines the tasks in terms of what it
takes and what it produces.
Some help line may also be added to the description. This is used by the

system to provide the user for dynamic help. Figure 3 shows an example of
task description. In the second case, we can see the use of structuring: only
one task description is required for all the graphical entities (every entities in
our small example).

-- Terminal task
Task{
Create_Circle (Position, Real)
Help {Circle creation by center and radius}
Parameter {Position, "Center"}
parameter {Real, "Radius"}

}

-- Production task
Task {
Center {Graphical_Object} Position
Help {give an Object's Center}
Parameter {Graphical_Object, "Give an object"}

Figure 3. Task model example

Other characteristics of the task may be added for PbD purpose (see
later). Such characteristics are, for example, the reaction of the task when
macro-recording is on. Some tasks may be ignored (that is, not recorded),
while others are strictly forbidden ("save" for example).

4.2.3 Interactor Model

The Interactor model defines the dialogue. Each interactor defines the
dialogue at its own level, while the hierarchy of interactors gives an implicit
rule on which task may use which other tasks. A task from a given interactor
can use any task from a lower level interactor, given that, this lower task is
able to produce data that are waited by the higher one.
Interactors define the dialogue at their level using a MAD-like approach

[19]. Tasks are structured with Alternative (ALT) and Sequence (SEQ), pos­
sibly repetitive (ALT* and SEQ*).
For example, the "Creation" interactor definition may look like this:
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Interacteur Creation
Seq {
Alt {
Task {New}
Task {Open}

}

Alt {
Alt* {
Task {Create_Circle (Position, Real)}
Task {Create_Rectangle (Position, Position)}
Task {Creace_Line (Position, Position)}
}

Task {Close}
Task {Quit}

}

}

Figure 4. Dialogue model example.

The end user must begin by either creating a new document or opening
an existing one. It then can either create an indefinite amount of objects (the
Alt*), or finish the session by closing the document or exiting the applica­
tion. Other interactors are defined in the same way. Most of them are com­
posed of a simple alternative between multiple tasks. The language con­
structs are very few; the communications between interactors and the be­
haviour of the monitor (described in 4.1) extend automatically the possibili­
ties of the language.
This description defines the static constraints on dialogue: what is even­

tually available at any given moment. Dynamic constraints are managed by
the system at run-time: in the set of available tasks, only tasks that produce
expected data are effectively available. Others are disabled (greyed out) by
the system. This is completely automatic.
The description of the dialogue in independent chunks, themselves com­

posed of structured tasks, and linked by explicit rules, allows for an easy de­
scription of the whole dialogue. Adding a new task to the system implies
only the modification of the interactor that will manage it, to have this task
fully integrated with the whole application dialogue. The same description,
realised via a state-transition diagram, would be unmanageable, as the num­
ber of possible transitions between tasks is exponential. The adjunction of a
new task would, in this case, imply the creation of one transition from any
task able to consume the produced data, and to any task able to produce
waited data.

4.2.4 Presentation Model

Presentation of a CAD system may be boiled down to one (or more)
visualisation space and some way to express commands and data to the sys-
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tern. The fonner does not concern us, as it is under the control of the model
itself. The latter are composed of menus and dialogue boxes that allow en­
tering specific data, such as strings, or numerical values.
The presentation model we use is based on tasks, and concentrates on

ways of initiating them. We use menus and submenus as containers for la­
bels or pictures that, when used by user, activate the corresponding tasks.

Menu Objet {
Label Line {Create_Line (Position, Position))
Label Circle {
Create_Circle (Position, Reel)
Create_Circle (Position, Position)}

Label Rectangle {Create_Rectangle (Position, Position)}
Menu Modification {
Label Color {Modify_Color (Object)}
Label Style {Modify_Style (Object)}

Figure 5. Presentation model example.

As shown by the "Circle" label (Figure 5), a label may be associated with
more than one task. The only restriction is that these tasks should be in the
same interactor. When the user selects this label, both tasks are initiated. The
system then allows unrestricted use of any task that give a parameter for any
of these two tasks. A parameter is transmitted to any task that waits for it. A
parameter that is accepted by one task and not by the other automatically
cancels the second one. For example if the user clicks on "Circle" (initiating
both tasks) and then gives a numerical value, then the task he/she is asking
for is the one with the numerical parameter. The other one is then silently
cancelled.

4.2.5 Example of use

We will present in this section an example of system modification. We
suppose that a new functionality, defined by (and associated to) its specifi­
cation "Intersection (Object, Object) Position" has been added to the func­
tional core. From this point, we add to the textual task model the infonnation
associated with this task.

Task {
Intersection (Graphical_Object, Graphical_Object)

Position
Help {return the nearest intersection of the two object
Parameter {Graphical_Object, " First Object "}
Parameter {Graphical_Object, " Second Object "}
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We then add the task to an interactor. As it is a production task (it returns
a "position"), that calculates its response from the parameters (in opposition
to extracting information of these parameters), we place it in the "Calculus"
interactor.

I
I ...
j interac~eur Calculus
I Alt (
I Task (Centre (Graphical_Object) position )
I Task {Distance (Position. Posi~ion) Real}

Task {Intersection (Graphical_Object, Graphical_Object)
Position}
}
}

and we add a label in a menu to allow the end user for using the task.

Menu Calculus {
Label Centre {
Create_Line (Position. Position)}

label Distance {
Create_Circle (Position. Reel)

label Intersection {
Intersection (Graphical_Object, Graphical_Object) Po­

sition }
}

From this point the new task is fully usable in the system. The user may
use it as a subtask for any higher task asking for a position. In the same way,
any task producing a GraphicaCObject and belonging to a lower interactor
may be used to give its parameters.
We describe here a purely textual way to accomplish this modification.

As we stated upper, it is possible with GIPSE to do the same modification in
a purely interactive way, using PbD possibilities of GIPSE. The only thing
we cannot do interactively is modifying the object model, which is a work
that has been conducted in our laboratory [21].

5. RELATED WORK

GIPSE is a specialised model based system (MBS). It is specialised in an
application domain that presents some very specific characteristics, which
influence the required dialogue structure. The main difference between
GIPSE and other existing MBS lies therefore in its dialogue management
system. Most MBS, as we have already stated, have few or no support for
structured dialogues. They are adapted for the conception of forms applica­
tions, but are unusable for the design and conception of CAD systems.
GIPSE has some common points with SACADO [5, 10], another devel­

opment environment oriented towards CAD systems. Both use the notion of
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hierarchical level of dialogue tasks. However, the model used and the asser­
tion made by the system on the application are different. SACADO makes it
necessary for the developer to define the set of relations between tasks: any
function that may be used while creating a circle to produce a parameter
must be explicitly given. On the contrary, the hierarchical decomposition de­
scribed in the dialogue model of GIPSE gives an implicit set, whose exact
content has not to be defined by the developer.

6. CONCLUSION AND FURTHER WORKS

As a model based system specialised in CAD systems, GIPSE facilitates
the conception and development of applications using structured dialogues.
Using a functional core and some initialisation files that describe the dia­
logue properties (the tasks, their structuring and the presentation), GIPSE
allows the online generation of dialogue and the execution of the application.
GIPSE is a very flexible system, which allows the modification of the

dialogue without any recompilation, by the modification of human-readable
text files. Current works aim to extend this flexibility in several ways. End­
user programming, that allows adding and removing user-produced tasks,
has already been integrated in the system. The creation of new category of
objects and associated tasks is actually in study. Another currently studied
extension is the ability to mix structured dialogue and direct manipulation,
allowing the user to choose hislher interaction depending on his/her goals
[13]. Last, we are now integrating validation and verification tools in the
system, to warn or prevent the user for creating non functional dialogues [9].
These additions will allow GIPSE to become a full CAD software develop­
ment environment, an actual CADUI product.
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Chapter 7

VISTO: A MORE DECLARATIVE GUI FRAMEWORK

Kris Aerts and Karel De Vlaminck - (Kris.Aerts@kc.kuleuven.ac.be)
Katholieke Universiteit Leuven, Flanders, Belgium

Abstract By inverting the widget - call back relationship and by providing selectors, a
suitable abstraction for concrete widget choices, Visto provides a more declar­
ative approach to defining user interfaces, building on the declarativeness of the
lazy functional language Haskell.

1. CONTEXT

The functional programming research community has always paid a special
interest in declarativity. Although there exists no water proof definition of what
a declarative system is, a system can be called more declarative than another if
it focuses more on what should be done instead of on how it should be done.
The Haskell [4] quicksort definition below can therefore be considered far

more declarative than the equivalent Pascal or Java procedure, because the latter
extensively spells out how the ordered sequence is to be calculated (through
various variable manipulations), whereas the Haskell program simply says what
to do: append the ordered sequence of smaller elements before the ordered
sequence of larger elements.

quicksort [] = []
quicksort (x : xs) = quicksort [y I y f- xs, Y < xl

++ (x : (quicksort [y I y f- xs, Y > xl))

Typical GUI programming is not declarative. It focuses on the how in 2 ways:

• first one chooses a particular kind of widget (a button, a menu or a key
short cut, ... ) instead of providing suitable abstractions,

• thereafter one adds a call back function to the widget to provide the
desired functionality. In this sequence one first chooses how something
is to be invoked (through which widget) and afterwards adds what is to
be done (which call back function) instead of vice versa.
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Visto is a prototype result of research in the functional community focused
on finding a more declarative user interface definition. To this purpose we
provide abstractions over widgets and insist that the GUI ('widget') is added
to the functionality ('call back').
Because Visto finds its roots in textual programming, no graphical design

tools have been implemented yet, although some are planned for future stages.

2. VISTO'S MENTAL MODEL

Most GUI systems consider the user interface as a collection of wid­
gets totally independent from the application. Their programming language
provides widget combinators or they implement a tool for drawing and position­
ing the widgets. Adding functionality is typically accomplished by attaching
call back functions to the widgets. Changing the user interface then becomes
a difficult task, requiring not only replacing the widgets, but also defining new
call back functions, as their type depends on the widget.
Instead of adding behaviour and functionality to a user interface, Visto insists

that a user interface is added to the defined functionality.
The traditional technique is also potentially dangerous: the drawn user

interface may look good, but if it doesn't offer all the desired functionality, it's
no good user interface. Only if we clearly identify the desired functionality
of the application and know which functions should be present in the user
interface, we can constitute a good interface. Visto does precisely that.
The objects in Visto and their methods describe the functionality of the

application. This is the start basis of any Visto project. In a second phase
the programmer identifies which methods are to be called from within the user
interface. To that purpose he associates GUI invokers, such as buttons, key
presses and menu items with methods. A selected method can be associated
with any number of invokers to allow alternatives in the interface and to please
both expert and non expert users. This also allows for easy modification: just
change, add or remove some invokers and recompile!
Another requirement of any user interface is consistent information display.

Visto offers support for that too. If objects wish to display information, they
have to define a draw method. If they do so, Visto takes care that this draw
method is applied every time the object receives a message. The development
of the Visto objects is therefore automatically centred around the visualisation
of information.

3. STAGES OF DEVELOPMENT

In this section we present the suggested itinerary for developing a proper
Visto application. After all, Visto is more a design methodology then an
advanced tool.
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3.1 FUNCTIONAL APPLICATION CODE

Visto is designed for the implementation of a graphical user interface on top
of (existing) Haskell programs. Its design philosophy therefore inherits many
functional features, such as the requirement that every Visto methods returns a
return value and the use of a single state variable per object. These matters are
no key issue for this conference and will be abstracted away in this paper.
We haven chosen a functional source language because of its distinct declar­

ative nature. This offers many advantages such as provable correctness, strong
typing and concise, readable and maintainable code [2]. Haskell, the standard
lazy functional language, was the natural choice.
Although theGUI ofthe finished application will be event-driven, the Haskell

code of the application layer doesn't have to take this into account. It can be
safely developed using traditional software methodology techniques.

3.2 VISTO OBJECT DEFINITION

Visto - for VISual State Transforming Objects - is a prototype based object
oriented system [5] with special features for deriving objects from objects and
for the model-view relationship. The visual aspect of Visto is important as we
expect the programmer to define objects that correspond to visual user entities.
In a word processor the visual model uses texts, whereas the application layer
may prefer to use paragraphs, undo buffers and other logical entities hidden for
the user.
We do not expect the user to work with these logical entities, but rather with

visual objects. The Visto programmer will define a set of objects, and, for
each of these objects, a number of methods for actions on the objects. These
methods constitute the complete set ofactions the user interface can use. Screen
refreshes are automatically performed using the draw method.

3.3 CHOOSING INVOKERS

Objects typically communicate through messages, thereby invoking each
others' methods. In Visto methods can be invoked both by objects sending
messages and by the GUI itself.
The methods defined in the previous stage constitute the complete set of

actions that the GUI may invoke. The next stage is choosing which actions
will effectively be present. This is done by associating invokers with methods.
Note that we have first considered which actions on the different objects may
be needed and only afterwards decided which ones will be present in the GUI.
Because we start from the methods, it is easier to ensure that the application

provides all the needed functionality and not just a nice looking interface.
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The programmer can associate a single method with any number of invokers.
This allows different alternatives to be addressed in a simple way, e.g. a menu
item and a button for the first time user or a key short cut for the expert user.
Changing the user interface then becomes quite simple, like replacing a

button invoker with a menu invoker. This is quite different from the traditional
approach where the type and parameter count of the call back function depends
on the widget used. So changing a widget may incorporate quite some work.
Following the example of J. Johnson [3] we provide an abstraction for the

actual widgets, called selectors [1]. In this technique we focus on the declarative
aspect of the widgets: selecting the appropriate data. Examples of selectors
are:

• Selecting a single value from a range or from a discrete set,

• Selecting a specified number of values,

• Selecting between nl and n2 values,

• Special interest selectors such as currency, time, ...

This stage offers two steps with an enhanced declarativity: focusing on the
functionality over the widgets by adding invokers to methods and not vice
versa, and abstracting away from the actual widgets by through selectors.

3.4 CREATING THE FINAL GUI: LAYING OUT AND
INSTANTIATING INVOKERS

This final stage will be performed in a (not yet implemented) tool for directly
drawing the user interface using direct manipulation. The tool will first analyse
the Visto program and collect all the used invokers. These invokers will then
constitute the precise set of things the programmer has to put in the user
interface. It can be compared with a puzzle where the puzzler has all the pieces
in front of him and assembles them together until all pieces fit, while being
assured of the completeness of the result. The same applies to Visto. Once
all the selectors have been instantiated and inserted in the interface design, the
programmer is assured that the interface provides all the desired functionality.
This is different from traditional tools where the programmer has little or no
guidance on which widgets to use. Such an interface may then look good, but
miss some essential functionality.
When placing the selectors on screen, the programmer chooses between

various visual instances, such as for example an entry, a slider bar, button rows
and columns, key short cuts, ... A time can be selected by combining such
range selectors for hour, minutes and seconds or by manipulating the hands of
a clock, ...
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A different user interface with identical functionality can then be created
by instantiating the selectors differently or by drawing other combinations.
Changing the functionality of the user interface is accomplished by adding,
removing or changing some invokers in the previous stage.
This way the semantically different changes in the user interface (changing

outlook or functionality) have to take place in different stages of development,
which is always a desired feature of a methodology: keeping separate decisions
separate.

4. A SHORT EXAMPLE
Tradition dictates the counter example. Although this example combines

many features in one object, such as state and behaviour, visual representation
and invoker, which in real life should be better separated, it can still be used to
clarify the framework.

Something went wlonQ.- ...~C;

Yow Input Wft not In the ,..f,om 110 10!

~

II

Inc'.... wttll
interface Co'Unter

'Up :: Int -7 Int

object Pl'UsOne Counter Int 0 {
draw = Label

text (show state),
up = A x -7 let s' = state + x in (s', s'),
GUlup = Button "Increase with" «- DiscreteRange 110;

Key" +" << - I}

The interface simply states which methods an object has to provide in order
to be a Counter: up which takes an Int with which to increase the counter.

PlusOne is a Counter with a state of type Int with inital value O. This object
supplies a draw method, so the state of the object is shown on a label.
GUIup gives two invokers for the up method: after clicking the button

"Increase with" the counter is increased with the value selected by the Dis­
creteRange selector (selecting a number between I and 101), or by pressing the
key'+' in which case the counter is increased by 1.
These invokers have been defined completely separate from the methods. To

change the user interface we don't have to mess with call back functions, but
only have to redefine the GUlup body.
If we consider the object PlusOne as the model (with already a view present

in its own definition - to make the first example self-contained -), we can define
another view using the expand derivation.

lin the screen shot we can see that a requester is displayed because the input JJ was not in the proper range.
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expandlnterface Counter View from Counter
_up

expand Plus One View Counter View String "Dutch" from PlusOne {
draw = Label

let counter = superState
text (translate state counter) }

As a view should not change its model, we remove the upmethod. This can be
done in Visto by preceding with an underscore the method name in the derived
interface. The view object PlusOneView only defines a draw method, which
simply displays the number in textual form. We use the keyword superState
to gain access to the model's state. Note that the view object can have a state
on its own. Although we haven't defined a method to change that state here,
PlusOneView contains the language in which to translate the number. The (self
defined) Haskell function translate takes a language and a number and returns
the value in textual form.

5. CONCLUSIONS

The Visto methodology of concentrating on the visual objects, defining
methods for manipulating that (displayed) information and supplying GUI­
invokers for the methods opens a brand new perspective on user interface
design. Especially the move from call back functions to GUI-invokers is an
important shift.
Although Visto has not reached an entirely mature phase, this fresh declar­

ative approach deserves further research.
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Abstract Automatic generation of user interfaces holds a promise of improving produc­
tivity by working at a higher level of abstraction. However, VI design is a
creative activity and cannot be fully automated. It is critical that a design tool
provides adequate support for exploration. The paper presents a model-based
approach to VI development that combines automatic generation of user inter­
faces with design transformations. Design transformations are platform and
language-independent abstractions for exploring alternative designs. The paper
presents how this approach is validated in TACTICS, which integrates a com­
positional model of user interfaces and a transformational model of the VI de­
sign space. The paper gives examples of design transformations and illustrates
them using design patterns.

Keywords: model-based user interface, task model, automatic generation, design trans­
formations, design patterns.

1. INTRODUCTION

The growing complexity and importance of user interfaces increases de­
mands on VI designers and developers. At the same time, there are not
enough skilled VI designers and developers to meet this demand. What they
need are better tools to improve their productivity by allowing them to focus
on creative aspects of their work, and automating the mundane ones.
Automatic generation of user interfaces holds a promise of speeding up

implementation and improving productivity by working at a higher level of
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abstraction. It can also improve the quality of design by utilizing knowledge
about VI design guidelines and graphical design (e.g., [4]).
Automatic generation of user interfaces is already in widespread use, by

millions every day. Every time one opens a web page, a browser automati­
cally generates it from an HTML specification. The issue is not whether
automatic generation is feasible and practical, but how effective it can be.
While declaratively specified (HTML-based) user interfaces are still limited
and more sophisticated web applications require plug-ins or procedural
(Java) code, it is not inherent limitation of the automatic generation, as dem­
onstrated by research in model-based user interfaces [3, 7, 10, 12, 15, 16]. It
is more due to the underlying model. HTML uses a simple model and that
limits the range of user interfaces it can describe and their capabilities. By
using a richer model and specification language, advanced VIs can be de­
scribed (and generated) as well.
The real problem is therefore not in automatic- generation of user inter­

faces in itself, but how it can be most effectively used for VI design. VI de­
sign is a creative activity and cannot be fully automated. It is critical that a
VI design tool provide adequate support for exploration. That means not
only supporting a wide range of VIs, but equally important is support for
exploring and changing designs - how one can chose among all different
possible VI designs.
At any point, a designer must have ownership and full control over the

design. While the goal is to work at a higher level of abstraction and spare
the designer of low-level implementation details, the tool must allow the de­
signer to control how the high-level specification is mapped onto a VI. Yet,
the designer should not be forced to specify every little detail. This balancing
of productivity and flexibility is one of the issues VI tools must resolve.
In this paper I discuss a model-based approach to VI development that

combines automatic generation with design transformations. Automatic gen­
eration produces a working VI from a high level specification, captured in a
model. It is used to produce quickly and easily a starting point for explora­
tion and to automate mundane parts of VIdevelopment. Design transforma­
tions provide (high-level) abstractions for exploring alternative designs.
This approach has been validated in TACTICS (Transformation- And

Composition-based Tool for Interface Creation and Support). TACTICS
integrates a compositional model of user interfaces and a transformational
model of the VI design space. The TACTICS model is compositional be­
cause it views a user interface as a collection of primitives structured based
on the application and on the desired dialogue style; the model identifies
user interface components and structuring principles for assembling com­
ponents into a coherent interface. This is a base for automatic generation.
The behavior and the look-and-feel of a VI are explained in terms of proper-
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ties of VI components and the way they are structured. The model is trans­
formational because it views the VI design space as a grid and defines a set
of transformations for moving along the grid lines that connect different VI
designs. Transformations modify UI structures to achieve a different look­
and-feel, making it easy for a designer to generate and try alternative de­
signs. The model also integrates additional knowledge for providing assis­
tance in this process.
The automatic generation of VIs in TACTICS is discussed in [7, 9]. Here

I focus on the transformation part and how it complements automatic gen­
eration. The paper is organized as follows. The next section describes the VI
development process supported by TACTICS. Section 3 overviews the
automatic generation and presents design patterns driving the VI generation
from a task model. Section 4 discusses design transformations, principles
behind how they work, and examples illustrating their use, including trans­
formed design patterns. Sections 5 and 6 contain further Discussion and
Conclusions.

2. GENERATING AND EXPLORING USER INTER­
FACES IN TACTICS

Figure I illustrates the VI development process supported by TACTICS.
It distinguishes two distinct steps: (I) describe application semantics, in­
cluding user tasks and domain model, and (2) specify VI details specific to a
desired look and feel. Each step can be repeated, as needed for iterative and
incremental development.
This decomposition takes advantage of the fact that each user interface is

a product of two sets of requirements: (1) application information require­
ments and (2) look and feel requirements. To fully define a VI, we need to
specify both.
The primary role of a user interface is to serve its underlying application.

It must meet all its information requirements, both in terms of its inputs and
outputs. A user interacting with an application must be able to specify what
action to perform and all input values for action parameters. The application
must also be able to present all relevant information back to the user. These
are mandatory requirements for any user interface - if they are not satisfied,
the application may not be fully functional (i.e., parts of it may not work,
either because it is not possible to specify all required parameters or results
cannot be presented to the user).
Typically, there are many different ways the application information re­

quirements can be satisfied. For instance, different interaction techniques can
be used to specify input value, or values can be specified in varying order.
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Which particular user interface is selected is determined by the look and feel
requirements. These requirements are optional in a sense that even if they are
not fully satisfied (e.g., there is no desired interaction technique available on
a target platform and a different technique must be used), the application will
still be functional. The look and feel requirements affect the application us­
ability and not its functionality.

Application Information
Requirements User Interfaces

Figure 1. TACTICS approach to user interface development.

Approach: generate + transform. Figure I illustrates that each applica­
tion can be mapped onto more than one UI. If we change some of the appli­
cation requirements, we map it to a different set of interfaces. Furthermore,
the mapping can be decomposed into two or more steps. The first step (the
solid arrow from Application, to VIla) maps an application to default UI that
meets all its information requirements. The subsequent steps apply different
look and feel requirements, mapping a given VI to different designs (e.g., the
solid arrow from VIla to VIld). This is equivalent to transforming a VI to an­
other VI while preserving aspects derived from the application information
requirements. Design transformations allow exploration of different VI de­
signs in a model-based VI environment. More details on design transforma­
tions can be found in [2, 5].
This approach brings several advantages. It simplifies the mapping rules

performing the automatic generation.as they do not have to accommodate all
possible combinations of VI settings. Adding new variation points is also
made easier as it does not require changes to the mapping rules. Further­
more, a designer does not have to specify all VI details up front to get to a
working VI. Yet, the designer can do it by specifying "UI hints" that get
translated into design transformations needed to get to the desired VI [7]. For
instance, the designer can go "directly" from Applicationl to UI1b by speci­
fying up front that the default VI (VIla) should be immediately transformed
into VIlb.
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Iterative, incremental development. The TACTICS approach fully
supports iterative, incremental development. The designer not only does not
have to specify all UI details to get a working UI, but all application details
do not have to be there either. The mapping rules will generate a UI for a
partial application specification. As the application is changed by adding
new entities or changing or removing existing ones, these changes are propa­
gated to its UI. Any conflicts caused by the changes (e.g., an entity used as a
parameter is deleted) can be detected by consistency and completeness
checks. The designer controls how each conflict is resolved (e.g., redefine
the parameter as well). Since all transformations are associated with the ele­
ments they have been applied to, the designer does not have to reapply them.
Therefore, it is possible to specify an application and its interface using in­
cremental, iterative approach.
Effectiveness - VI Model and Architecture, For this approach to be ef­

fective, we need to decouple UI features from application functionality and
have full control over UI features without affecting application functionality.
This requires an adequate model and underlying architecture. While tradi­
tional UI tools focus only on input and output communication tasks, the
TACTICS model goes beyond that by identifying a layer of components that
manage UI-related context of an application. More specifically, in addition
to communication components, TACTICS identifies a set of buffering com­
ponents that store the VI context and a set of control components that main­
tain and utilize the contextual information.
As a result, a UI is no longer limited to performing only the communica­

tion tasks (facilitating information exchange between a user and the applica­
tion functional core), but it takes on two additional tasks: buffering, and
managing information flow. This simplifies the application functional core
and at the same time increases reusability and flexibility of a UI. For in­
stance, the functional core no longer has to deal with UI details such as the
order in which parameters are specified, whether there are default values etc.
Its UI will take care of such details - store input parameters until they are
used, get default values if there are any etc. The increased flexibility of a UI
enables design transformations to control look-and-feel of a VI without af­
fecting the application functionality (i.e., the functional core).

3. AUTOMATIC GENERATION

How TACTICS automatically generates a VI is discussed in detail in [5,
7,9]. This paper focuses on transformational support for design exploration.
More specifically, we concentrate on the behavioral aspects of a UI. Visual
aspects of a UI have received more attention elsewhere (e.g., [15,4, 16]), as
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well as by commercial tools (interface builders, although they are limited to
design time constructs - e.g., see [14]), whereas behavioral aspects have
been mostly neglected. Therefore, I focus on the "wiring" infrastructure that
controls the "feel" of a UI. Of course, this cannot be entirely separated from
the presentations, especially in direct manipulation interfaces, and TACTICS
addresses these issues as well, but that is beyond the scope of this paper.
Handling of the presentation aspects in TACTICS is discussed in [5, 7].

3.1 Design Patterns

Automatic generation and transformations are explained in terms of de­
sign patterns. Figure 2 is derived from Figure 1 by narrowing our focus
from an application as a whole to task components.

Application Conceptual
Model (High Level)

UI Model (Low Level)

Implementation
(Language & Platform

specific)

Figure 2. Mapping tasks to different VIs via design patterns.

For each task, a number of different user interfaces can be implemented
by applying different design patterns. These patterns are expressed in terms
of the TACTICS UI components, showing how they are structured and the
message flow between them. Each design pattern can in tum be implemented
in a specific language, for a target platform. Details of the mapping from a
pattern to code are beyond the scope of this paper, but it is important to note
that the applicability of this approach is not limited to the TACTICS model,
since each design pattern can be replaced by its implementation, as shown in
Figure 2.
Each task can be mapped to different user interfaces by applying differ­

ent patterns. Each pattern represents a set of underlying implementations,
which are platform and language specific, but each delivers the same look
and feel reprersented by their pattern. A task is mapped to a pattern by
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binding its elements to pattern roles. Applying a different platform, e.g., a
pattern Pz instead of Ph is equivalent to transforming PI into pz. where Pz
must have the same set of roles as PI.

3.2 Example

A starting point for VI generation is the application task model. In TAC­
TICS, each primitive task (a task that is not decomposed into other tasks, but
is an action that has a corresponding operation in the functional core) is
bound to a design pattern that defines how to instantiate a VI for the task
(action). In Figure 3, the action Move with two parameters and pre- and
post-conditions is bound to the Action Pattern. Vsing the VML notation
[17], it shows a design pattern as a collaboration symbol with four different
roles (Action, Parameter, Precondition, and Postcondition). Note how two
parameters (Object and Position) are bound to the same role. This is allowed
because the Parameter role has cardinality "*,, (i.e., ANY).

«Precondition»

Precondition

"" -------" I Action
~_ - -I Parameter

Action Postcondition "" .... I Precondition
- . - / I Postcondition I

Action Pattern- - --,
I

/.,----_....-....,..

Figure 3. Task binding to a design pattern.

A default pattern used for automatic generation (before any transforma­
tions are applied) is shown in Figure 4. Besides classes corresponding to the
predefined roles (shown bold), the pattern includes classes that are instanti­
ated as part of automatic generation. Action-Context is a buffering primitive
storing the action-specific context during and between action activations.
Select-Action, Cancel-Action, and Invoke-Action are three control primitives
that are instantiated for each action, with their respective pre- and post­
conditions. Figure 4 does not show all pre- and postconditions, but only
those related to the corresponding collaboration roles - sa-prec "inherits" all
original action preconditions (e.g., the Move command has one: (Object ex­
ists }); ia-post similarly inherits the original postconditions. All pre- and
postconditions are shown in Table 1.
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For each element bound to the parameter role, a Parameter-Value primi­
tive is instantiated. It is a control primitive that gets a value for the parameter
(either from a user, via an interaction technique, or from other sources, as
will be discussed later) and stores it in the Action-context primitive. By de­
fault, all other elements require that the action be selected first (see Table 1).
Invoke-Action also requires that all parameters have their value. Once all
values are there, a user can confirm the actton, which triggers this primitive
to execute the operation defined in the Action role. The interface Operations
exports the operations defined in the Functional Core that the VI needs to
access. Depending on implementation, each control primitive can run in a
separate thread'; hence messages use sequence numbers with thread names.

~ ~~:~ k=j sa-prec H preconditionI
A2:select [sa enabledlA1:event

/ ;/ I Cancel- I ~~ '.: r':::·:===-----,
/ ~ Action I [ca enabledlBl :event • Interaction

B2:cancel .--2::-~ Technique
r [par enabledjCl :value /" / '.:

. Parameter-~ ~
C2.set-par • Value [ia enabledlDl :event
-E-- «derive».-/'

D2:get-par-values
~

Only pre- and post­
conditions derived
from action
conditions are shown

Functional Core 1-----0-

Figure 4. Standard (default) Action Pattern used for automatic generation.

The pattern shows both the structural aspects (VI building blocks and
their relationships) and the message flow between them. For instance, when
a user generates an event to select an action, an interaction technique will
call the Select-Action primitive only if it is enable (i.e., its precondition sa­
enabled is true).When Select-Action receives the event, it notifies the Ac­
tion-Context that the Action is selected. To keep the figures simple, not all
constraints that drive the generation process are shown. For instance, inter­
action techniques are selected based on a type of values that a control primi­
tive requires.2

, TACTICS supports a blackboard architecture, where each control primitive can act as a
knowledge source and buffering primitives are parts of a blackboard. facilitating integra­
tion of different modalities [6].

2 However. this is a necessary. but not sufficient condition - the selection process should
also ensure that there are no conflicts leading to ambiguous inputs; in TACTICS. this is
handled by the completeness and consistency checking rules.
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Table 1.

Component
Select Action

Cancel Action
Invoke Action

Parameter Value

Preconditions
{NOT action selected}
Inherit action's prec.
{action selected}
{action selected}
for each par. P:
{P Has Value}

{action selected}

Postconditions
{action selected}

{NOT action selected}
{NOT action selected}
for each par. P.:
{NOT P Has Value}

Inherit action's postc.
{Parameter Has Value }

4. TRANSFORMATIONS

Transformations are platform and language independent abstractions for
manipulating VI properties. They establish a transformational model of the
VI design space, defining how certain properties of a VI can be changed in
terms of modifying properties of VI components and the underlying VI
structure. Transformations encapsulate knowledge about related changes in
the VI structure and perform all those changes automatically. They allow a
designer to specify desired changes at a higher level of abstractions. For in­
stance, to modify a VI design to use default values, instead of modifying
individual primitives comprising a VI by adding new slots, modifying the
existing ones, and changing wiring between components, it suffices to spec­
ify values to be used as defaults and specify parameters or object attributes
they apply to. A designer can thus change a VI without writing any code,
e.g., simply by filling a dialog box with required values.
Transformations allow designers to focus on what has to be changed, not

how. This is analog to the way we format documents. Instead of writing and
embedding individual formatting commands in the text, we can select the
text and apply a style, which in tum translates into a combination of possibly
large number of formatting commands controlling font and paragraph prop­
erties, tabulation, etc. We can change the style easily, by selecting the same
text again and applying a different style.
A very important feature of transformations is that they preserve the in­

ternal interface toward the functional core. Therefore, exploring VI designs
by using transformations does not require changes in the functional core. For
instance, if we transform the default design shown in Figure 4, we do not
have to change the interface Operations of the package Functional core. We
can achieve a different look and feel while preserving the application func­
tionality.
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While transformations have been used in software engineering for gener­
ating "functional" code for a target program and performing optimizations
(I], UlDE [2J was the first to apply the transformation approach to VI de­
sign. TACTICS Improves on UIDE in two aspects. It features a separate VI
representation capturing VI specifics at a finer level of details than VIDE.
Whereas VIDE keeps VI details together with the application conceptual
model that is interpreted at run time, TACTICS generates a separate object­
oriented structure implementing the application VI. Different VIs are pro­
duced by configuring individual components and relationships among them,
allowing for finer control over VI features than is possible in VIDE. The
second improvement is a wider range of transformations.
A VI is transformed by altering the primitives forming the VI structure

and/or changing the way the primitives are related to each other. Each
primitive forming a VI has a set of properties that control its behavior. In
TACTICS, a predefined set of primitives is used to compose VIs. A VI is
implemented by fully instantiating all necessary primitives properly config­
ured. It is therefore possible to change their behavior even after they are in­
stantiated, which is what transformations do. The simplest transformation is
to modify one or more properties of a primitive to change its behavior.
Transformations can also add new primitives to the structure, delete existing
primitives or replace a subset of primitives with another subset. Representa­
tive VI (sub)structures can be represented as design patterns, like the one
shown in Figure 4. Transformations modify one or more of these patterns,
depending on the transformation scope and extent

4.1 Transformation Examples

Next we look at examples illustrating the use of transformations. As a
starting point, we can use the pattern shown in Figure 4 to instantiate the
following VI for the Move action, by attaching appropriate interaction tech­
niques to each control primitive. The command is selected from a menu (the
Menu Item interaction technique attached to Select-Action), object and posi­
tion are selected by pointing (the Pointing-Mouse-click interaction tech­
nique), the command can be completed by pressing return or clicking OK on
a confirmation box that pops up when both parameters are provided, and the
action can be cancelled by pressing Esc at any point while it is selected and
not completed. Now, let's look at several transformations we can apply to
change this VI.

Make Confirmation Implicit. The first change we will consider is to
eliminate the need for explicit confirmation. To accomplish that, we simply
use a transformation that makes a given control primitive implicit, in this
case Invoke-Action.We do that by changing its Info-Kind property to im-



Beyond automatic generation - exploratory approach to VJ design 89

plicit. Table 2 shows a subset of properties of the Action-Event Primitives
(which include Select-Action, Cancel-Action, and Invoke-Action). As a re­
sult, the Invoke-Action primitive will "fire" immediately when all of its pre­
conditions are satisfied. Consequently, there is no need for an interaction
technique to trigger the event and the transformation would remove any in­
teraction technique linked to Invoke-Action. The pattern in Figure 4 would
be changed with the one without the corresponding link.

Table 2. Subset of configurable properties of Action-Event Primitives.

Property Description
Name External name of the IFC primitive
Info-kind Controls whether input values must be explicitly provided

(explicit, implicit, optional)
Link-to-ITec ReI. linking IFC to interaction techniques that can deliver the

required information
Bundled-in ReI. linking (bundled) IFC to its bundle
Controls-state Interaction objects whose state depends on the state of this

IFC primitive
Accept-Values Values that will trigger event

Make Selection Implicit. Next, we want to eliminate the need to explic­
itly select the Move action from a menu. The simplest way to accomplish
this is to apply the Bundling transformation to the Select-Action and Object
parameter primitives as shown in Figure 5. The changes from the standard
pattern are highlighted in the diagram. Now, selecting an object will pass a
value (the selected object) to the bundle that than does two things: first sends
an event to the Select-Action primitive, and then sends the value to the Pa­
rameter-Value primitive corresponding to the bundled parameter. As a result,
a user of the transformed VI no longer has to separately select the action; it
is selected by providing a value for the parameter bundled with the Select­
Action primitive. The resulting VI supports the following scenario: a user
selects an object by pointing (the system "knows" that the user wants to
move it), then selects a position by pointing, and the objects "jumps" to the
new position (note that we have already made confirmation implicit).
What happens if we try to apply the same transformation to another ac­

tion, such as rotate, that works on the same type of object - how will the
system know whether to move or to rotate the object? This is ambiguous
design and the rules checking consistency will detect this. The solution is to
either use a different pointing interaction technique for each command, or to
use key modifiers or different mouse keys (if using the mouse). The possi­
bility to detect design conflicts is an important advantage of model-based VI
design tools over traditional tools such as interface builders.
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Only pre- and
post-conditions
derived trom
action conditions
are shown

D2:get-par-values

Functional Core t----c

Execute the operation specified i postcondition
the Action role. pass it all par. value

Figure 5. Action Pattern using the Bundling transformation.

Direct Manipulation Interface. We now further transform the design to
give it a direct manipulation feel, where a user can simply drag an object.
We will add the position parameter to the bundle and use the dragging inter­
action technique to provide values for the bundle. Figure 6 shows relevant
changes to the Action Pattern. Note that this requires a special interaction
technique, configured to start on a mouse-down event over an object in­
stance of a given type (this select the action and provides a value for the ob­
ject parameter), followed by mouse moves. This provides a stream of new
positions, but these intermediate values are not passed to position parameter
until the stop event is detected (mouse up). Vpdates of the presentations are
handled by the technique (e.g., drag a shadow or a special icon, or an object
itself).
When such a technique is not available, we need to apply additional

transformations. If the technique sends the intermediate values to the Posi­
tion parameter, that would set the parameter value and (since the only other
parameter, Object, already has the value) trigger the confirmation - remem­
ber that we have made it implicit earlier. To handle this, we need to make the
confirmation explicit again and trigger it on a mouse-up event.
It the technique cannot provide the feedback needed to show the object at

new positions, we can apply the Dynamic Feedback transformation, which
configures VI to automatically update the selected object(s) whenever a pa­
rameter (in this case Position) obtains a new value. Since the object parame-
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ter is the only other parameter and it is always selected first when the Drag­
ging interaction technique is used, that satisfies the syntactic requirements of
the dynamic feedback transformation (all other parameters must have their
values before the parameter with the dynamic feedback). For detailed discus­
sion of the Dynamic Feedback and other transformations see [5].

«Select-Action»

Figure 6. Result of bundling

Through a sequence of transformations, we have changed the original de­
sign into a one with direct manipulation feel. It is also possible to automate
this process and apply the Direct Manipulation transformation directly - it's
a high level transformation that will identify the changes required to go from
one style to another based on captured knowledge about differences between
different dialogue styles [5].

5. DISCUSSION

The transformational approach to VI development relies on identifying
and reusing common patterns of VI design. It enables quick and easy explo­
ration of the design space. However, the design space reachable via trans­
formations is not continuous, but is more like a grid on which a designer can
move. It is therefore important to have an adequate set of transformations
allowing fast and easy navigation without unduly constraining the design
space.
By using patterns, a designer/developer can zoom-in and analyze differ­

ent designs. They are expressed in terms of the TACTICS VI primitives, or
building blocks, that have properties that can be modified by transforma­
tions. A VI is implemented by instantiating all necessary generic primitives
properly configured. It is therefore possible to change their behavior even
after they are instantiated, which is what transformations do. Two main al­
ternatives are to either (1) interpret a model at run time, instead of instanti­
ating a stand alone VI, or (2) generate code directly corresponding to differ-
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ent patterns, implementing the primitives configured only for a particular
design. The first alternative introduces run time overhead of having to con­
stantly interpret the model. The second one is the most efficient, but the least
flexible at run time. The TACTICS approach adds a small run time overhead
by using generic primitives, with propertie& and behavior that may not be
needed, but is better suited for design time exploration. Changing properties
is very fast and easy in TACTICS because each primitive has a well-defined
set of properties and their valid values. If we were to generate and compile
source code (Le., translate design patterns directly to code), the changes
would be more complex, requiring re-generating portions of the UI model.
Furthermore, TACTICS allows run time customization by end user and
adaptive VIs.
What this means is that even though the transformation-based approach

may appear tightly associated with the compositional capabilities of TAC­
TICS, it is not necessary to have TACTICS and design patterns expressed in
terms of the TACTICS VI building blocks to use transformations. As Figure
2 illustrates, it is possible to map transformations directly to code. Moreover,
whether we apply transformations with or without the TACTICS composi­
tional model, it can be transparent to users (VI designers) since they don't
have to work at the code level, nor even the level of TACTICS building
blocks. They can apply transformations interactively, in the same manner
they can use interface builders (which also generate code behind the scene.
Transformations can be used for exploration, applying them during de­

sign process interactively. They can also be batched - specified in a specifi­
cation, applied automatically as part of UI generation process (effectively
change a default VI). For instance, once we have decided on certain aspects
of a VI, we can include the transformations that will realize that VI in a
specification, up front; there is no need to go through the process of gener­
ate/transform for those details.
The high-level specification as well as design transformations are plat­

form independent. Platform specificity is handled by the generation rules.
Transformations are optional and a VI designer uses them only to override
the outcome of the automatic generation and to control VI features at a de­
sired level of details.
An important benefit of the transformational approach is that it gives de­

signers flexibility to control VI look and feel without having to modify the
source code directly. By having designers stay within the model-based envi­
ronment, we enable real iterative, incremental development and eliminate
discontinuity between the models and different artifacts derived from the
model, including the VI implementation, documentation that may be gener­
ated, help, etc. Otherwise, predictive evaluation and formal analysis, in-
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cluding completeness and consistency checks perfonned on the model would
not be viable.
Implementation. Two different systems were implemented based on

TACTICS, both supporting automatic generation of UIs, but in different
contexts and for different purposes. The original implementation was an in.;.
teractive design environment prototype that integrated support for generating
UIs, evaluating/critiquing designs and interactively changing designs by
means of design transfonnations. It was implemented in ART Inference
Corp's and Common Object Lisp System (CLOS) and is described in [5,6].
The second implementation was as part of an intelligent tutoring system

for Web-delivered training, reported in [7] and was done in C++. Transfor­
mations were supported, but not interactively; instead, they were embedded
as hints in the high-level specification used to generate a UI.

6. CONCLUSION

The paper presented a model-based approach to UI development that
combines automatic generation of user interfaces with design transfonna­
tions as applied in TACTICS. Transfonnations complement the TACTICS
composition (generation) rules and are a crucial part of our approach to gen­
erating UIs. They enable support for a wide range of UI designs, as well as
easy navigation - changing one design into another - while keeping the gen­
eration rules simple. The transfonnational approach to UI development relies
on identifying and reusing common patterns of UI design; the paper illus­
trates several such design patterns related to select design transfonnations.
The focus was on behavioral aspects, the wiring behind the scene.
There are several areas requiring further attention. One is a more fonnal

treatment of transfonnations. UI transfonnations are abstractions relating
changes of UI properties to changes of UI components and the underlying
structure. These abstractions fonn a transfonnation model of the UI design
space. Dimensions of this space are defined by manipulable UI properties,
but we have not fonnally defined these dimensions or fonnal properties of
transfonnations. Having a fonnal treatment of transfonnations and their
properties (e.g., commutativity, associativity) will enable their use in for­
mally describing and comparing different designs. Another issue is balanc­
ing of complexity of UI design with control that a designer has. TACTICS
has addressed this problem by providing a combination of low-level trans­
fonnations (giving more precise control over UI look and feel) and high­
level transfonnations that are more powerful, but less precise. Again, a for­
mal definition of the design space would facilitate analysis and combination
of transfonnations, including their interdependencies. Another big issue, al-
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though not unique to this approach, is whether a tool can learn and adapt to
new technologies, accommodate new designs (i.e., patterns) and integrate
them with existing transformations?
To make this approach truly effective, even before the above issues are

resolved, there are two critical areas. One is the usability of the transforma­
tional approach - we need a study to evaluate whether the ill design patterns
captured in transformations are adequate for real-world Dl designers. What
aspects of a Dl should be malleable, what are the variation points that ill
designers would like to use - are some of the questions to be addressed. An­
other is integration of the model-based Dl development and the mainstream
00 development. A major obstacle in adopting model-based Dl tools is a
perceived overhead in specifying a model. At the same time, modeling is
already being extensively used for non-Dl development. For instance, tools
supporting UML [17] already capture most of the information required by
TACTICS, but do not utilize it for Dl development. The transformational
approach is particularly suitable for such integration because Dl designers
can explore different designs without requiring changes to the internal inter­
face toward the functional core. Therefore, they can share the info with 00
developers and avoid stepping on each other's toes. My goal is to integrate
TACTICS with a full-fledged 00 modeling tool, such as StPIUML [8, 13]
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TIME SYSTEMS AND LIGHTWEIGHT USER IN­
TERFACE MODELS
A NOVEL APPROACH FOR CADUI

Erik G. Nilsson
SINTEF Telecom and Infonnatics, P.O. Box /24, BUndem, N-0314 Oslo, Norway
Erik.G.Nilsson@informatics.sintefno - Tel: +4722067885 - Fax: +472206 7350

Abstract This paper presents an application domain specific run-time system using a
lightweight user interface model to combine advanced user interfaces with
flexible configuration mechanisms. The system is called the VUIM - VRP
User Interface Module. and is a generic user interface run time system for ve­
hicle routing applications. It balances between being a very general. model­
based. non-application domain specific VI development tool and being a turn­
key application (ready to use. but with very limited abilities to be adapted to
specific needs). The VVIM includes a class library with a set of generic, but
application domain-specific UI building blocks. These building blocks are on a
higher level than simple UI controls. but more generic than a dialog box or a
window in an application. The class library is augmented with a run time sys­
tem (generic application). that "interprets" a VI model. The VUIM exemplifies
a novel approach for CADUI.

Key words: Model-based user interface systems, application domain specific run-time
systems. visualisation of vehicle routing problems.

1. INTRODUCTION

Most of the research done on model-based user interface (VI) tools [16,
21, 22] is criticised [15, 21, 24] for bringing out too simplified user inter­
faces and of being restricted to limited interaction styles l

. In this paper a new

I Usually forms-based front-ends to data base applications.

97
J. Vanderdonckt et al. (eds.), Computer-Aided Design of User Interfaces II
© Kluwer Academic Publishers 1999



98 Erik G. Nilsson

and different approach is presented. The VI is generated (more exactly, a VI
model is interpreted at run time to generate the running 01), but the gener­
ated VI is both graphical, highly interactive (e.g. utilising drag and drop),
and configurable. This combination is achieved by having an application
domain specific, but nevertheless generic VI model with a connected run
time system. The approach allows for a certain degree of control over the VI
by the application / VI developer.
This paper draws most of its experience and examples from a project

called GreenTrip [9]. The goal of the GreenTrip project has been to produce
a generic, cost-effective tool to optimise routing of vehicles, that takes into
account multiple business constraints, permits efficient (re)configuration,
and integrates easily in existing IT infrastructures. To achieve this goal, the
GreenTrip Generic Toolkit (GGT) has been developed.
The GGT [4] consists of a set of tools (see below) that eases the devel­

opment of complex VRP (Vehicle Routing Problem) applications. This in­
cludes a modelling tool (VAMT) and a generic VRP User Interface Module
(VUIM). The VUIM is what is focused in this paper.
The VUIM consists of a set of Java classes that generates a number of

graphical and forms based user interfaces towards the rest of the GGT. The
user interface generation is based on a VRP model (which includes a VI
model) described through the VAMT. The graphical user interfaces include
map based and time based (Gantt) visualisations, while the forms based user
interfaces include tabular and tree based presentations.
In the rest of this paper, we give a short overview of the GGT, take a

closer look at the VUIM, and discuss how this approach may be used more
generally. Finally, we relate this work to other research, and give some con­
cluding remarks.

2. OVERVIEW OF THE GGT

The GreenTrip VUIM is a part of the GreenTrip Generic Toolkit, devel­
oped in the GreenTrip project. The GGT is a set of tools that eases develop­
ment of applications addressing Vehicle Routing Problems.
In Figure 1, the components constituting the GGT and their connections

are presented.
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VRP Visualisations
I

Legacy dataJ VRP Solver

Figure 1. The components of the GGT.

The VAMT (VRP Application Modelling Tool) is a modelling tool that is
used to describe complex VRP applications. The VAMT user (usually an
application developer) does this by making choices, changes and additions to
the predefined VRP conceptual model (see below).
The VRP application server (VAS) uses the VRP model described in the

VAMT, to generate (interpret) the functional part of a running VRP applica­
tion. This includes initiating the VRP Solver and connecting to relevant leg­
acy systems. The VAS is able to serve a number of VUIM instances. The
VRP Solver [8] gives optimised solutions to the VRP problems. The VRP
solver runs in parallel with the VAS, and thus facilitates continuous optimi­
sation, independently of user actions. The VUIM is the generic VRP User
Interface Module, which is described in detail in the next section. A VRP
application usually depends on communication with existing applications
(like an order handling system). Thus, there is a need for interfaces to legacy
systems.
As described above, the GGT uses a predefined conceptual model (see

Figure 2 for a UML [5] class diagram). A Plan tells which Visits a Vehicle
serves. A Visit is a stop at a certain geographic location to pick up or deliver
a part of an Order. Alternative sets of Visits serving an Order may be de­
scribed using OrderExecutions. A set of Visits served by one Vehicle is
called a Tour. The Visits that are not served by any of the Tours in the Plan,
are called Unallocated Visits. A Driver may drive different Vehicles (over
time), and different Drivers may share a Vehicle (e.g. when working shifts).
When referring to the conceptual model in the running text, concepts from
the model is Capitalised.
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Figure 2. The VRP conceptual model used in the GGT.

The VAMT user may configure the model, by omitting some object types
(Driver, Vehicle, Order Execution and Tour Template), he has a lot of
choices regarding what kind of functionality and attributes that should be in­
cluded or excluded, and he may add new attributes. How the model configu­
ration affects the user interface is described in the next section.

In essence, developing an application using the GGT consists of defining
the appropriate model in the VAMT tool, and configuring connections to
external applications that the VRP application should connect to (legacy
systems, map and topology .modules). Regarding the map and topology
modules, simple implementations of these (conforming to the required inter­
faces) are included in the GGT.
The GreenTrip project has focused on the industrial needs of the end us­

ers. As a result, the GGThas,been broadly tested by end-users, and different
parts of the GGT are being marketed commercially by the technological
partners.

3. THEVUIM

The VUIM is a generic visualisation system, which presents the VRP in­
formation in various ways to the end user. Most of the presentation mecha­
nisms are predefined in the VUIM code or given implicitly by the VAS­
relevant choices made in the VAMT. In addition, the VAMT user may spec­
ify a number of VI specific details regarding if and how attributes are to be
presented, and which attributes that are to be used as identifiers in different
parts of the visualisations.

3.1 Approach

The VUIM was developed to balance configurability and user interface
functionality. On the one hand, itis not possible to specify a single user in­
terface that is ideal for all VRP application. On the other hand, it was a clear
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user requirement to have graphical, highly interactive user interfaces, not
just simple forms based ones.
This dichotomy is handled by identifying a set of user interface types

(see below), Le. a limited set of ways to present and manipulate VRP data ­
and to make these VI types as configurable as possible. In identifying the VI
types, much effort was put into studying user needs. This work was a combi­
nation of collecting requirements from the end users in the project and
studying existing solutions [6]. The study of existing solutions was done
with a broad scope - covering anything from solutions already being used by
the end users, through existing VRP turnkey solutions, to VIs used in related
domains (e.g. in scheduling in general [26]).
During the development of the VVIM, it was tested by the end users.

Based on their feedback, the VVIM was changed and extended - all the time
obeying the rule that no "special needs" for any single user or user subgroup
should be standard functionality in the VVIM. Instead, a tailoring mecha­
nism making it possible to configure the VVIM to cover the special needs
was introduced.

3.2 Functionality

3.2.1 User interface types

The user interface type identification work concluded that the most im­
portant user interface types were forms based, tabular, browser, map based
and time based presentations.
Not surprisingly, traditional forms based presentations are needed. These

VIs are laid out automatically, and single occurrence versions exist for all
VRP object types in the VRP conceptual model. In addition, two parent­
child (or master-detail) presentations are included, highlighting the most im­
portant one-to-many associations in the VRP conceptual model, Le. Plans
with connected Tours, and Tours with connected Visits. The child part is
presented using a tabular presentation. In most cases the forms based pres­
entations are used as part of a browser VI, but in some cases separate win­
dows for single occurrence presentations are generated (e.g. when the user
double-clicks on an icon). In the top part of the right pane of the browser
type interface presented in Figure 3, a forms-based VI for Tour is included.
To see all details about the occurrences of a VRP object type, tabular

presentations of all occurrences of one of the VAMT object types are in­
cluded. Again, the VIs are laid out automatically, and versions exist for
Tours, Visits, Orders, Vehicles and Drivers. The versions showing all occur­
rences are presented in separate windows - or all of them together in one
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window using tab folders. In addition, there is one special tabular presenta­
tion, showing all unallocated visits. This presentation may also be viewed as
a parent-child presentation where the parent part is only the heading "Unal­
located Visits". As mentioned above, the tabular presentation is also used in
the child part of the forms-based parent-child presentations. The right pane
in the browser type interface presented in Figure 3 exemplifies such a par­
ent-child presentation using a tabular presentation in the lower part.
To visualise structure and details simultaneously, browser based presen­

tations of hierarchical subsets of the VAMT object model are included. The
"VUIM browsers" consist of one pane with a tree-based visualisation of
VRP objects and their connection, and another pane showing details about
objects selected in the tree pane. The VUIM includes browser based presen­
tations of two given hierarchical subsets of the VRP conceptual model. One
version shows the composite object including all related instances starting
from Plan, the other shows the same starting from a collection of all Orders.
The presentations in the details-pane use one of the VI types just presented.
Different icons are used in the tree pane to indicate which type each object is
an instance of. An instance of the VUIM browser is shown in Figure 3.
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Figure 3. The VUIM Browser.
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As the geographic aspects of a Plan are very important, map-based pres­
entation of a given hierarchical subset of the VAMT object model is in­
cluded. The map-based presentation lets the user choose a subset (or all) of
the Tours in a Plan, and presents them as overlays on a map background.
Visits are shown as icons placed at the geographic location where the Visit
takes place, while the Tour is represented as straight lines between the icons.
Each Tour has a (user configurable) colour. The GGT supports positional
feedback from an external system (e.g. through a GPS2 based system). If
such support is used, the Vehicle is also shown in the map-based presenta­
tion, at its current location. As all icons (except the optional Vehicle icon)
indicate Visits, additional semantics are coded into the Visit icons. Cur­
rently, the form of the icon indicates whether it is an ordinary Visit, a Visit at
a depot, or an unallocated Visit. Furthermore, the colour of the icon tells
whether the Visit is delayed or not. The latter requires live feedback on the
progress of the Tours, which is part of the positional feedback mechanism.
An instance of the map-based presentation is shown in Figure 4.

Figure 4. The map-based presentation.

To see how the Plans are distributed over the planning horizon, time­
based presentation of a given hierarchical subset of the VAMT object model
is included. The time-based presentation lets the user choose a subset (or all)
of the Tours in a Plan, and presents them as a detailed Gantt diagram. In this
Gantt diagram, main bars are shown for each Tour. Within each main bar,
sub-bars are shown for each Visit. These sub-bars are split into a green part

2 GPS: Global Positioning System - a satellite-based system for determining geographical
position.
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showing time window for arrival and a red part showing time window for
departure. The colours of the main bars are the same as the corresponding
Tour colours in the map-based presentation. An instance of the time-based
presentation is shown in Figure 5.

p;_...-.... ­p---r 8 _,,-.0_ '-==~ "-_'--'_'-''-'-~_

x

Figure 5. The time-based presentation.

To augment the visual presentations, tool-tips are extensively used to
present details about the various visual elements. The user may open multi­
ple occurrences of all the important presentations.
As the VAMT user may tailor the number, type and sequence of attrib­

utes (see below), the layout of the forms based presentations must be gener­
ated automatically. This is done by a simple algorithm, which task is pri­
marily to ensure that there is room enough horizontally for the widest attrib­
utes, and that the attributes are aligned properly. Choices of actual VI ele­
ments to be used for each attribute are left to the VAMT user - who may
choose among a predefined set of VI elements. The available choices - and
the defaults - depend on the data type of the attribute. In this way, the
VAMT user may not choose inappropriate VI elements, and if he does not
make explicit choices, the element choices will nevertheless be appropriate.
In addition to the optional positional and Tour progress feedback men­

tioned above, the information shown in the VVIM changes regularly, partly
as the basic data from the legacy systems changes (e.g. new Orders or
changes in existing Orders), and partly as the VRP Solver finds new and
better solutions. Furthermore, the end users may do changes to the plan (see
below). All changes are handled by the VAS, and reported to all VVIM cli­
ents regularly, so that the different presentations are updated. This change
propagation mechanism also gives a surprising benefit. As the VRP Solver
works in parallel with the rest of the GGT, the VVIM may be used to visu-
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alise how the VRP Solver works. By opening a map-based presentation
when the solver is started (and all Visits are unallocated), the user gets a very
good visual picture of how the Plan is gradually built up. In fact it acts as a
"visualiser" for the VRP Solver.

3.2.2 Interaction

In the truly graphical presentations (the map- and the time-based ones)
the end user has some basic, generic interaction mechanisms. He may select
Tours or individual Visits, and by double clicking, forms based windows
with details about the chosen object are shown. In the graphical presenta­
tions, there are also context sensitive pop-up menus; both connected to the
presentation as such and to the different objects in the presentation.
Both the maps and the Gantt diagrams may include large amounts of in­

formation. For the user to be able to grasp details zooming mechanisms are
needed (and as zooming in makes the visualisation larger, scrolling is also
needed). The map presentation support standard zoom functions while the
time-based presentation offers mechanisms for zooming horizontally and
vertically independently. This facilitates to focus either on a small number of
Tours or on a short period of time (or a combination). Zooming very closely
in the Gantt presentation may cause the user to "get lost". To aid the user,
both in knowing where he is focusing and to change focus, a miniature ver­
sion of the Gantt diagram is used. Within this miniature version, a rectangle
indicates which part of the whole Gantt chart that is shown in the full view.
The rectangle may also be manipulated by the end user to change the view
(supplement to scroll and zoom).
As mentioned above, the GGT is intended to work in close connection to

existing administrative applications handling e.g. orders, vehicles, drivers
and customers. To minimise the risk of introducing inconsistencies, none of
the input data to the plan generation and management may be change
through the VUIM. The results from the VRP Solver (i.e. the Plans), on the
other hand, may be adjusted by the end user through the VUIM. Both the
generated Plans and any manual changes on them, are possibly communi­
cated to connected administrative applications (e.g. the applications handling
driving lists for the drivers).
Changing a Plan in the VUIM means changing which Visits that belongs

to which Tours, including allocating unallocated Visits to a Tour, and unal­
locating already allocated Visits. Also, the sequence of Visits within one
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Tour may be changed. In addition, the end user may perform certain other
changes, like changing the Tour phases3•
These Plan changes may be carried out in the map- and time-based pres­

entations. In the map based presentation, changes are done by dragging Visit
icons onto the lines representing the Tour, or redirecting a Tour leg line to
include a Visit by dragging it. The direct manipulation is supplemented by
pop-up menu functions. In the time-based presentation, changes are done by
dragging Visit bars between Tour bars (including a special bar containing all
unallocated Visits).
As mentioned above, the user may open multiple occurrences of all the

important presentations, and the user may open forms-based windows to
view details from the map- and time-based presentations. Opening the dif­
ferent presentations are done from a generic main window. All these dialog
dynamics are predefined, and may currently not be influenced through the
VI model.

3.3 The user interface model

Similar to [1, 12, and 17], the user interface model in the VVIM is an in­
tegral part of the VRP conceptual model, both seen from the VAMT user
and in the implementation. The information in the VAMT model may be di­
vided into three parts:
1. Model information that is only interesting for the other parts of the
GGT than the VVIM. This includes e.g. constraints, goal function,
and specifications regarding interfaces to legacy systems.

2. Model information that is interesting both for the VVIM and for
other parts of the GGT. This includes e.g. VRP object types to ex­
clude, additional attributes, names, data types etc. for attributes, ad­
dress formats, enumeration values for enumerator type attributes, and
Tour phases.

3. Model information that is only interesting for the VVIM. This in­
cludes e.g. which VI element type to use in forms based presenta­
tions, maximum number of characters, whether an attribute should be
suppressed in the VI, the sequence in which the attributes should be
shown in the presentations, which attribute to use as "label" in the
trees, maps and Gantt presentations

Regarding the data types, the GGT defines both a set of simple data types
such as integer, real, string and boolean, and some compound data types
such as enumeration, address and co-ordinates, duration, time and time win­
dow. For some of the compound data types, like address and time window,

3 A Tour phase is the state for a Tour (planned, locked, loaded, in progress, etc.). Whether
Tour phases should be used or not may be specified in the VAMT.
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specialised compound VI elements are available. This means that the VAMT
user specifying an attribute of the type "time window", may choose between
having the attribute presented as a "Time window" or as a "Text field".
Regarding the "label" attributes that must be specified for each VRP ob­

ject type, this information is used whenever appropriate. So e.g. jf the
VAMT user chooses to identify Tours in the time-based presentations by the
registration number of the connected Vehicle, the registration number values
are used both in the dialog box where the user chooses which Tours to in­
clude in the Gantt diagram, and in the tool tip texts for the Tour bars both in
the main Gantt window and in the miniature version. Furthermore, the label
is also used as window title in Forms based pop-up windows opened from
the time-based presentation.

3.4 Implementation

Figure 6 shows how the VVIM is built up internally.

.ser

VAMT Instance Interface

Figure 6. The different parts of the VUIM

VUIM

VAS

Logically, the VVIM consists of five parts, the VAMT model interface,
the map interface, the VAMT instance interface, the instance cache, and the
VI classes. The VAMT model interface is responsible for reading and stor­
ing the VRP model containing the meta-information about the application.
Much of the code for this part is shared with the VAMT. The VRP model
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(including the VI model) is represented as a set of Java classes, which are se­
rialised between the VAMT and the VVIM. The VVIM representation is op­
timised for fast access to the VI model part the VRP model.
The map interface is responsible for communication with the map mod­

ule. The responsibility of the map module is to provide background pictures
to be used in the map-based presentations. Based on an input rectangle, the
map module supplies meta-information about maps covering the area. Based
on the meta-information, the VVIM chooses the most appropriate map to use
as background. The communication between the VVIM and the map module
is done using standardised, geographical co-ordinates utilising VTM [25]
and WGS84.
The VAMT instance interface is responsible for communication with the

VAS. This module collects the actual application data (instances and attrib­
ute values). The instance cache is responsible for keeping a local store of the
VRP object instances from the VAS and their connections. This cache is
needed both for performance reasons, and to be able to handle changes in the
VAS. In this part, only the key is stored for each VRP object.
The VI classes are the core of the VVIM. In this part, all the user inter­

face code is situated. It also does some local storage of attribute values
(purely for performance reasons). The user interface is implemented using
the Swing set class library, which is part of the Java Foundation Classes
[19].
The "interpretation" of the VI model is done partly in the VAMT model

interface, but primarily in the VI classes. Most of the VI model information
influencing the appearance of the different VI types may be - and are indeed
- handled when the VIs are generated. This causes the opening of the differ­
ent VIs to be slowed down a bit, but it also makes the performance when the
user interacts with the different VIs comparable to "compiled" VIs.

3.5 Future extensions and enhancements to the VUIM

The VVIM may be extended and enhanced in a number of areas. En­
hancements may be categorised into enhancements to the generic run time
functionality in the VVIM, and enhancements to the configuration mecha­
nisms available in the VAMT.
Possible run time enhancements include visualising Tours along actual

road tracks (not as straight lines), enhanced manipulation (e.g. drag and drop
between visualisations and manipulation of time windows in the Gantt
chart), and new visualisation types (e.g. iconic views, 3D visualisation, time
and distance charts, etc.).
Possible configuration enhancements include possibilities for the VAMT

users to define dialog dynamics like user interface actions (e.g. to define that
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double-clicking a Tour in the browser should open a map-based view of that
Tour), and like defining pop-up menus with acitons, to design their own
icons, and to define which icons to use depending on attribute values. E.g. if
the VAMT user defines an enumeration attribute called visitType, with the
values pickup, delivery and combined. he could have the possibility to define
different Visit icons to be used depending on the values for this additional
attribute.

4. APPLICATION DOMAIN-SPECIFIC LIGHT­
WEIGHT USER INTERFACE MODELS

The development of the VOIM and the GGT draws on principles that
may well be generalised and applied to other application domains. On a con­
tinuum with tailored, specialised, non-configurable applications in one end
and general systems development tools (including most model-based 01 de­
velopment tools) in the other, an application domain specific development
tool like the GGT would lay somewhere in-between. This is shown in Figure
7.

Application domain General-purpose
specific development tools development tools

Systems developer Systems developer
configures "programs"

Figure 7. Application domain specific development tools compared to tum-key applications
and development tools.

The GGT, with relatively limited tailoring possibilities, would be situated
closer to application than the development tool side, but other tools could be
designed to lay closer to a development tool.

In general, tools situated to the left are less configurable, but also easier
to configure than tools on the right side (having fewer and more usable con­
figuration mechanisms). As indicated in the figure, this also influences
whom the configuration mechanisms are targeted at, and what kind of "ac­
tions" the person doing the configuration uses.
The generality and flexibility obtained on the right hand side, often has a

price: the developer must do very much work to develop an application. To
reduce the development work needed, different approaches are used. Some
tools - like the traditional 4GL approach, gives special support to develop­
ment of database applications. This can be viewed as a degree of specialisa­
tion, but not to a specific application domain. Another approach - conducted
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by most model-based VI development tools - is to automate or support the
VI design task. Both the 4GL and the model-based approach trades the re­
duced development work for possibilities in the VI - in most cases the tools
only support forms based VIs.
The application domain specific development tools approach tries to

combine some of the flexibility of the general-purpose development tools
with a further reduction of development work that is obtained by general
model-based tools and still having a user interface comparable to the turn­
key applications.
The VVIM has not found an ideal combination of these benefits. One ob­

vious area where it could be improved is the tailoring mechanisms. As it is
now, this can only be done through the VI model part of the VRP conceptual
model - both being very data oriented. The existing configuration mecha­
nisms and the possible enhancements to them (discussed in the previous sec­
tion) requires just a small amount of development· work, but offers limited
flexibility. Alternatively, different configuration mechanisms could be envi­
sioned:
One possible configuration mechanism is to have a plug-in architecture.

This is an approach used in a number of desktop applications (word proces­
sors, web-browsers, media players, etc.) which leaves the developer free to
enhance the application in certain domains, using whatever development
tools he likes, as long as the resulting plug-in conforms to the rules set up by
the application. This mechanism is flexible, but it usually requires much de­
velopment work.
Another possibility is to use a specialised language for defining the con­

figuration. This is similar both to scripting mechanisms available in most
productivity applications such as word processors and spreadsheet tools and
to high-level languages used in systems development tools (e.g. many
model-based VI development tools [e.g. 2, 3, 7, 11, and 14]). This mecha­
nism is relatively flexible, and requires moderate amounts of development
work.
A third possibility is to use sub-classing for specialising the run-time

system of the application domain specific tool. This approach would only
work if the run-time system is implemented using an object-oriented pro­
gramming language, and is designed so that specialisation by sub-classing is
manageable. A similar approach is used in some user interface development
tools. The sub-classing approach is flexible, and given an appropriate design
of the class structure of the run-time system, it only requires moderate
amounts of development work.
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5. RELATED WORK

The approach presented in this paper differs from most published work
on model-based user interface development in the sense that the GGT tools
are specialised for a restricted application domain. Although being general,
most other approaches [e.g. 1, 2, 10, 12, 18, and 20] are implicitly or explic­
itly restricted to certain application or user interface types or styles [11]. It is
most common to restrict to forms based VIs towards a data base application,
but also tailoring to application types like tourist information systems [23]
exist.
The presented approach may also be compared to end user productivity

applications with configuration options (like the Office products from Mi­
crosoft [13]). These tools differ both with regards to how and whom the con­
figuration mechanisms are targeted at, and with regards to what type of
changes that may be done. Most such tools only offer mechanisms facilitat­
ing changes to the user interface towards a 100% predefined domain model.
In the GGT, also the model may be changed and extended.
As mentioned above, the solution used in the GGT by including the VI

model as an integral part of a general conceptual model is similar to some
model-based tools [1, 12, and 17]. Despite this, it should be mentioned that
the conceptual models of these tools are very different from the VRP con­
ceptual model used in the GGT.

6. CONCLUSION

A central topic in the discussion groups at CADUI '96 [15,24] were the
choice between automatic generation of user interfaces and only assisting the
VI developer in the design work. The approach presented in this paper solves
this conflict by restricting the applicability of the tools to a certain applica­
tion domain, and predefining the presentation types to be used. By offering a
number of easy configuration mechanisms, the user may still configure the
tool to his needs. Combining this, the result is a tool that combines advanced
graphical and interactive user interface with flexible configuration options.
Although the functionality of the GGT is restricted to VRP applications,

the user interface types in the VVIM are less VRP specific. All the interface
types in the VVIM may be applied to other and wider application domains.
Most of the interface types may be viewed as stereotypes or complex user
interface components. One could well envision a more generalised tool of­
fering user interfaces like the ones presented in this paper working towards a
much more generalised development tool and run time system.
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Abstract This paper presents XXL, a visual+textual environment for the automated build­
ing of graphical user interfaces. This system uses a declarative language which
is a subset of the C language and can either be interpreted or compiled. It in­
cludes an interactive builder that can both handle graphical and non-graphical
objects. This tool makes it possible to create highly customized interfaces by
visual programming or by "sketching" early interface ideas that are automati­
cally interpreted by the system to produce executable GUI objects. This builder
is based on the concept of textual+visual equivalence and is able to re-edit and
modify any legible source code, not only the code it itself produced. This envi­
ronment is thus a truly open system that can cooperate with higher-level tools.

Keywords: User interface design, interface builders, visual! textual equivalence, sketching,
model-based interface development, specification languages.

1. INTRODUCTION
As noted in [9], the paradigm of model-based interface development has

attracted a high degree of interest. However, despite its potential, this technol­
ogy has not yet reached the marketplace and still remains limited to laboratory
tools. On the contrary, "classical" interactive interface builders (GUms) are
now quite widespread tools that are currently used by programmers and inter­
face designers in spite of their well-known limitations. A possible reason for
explaining this situation is that:
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• Interactive builders make it possible to create highly customized Gills
that make use of quite a large set of GUI primitive elements (i.e. the
"widgets" or "controls" that are provided by the underlying Gill toolkit.)

• Interactive builders are rather easy and intuitive to use because they are
based on a direct manipulation paradigm (generally referred to as "Visual
Programming".)

This paper does not present a high-level model-based approach but a tex­
tual+visual development tool, called XXL, that could be seen as the "missing
link" between interactive GUI builders and high-level model-based environ­
ments. The core idea of this system is to unify textual programming (by using
a specification language) and visual programming (by using an interactive GUI
builder.) User interfaces can thus either be made through textual or visual
programming or a free combination of both modes. Thus, as other interactive
GUIBs, the XXL builder makes it possible to create highly customized inter­
faces by visual programming. The resulting source code is either interpretable
or compilable by a standard C or C++ compiler. Most of this code follows a
declarative style.
But unlike classical tools, the XXL system is also able to deal with preex­

isting source code. This code must just follow the (C language compatible)
XXL syntax and can be produced by any means. It can for instance be directly
written by a programmer or it can result from automatic code generation from
another tool. By opposition with other systems, the XXL builder is thus able to
re-edit and modify any legible source code. not only the code it itself produced.
This property has important consequences:

• It avoids the usual strong separation between the encoding of the presen­
tation and the interactive part of the GUI. Most interactive builders deal
with both aspects in a completely different way: they make it easy to set
presentation through visual programming, while they generally provide
little help for specifying the GUI interaction (which usually require writ­
ing C or C++ source code). The XXL system provides several ways to
integrate both aspects in a unified framework, as will be explained in the
next sections.

• It allows for a truly iterative development scheme. It is for instance pos­
sible to create a GUI prototype by using the interactive builder, then to
encode very specific behaviors textually in CIC++ language (for instance
for dealing with variable amounts of data or data that changes dynami­
cally at run time), then to re-edit interactively the graphical part of these
textual specifications with the XXL builder in order to refine the Gill
presentation, and so on. So, the interactive builder can be used at any
stage of the development process because the generated source code can
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be freely modified without preventing further interactive modifications
by usmg this visual programming tool.

• Because it is based on a generic and declarative textual specification lan­
guage, the XXL environment can be seen as a truly open system that can
cooperate with higher-level tools. This point is especially interesting and
effective because the system is based on the concept of visual and textual
equivalence. One could for instance consider the following scheme:

- standard XXL specifications could be produced by a high-level
model-based system,

- these specifications could be interactively modified by using the
XXL builder in order to refine the GUI presentation and make them
perfectly fit the user needs,

- the resulting code could then either be feed back to the model­
based system, or be enriched textually by adding specific dynamical
behaviors, etc.

These three phases could take place at any time during the development
cycle, and be mixed in any order until the final GUI is obtained.

The next section describes the underlying concepts of the XXL system and
the properties of the interactive builder. Section 3 presents an extension of the
system that makes it possible to create GUIs from "rough drafts". This module
can be used at the first stages of the prototyping phase in order to produce an
executable GUI from a "preliminary drawing" that helps designers conceive
how the interface could look like. At last we will compare XXL with related
work and we will conclude.

2. THE XXL MODEL

The XXL system is based on a generic Object Oriented Model that tends to
integrate and make work together several programming modes that are usually
dealt with separately. Besides its own "inner function", each XXL object must
implement data and methods that makes it possible:

• To deal interactively with a graphical representation of this object in the
XXL builder,

• To produce the corresponding textual representation of this object in
XXLlC language source code,

• To retrieve and to decode its corresponding textual representation in a
XXLlC source file.

This architecture implies several interesting characteristics that are detailed
in the next subsections.
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2.1 THREE VIEW EDITION

This model makes it possible to associate a visual representation with any
object, including non-graphical objects. This point is especially important
and is a major difference with classical point-and-click direct manipulation
interface builders. These tools are generally based on a WYSISYG paradigm
and can only display the "widgets" or "controls" that compose the GVI. But
they are generally unable to represent (and to let the user interact with) the
non-graphical objects that may be part of the VI.
This point can be seen as a consequence of the "concreteness" ofWYSISYG

representations. On the one hand, moving and manipulating widgets directly by
using the mouse pointer is quite convenient and intuitive, especially for novice
programmers. But this concreteness implies a corollary drawback: the inability
to represent and modify "immaterial" behaviors, abstract specifications or GVI
parameterizations in a simple and coherent way.
The XXL model provides an integrated way to represent and interact with

any kind of object. The interactive builder provides three views of the interfaces
that are being developed: the graph view (Fig. 1), the text view (Fig. 2) and
the widget view. The text view shows the corresponding descriptions in the
source code. The graph view is an iconic representation that is equivalent to the
text view. These two views constitute the dual (textual and visual) "abstract"
specification of the VI while the widget view can be seen as the "result" of this
specification. These views are linked together and are incrementally updated
whenever the VI is modified interactively by using the builder. There is a one to
one correspondence between the various representations of a same object. For
instance, control-clicking on an object representation in any view will highlight
its other available representations in the other views.
This three-view model makes it possible not only to show and control the

graphical aspects but can also represent the "hidden abstract parts" of the VI.
This can be seen as an attempt to let the designer see "what is behind the curtain"
and provide the kind of "indirect manipulation" defined in [7] as the ability to
"directly manipulate an abstraction that controls the behavior or appearance of
the actual objects".

2.2 TEXTUAL + VISUAL EQUIVALENCE
Textual +Visual Equivalence is another consequence of the system architec­

ture. Textual specifications of XXL interfaces can either be interpreted or be
compiled by using a standard C or C++ compiler. In both cases, the interactive
builder will be able to establish the reverse correspondence between the dy­
namical objects that it manipulates and their textual descriptions in the original
source files. The builder is thus able to deal with preexisting source code and
let the user modify the corresponding objects dynamically (even if this source
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Figure I The graph view and two GUI examples.

code is C compiled). This source code must just follow the XXL syntax. It
can be produced by any means and does not have to be necessarily generated
by the XXL builder.
Moreover, XXL objects can dynamically modify their own external repre­

sentation at run-time (i.e. their textual specification in the XXLlC source code).
As a consequence, the original source code is modified in an incremental way
by the builder and these modifications can even be made while the application
is running. This property results from the XXL 00 model as all objects are
intrinsequely able to control their own representations when created, deleted or
modified.
It is interesting to notice the XXLlC source code is post-interpreted from

the internal representation of the objects that have been previously created. We
call this "reverse-interpretation" as the parsing of the source code is guided by
the run-time process (which actually results from the compilation of the same
source code). In other words, XXL can be seen as a (C compatible) compilable
language that is able to post-interpret its own source code dynamically at
run-time in order to establish the reverse correspondence between the internal
(i.e. binary) and external (i.e. textual+visual) representations of the produced
objects.

2.3 GRAPHICAL, GENERIC AND IMMATERIAL
OBJECTS

The current version of the system includes four main categories of objects:
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• Graphical objects that have a physical representation in the resulting
GUI (that is to say the "widget view').

• Control objects that specify control statements such as repetitions, con­
ditions or embedded pieces of code such as call-back functions.

• Structuring objects whose aim is to decompose the interface into homo­
geneous and reusable components.

• Property objects that parameterize the appearance and behavior of the
actual GUl

All objects are represented in the text and in the graph views. Programmers
can not only interact with graphical components but also with the "immate­
rial" objects that enforce more abstract specifications. Objects have different
representations in the graph view, depending on their actual type. The graph
view is not a mere "widget tree" but a direct oriented graph (DAG) of various
specification objects.
The graphical objects encapsulate the graphical widgets of an underlying

toolkit (the current implementation of the XXL system being based on the
X-Window / Motif 1.1 toolkit.) These objects handle three different represen­
tations (in the text, the graph and the widget views). The widget view is always
active and can also be handled with in a direct manipulation style.
A graphical object does not necessarily correspond to a single specific widget

of the underlying toolkit. The system also provides contextual "generic" objects
that make it possible to handle actual graphical components with a higher level
of abstraction. Such objects are dynamically instantiated into different actual
widgets according to their structural and functional context. Moreover, object
classes can be changed interactively when using the XXL builder. These
changes are then recursively propagated to the children of the modified objects.
This conception scheme makes it possible to hide many low-level details to the
designer and remodel GUIs after their initial creation in quite an efficient way.
For instance, a box containing a set of buttons can immediately be changed into
a radio box, a dialog box, a menu bar or a menu by only changing the type of
the container object. The actual corresponding widgets (and child widgets) are
automatically changed in order to match the generic specification.
Implicit behaviors are automatically added when combining certain objects.

A menu (or a dialog box) can for instance be specified as a button child. This
menu (or this dialog) will then be automatically popped up when its button
parent is pressed (or clicked in second case.) Moreover, the type of the actual
menu widget will also depend on context: this menu will be a "pull-down"
menu if its button parent is part of a menu bar and a contextual "pop-up"menu
in other cases. Thus, presentation and interaction are often implicitly deduced
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Figure 2 Text view and textual specifications.

from context. Error checking is performed in real-time in order to detect
possible incoherences and to warn the user in an appropriate way.
This features tries to solve a classical drawback that interface builders are

usually blamed for: they require taking decisions that fix the presentation too
early in the conception process [13]. The XXL builder allows for "second
thoughts" by letting programmers modify their initial decisions and deeply
change the structure, behavior or presentation of the VI at any stage of the
iterative design process.

2.4 THE XXL SPECIFICATION LANGUAGE

The XXL system is based on an underlying specification language which is
designed to be compact and reasonably easy to understand. The main interest
of this language is that it is not "yet another programming language": in spite
of its very specific form, it is actually a subset of the ANSI C language. This
means that XXL descriptions can be freely included into C or C++ functions or
other constructs and can be compiled as any otherC statement. XXL interfaces
can thus make use of the whole power of a standard programming language.
This point is especially important when designing complex interfaces that deal
with variable amounts of data or that evolve dynamically at run time. To
paraphrase a quotation from [12], this means that we can both benefit from the
intuitiveness - but (relatively) low expressivity - of interface builders and the
low intuitiveness - but high level of expressivity - of standard programming
languages.
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Various behaviors can be specified in a declarative way thanks to a feature
called Conditional Evaluation. This mechanism makes it possible to reevaluate
a subpart of an XXL specification when a certain condition is satisfied (for
instance when a certain event occurs on a graphical object on when an active
value is changed). It is thus possible to specify object creation, modification
or deletion in a declarative style. Fig. 1b illustrates a basic example of this
mechanism (the corresponding code is at the bottom ofFig. 2b). This interface
changes the color and the label of the two top widgets by reading a string that is
entered by the user in a text field. When the user clicks on the update button, the
sub-expression that is included in the Cond statement is reevaluated. This sub­
expression specifies an assignment that gets the string value that was entered
in the entry widget, converts it to the appropriate types and changes the string
label and the background color of the appropriate objects. This mechanism can
be seen as a way to specify call-back functions in a declarative way.
More sophisticated behaviors or constructs can also be specified. For in­

stance, the Foreach abstract object makes it possible to iterate an XXL sub­
expression. The simple color palette shown on Fig. Ic is created by using this
feature: there is only one color button specification (Fig. 2a) that is iterated
for several color names. Several actual widgets are thus generated but they all
correspond to a single XXL graphical object. The behavior of these objects
is also specified in a declarative way by means of a Cond statement which is
itself included in the Foreach statement.
XXL specifications can also constitute interface models that can be instanti­

ated several times. For instance, the five icons that are included in the interface
shown in Fig. 3a result from five successive realizations of the same XXL
sub-interface This example also shows the use of behavior objects that imple­
ment dynamic manipulations techniques. The icon interface specification (Fig.
3b) includes a MoveHandle object that automatically makes the icon instance
movable by grabbing it interactively with the mouse. These icon instances are
linked together with DUnks graphical objects. These links (that are materi­
alized by arrows on the screen) will automatically follow the objects they are
related to (that is to say the actual realizations of the icon specification) when
these objects are moved:
As said before, XXL specifications can be included in C or C++ programs

and be compiled "as it". They can also be interpreted by using a special-purpose
Unix shell or by loading them dynamically from a C program. This feature can
be used for testing new interfaces at the beginning of the prototyping phase.
It also makes it possible to exchange XXL Interfaces dynamically between
separate (and possibly remote) programs: XXL specifications are then sent
through the network by using sockets and are interpreted at run-time by the
receiving program. This mechanism can also be used for modifying objects or
calling functions that reside in remote programs.
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3. SKETCH DRAWING
This section presents an extension of the system that makes it possible to

create GUIs from "rough sketches". This module provides a separate interactive
way of designing interfaces at the early stages of their conception. It makes it
possible to create an executable GUI from a "preliminary drawing" that helps
designers conceive how the interface could look like. The idea is to let them
draw early interface ideas in the same way as they would do on a piece of paper.
But this electronic sketch will also produce a fully operational interface.
The Sketch View (Fig. 3c) lets designers conceive a first draft of the GUI

by drawing a sketch on the screen. This drawing is dynamically interpreted
by the system in order to produce an executable GUI. Actual XXL objects are
implicitly "deduced" from the sketch and the resulting widget view is produced
in real time so that designers can immediately see the result of their drawing and
correct it iteratively (the system providing full undo capabilities). The graph
view and the text view are made available to the designer once the sketching
stage is over. Visual and/or textual edition can then be performed to refine the
GUI, add call-back functions, etc.
These various views are mostly used at different steps of the development

process. The sketch view let designers focus attention on the global layout of
the GUI without having to take care of implementation details. The graph view
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makes it possible to refine the presentation and to deal with immaterial objects
that represent abstractions, while the text view is mostly used for dealing with
implementation details or with the dynamical management of user interfaces
(when GUIs must handle variable amounts of data or data that changes at
run time). So, the XXL system tries to integrate high-level design as well as
low-level implementation details into a unified framework.

3.1 SKETCH INTERPRETATION
Graphical objects are created by drawing rectangles at a certain location

in the sketch. The first rectangle drawn in the sketching area is implicitly
considered as a "main box" (that will not necessarily be the actual main window
of the final application but can be included into another object at a later stage).
Then, an included horizontal rectangle, located at the top of this main box will
automatically be seen as a menu bar by the system (Fig. 3c). Drawing enclosed
rectangles inside this menu bar will generate menu bar buttons. Menus (and
dialog boxes) are created by drawing vertical (or horizontal) rectangles outside
the main box. Menus and dialogs are attached to the button that will open them
by drawing a link between these components.
Other rectangles (drawn in the main box, the menus or the dialog boxes)

will be first interpreted as button objects. Buttons are then automatically
transformed into intermediate container boxes if another rectangle (i.e. a
button) is drawn inside them. Object type can also be explicitly set by the
designer (for instance for transforming a button into a text area or whatever.)
The system proposes default rules for layout management. Objects are auto­

matically aligned but this default layout can be changed interactively. Graphical
constraints are automatically computed by the system. These constraints are
materialized by arrows on the drawing (fig 3c). Constraints can be set in a
direct manipulation style by moving objects with the mouse or by attaching or
detaching the corresponding arrows.
This way of designing GUIs favors the use of spatial topological constraints

instead of fixing absolute x, y coordinates by moving and resizing widgets
directly with the mouse: This leads to a more flexible representation that can
evolve dynamically at run-time when the final user resizes the windows or
customizes the application (for instance by specifying larger fonts). The use of
such constraints is rather easy and natural here because they are either deduced
from the drawing, or explicitly drawn in a simple way. Thus, it is interesting
to notice that the drawing performed by the user is not a WYSISYG but a
logical representation of the GUI. The actual GUI will not exactly look exactly
the same as the drawing but will follow the logical cOl}straints specified by the
designer. It is up to the graphical system to adjust and layout the corresponding
widgets in an appropriate way.
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The sketching module is based on a set of contextual rules that implicitely
transfonn the user drawing into structural or topological constraints. These
rules are encoded in an object oriented style. Drawing a new component
produces a new sketching object that is managed by its own container. The
combination of the rules defined in both objects will control the graphical aspect
of these two sketching objects and will also implicitly produce XXL objects of
an appropriate type (or modify existing objects in an appropriate way.)

4. RELATED WORK

TheXXL system is related to the three following domains: interface builders,
model-based interface development and sketch drawing. Similarly to standard
interface builders (a comprehensive survey can be found in [8]), the XXL
builder makes it possible to create highly customized interfaces by visual
programming. However, the underlying model is quite different: the system
can handle generic and immaterial objects, it uses a declarative language (which
is a subset of the C language) and it is based on a textual+visual equivalence
paradigm.
Promising approaches have been proposed in the field of model-based in­

terface development [13], [12], [2], [14], [11), [9]. However XXL is not a
high-level model-based approach but a visual+textual environment for the au­
tomated building of UIs. In that sense, it could be compared to certain aspects
of other systems that can generate user interfaces from partial models such as
Janus [1], or Mobi-D [10], that includes an interactive tool.
Interface sketching is a rather new approach and there are very few systems

that implement this idea. For instance, the SILK system [3] provides an
interactive tool that allows designers to quickly sketch an interface by using
an electronic pad and stylus. By opposition, the XXL system uses a "faked
metaphor" (designers draw sketches as they would do in "reality", by not in the
same "material" way) in order to prevent users from pattern recognition errors
to ease interaction with ordinary pointing devices, and thus, to avoid the use of
specific hardware.

5. CONCLUSIONAND FUTURE WORK

This paper presents an hybrid approach which tries to mix several aspects
of interactive GUI builders, model-based systems and interactive sketching.
This new system lets designers produce generic interface specifications in an
interactive way, either by textual or visual programming or by constrained
sketching. The conception process is fully iterative and is consistent from the
very early stages of design to the realization of the final application. The full
system provides four different views of the GUI that correspond to various
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stages of the conception process (or to the various level of expertise of the
designers involved in this task).
The system has been fully implemented and relies on the X-Window system

and the Motif toolkit. The XXL builder has been used for realizing various
tools and students' projects at our institute. The XXL environment has also
been used for creating and refining the interactive builder itself. The system is
freely available at URL: http://www . enst. fr relc.
We are now developing a new Gill toolkit called Ubit that is based on

a "brick construction game" metaphor [6]. Such a model is especially well
suited for visual programming tools and should offer new perspectives when
combined with the XXL builder.
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Abstract User centered design involves the creation of design artifacts such as task
and architecture models, typically by people with different backgrounds
using inconsistent terminology. Communication between user interface
designers can potentially be improved if the viewpoints represented by
these design artifacts can be correlated. This research demonstrates how
different design artifacts can be linked semi-automatically. We illustrate
this technique using Adligo, a computer-based tool for generating links
between the User Action Notation (UAN) task model and the Clock
architectural model. Our results show that in two case studies, we were
able to generate 90% of possible links with error rate of 0% to 12%, with
limited human assistance.

Keywords: User Interface Design Artifacts, Linking User Interface Viewpoints

1. INTRODUCTION
Numerous design activities contribute to the usability of an interactive

system [Brown et al., 1998J: the production of task models helps to
record the human activities that a computer system is meant to support,
scenarios and task-oriented specifications record how users perform these
tasks via a particular user interface, while software architectures provide
a high-level view of the system's implementation.
A trend in processes for interactive system design has been to use

information from each of these design activities to support the others.
For example, task-oriented specifications can be used to automatically
generate user interface architectures [Paterno et al., 1997J and user in-
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terface dialogue specifications [Palanque et al., 1995], or to completely
generate user interfaces [Johnson et al., 1995; Szekely et al., 1995].
Even when the relation between design activities is not this explicit,

it is helpful for designers carrying out one activity to have access to in­
formation from others. For example, Cockton and Clarke have shown
the importance of explicitly linking documents capturing context of use
of interactive systems to design documents [Cockton and Clarke, 1999].
In our earlier work with the Vista environment [Brown et al., 1998],
we showed how linking behavioural design artifacts (such as task mod­
els and task-oriented specifications) to constructional artifacts (such as
code) can help relate the differing points of view of HCI designers and
software engineers. In Vista, users simultaneously see up to four styles of
design docuemtent in a visual browsing environment. Clicking on part of
one document highlights related parts of other documents. This allows
developers to answer questions such as, what tasks may be impacted by
the modification of a particular architecture component, or whether two
similar action sequences in a VAN specification [Hartson et al., 1990]
are implemented by the same mechanism. Brown and Marshall have
since extended this work to link user interface scenario documents to
implementation design documents [Brown and Marshall, 1998]. Linking
approaches therefore help in relating information that may be presented
from different points of view, allowing information from different design
documents to be more easily used by other designers and developers.
The difficulty with linking approaches is that they typically require

large numbers of links to be specified manually. For example, Vista is
capable of automatically linking artifacts grouped exclusively within the
behavioural or constructional domains, but requires a user to provide
links that bridge the gap between these two points of view. Cockton
and Clark's approach requires links to be explicitly made using an LD
Relationship Editor [Cockton and Clarke, 1999]. Hand-specifying links
is tedious, time-consuming and error-prone. For example, in the two case
studies presented in section 5., approximately 100 links in each needed
to be coded by hand using the Vista system. Furthermore, as design
artifacts evolve throughout the life cycle of the interactive system, links
continually need to be changed, again by hand. In order for link-based
approaches to be practical, therefore, some kind of automation of the
process of finding and maintaining links is required. Automating the
generation of links is challenging, however, as different design artifacts
are typically developed by different people, perhaps using incompatible
terminology, and perhaps involving informal components such as English
language text.
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Figure 1 UI of a groupware critical path planning application [Graham, 1997].

This paper presents a mechanism for the semi-automated generation
of links between task-oriented specifications in the User Action Notation
(UAN) [Hartson et al., 1990] and architecture models expressed in the
Clock architecture style [Graham and Urnes, 1996]. A user must provide
a small set of rules to guide the link generation process. As shown in
section 4., these rules are presented in a simple tabular format called a
dictionary. This approach has been implemented in Adligo, a tool which
inputs a UAN specification, a Clock architecture and a dictionary, and
outputs a set of links suitable for browsing with the Vista environment.
As shown in the case studies of section 5., when provided with fewer
than ten user-specified rules, Adligo was capable of generating 90% of
links found by a human, with an error rate of 0% to 12%. With 16 rules,
100% of links were found, with no errors.
This paper is organized as follows. Section 2. presents an example

application, and motivates the utility of developing links. Section 3. in­
troduces Adligo's rule-based solution to link generation, while section 4.
discusses Adligo's implementation. Finally, section 5. reports on the
results of two case studies used to evaluate the effectiveness of Adligo.

2. EXAMPLE: CRITICAL PATH PLANNING
In order to motivate the problem of link generation, we will use the ex­

ample of a groupware critical path planning application [Graham, 1997].
Using this application, we will informally discuss some of the difficulties
of automatically generating links. We will then use the critical path
planner to illustrate Adligo's dictionary, allowing semi"-automatic gener­
ation of these (and other) links.
Several design artifacts (collected in [Graham et al., 1996]) contributed

to the development of the critical path planner. The system is based on
a task model adapted from Dilworth [Dilworth, 1993]. Planners carry
out two basic tasks - breaking up the project into a network of job
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steps ordered by their dependencies, and allocating resources to these
job steps. Figure 1.1 shows a system supporting these tasks.
A UAN task-oriented specification was developed to show how each

of the planning tasks can be carried out using the interface of figure 1.1.
Figure 1.2 shows one of the tables from this UAN specification, describ­
ing the task of repositioning one of the job step nodes in the critical
path network. In order to reposition a node, the user first moves the
mouse pointer over the node, clicks on it, drags the mouse, and releases.
As the mouse is moved, the node follows the mouse pointer. As the
node is moved, it is locked, so that none of the other users can move
the node at the same time. Locked nodes are shown with red text on
other users' displays, so that the other users can see that they are not
permitted to move that node. The full UAN description contains 18
such tables [Graham et aI., 1996].
Figure 1.2 also shows a view of the software architecture of the crit­

ical path planner. The architecture is based on the Clock architecture
style [Graham and Urnes, 1996], a layered extension of the Model-View­
Controller (MVC) architecture [Krasner and Pope, 1988]. In this ar­
chitecture, the system is decomposed into components, responsible for
I/O at some point of the display, and ADT's responsible for maintaining
system state. The links shown in the figure reveal the relation between
the architecture and the system it implements.
For example, the mouse click actions (Mv/W) that start and end the

movement of a node are handled by the mouseButton method of the
browseNode component. Similarly, the movement of the node itself
(- [x,yJ) is handled by the relMotion method. Locking of the node
is handled by the methods of the Lock ADT. Modifying the position of
the node (nodePosition:=(x,y») is handled via the setNodePosition
method of the NodePosition ADT. The current position of the mouse
pointer (x, y») is obtained via the MousePosition ADT.
These links can be visually browsed using Vista [Brown et al., 1998],

helping developers to associate task-oriented specifications with user in­
terface implementations. However, it is clear that such links are highly
tedious to generate by hand. It is not feasible to derive such links com­
pletely automatically - the developers of the UAN specification and of
the software architecture have used different terms to describe the same
parts of their artifacts, and the UAN specification contains informal
English prose that is not amenable to automatic processing.
The next section shows how Adligo provides a simple rule-based mech­

anism that allows links to be semi-automatically derived. As will be
shown in section 5., 90% of the 108 links that a human found in the
CPM example were derived using only 8 rules in the Adligo dictionary.
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Figure 2 Example links derived by Adligo.

3. SEMI-AUTOMATED GENERATION OF
LINKS

The key to being able to find links between the behavioural task­
oriented specification and the constructional user interface architecture
is to bridge the difference in point of view of the two forms of specifi­
cation. A single component might contribute to the implementation of
several tasks; similarly, a single task may be carried out through the use
of multiple components.
The basic approach to generating links is to provide a set of linking

rules in a dictionary. Figure 1.3 shows a subset of the rules used with
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DICTIONARY: Standard
Rule# RULE SCOPE UANPATIERN CLOCK ARCHITECTURE PATIERN
82 Mv mouseButton
83 Mil mouseButton
86 -[S(x), S(y)l motion I relMotion
821 $(obi)-.=1 increment$(obi) I inc$(obil I increment
826 currenlPos mousePosition
827 (x,y) nodePosition I userPosition
828 $(anyVa-) := set$(anyVa-)

DICTIONARY: The CPM Planner
Rule# RULE8COPE UANPATIERN CLOCKARCHITECTUREPATIERN
C1 Create anew node select mode Network
C2 mode button
C6 Reposition anode n nodeView->browseNode
C9 currentMode:= setMode
C10 mode Mode
C11 connect $(obj1) to $(obj2) setConnectionTa-get
C12 lines edlle.view
C13 rubber-band rubberBand.view
C14 solid line from n1 to n3 .edge.lineFrom

Figure 3 Selected rules extracted from the standard and custom dictionaries used
to link design artifacts in the critical path planning application.

the critical path planning application. The rules are divided into a
standard dictionary which is included for every application, and a custom
dictionary, which provides rules specific to a particular application.
Rules establish a correspondence between parts of a VAN specifica­

tion and parts of a Clock architecture. For example, rule 82 in figure 1.3
establishes that the pattern Mv in a VAN specification corresponds to
the method mouseButton in a Clock architecture. This rule states that
whenever the Mv user action is encountered in a VAN specification, there
should be some mouseButton method in the architecture that imple­
ments this user action. This is a rule since the correspondence applies
whenever the Mv symbol is encountered. As shown in figure 1.2, rules S2
and S3 generate links showing that in the Reposition aNode task, the
Mv and W user actions are handled by the mouseButton method of the
browseNode architecture component.

3.1 MULTIPLE TARGETS
Sometimes, a pattern in a VAN specification may correspond to dif­

ferent locations in a Clock architecture, depending on implementation
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choices made by the developer. For example, motion events in Clock
may be treated as absolute or relative to the current position, handled
either by a motion or relMotion method. Therefore, rules must permit
a DAN pattern to match a set of possible architecture patterns.
As shown in rule S6, multiple architecture patterns may be combined

using a disjunction ("I") symbol. The DAN pattern specifies that the
general form in DAN for moving to a new screen location is - [x, y] ,
where x and yare some identifiers. In this rule, the symbols $ (x) and
$(y) represent variables that may be matched to arbitrary identifiers in
the VAN specification. The architecture pattern establishes that mouse
motion user actions may be handled by motion or relMotion methods.
In figure 1.2, rule S6"generated the link between - [x,y] to the relMotion

method implemented by the browseNode architecture component.

3.2 RULES WITH VARIABLES
Very powerful rules can be written using variables. For example,

a common pattern of correspondence between VAN specifications and
Clock architectures is that assignment to some value in VAN is imple­
mented via a set method in the architecture. For example, in figure 1.2,
the VAN nodePosition := (x,y) is implemented via the method set­
NodePosition in the NodePositions ADT.
Rule S28 searches for correspondences of this general form: the VAN

pattern $ (anyVar) := is matched to a method in the architecture of the
form set$ (anyVar). Variables in the VAN and architecture patterns
must be unified in finding a match.
Similarly, rule S21 identifies a common correspondence case, showing

how incrementing a value may be matched to any of a set of increment
methods.
This ability to use variables, unification, and multiple architecture

patterns allows simple rules in the standard library to identify common
usage patterns, generating many links without requiring any custom
rules at all.

3.3 CUSTOM RULES

The standard rules described above help provide links for built in
user actions of VAN (such as user actions corresponding to mouse and
keyboard input), and for commonly observed usage patterns in specifi­
cations. However, real specifications normally require additional rules,
primarily to resolve inconsistencies in terminology between the VAN
designer and the user interface implementer.
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For example, rule Cll in figure 1.3 shows how the English text connect
x to y corresponds to the method setConnectionTarget. Such corre­
lations are not difficult for a human to provide, but would be difficult to
find automatically.
Sometimes, such correspondences must be scoped to a particular task.

For example, in the DAN task Reposition a Node (figure 1.2), the symbol
n refers to some node in the critical path network. It would be dangerous
to establish a global rule stating that n always refers to a node, since
this may not be true for every task specification, and might lead to
the generation of incorrect links. Rule C6 of figure 1.3 shows how a
rule establishing this correspondence can be scoped to apply only to a
specific task.
Similarly, rules may be scoped to apply to a particular method or

component in the architecture. For example, rule C14 explicitly specifies
that solid line from nl to n3 corresponds to the lineFrom method
of the edge component. Similarly, rule C6 explicitly specifies the loca­
tion of the target component in the architecture (i.e., the component
nodeView is specified to be a child of the component browseNode.)
Restriction of the scope of rules can have the effect of creating rules

that are so specific that they generate only one link. Such rules can be
useful in specifying explicit links when the generality of the rule-based
approach is not appropriate.

4. IMPLEMENTATION
We now briefly describe how the Adligo tool uses the dictionary de­

scribed in the last section to generate links. For an in-depth description
of Adligo's algorithms, see [Elnaffar, 1999]. The generation of links in­
cludes the following steps:

1. Find a match for one of the rules in the DAN specification;

2. Find the context for the match;

3. Starting from the context component, find the best match for the
architecture pattern.

The notion of a context component is key to the generation of links. A
context is a part of the user interface to which user actions are applied.
The standard DAN mechanism for changing a context is the user action
- [c], which specifies that the user moves his/her pointer into the context
of screen region c. Following a context change, Adligo assumes that
subsequent user actions are applied to the new context.
Consider for example the sequence - [n] Mv of figure 1.2, as inter­

preted using the rules shown in figure 1.3. The following sequence of
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Figure 4 Results of CPM and Video Annotator case studies. The dashed horizontal
line shows the number of links found by hand.

rule applications leads to the generation of a link to the mouseButton
method of the nodeView component:

1. The user action - [n] changes the context. n matches the rule C6,
setting the context to the component nodeView->browseNode.

2. The user action Mv matches rule 82. Adligo attempts to match
a method mouseButton within the context of the nodeView->
browseNode component.

3. The parent of the nodeView component implements the mouseButton
method; the link is therefore generated to the method browseNode.
mouseButton.

5. EVALUATION
In order to evaluate the effectiveness of our semi-automated tech­

nique for linking user interface artifacts, we performed two case studies
on existing applications. These applications are the critical path plan­
ner [Graham, 1997] described in section 2., and a groupware video an­
notator tool [Graham and Urnes, 1997], both designed and developed
prior to this work with Adligo. Both case studies involved over 100 lines
of UAN, divided into approximately 20 tables. The implementation ar­
chitectures of the examples consist of 13 and 30 components, containing
over 100 methods. Therefore, the examples are small enough for us to
derive links by hand for purposes of comparison, but large enough to
expose how well Adligo functions.
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In order to create a correct set of links against which to compare
Adligo's performance, we derived by hand a set of links between the
DAN task-oriented specification and the Clock architecture. We then
ran Adligo to mechanically derive a set of links. Through this process,
Adligo's dictionary was tuned to successively improve the links gener­
ated. Finally, we compared the hand-derived links to Adligo's links.
For each case where the links differed, we either decided that the hand­
derived links were incorrect and updated them, or decided that the gen­
erated links were incorrect, and recorded an error.
Figure 1.4 shows the number of correct and incorrect links generated

by Adligo as rules were successively added to the dictionary. In both
examples, adding eight rules was sufficient to generate approximately
90% of available links, while 16 rules was sufficient to generate 100% of
the links found by hand.
The percentage of generated links that were incorrect ranged between

0% and 12% in the two applications, finally dropping to 0%. As the
number of rules increases, the error rate initially increases (as the number
of generated links increases.) As rules are added, the error rate then
decreases as the rule set becomes more precise.

5.1 ANALYSIS
These results show that, at least for these two examples, Adligo is

highly successful at generating links. With a small number of rules, in
excess of 90% of available links can be automatically generated, with
an error rate within approximately 10%. Creating rules to this level of
accuracy appears to be relatively little work. Rules are easy to write,
as they are syntactically presented as a dictionary, in which correspon­
dences are written directly using the DAN notation. Further studies
with external users will be required to determine how willing developers
will be to create linking rules.
The simplicity of the dictionary format carries a cost of expressive­

ness - only simple control over scoping of rules is provided, and only
simple patterns based on variables are allowed. The examples we have
performed to date allow us to tentatively conclude that these restrictions
are not problematic in practice. In cases where the dictionary language
is not sufficiently expressive, rules can be added to the dictionary that
either explicitly add links or explicitly rule out error cases. In our ex­
amples, when such rules are added, coverage rates climb to 100% while
error rates drop to 0%. This shows that if Adligo users wish to invest the
time to refine their rule sets, very accurate performance can be obtained.
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The Adligo approach is most successful if the UAN specifier is me­
thodical in the use of UAN. For example, if the ":=" symbol is used
consistently to indicate change of interface state, standard rules related
to assignment will be invoked. If the same names for tasks and contexts
are used consistently, then custom rules will be more likely to generate
correct results. For example, many of the custom rules in the critical
path planner dictionary specifically deal with the use of poor names in
the UAN specification such as n, nl, n2, etc. to refer to nodes in the
network. While the requirement of consistency and use of clear naming
conventions adds an extra burden on UAN designers, such conventions
also lead to specifications that are easier for humans to read.
The rule-based approach has the potential advantage of being robust

to changes in the underlying design documents. As new tasks are added
or reworded, or as architecture components are modified and reposi­
tioned, it is likely that existing rules will continue to apply. Further
experimentation will be required to demonstrate the extent to which
rules are robust to evolution in design documents.

6. CONCLUSIONS
This paper has shown that it is practical to partially automate the

generation of links between user interface design artifacts, even when
these artifacts are developed by different people and when the artifacts
involve informal English prose. Users must provide a small set of rules in
a simple dictionary format. From the rules, the Adligo tool derives links
between task-oriented specifications and user interface architectures.
We plan to continue investigating the effectiveness of the rule-based

approach, and plan to carry out experiments tracking the robustness of
rules as design artifacts evolve.
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tools which support the construction of the Teallach models in the context of
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comprehensive facilities for relating the different models, and the provision of
a flexible design method in which models can be constructed and related by
designers in different orders and in different ways.
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1. INTRODUCTION

The development and maintenance of user interface software is chal­
lenging. Although interface development environments provide facilities that
allow individual components within an interface to be constructed without
recourse to programming, the behaviour of user interfaces is generally im­
plemented by complex, hand crafted software systems. Although design
patterns can be used to provide an organisational framework for interface
software, it is still the case that user interface software is intrinsically com­
plex, and that changing an existing interface to reflect changing requirements
and to take account of user feedback is a laborious and often somewhat ad­
hoc process.
Model-based user interface development environments (MB-UIDEs)

have been developed with a view to providing a more systematic approach to
user interface development, building in particular on abstract models of dif­
ferent aspects of user interface functionality (e.g., TADEUS [11], FUSE [7]
and MOBI-D [to]). Typically, a MB-UIDE will include domain, task, dia­
logue and presentation models. The benefits that it is hoped will arise from
the use of MB-UIDEs include the generation of interface software based on
the abstract models, and more seamless integration of the interface design
and implementation processes.
However, although MB-UIDEs have a range of promising characteristics

for easing user interface development, they introduce a number of new
challenges. The development of effective tools for the construction and
linking of a collection of abstract models is itself a substantial challenge,
which must be addressed in the context of a design method that directs the
interface developer in the construction of a coherent collection of models.
This paper seeks to address these two issues - tools for model construction
and tool support for a design method - in the context of the Teallach MB­
UIDE [6]. Distinctive features of the Teallach tool include comprehensive
facilities for relating the different models, and the provision of a flexible de­
sign method in which models can be constructed and related by designers in
different orders and in different ways.
The paper is structured as follows. Section 2 sets the scene by introduc­

ing the Teallach system. Section 3 describes a case study that will be used
throughout the paper. Section 4 outlines the flexible design method sup­
ported by Teallach, and which must be accounted for in the tool. Section 5
describes the facilities provided by the tool for editing and relating the Teal­
lach models. Section 6 presents some conclusions.
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2. TEALLACH BACKGROUND AND MOTIVATION

The Teallach MB-UIDE is primarily concerned with constructing user­
interfaces to object oriented databases. The Teallach user is the designer of
interfaces to database applications, not the end-user of these interfaces. In
order to meet the needs of such design efforts, Teallach provides three mod­
els: a domain model, a task model, and a presentation model. These models
are described in detail in [6].
The presence of underlying models gives some advantages to an inter­

face-building tool, such as a clear semantics for the interface under con­
struction, and facilities for the automatic checking of consistency in the
models (and hence in the resulting interfaces), together with support for
'help' and 'undo' functionality. However, we have identified a number of
weaknesses in existing MB"UIDEs. Some of these are described below; for
more details, the reader is referred to [4].
• Some systems impose a rigid methodology on the interface-designer.
• Most systems do not provide the facilities to work with database-specific
concepts, such as transactions.

• Many systems have a fixed set of widgets from which interfaces can be
constructed, thereby disallowing the use of application specific widgets
which may be required in some domains.

• Few systems have a clear method for representing flow of state informa­
tion within the interface to be generated.
One of the goals of the Teallach project is to develop models that address

some of these shortfalls, and to build a prototype tool that illustrates our so­
lutions. In particular, we do not wish to impose a particular style of working
on the interface designer. For example, one designer may wish to proceed
from specifications to implementations, whereas another may wish first to
sketch forms to be used in the interface, and then connect these to applica­
tion functionality. Both these approaches, and others, are allowed by Teal­
lach. This is achieved by 1) treating all of the models in an even-handed
manner, and 2) performing consistency checking as late as possible, so that
the designer is free to work through 'inconsistent' designs towards consistent
ones. In particular, automatic generation of model components may be used
as the designer desires: it is possible to generate large parts of the interface
automatically (and optionally modify these generated components), or to
'wire together' user-built substructures with no use of automatic generation.
Teallach's interfaces are realised as compiled Java applications, giving

the efficiency of compiled code while running on any major platform. The
widgets used are taken from Java's Swing widget set [2], but additional user­
supplied widgets may be added to the toolkit and used at any time. Access to
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database-specific concepts is supplied through Teallach's ODMG-style [1]
domain model.

3. CASE STUDY

To provide a tangible explanation of the manner in which the Teallach
tools operate and are used, subsequent tool discussion will be conducted in
relation to a case study, which is a library database application - the UML
class diagram of this is shown in Figure 1.

Librarian Book

name : String title : String
password: String on loan 10 author: String
salary: int

~
- year: String

loans: Book[] • onLoanTo : Person

String
ownedBy: Library

getName ()
void setName ( ) String getTitle()

Person void setTi tle ( )
1

String getName() in •loans
void setName ( )

I
1 books

Student

name String
Library

:

password: String name : String
matricNo: int location: String
loans: Book[]

ProhibitedBook
id: int

Exception
books: Book[]

String getName()
void setName() void addBook(Book) throws

ProhibitedBookException
Boolean isBookHeld(Book)

Figure 1. The Library Database Schema..

For brevity, consider a single task that the user of a library application
might perform - that is searching for a book. Using the application, the user
indicates that a search is to be performed, and subsequently specifies a col­
lection of search parameters which constitute the attributes on which the
search is to be based - for example, a search based on a named author. The
user then initiates the search (amounting to the running of a query param­
eterised by the specified information) and is presented with the resultant in­
formation. Assuming one or more books were returned, the user can browse
through them. The remainder of this paper demonstrates, in terms of one
possible traversal of the Teallach method using the tools, how a designer
might construct a user interface to support this task.
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4. THE TEALLACH METHOD

One of the principle aims of Teallach is the provision of a flexible design
method such that designers using Teallach are not restricted to a single de­
velopmental strategy. Although some might question this approach given the
more rigid methods promoted by other MB-UIDEs [4], the methodological
stance adopted by Teallach arose from the following observations. Firstly,
there is little evidence to support the notion that the less flexible methods
forwarded by other MB-UIDEs are indeed the best (or only) approaches;
forcing designers along a linear developmental path appears overly restric­
tive and does not support the characteristics of the software development life
cycles that designers often favour. For example, one could indicate that
TADEUS [11] operates by successively refining a task model through a
dialogue model and a number of interaction tables. Secondly, Teallach rec­
ognises that if it is to be adopted as a means of user interface development,
then it needs to observe the developmental habits of software developers
who often work in iterative cycles of development where various aspects of
their artefacts are developed in parallel or in an interleaved manner [8].
Through its flexible methodology, Teallach aims to support (as far as possi­
ble) the observed working practice of software developers.

START

A ge"emt;oll ofdonlllil/ "rH/e1
I persistent components

a a
c01llinuin8 item,;\'(" generat;o;,;;nc:::::=::t::l~ ¢=::::lc.ontinuin8 iterat;\'e i"clus;on
ofdntabase access-related.... of(Iuxi/iary data types

compollems '---'TT"--'

B

b

• 'ndependetll genemtion of
rt'JemaUOtI n components

registmtion of
ge"emted user
interface as widget
in presentation

G nlOdRl

Abstract

E

I

: presentation

: modt'/ componetll L~c~o~nc~re~le~j::::~ ..
: from task model conrinuing itemr;,,!,
:c~mponents & imiRpelldt'm gmeratio" &
: VlCe I'ersn registmtion of presem"#o,,
: model components
I

c

continuing iltrt";\'t! '---~--'
;ndependi'tl/ del't'!op,rli'l1t of
task model components

comi'lIIi"8 item/b't' genercuion ....------' : '--------,
ofItlSk model (.vmponents from :

domil;" model components D :
I
I
I ..
I continuing
: iterative
: gmeration of

I action perfonned once only

--'useraction

--+ system action

;"de/Nndent delleJop",enl of *
lOS n cOn/ponems

c

:
I
I
I
I
I
I
I
I

: Verification of .. I

I M~~ I
""'--K.-y-:·-n:pea--,ab-Je-acu-·on----, --------------- ... ----------------

CoM Generation

Figure 2. The Teallach Method.



144 Barclay, Griffiths, Goble, McKirdy, Paton, Cooper and Kennedy

Figure 2 shows the flexible methodological structure proposed by Teal­
lach and which is subsequently realised in the Teallach tools. Due to the
number of potential routes through the method - made possible by its inher­
ent flexibility - it is not feasible to discuss each. Instead, the interactivity and
dependencies between the steps in the method will be discussed at a high
level, with the intention that the discussion provides a feel for the develop­
mental freedom available to the designer. Later discussion of the actual Te­
allach tools, by which the method is realised, will demonstrate one possible
path through the method.
Teallach refers to a design effort as a project - that is, a collection of

models which contribute to the development of a specific user interface.
Projects can be saved during the course of development, and components of
one project can be imported into another to facilitate reuse. The remainder of
this discussion will assume that the developer is creating a new project. It
should be noted that the aim of this section is to outline the Teallach method
- the means by which the actions may be performed using the tools is dis­
cussed in section 5.
Teallach has been developed to facilitate the design of user interfaces to

pre-existing object oriented databases (OODBs). There is therefore a basic
assumption that the schema and classes for the underlying database must
exist prior to user interface development. The Teallach tool therefore permits
one entry point to the developmental cycle (as shown in Figure 2). This al­
lows the structure of the underlying database application to be established
within a project in the form of the persistent components of a project­
specific domain model (step A). Having determined the persistence capabil­
ity of the application, the developer is then free to design each of the indi­
vidual Teallach models.
At any stage in the design of a user interface, each of the models can be

independently developed. Consider first the domain model. As required, the
developer can create components to facilitate access to the underlying data­
base (database connectivity components) and can import information about
auxiliary data types which may be required for the runtime operation of the
application - see the steps labelled (a) in Figure 2. It should be noted that the
domain model also provides the facility to view and utilise the types pro­
vided by the Java API - a subset of the auxiliary information available to
Teallach. The inclusion of these components is a one-off action which can be
performed at any stage during development.
Consider now the task model. Independently of the other Teallach mod­

els, components (and hierarchies of components) within the task model can
be created, manipulated, and deleted - as shown by steps (C) and (c) in Fig­
ure 2. Similarly, the developer can, independently of the domain and task
models, create, manipulate and delete components (and hierarchies of com-
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ponents) within the presentation model and can register new widgets (steps
(B) and (b) in Figure 2). Each of these activities can be performed at any
stage during user interface development.
At any point during development the designer can either associate com­

ponents from distinct models (thus linking the models to generate a cohesive
user interface design) or can generate new components in a model from a
component previously constructed in another model. Such activities are rep­
resented by steps (D), (E) and (F) in Figure 2 (and also labelled in the actual
tool shown in Figure 3). These activities can be performed repeatedly and in
any order.
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Figure 3. The Teallach Tool and Possible Inter-model Operations.

Consider first step (D), which shows the association of task model com­
ponents with domain model components. The designer can use a domain
model structure to automatically generate an initial task hierarchy, or can
link components in the two models through the use of state objects. A state
object is the means by which the task model represents constructs imported
from the other Teallach models. Greater detail of these associations is given
in section 5. Step (E) supports a similar scenario where the domain model
components are used to automatically generate a presentation. Further details
of these associations are also given in Section 5.
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In Teallach, the task model is not tied to a specific visual representation
of a user interface. This maxim is realised in the tool by linking task model
components to high-level abstractions of concrete presentation model con­
structs (termed the abstract presentation model). In step (F) components in
the abstract presentation and task models can be linked together, or can be
used to automatically generate a new component in the other model. In all
such operations, the designer will create a state object in the task model to
represent the linked presentation model component.
At any stage during design, the developer can choose to verify the vari­

ous models; a step which determines the consistency and completeness of
the models with respect to one another. Assuming model verification has
succeeded, the designer can automatically generate a user interface as de­
scribed by the models. The developer can either choose to accept the gener­
ated interface, or can return to the various models and continue the design
process in an iterative cycle. The designer can choose to register any gener­
ated user interface as a self-contained "black-box" widget within the presen­
tation model (see step (G)), thus facilitating a bootstrapping process of de­
velopment and reuse of generated components.
From the above discussion it can be seen that, with the exception of step

(A), provided that the required components exist within each model, any of
the discussed steps can be performed in any order and any number of times.
Hence designers are given the freedom to work in the manner most suited to
themselves and their projects, and are not restricted by an overly prescriptive
developmental strategy.

5. THE TEALLACH TOOL

5.1 General

The Teallach tool has been implemented using Java 2.0 and the Swing
GUI tool-set. This tool-set has provided us with a rich library of GUI primi­
tives that facilitate design using the model-view-controller pattern; our expe­
riences with both this tool-set and Java in general have been mainly favour­
able. It has been designed so that Teallach itself, and the interfaces it gener­
ates which are also implemented in Java, will run on all major hardware and
OS platforms. Teallach interacts with the underlying application (typically
an OODB) through its domain model, which provides an interpretation of
the contents of the application through the concepts of ODMG. In the current
prototype Teallach has been designed to interact with the Poet OODBMS
[9].
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As shown in Figure 3, the tool provides separate editors for each of the
three models, implemented using a desktop metaphor. In addition, the pres­
entation model provides further, free-floating windows, such as a preview of
the interface under construction, and a palette of widgets the designer can
use. Model constructs can be exchanged between the editors either by drag­
and-drop or by cut-and-paste metaphors using a single system clipboard.
The semantics of inter-model associations are described in more detail

below, but the basic scheme is as follows: when a fragment of one model is
dropped into the editor of a different model, some new structure is generated
in the target editor, derived from the source model (drag-and-generate). It is
also possible to 'link' components from different models, for example to
show that a particular widget is to be used to perform a particular task. This
is achieved by switching the tool into link mode and drawing arcs between
the associated components (click-and-link). The large arrows in Figure 3
show the possible ways in which the three Teallach models can interact.

5.2 The Domain Model Editor

A project-specific Teallach domain model reflects the structure and
functionality of the underlying application, database connectivity, and aux­
iliary data types such that they can inform and link into the user interface. To
provide a measure of platform independence, the domain model represents
these factors using constructs derived from the concepts specified in the
ODMG object database standard.
The domain model editor within the Teallach tool comprises four inde­

pendent panels, representing: persistent data components, imported auxiliary
classes, auxiliary classes derived from the Java API, and the database con­
nectivity aspects of an application. A domain model serves purely as an in­
formation source (as shown in Figure 2), and as such the domain model tool
is not concerned with receipt of information from the other models. Instead,
its role is to make available information to the other models in a uniform
manner such that the persistence of the data is transparent.
Upon start up of the Teallach development environment, as mentioned in

Section 4, a model of the persistent data related components of the applica­
tion is generated. This is done automatically through an analysis of the
schema of the underlying database. The domain model editor shown in Fig­
ure 3 shows the persistent data components of the domain model that repre­
sent the schema described in the case study.
There are also two panels concerned with the representation of auxiliary

data types, that is, data structures which are not database classes, but which
provide functionality required for the runtime operation of the application.
The first of the two auxiliary data panels provides the designer with the
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means to import, as required, any user-defined classes or packages that pro­
vide additional functionality. To import a package or class, the designer must
simply specify its fully qualified name. The screen shot in Figure 4 shows an
auxiliary class that has been imported for use in the case study. It provides
the facility for authentication of a string as a valid year. Once again, the de­
signer is able to copy or drag this domain model component and paste or
drop it into one of the other models so that its functionality can be exploited.
The second of these panels represents the data types in the Java API.
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The final panel within the domain model editor concerns the establish­
ment of components to support database connectivity. Once again, such
components are modelled in terms of the appropriate ODMG concepts.
Within this panel, the developer can instantiate database connections and
therein transactions. Similarly, the developer can create OQL queries that
can be run over the underlying database. Once established, the developer can
treat database connectivity components in the same manner as other domain
model components. Figure 5 shows the representation of a database connec­
tion and transaction required for the search for book case study. Having es­
tablished the connectivity with the database, the developer would then be re­
quired to build the query using this same panel in the domain model editor.
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5.3 The Presentation Model Editor

Teallach provides both a concrete presentation model (CPM) and an ab­
stract presentation model (APM). The CPM contains real widgets such as
those available in Swing, and user-supplied custom widgets. For example,
the widget JPasswordField (for capturing users' passwords) is available from
Swing, whereas the widget TextGrabber (for inputting text) is a user­
supplied widget. Arbitrarily complex Interactors, such as 3D molecule­
viewers, may be used as concrete widgets provided they have been regis­
tered with the presentation model tool.
Teallach's APM extends the light-weight presentation model described in

[3]. This model defines abstract categories of widgets, designed to offer a
particular functionality. An abstract category may be realised by many dif­
ferent concrete widgets. For example, the category lnputter represents any­
thing which may capture the user's input; both a IPasswordField and a
TextGrabber may serve as realisations of Inputter.
The designer may use either concrete or abstract presentation objects, and

intermix these freely. Of course, where abstract interactors are used, a deci­
sion must be made as to which possible realisation will be used in the final
interface; a default is always available, so a valid interface is defined at all
times. Details of how abstract categories are realised by concrete widgets are
recorded in a style, so that consistency of look-and-feel can be achieved, and
differing interfaces can be easily generated which support the same func­
tionality.

5.3.1 An Overview of the Presentation Model Tools

The interface designer interacts with Teallach's presentation model
through a collection of related tools. The presentation model editor allows
the designer to construct presentation fragments, whether by hand or auto­
matically; the widget palette provides access to the components which may
be used for building interfaces; and the presentation meta-editor allows the
designer to edit the meta-model of the presentation, as described below.

5.3.2 Constructing Interface Fragments by Hand

The designer may construct presentations by hand, by explicitly assem­
bling components. An example can be seen in Figure 6, where the designer
is constructing the form to be used when specifying the criteria to be used
when searching for a book. From the presentation model's widget palette, the
designer has selected three TextGrabber components, to capture the title,
author, and year fields for the book sought. These components have been
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placed within a JPanel, which is a (usually invisible) container provided by
Swing for grouping together related items, and ensuring that they behave as
desired when the window is resized. An ancillary class, from the domain
model, may be employed to ensure that the format of the text entered into the
year field can represent a valid year.
The designer has then added a second JPanel to the search window,

grouping two buttons that allow the user either to confirm the search criteria
and proceed to performing the search (search), or to quit from this window,
if desired (quit).
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Figure 6. Constructing Presentation Model Elements.

Once constructed, this interface fragment can be used in a variety of
ways: 1) it can be 'shrink-wrapped' for later use in this and other applica­
tions; 2) it can be linked to constructs in the domain and task models to form
part of the final user-interface; or 3) it can be dropped into the task model to
automatically generate task structures corresponding to the activity of
searching for a book.

In addition to the tree-structured view provided by the presentation edi­
tor, Teallach also provides a preview of the end-interface under construction.
For example, an automatically generated preview of the search form is
shown in Figure 7; this allows the designer to see an immediate result when
altering properties of the presentation such as colour, font, and layout.
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Figure 7. The Presentation Model Preview Window.
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5.3.3 Editing the Presentation Meta-model

Teallach's presentation meta-editor allows the designer to modify the ab­
stract presentation model. The meta-editor is shown in Figure 8. This tool
has both a categories tab and a register tab. The categories tab allows new
abstract categories to be defined and added to the presentation model; once
defined, they become available for use in the abstract widget palette. Figure
8 shows part of the definition of the category Inputter, derived from the
category Item; this has a method getValueO returning an object (of any type)
which has been input by the user of the widget.
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Figure 8. The Presentation Model Meta-Editor.

The register tab allows new concrete widgets to be registered within ex­
isting categories. Once registered, a widget becomes available for use in the
concrete widget palette. This allows the designer to use custom-built and
third-party widgets in an interface.
The meta-editor uses the meta-data it collects to automatically write Java

code implementing the newly defined meta-objects. This code is then com­
piled reflectively, so that the new objects can become available in the system
without need for interpretation.

5.4 The Task Model Editor

The Teallach task model tool provides an environment for constructing
and editing hierarchical task models, the semantics of which have been pre­
sented in [5]. A hierarchy constructed using the task model tool is a tempo­
rally ordered representation of the goals and subgoals a user wishes to
achieve in the developed interface. The Teallach task model is novel in that
it provides a designer with the ability to declare local state and associate this
with a task, and subsequently to indicate how this state information is ini­
tialised and utilised within a task.
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To realise the task model for the case study, our designer constructs a
high-level specification of the task they intend application end-users to per­
form through the modelled interface. To achieve this, the designer drags a
task of the required type from the task model's palette of task types (shown
in Figure 3) and drops it at the required location in the task model construc­
tion area.
At the lowest level in the task hierarchy, the designer creates interaction

and action tasks which represent how the application processes information,
and how the end-user and the application participate in the task. These tasks
may have links to domain or presentation model functionality which is real­
ised and invoked through a suitably initialised state object (as described in
section 5.5.1).

5.5 Establishing Model Interaction Using Link Mode

At any time during the model development process, the designer may
create links between components specified in any of the Teallach models. By
creating a link, the designer is stating, for example, that a widget is to be
used to perform a particular task, or that an action task corresponds to an in­
vocation of an operation on an application class. Links between the Task and
Presentation models are also used to describe dialogue dynamics. This sec­
tion will show how, through the use of state objects representing both do­
main and presentation model constructs, the task model tool provides the fa­
cility to bind together the concepts in the three Teallach models.

5.5.1 Creating and Using State Information in the Tool

A state object is the means by which the task model tool maintains refer­
ences to constructs from the other Teallach model tools, and is constructed
through either a paste as state menu option, or as a side-effect of Teallach
automatically generating a task construct from another Teallach model con­
struct. A state object refers to a named instance of either a domain or abstract
presentation model class, and is realised as a uniquely named rectangle
within the scope of a non-primitive task.
Once a state object has been created it can be utilised in several ways.

For example, one of the state object's methods can be invoked (equivalent to
invoking underlying application or widget functionality), or one (or more) of
a state object's public attributes can be read from or written to (equivalent to
specifying the flow of information between the user and the underlying ap­
plication).
For the purposes of our case study, the designer needs to specify that the

search criteria provided by the end-user should be stored in a named object
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of type Book, and that a named query should be invoked on the database
with this Book object as the search parameter. The designer therefore copies
the Book persistent domain class from the domain model tool and pastes in
into the specify book information non-primitive task selected in the task
model tool using the paste as state option from the Edit menu. Similarly,
using the Database Connectivity editor pane, a state object corresponding to
a new OQL query is copied from the domain model to t~e Search for a Book
task. The designer will also need to create state objects representing the da­
tabase session and transaction in which the OQL query will be performed.
Once the designer has provided a suitable name (e.g., currentBook), new
state objects are created at the required locations. In Figure 3, the task model
editor shows that the Search for a Book task contains two state objects corre­
sponding to searchResul ts: Collection and queryl: OQLQuery.
The following sections illustrate some of the ways in which state objects

can be used to link constructs in the three Teallach models using both the
link and generate mechanisms.

5.5.2 Linking Task and Domain Model Constructs

Once our designer has created the necessary state objects, they can link
action or interaction tasks with them. For example, the designer needs to
show that the Peiform Search action task invokes the execute () method
on the queryl : OQLQuery state object. This is achieved by the designer
selecting the link toggle button on the main toolbar to switch to link mode,
and subsequently clicking on the Peiform Search action task and
queryl : OQLQuery state object - an extending arc is drawn between the
two constructs to give the designer visual feedback.

query1 : teanachOerno.OQLQuery
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Figure 9. Assigning Method calls to an Action Task Using the Link Wizard.

If the link operation is successful, then Teallach invokes its Link Wizard
to guide the designer through the potentially complex task of creating the
link. As shown in Figure 9, the Link Wizard recognises that the designer is
creating a link between an action task and a state object, and asks the de­
signer to choose which of the selected state object's methods they wish to in­
voke by providing them with a list of possible methods from which to
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choose. Once a method has been selected, the Link Wizard checks if the se­
lected method requires any parameters, or if it has a return value. In either
case it asks the designer which state objects will provide the information for
the parameters, and optionally, which state object will be used to store the
return value. For both of these questions the Link Wizard will provide a list
of suitable alternatives to the designer. An example of this is shown in Fig­
ure 10, where the Link Wizard is enquiring where the collection of Objects
(i.e., Books) returned by the queryl . execute () method will be stored;
the designer selects the foundBooks: Collection state object within
the Search for a Book task.

Where do you want to s10re \he return value from llu5 opcrab.on?

Y <. execut( )

Figure 10. Handling return Values Using the Link Wizard.

If the chosen domain method raises an exception (i.e., an IllegalOpera­
tionException), then the task model editor will display a red circle next to
the action task for each exception that it raises. The designer is then free to
specify what should happen if the exceptional circumstance arises; the task
model editor can be used to specify that if the queryl. execute ( )
method (as utilised by the Perform Search action task) raises an exception,
then the Search for a Book task should be performed again - this is shown in
Figure 3.

5.5.3 Linking Task and Presentation Model Constructs

If the designer wishes to declare that an interaction task is to be realised
by a particular widget (e.g., that the Get Author Name interaction task corre­
sponds to a particular Swing JTextField widget in the CPM), then in a simi­
lar manner to the previous section, the designer will create a state object cor­
responding to the JTextField widget in the required location within the task
model editor. It should be noted that it is actually the APM construct which
corresponds to the CPM widget that is used. If the link operation is accepted,
then the Link Wizard will once again be activated.
Since the semantics of this link operation are different to that discussed in

the previous section, the Link Wizard will ask the designer a different set of
questions. For example, if the designer creates a link between the Get
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Author Name interaction task and the author: Inputter state object (re­
alised by a ITextField widget in the CPM), then the Link Wizard will ask if
the task is receiving or outputting (or both) information, and will proceed
with a dialogue which will ascertain the type of the information being proc­
essed, and which state object(s) will provide this information.
By linking task and presentation model components the designer is also

specifying the dynamics (dialog) of the interface. Thi~ is achieved by the
semantics of non-primitive task model nodes (i.e., sequential, concurrent,
etc.) being applied to the non-primitive presentation model nodes to which
they are linked.

5.6 Establishing Model Interaction Using Generate
Mode

To assist the designer in the process of constructing a consistent set of
models, Teallach provides a drag-and-generate mode. This mode is invoked
by dragging a fragment of one model into a suitable location within another.
As a result of this operation a new model structure is created in the target
model. Since the domain model is immutable, it cannot act as a target model.
When the target model is the task model, Teallach creates appropriate state
objects in addition to the newly constructed task hierarchy (i.e., domain
classes or presentation widgets), and automatically creates links between
these state objects and any action or interaction tasks.
For example, our designer may decide to drag the Book class into the

task model editor to create a new first child of the Search for a Book task:
this will create an order-independent task called Edit Book, with an action
task child corresponding to each of the class's methods, and interaction tasks
corresponding to each of the class's public attributes. The designer is then at
liberty to edit the new constructs required. In this case the designer will sim­
ply remove any unwanted action or interaction tasks, and will rename the
top-level task Gather Search Criteria.
Once this task has been constructed, the designer can then drag the new

task construct into the presentation model to create a default form to repre­
sent the required task.

6. SUMMARY

This paper has presented the flexible design method forwarded by the
Teallach MB-VIDE, which is realised through a rich set of tools that support
the construction of the Teallach models. In particular the Teallach method
and its supporting tools remove the rigid methodological constraints imposed
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by other MB-UIDEs, providing user interface designers with a method and
design environment that more closely meets their modes of working.
This inherent flexibility has posed many challenges for the Teallach de­

sign team, as a flexible design method requires often complex control facili­
ties. We have therefore concentrated on providing a core set of design
primitives (e.g., building models individually using no automatic generation,
providing a simple paste as state operation for inter-model linking), and sub­
sequently providing higher-level design functionality (utilising the core
primitives) which supports a more rapid design method (e.g., automatically
generating model constructs from the information modelled in another Teal­
lach model). The often complex process of inter-model linkage has also been
greatly simplified through the use of a Wizard metaphor.
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Chapter 13

MDL: A LANGUAGE FOR BINDING UI MODELS
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Abstract The model-based approach to VI design and synthesis is complicated by the
need to bind behavior that is specified in one model to corresponding behavior in
another model. In the MASTERMIND project, the problem concerns the binding
of user-task and presentation models. We designed a powerful task language
called MDL, and we compile MDL models into code that reifies the structure of
a task model. The structural symmetry between models and code allows binding
to be performed at many levels of granularity. We believe that such flexibility is
required for model-based approaches to gain widespread acceptance.

Keywords: model based, user-interface software, binding

1. INTRODUCTION

The model-based approach to VI design and implementation provides mul­
tiple, separate models of different facets of the VI (Bodart et aI., 1994; Wilson
et aI., 1993; Neches et aI., 1993; Elwert and Schlungbaum, 1995; Puerta, 1996).
This approach is complicated by the multi-model binding problem, which con­
cerns how a designer is able to bind behavior that is described in one model
to correspond with behavior that is described in another model. This paper
presents our solution to the binding problem in the MASTERMIND project.
In MASTERMIND (Neches et aI., 1993), designers use a task model to spec­

ify the tasks that a user may perform (Browne et aI., 1997) and a presentation
model to specify the graphical design of the VI (Castells et aI., 1997). Task
and presentation models are compiled into executable code components inde­
pendently of one another; however, functionality described in one model may
overlap or be dependent upon functionality that is described in another. A but-
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ton, for example, is specified in a presentation model, but the behavior of the
button influences behavior in other models, such as when pressing the button
signals the initiation of some task. The binding problem concerns the mecha­
nism for specifying how features in one model should compose with features in
another model and the reification of this mechanism into code that coordinates
the independently generated components.
This paper addresses the need to specify binding at different levels of granu­

larity. Whereas a coarse-grain binding combines an entire presentation model
with an entire task model, a fine-grain binding combines parts of a task model
with parts of a presentation model, opening the question of how these "part
compositions" affect the overall composition of the two models. To specify
fine-grain binding, a designer requires a language in which to articulate what
facets of which models should be bound together. This language should be de­
fined so that it does not limit the independence of existing modeling notations,
and the run-time reification of the features of this language should be efficient.
The MASTERMIND Oialog Language (MOL) has a syntax for specifying task

models and additional features for binding tasks with presentations. The mean­
ing of an MOL model is defined in terms of an action calculus that combines
operators from LOTOS (Bolognesi and Brinksma, 1987) and the User Action
Notation (UAN) (Hartson and Mayo, 1994). In addition to these task-modeling
operators, MOL provides a clean semantic definition of binding. MOL models
can be compiled into an efficient run-time dialog component that coordinates a
run-time presentation component. We synthesize a layered dialog component
from a toolkit ofhierarchical components, each ofwhich implements a different
MOL operator. Consequently, the modular structure of a dialog component is
symmetric with the structure of a task model.
The symmetry of design-time models and run-time implementations is cru­

cial to fine grain binding because binding is both a design-time operation and an
operation over code components. The symmetry allows a designer to express
task-presentation bindings at any level of task granularity and for the bound
component to be integrated without modification into the larger run-time dia­
log component. After introducing some background terminology (Section 2.),
we present MOL (Section 3.) and illustrate its use on a concrete example (Sec­
tion 4.). We then show how MOL is compiled into an efficient run-time dialog
component (Section 5.).

2. BACKGROUNDAND TERMINOLOGY

MASTERMIND was a joint effort ofthe Graphics, Visualization, and Usabil­
ity Center (GVU) of the Georgia Institute of Technology and the Information
Sciences Institute (lSI) of the University of Southern California. It was de­
signed to explore the hypothesis that by separating the user-interface from the
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Synchronization
Layer

Figure 1.1 Architecture for separation and conjunction.

underlying application functionality, designers could address each concern with
a narrowly focused and highly declarative modeling language (Neches et aI.,
1993). MASTERMIND describes interactive systems using three declarative
models. Presentation models represent the appearance and behavior of the user
interface; Application models represent functional and data resources; and Task
models represent end-user interactions, how they are ordered, and how they
affect the presentation and the application. As a graduate student at Georgia
Tech, the author worked on the task modeling language and code generator;
the presentation modeling language and code generator were developed at lSI.
At the end of the project, the code produced by the task and presentation mod­
els could be integrated by hand, but the integration could not be performed
automatically.
In (Stirewalt and Rugaber, 1998), we presented the MASTERMIND archi­

tecture, which supports coarse-grain binding. In this architecture, a synchro­
nization layer coordinates activity between independently generated dialog and
presentation components (Figure 1.1). Both dialog and presentation compo­
nents execute by performing actions, which are atomic computational steps that
can be observed and influenced by the other component. The pins that are shown
emanating from each. component are called gates; they represent the interface
to a mechanism for observing and influencing actions within a component. By
plugging into the synchronization layer, dialog and presentation actions that
share the same gate are forced to execute in lock step. Consequently, a presen­
tation action that corresponds to a task action can only be performed when the
task action is ready to be performed and vice versa.
The facility for connecting components (depicted in Figure 1.1 as pin con­

nectors) is implemented using an hierarchical model of components (Batory
and O'Malley, 1992). In this model, a layered component is parameterized by
any lower-level components that it requires in order to implement its services.
The global Dialog Component, for example, is parameterized by a set ofGate
components each of whose services implement the synchronization of actions
across multiple components. Layered components are "plugged together" by
instantiating the higher-level component with the lower-level components. The
Dialog component, for example, plugs into the global Synchronization Layer
by being instantiated with gate components that reside within this layer. The
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Table 1.1 High level syntax ofMDL

module ::= binding bdecl [81, ... ,8n](Xl : Tl , . .. xm : Tm )

is hide el,'" , ej in tdecl II edech II ... II edech
end
externedecl [8l,.·.,8n](Xl: Tl,···Xm : Tm )

interface anon_action* end
task tdecl [81, ... ,8n] (Xl : Tl , ... Xm : Tm )

is process end

same gate component can be used to instantiate both the Dialog and Presenta­
tion components; this is how we implement the sharing of a gate among actions
in different components.
The user-computer dialog is specified indirectly through taskmodels. The re­

lationship between task and dialogmodels has been studied by other researchers.
Our work was inspired by (Paterno, 1994) and also (Markopoulos, 1997), both
of whom use process algebra to formally relate task models to the dialog of
a user-interface component. Our work incorporates some of these concepts;
however, we do not require our users to specify their UIs in LOTOS, which is
difficult for a typical UI engineer to refine into a working UI. Early versions
of MDL were described in (Szekely et aI., 1996) and (Browne et aI., 1997).
We now describe the current version and show it can be compiled into layered
dialog components that plug in to the MASTERMIND run-time architecture.

3. MDL LANGUAGE

MDL is a deterministic notation for expressing task hierarchies and the bind­
ing of task and presentation models. The high-level syntax ofMDL is a collec­
tion ofmodule declarations (Table 1.1). The behavior of a module is specified
as a process, which is a behavioral abstraction that defines the actions that can
be observed of a module and the allowable sequencing of these actions. MDL
processes are similar in many regards to the processes defined in a process al­
gebra, such as LOTOS (Bolognesi and Brinksma, 1987). Whereas every MDL
module defines a process, only processes declared using the syntax of Table 1.1
qualify as modules.
MDLdefines three categories ofmodule, each ofwhich represents a different

technique for defining a process. In a task, a process is defined as a hierarchy of
user tasks, the leaves of which denote actions. In an extern, a process is defined
implicitly as a continuously available collection of anonymous actions, which
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Table 1.2 MDL process operators.

Operator name I Syntax I Description

completion exit Successful completion of a process.
prefixing a; P Prefix P with action a.
enabling PI »P2 PI; then P2·
choice PI 0P2 PI or P2, but not both.
interleaving PI III P2 Interleave PI and P2.
disabling PI [> P2 PI; terminate PI by P2.
interruption PI/:::"P2 PI; interrupt/resume by P2.
optional POP! P zero or one time.
loop P* P zero or more times.
symmetry PI +-t P2 Alternate PI and P2 until completion.

Table 1.3 Action declaration in MDL.

action ::= identifier ( ( '?' identifier) I ('1' expression) )*
anon_action ::= identifier ('?' type 1 '!' type)*

we define shortly. Finally, in a binding, a process is defined as the coordination
of one task and one or more externs.
An underlying process calculus describes how to specify primitive processes

and how to combine existing processes into new ones. Table 1.2 describes the
operators in this calculus that are used to specify task modules. Each operator
combines one or two sub-processes (denoted either P or PI and P2) into a
new, more complex process. For example, the disabling operator PI [> P2
combines sub-processes PI and P2. The new process behaves exactly like PI
unless P2 begins execution, at which point PI is terminated. Two additional
operators that are not shown in Table 1.2--synchronizing parallel composition
(I [gl, ... ,gn] j) and hiding-may only appear in a binding.
Table 1.3 describes how to declare actions. An action specifies a gate, over

which the action may synchronize with other actions, and zero or more value
offerings, which are either inputs into a storage location, or outputs of the
result of some expression. MDL distinguishes between two kinds of actions:
Concrete actions (denoted action in the table) comprise fully elaborated inputs
and outputs; whereas anonymous actions (denoted anon_action) comprise input
and output prototypes. Anonymous value offerings are place holders for storage
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task ManagePlane [commitLand, newPosition] (1)
(flight: const string, pos : integer) (2)

is (newPosition? pos; exit)* >> (commitLand; exit) end (3)

Figure 1.2 Task: managing a plane in flight.

locations and expressions that are assumed to be specified elsewhere (i.e., the
presentation model). All that is known about an anonymous offering is the
type of storage location or expression. Concrete value offerings, on the other
hand, fully specify a named storage location for inputs and a full expression for
outputs.
Externs may only declare anonymous actions, and they may not declare any

structure on the sequencing of these actions. A task on the other hand may only
declare concrete actions. When a task uses a sub-process that is declared to be
another module, that sub-process must be either another task or a binding. The
restrictions imposed by the syntax ofTable 1.1 guarantee that extern modules do
not specify the details of their respective actions. These details will be specified
in another model.

4. EXAMPLE
We illustrate the use ofMDL on a small example from the air-traffic manage­

ment domain. In this domain, new tasks are created and discharged dynamically
as new flights enter and leave the airspace of an airport. We present here one
task module, one extern module whose behavior is elaborated in a presentation
model, and the corresponding binding. The full example is given in (Stirewalt,
1997).
Figure 1.2 lists the MDL description of a task called ManagePlane, which

describes the actions that a controller performs when servicing a flight in the air.
The task declares two gates, commitLand and newPosition, and two parame­
ters, flight and pos. Actions labeled by these gates correspond to respectively
choosing a plane from the many within the airspace and entering a new position
for a plane. The first parameter is a constant string, which will contain the
unique flight number of a flight; the second parameter is an integer, which will
represent the position a plane within the airspace. Because flight is declared
constant, its value is immutable during the performance of this task.
The process description that specifies the behavior of ManagePlane (line

3 in Figure 1.2) indicates that the controller ,may instruct the flight to change
position zero or more times before instructing the flight to land. The enabling
operator (>>) specifies sequential composition; we read it to mean that com-



MDL: A language for binding VI models 165

extern Airplane [ select, drag] (flight: string, pos : integer) (1)
interface select, drag ! integer end (2)

Figure 1.3 MOL interface of an airplane presentation.

mitLand may be performed after zero or more performances of newPosition.
Note that the input value to newPosition is deposited into the parameter pos.
Code for presentation objects, such as the graphical depiction of the airspace

and the presentation of an individual plane, is generated from a separate presen­
tation model (Castells et aI., 1997). In this example, the controller indicates a
change of position by dragging a particular plane graphic to another spot in a le­
gal air-traffic lane, and he indicates the desire to land a plane by double-clicking
on its corresponding graphic. These gestures, selection and drag-and-drop, rep­
resent actions which have meaning in both the presentation and the task world.
It is, therefore, necessary that some aspect of the presentation model be repre­
sented for binding with the task model. We model the successful completion
of these gestures as actions in MDL.
Figure 1.3 specifies an extern module whose interface names two actions,

select and drag. This module corresponds to a presentation that represents a
flight in the airspace of the airport. For simplicity, we modeled this presentation
as a dragable button whose label displays the flight number. A more elaborate
presentation might use a graphic that conveys more information about the flight,
such as type of aircraft, country of origin, or direction of flight; however, even
a more elaborate presentation could be described using the declaration in Fig­
ure 1.3.
The select action represents the result of double clicking on the button;

whereas the drag action represents the result ofdropping (after having dragged)
the button onto a new location. The select action communicates only control;
whereas the drag action communicates an integer that corresponds to a new
position for the plane. When these specifications are realized in code, the
communications will actually be initiated by an Amulet interactor (Myers et aI.,
1997), which manages input gestures and invokes methods at various points
during the gesture.
Figure 1.4 defines the binding ManageFlight, which takes two parameters

flight and pos (line 1). The binding behavior is expressed in line 3. An in­
stance of the ManagePlane task is composed with an instance of the Airplane
presentation through the synchronizing parallel operator. Because choose and
move are specified as synchronizing gates, the Airplane and ManagePlane
instantiations must synchronize any actions that use these gates. Observe that
with this syntax, task and presentation modules can be bound together without
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bind ManageFlight( flight: const string, pos : int)
is hide choose, move
in ManagePlane[choose,move](flight,pos) I[choose,move]I
Airplane[choose,move](flight,pos)

end

Figure 1.4 Binding the manage plane task to the airplane presentation.

(1)
(2)
(3)
(4)
(5)

the modules having to explicitly reference one another. This property is very
important to the separation of models in MASTERMIND.
The binding behavior is wrapped up in a larger declaration that begins with

the hide keyword (line 2). Hiding allows one to make gates unobservable
outside the scope of the hide declaration. Tasks within the binding (such as
ManagePlane and Airplane) can synchronize on the gates, but tasks external
to the binding cannot. We use hiding in bindings such asManageFlight because
there may be many run-time instantiations of this binding, and we do not want
these separate binding instances to interfere with each other! The operation
and utility ofMDL should now be more clear. Designers can separately define
tasks and the behavior of presentations and then bind these modules to specify
the actual behavior of an interactive system.

5. CODE GENERATION
Our approach to the fine-grain binding problem is to generate run-time com­

ponents whose structure is symmetric with the structure of MDL models. We
achieve this symmetry by organizing the global dialog component into a layered
hierarchy in which each layer implements the dialog of a task in the task model.
Both tasks and dialog layers are tree structures; consequently, the leaves of
both structures correspond to actions (i.e., MDL actions in a task, and Action
components in a dialog component that implements the task).
To simplify the construction of dialog layers from MDL tasks, we designed

a library of parameterized components, one for each MDL process operator as
shown in Table 1.4. The notation c [Xl, ... ,XnJ means that c is a parameterized
component that must be instantiated with components d1, ... , dn, such that d j

implements the interface Xj. The name Dial refers to the set of all dialog
components. Each component in this set implements an interface that allows a
higher-level dialog component to observe and influence its behavior by receiving
notifications of activity and invoking enable/disable services. Each component
in Table 1.4 exports this interface. Moreover, with the exception of compl,
each component is parameterized by one or more Dials. The pref component
is parameterized by an Action component, which is itself parameterized by a
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Table 1.4 Control modules

Operator IDial II Operator I Dial
0 alt [Dial, Dial] [> dis [Dial, Dial]

+7 excl [Dial, Dial] 6 int [Dial, Dial]
; pref [Action, Dial] * loop [Dial]
opt opt [Dial] III par [Dial, Dial]
» seq [Dial, Dial] exit compl

Gate component. ParameterizedAction components are described in (Stirewalt
and Rugaber, 1998).
Recall that the global Dialog component is itself parameterized by Gate

components. Consequently, it is trivial to generate a Dialog component by
stacking up components from Table 1.4 on top of a layer of Actions, each of
which is parameterized by a Gate. To demonstrate this synthesis, we use a
component-layout notation called MTREE, which is an intermediate form in
the MDL code generator. The MDL expression:

(a; exit 0 b; exit) *

is transformed into the functionally equivalent MTREE:

taskOOO [a, b] is loop [alt [pref [action [a], compl]
pref [action [b], compl]]]

This expression defines a new dialog component called taskOOO, which is a
machine generated name. The component takes two parameters, a and b, which
are placeholders for Gates that will be provided when either: (1) we plug the
global dialog component into the synchronization layer, or (2) we bind this
task to a presentation. The top layer of this component is implemented by a
loop component, which is instantiated by another component whose top layer
is implemented by an alt component. This process continues until we reach
Action and compl components.
As another example, consider the task ManagePlane from Figure 1.2. This

task compiles into the following module:

taskOOI [commitLand, newPosition](f1ight : const string, pos : integer)
is seq [loop [pref [action [newPosition](pos), compl]],

pref [action [commitLand], compl] ]

It should be clear that the generation ofMTREE from MDL is a simple syntactic
transformation. The generation of C++ from MTREE is a correspondingly
simple transformation, which is described in (Stirewalt, 1997).
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Figure 1.5 Binding to produce a dialog component.

Because task-generated dialog components are parameterized by Gates,
we implement the additional operators associated with binding-hiding and
process instantiation-using different patterns of parameterized-component in­
stantiation. For example, when a binding combines a task and an extern and
gates are hidden, we construct a new component that encapsulates the dialog
component associated with the task and the presentation component associated
with the extern. The hidden gates are compiled into Gate components in a lo­
cal synchronization layer into which the encapsulated dialog and presentation
components connect. This is shown schematically in Figure 1.5.
The reader should observe two features of Figure 1.5. First, this new com­

ponent is a Dial because its top layer is a par component. Consequently, the
new component can be incorporated as a layer of the global dialog component.
Of course, unlike other dialog layers, the new component does not attach to
the global Synchronization Layer. Second, we use a par component to coor­
dinate the new component. We do this for technical reasons, because the par
component allows its sub-components maximal independence. However, by
using it, we need an adaptor component that translates requests from the par
component into method invocations over the Presentation sub-component.
To illustrate the implementation of a fine-grain binding, consider the binding

ManageFlight from Figure 1.4. Given the extern module presOOl [select,
drag], which names a presentation component, we implement the binding as
follows:

bindOOl (tlight: const string, pos: integer)
is local choose: Gate
local move : Gate
par [taskOOl [choose, move](tlight, pos),

adaptor[presOOl [choose, move](tlight, pos)]]

Observe that the hiding ofactions over gates choose andmove is accomplished
by introducing components of type Gate as local parameters to the binding
module and supplying these as parameters to the instantiations of taskOOl and
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presOOl. These local Gates constitute the Local Synchronization Layer
of Figure 1.5.

6. SUMMARY AND DISCUSSION

This paper illustrates how fine-grain binding is expressed in MOL and imple­
mented using parameterized components in an implementation toolkit. At the
model level, a fine-grain binding is specified using parallel-composition with
hiding, which is a well-known approach to modularity and layering in process
algebras. The MASTERMIND implementation architecture supports parallel
composition by synchronizing on common gate components. Model compilers
generate components that are parameterized by the gate components that are
required for composition. To implement hiding, we simply create wrappers that
internalize gate components and then instantiate the components to be bound
with these gates.
The example demonstrates how MOL is used to bind task and presenta­

tion modules. To support such high-level, declarative binding specifications, a
presentation-model code generator must do three things. First, it must parame­
terize each observable presentation action by a gate component so that the action
may be observed and influenced at run time. Second, it must emit an extern
module interface as a result of compiling a presentation model. Third, it must
generate presentation components with standard interfaces so that it is possible
to construct generic adaptor components that interpret dialog-component com­
mands, such as enabling and disabling, by invoking presentation-component
methods.
These assumptions represent necessary conditions on the part ofmodel-based

code generators to support the separation of models. It is an open question as
to whether these assumptions limit the freedom of expression in an individual
modeling notation. It seems clear, for example, that the interaction with flight
graphics in the ATM example is orthogonal to the action that is observed by the
task model (e.g., newPosition). In this case, presentation designers are free
to concentrate on issues such as layout constraints and the design of interim
feedback objects. However, until we can fully automate the integration ofdialog
and presentation components, this question will remain open.
Our long term goal is to understand the fundamental issues of separation

in the model-based approach so that we can pick and choose the right models
and the right synthesis technology for the right kind of VI. Obviously, such
a question is difficult to address without building a lot of systems and trying
to integrate a lot of different modeling notations. However, we believe that
notations such as MOL, that was designed to address a fundamental obstacle to
model-based separation (i.e., binding), provide a robust data point from which
to analyze these questions.
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Abstract One problem with windowing systems today is that the desktop quickly be­
comes cluttered with the number of windows in use, hindering users in the per­
formance of their tasks. Users can become disorientated by the number of ac­
tive and inactive windows, lose track of documents and spend time locating
document and managing windows rather than working on application tasks.
The Vanishing Windows approach aims to reduce the window manipulations
required by the user and to aid the user in the performance of search activities.
The technique gradually reduces screen real-estate requirements for inactive
windows. The reduction of inactive window size progressively increases the
overall visibility of windows. This paper briefly discusses the design of the
system, based on empirical studies, and presents an evaluation comparing the
approach to a Non-Vanishing Windows system using a search task.

Key words: Screen Clutter, Vanishing Windows, Cognitive Overload, Adaptive Window
Manager and Screen Real Estate

1. INTRODUCTION

A basic problem for a window manager is how to mediate between user
and application about the screen area devoted to each application. In the
early 80's, Xerox developed one of the first tiled window management
strategies for its STAR [[17]] system where the display screen was tiled with
non-overlapping windows. The Cedar [[20]] system followed a similar tiling
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strategy. Shortly thereafter, Apple developed a more flexible arbitrary over­
lapping window management strategy in Finder 1.0 using guidelines which
are still followed [[1]]. Since then, both strategies have evolved, and there
have been no major significant changes in commercial window management
systems.
Bly and Rosenberg [[3]], define two user requirements for a multi­

window system:
• The ability of Windows to conform to their contents so as to maxi­
mise the visibility of those contents, and

• The ability of the system to relieve the user of having to manage the
size and location of the windows.

Overlapping window systems maximise the first user requirement, since
the user has control over the placement of the window, i.e. moving, resizing
and overlapping windows anywhere on the screen. However, such systems
do little to aid the user in window management. Tiled window systems [5],
in contrast, maximise the second user requirement. Most tiled systems at­
tempt to satisfy the conformance requirement by using all of the available
screen space, so windows often change size and location when other win­
dows open or close. Tiled systems typically do little to conform to window
contents and as the number of open windows increases, the size of each de­
creases.
There is now renewed interest in window management in the research

community. Important questions are - how do we make current window
management more intelligent? What knowledge and inferencing techniques
are required? What and how can we co-ordinate between multiple windows?
[[ 16]].

2. WINDOW SYSTEMS AND THEIR PROBLEMS

The window approach has been promoted because it supports the way
that people really work. Bannon et aI. [2] analysed the workflow of people
using a traditional (non-windowing) computer system. They found that peo­
ple seldom completed one task in a continuous time frame. Instead, they
switched between applications in response to events from inside and outside
the environment. The advantages of windowing systems also arise from how
people manage their desks. Malone [11] investigated the way people ar­
ranged papers on their desktops. He observed that people tended to position
papers to reinforce the way they in which they categorised tasks. This helped
them to structure their work, and served to remind them of unfinished tasks.
Further, it was observed that users rearranged desktop materials to match
changing priorities.
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However, in any windowing system the screen can quickly become clut­
tered with the number of windows concurrently opened by the user. Funke et
ai. [[6]] define clutter as a condition involving highly dense and overlapping
information, and there is already some evidence that clutter adversely affects
user performance. As early as 1986,Bly and Rosenberg [[3]] found that, for
a database management task, almost half of the users' time was spent in
managing the window-based interface. Users also spend a substantial
amount of their time moving, resizing, and scrolling windows [[4], [7]].
These tasks have added to the user's existing application domain tasks, and
do not contribute to user productivity.
Originally it was felt that the advantages of windowing systems easily

outweighed the additional burden imposed by window management. Re­
search on this question, however, is not completely supportive of this belief.
Bury, Davies and Darnell [[4]] investigated the impact of windowing sys­
tems on completion times for a series of information retrieval tasks. Contrary
to the author's predictions, subjects took a significantly longer amount of
time to complete the task in the windowing environment than in a non­
windowing environment. A detailed analysis of the results suggested that the
time spent on the task itself was indeed less in the windowing condition, but
the extra time required by window management operations increased the
overall time spent.
The above studies indicate that the advantages of window management

systems are often offset by the resulting additional management operations
that users need to perform. However, it is unknown whether an overall effi­
ciency gain would result as users became more experienced, since extensive
training may be necessary [[3]] before the users of a windowing system are
able to recall and execute the management operations quickly and accu­
rately.
This paper examines the design, implementation and evaluation of an

Intelligent Window Manager which develops a concept called Vanishing
Windows. It is based on the premise that, by freeing the user's cognitive re­
sources from the task of managing the window aspects of the interface, more
of these resources are available for application domain activities. As the
problems and application tasks confronting the users become more complex
and information intensive, the potential of this approach for improving over­
all human system performance should be enhanced.
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3. RELATED WORK: INTELLIGENTWINDOW
MANAGEMENT SYSTEMS

An adaptive or intelligent window management system changes the win­
dow configuration in response to the environment. This adaptation can be in­
formed either from a user model or from algorithms that determine user or
system behaviour.
The CUBRICON Intelligent Window Manager (CIWM) [6], is a partially

knowledge-based and algorithm-driven system that automates window op­
erations. It automatically performs window management functions such as
window creation, sizing, placement, removal, and organisation. The opera­
tions are accomplished without direct human input, although the system al­
lows user override of CIWM decisions. The knowledge base contains infor­
mation regarding the tasks and the different type of presentations that are
available to CIWM, such as tables, maps, text, forms, graphs, and graphic
illustrations. The system is task-dependent. A better approach would be to
generate a knowledge base for generic tasks and adapt the system based on
these generic tasks.
Stille et al. [[ 19]] have proposed an Adaptive Window Manager (AWM)

based on their earlier work on Adaptive Automatic Display Layout (A2DL)
[[18]]. The system automates the layout of the windows on the display
screen according to the current user, the current task domain and gradually
learns the users' layout requirements.
Kandogan and Shneiderman [[8]] approached the problem of minimising

user window management time from a different perspective. Rather than
adapting the windows automatically, they provided rapid window manage­
ment operations. For example, closing one application closes all related ap­
plications in the same context. They have also conducted an evaluation of
their system [[9]], called Elastic Windows with an Independent Overlapping
Windows system in terms of user performance times on task environment
set-up, task switching and task execution times. They found a statistically
significant performance difference in support of the Elastic Windows inter­
face for most of the tasks. For some tasks, there was a ten-fold speed up in
performance.
One interesting solution to the screen real-estate problem is a 3D Win­

dow Manager [[10]]. The system, MaW3 , uses a 3D space with windows ar­
ranged in a tunnel. The user is positioned in the middle of the mouth of the
tunnel looking toward the other end. The tunnel, and windows in it, are dis­
played with a perspective projection. Windows are essentially 2D, Le. their
work area is 2D. However, they have 3D frames, decorations and buttons.
The 3D Window manager was designed to address the issue of "window
thrashing" [[7]]. It addressed it in four main ways: window hanging, scaling,
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mouse reduction and transparency. However, extensive evaluation needs to
be carried out on the 3D-window manager to quantify whether these tech­
niques solve the window-thrashing problem. The problem is not as simple as
reducing mouse movement but is more concerned with identifying required
windows without the need for too many searches and switches between win­
dows.
Any adaptive window management system needs to answer the following

questions:
• What goal is adaptation trying to achieve?
• What do we want to adapt?
• How do we adapt the system?
• Under what conditions should adaptation take place?
The objective is to reduce user window management operations, so that

the user is free to concentrate on the task at hand and not spend unproductive
time managing the interface. The approach taken by the Vanishing Windows
system is to progressively reduce the size of inactive overlapping windows.
The technique minimises the screen real estate occupied by inactive win­
dows and progressively reduces their size. Miah et al. [[14]] demonstrated a
technique for reducing wasted workspace, in an application, by limiting the
number of toolbars shown and adaptively displaying only the required tool­
bar based on user needs. Similarly, toolbars on inactive windows can remove
themselves, as they serve no purpose when windows are inactive.
Two techniques for minimising screen real estate were developed and

experimentally evaluated. The first technique involves progressively reduc­
ing the window and its contents in proportion. We call this SCALING. The
user always sees the whole window content but at a reduced size. The sec­
ond technique does not alter the size of the contents of the window, but sim­
ply reduced the window size from the bottom right hand comer (often re­
ferred to as clipping). We call this CROPPING. These experiments are pre­
sented in the next section. In both cases Toolbars were removed from inac­
tive vanishing windows to increase window utilisation.

3.1 Experiment 1: Scaling Verses Cropping

The first experiment determined whether better identification of a target
window containing a document was achieved when the document was pre­
sented using a scaled or cropped view. Also, investigated was the affect the
window size had on user's ability to correctly identify a target document.
This pilot experiment examined the effects of reducing the window size

and the presentation styles (cropping and scaling) on a user's ability to iden­
tify a target document. Software was written to select and display randomly
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one of four possible documents, at various window sizes and either of two
presentation styles (cropped or scaled). To minimise the effect of learning,
200 samples were presented to each user in a random sequence. The soft­
ware varied each of the samples in terms of the size of the window and the
presentation style.

3.1.1 RESULTS OFANALYSIS
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Figure 1. Screen Utilisation % Against Number of Correct Identifications for both Strategies

Initial findings show that a slightly better performance was achieved for
the cropped presentation style (detailed results of this experiment can be
found in [[ 12]]). As expected, lower correct identification of the document
was observed at low screen utilisation percentage (i.e. window size as a per­
centage of the desktop size). As the screen utilisation percentage increased
so did the number of correct identification. In addition, an accuracy level of
about 60% was reached for 30% screen utilisation. Beyond this point, the
accuracy seems to be very close for both presentation strategies (Figure 1).

100

A comparison was carried out between the means of number of correct
identification for the cropped and scaled reduction strategies for <30%
screen utilisation using Student's t-test. A significant (t(9)=4.34, p<O.OOI, 1­
tail) difference was found between the two groups.
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During the first experiment, subjects told us that they identified docu­
ments primarily by looking for keywords in the document (although they did
use other properties such as font and layout, as well). At low screen sizes,
the area available in the vanishing window is necessarily small and the num­
ber of defining words in the document may be reduced to a low level since
other non-defining words will also be there. In order to improve recognition
at low screen sizes, we developed a technique for increasing the proportion
of defining words (or keywords) in a document. The frequency of a word in
a document was compared with a standard corpus of English usage. If its
frequency was significantly greater than its frequency in the corpus then this
word was taken to be a keyword (i.e. a word that uniquely identifies the
document).
Three methods for presenting these keywords in reduced documents were

developed, which could enhance the visual cues at low screen size. These
methods were highlighting, listing and compressing the keywords. The sec­
ond experiment was therefore carried out to determine if higher identifica­
tion rates could be achieved using one or more of these presentation styles.
A similar experimental procedure to that of experiment 1 was used. Sub­

jects were asked to read a paper for 15 minutes. They familiarised them­
selves with the four possible techniques - Compressed, Highlighted, List and
Normal - Normal being the standard Cropped presentation technique. A ran­
dom sequence of 200 sample screens was presented to subjects. The soft­
ware varied the screen size between 0-100 % screen utilisation and the pres­
entation styles.

3.2.1 Results ofAnalysis

Eighteen subjects volunteered for the experiment. All eighteen subjects
were presented with all 200 hundred samples (detailed results of this ex­
periment can be found in [[ 13]]). The overall result shows that the compres­
sion presentation technique yields the greatest recognition (see Table 1). On
average, 82.8% of the samples were correctly identified. The remaining
three-presentation techniques are very close together in terms of the correct
identification percentage. However, the incorrect and don't know percent­
ages vary between these three styles. The normal presentation shows the
highest incorrect responses. A repeat measure ANOVA shows that the mean
number of correct identification is significantly different between the differ­
ent adapted presentation styles; F(3,537)=9.69, p<O.OOl. It was concluded
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that increased performance in identification can be achieved by adapting the
presentation styles particularly at the lower end of screen utilisation (that at
less than 30%).

dO tKt IfC~

Incorred Don't Kllo\\

Corn'l'\

Compressed 82.8% 6.2% 11.0%

Highlighted 75.7% 2.5% 21.8%

List 76.5% 5.3% 18.2%

Normal 76.2% 7.5% 16.3%

Table I. P

Above 30% screen utilisation, subjects tended to score, on average, an
80% correct identification rate. Between 0-9% the compressed strategy
showed a higher recognition rate and this was found to be statistically sig­
nificant (F(3,5l)=2.95, p=0.04l). For the 10-19% (F(3,51)=1.25, p=0.302)
and 20-29% (F(3,5l)=1.5l, p=0.224) screen utilisation groups the adapted
presentation (compressed, highlighted, list) showed higher recognition than
the normal. However, there was no statistical evidence to support that the
distribution of the sample means were different.
Some subjective comments were also collated from subjects. They were

asked to rank the four presentation styles (compressed, highlighted, list and
normal) in the order they found easiest to identify the target document. An
overall ranking made by subjects was determined by calculating the mode
for each presentation styles (see Table 2).

Highlighted List 1 - easiest

Compressed 3

Normal 4- hardest

4. FINAL DESIGN OF THE VANISHING WINDOWS
SYSTEM

Based on these results, a full Vanishing Windows system was implement.
Firstly, the toolbars are removed from all inactive windows and put back on
when the window becomes active. Secondly, the window contents are pro­
gressively cropped as the size of the window decreases, and finally, inactive
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window contents are transformed by highlighting keywords identified by the
automatic process [13] and restores to the original content when reactivated.

5. EVALUATING THE VANISHING WINDOWS
SYSTEM

5.1 Experimental Design

An experiment was carried out on the final Vanishing Windows system
using a within-subject counterbalanced design with 12 subjects. Each subject
was tested on both windowing systems (Vanishing and Non-Vanishing). To
minimise the effect the order in which a subject carried out the experiment,
half of the subjects used Vanishing Windows first, while the other half used
Non-Vanishing Windows first. Also, two data sets were used for the task.
These data set were randomly assigned to each experimental condition.
There were two Independent variables: the Windowing System and the

number of windows contained in the search space (we refer to this as the
Complexity Level). There were three complexity levels LOW (4 Windows),
MEDIUM (6 Windows) and HIGH (8 Windows). Two dependent variables
were logged. Search Time - the time required to find the required window
and Number of Window Operations performed to locate the required win­
dow. 'Activating', 'Moving', 'Resizing', 'Maximising' and 'Restoring' a
Window, all constituted windows operations. Subjects were not allowed to
minimise or close a window.
For each complexity level, five questions about the target paper were re­

quired to be solved using one of the systems. An example of a question is:
• Find the paper on "Expert Systems for Threat Analysis in Radar
Warning Receivers"

• What is the title of figure 5?
Each subject answered 5 questions in each of the complexity levels, using

both windowing systems. Two sets of documents and questions were used.
Each set consisted of 8 documents and 15 questions (5 for each complexity
level). These sets were assigned to each subject based on a schedule.
Prior to the experiment each subject was given 5 minutes training session

of the Vanishing Windows system and 20 minutes to familiarise themselves
with a set of eight documents. The subject then continued with the experi­
ment using one of the windowing systems and complexity sequences as­
signed to them. Upon completion, they were given another set of eight
documents to familiarise and then tested on the other windowing system. A
short question was completed at the end of the experiment.
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The experiment was carried out on a laptop, with a screen resolution of
600x480 pixels and the screen size was 25cm x 19cm. 12 subjects partici­
pated in the experiment and all were from the Computer Science Depart­
ment. All the documents contained in the experiment were related to the
computing field.

5.2 Results and Discussions

5.2.1 Search Times

Figure 2 shows the average search times (for 5 searches) to located the
required window for different complexity levels and for the two windowing
system (Vanishing and Non-Vanishing Windows). For the high complexity
environment (i.e. 8 windows), subjects using the Vanishing Windows tech­
nique, on average, took less time to locate the required window. However,
for the low and medium complexity levels, subjects on average took less
time using the Non-Vanishing Windows System.

4oo~------------'
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Figure 2. Average Search Times.
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A Paired Sample t-test was carried out to determine if the difference in
the means were statistically significant, between the Vanishing and Non­
Vanishing systems. The result of the t-tests showed that the differences be­
tween the means were not statistically significant [Low - (t(1l)=1.206,
p=0.253, 2-tail); Medium - (t(ll)=0.362, p=0.724, 2-tail); High - (t(II)=­
1.130, p=0.282, 2-tail)] for any of the complexity levels.
The search time did not take into consideration the system performance

differences between the two windowing system. The Vanishing Windows
system had a slower system response time, which did affected the search
time. As users switched between windows, they had to wait approximately 1
second for the system to process and adapt the windows. Therefore, the
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Vamshing Window search times shown in Figure 2 are higher than what
they should have been compared to Non-Vanishing Windows. We also ex­
amined the number of windows operation carried out during the search task.
This was expected to be a more reliable measure for performance.

5.2.2 Number ofWindows Operations

The average number of windows operation a subject used to located the
desired window for each complexity level for the two windowing systems is
shown in Figure 3. For all three-complexity levels, subjects used less win­
dowing operations to locate the required window. As expected, the differ­
ences between the Vanishing and Non-Vanishing systems increased as the
complexity increases. Since, in the medium complexity environment, the
search space consists of 6 windows, and for the high complexity environ­
ment it is 8 windows, this has a direct bearing on Short Term Memory Ef­
fects [[15]]. As the number of Windows increases beyond 5, users will begin
to experience difficulty in short-term memory and may forget where docu­
ments are located within the search space.
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Figure 3. Average Number of Search Operations Performed By a Search Task

Again paired samples t-tests was conducted to check if the results were
statistically significant. The results of the t-tests showed a high statistical
significance in all three cases [Low - (t(11)=-1.414, p<O.Ol, 2-tail); Medium
- (t(11)=-2.454, p<O.Ol, 2-tail); High - (t(11)=-3.031, p<O.Ol, 2-tail)). The
differences between the mean number of window operations required to lo­
cate the target window when using the Vanishing Windows system were
lower for all complexity levels.

5.2.3 Results of the questionnaire

The questionnaire asked five very important questions.
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Q1: Did you find the highlighted keywords on Inactive Windows helpful
in identifying the document?
Q2: Did you find the removal of toolbars on Inactive Windows helpful in
identifying the document you were lookingfor?
Q3: Did you find Vanishing Windows helpful?
Q4: Did you feel a loss of control when working with Vanishing Win­
dows?
Q5: Did you find the automatic movement of Windows (Le. Vanishing)
disruptive?

The majority of the subjects found highlighting keywords and removing
the toolbars on inactive windows helpful in completing their task. "Majority
of the subjects also found Vanishing Windows system to be helpful, how­
ever 2 subjects (17%) did find it unhelpful. The Chi-square tests performed
for all questions show that there is evidence for a significant departure from
equal choices.
42% of the subjects reported that they never felt that they had lost control

when using the Vanishing Windows Systems. Another 42% indicated that
they sometimes felt a loss of control. Both of these responses are reasonably
positive results. Therefore, we can be concluded that on average subjects felt
in control when using the Vanishing Windows System. The data indicates
that the majority of subjects were not distracted or disrupted by inactive
window size changing. The Chi-square test for both questions showed a sta­
tistically significant departure from equal choice (Ql,Q3,Q4; p<O.05,
Q2,Q5; p<O.Ol).

6. CONCLUSIONS AND FUTURE WORK

Our main experiment compared Vanishing Windows with a Non­
Vanishing Windows system, in terms user performance times to locate a tar­
get window, and the number of windows operation needed to locate a target
window. Statistically significant results were found in favour of the Vanish­
ing Windows system in terms of the number of windows operation needed to
locate a target window. In addition, as the complexity (number of windows
in the search space) increased so did the performance differences between
the systems.
Lower search time to locate a window in the Vanishing Windows system

was observed for the high complexity case. However, this result was not sta­
tistically significant. Also for the low and medium complexity cases the
Non-Vanishing Windows results showed better performance in terms of
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search times. Again, no statistical significance was found in favour of the
Non-Vanishing Windows.
Because of the additional processing required by the Vanishing Windows

the system response times, we can speculate that search times for the Van­
ishing Windows would have been lower, if the system performance of the
Vanishing Windows to the Non-Vanishing Windows had been comparable.
We aim to improve the performance and repeat the experiment.
Overall, subjects did not feel any loss of control when using Vanishing

Windows, nor were they distracted from their tasks by automatic move­
ment/resizing of inactive windows. However, this area of research can bene­
fit with an extensive evaluation of how far the auto-adaptation idea can be
carried out before users begin to feel real loss of control which causes dis­
ruption to current task activities.
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Abstract The aim of our project A2DL (Adaptive Automatic Display Layout l ) was to de­
velop concepts for the usage of layout algorithms for adaptive automatic window
management. With the basic objective of minimizing the user's involvement in
window management activities, our emphasis has been to relieve the user from
explicitly specifying any parameters for layout algorithms. Instead, an adaptive
layout system is expected to learn the layout requirements from a user's man­
ual corrections of the layouts presented by the system and automaticly adapt
its layout calculation accordingly. In this paper, we present basic results of the
A2DL-project.

Keywords: Adaptive User Interfaces, Adaptive Layout Calculation, Task Modeling, Win­
dowing Systems, Neural Networks, Combinatorial Optimization.

Introduction

The extended availability and complexity of infonnation that users have
to work on with current graphical user interfaces (GUls), often results in a
situation Kahn und Charnock [12] called 'Windowitis': there are so many
windows opened on the desktop that users are not able to get an overview
of the infonnation displayed in them. The visual chaos that users perceive
causes significant cognitive overhead since current windowing systems mainly
provide single-window layout operations which are an answer to the needs of

IThe A2DL-project was suppol1ed by German Research Foundation (DFG) under grant no. Er 16817-1/2
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80's applications [13]. The results are dramatically extended task completion
times and dissatisfaction of users.
In our previous work [16], [17], [18], we have proposed an approach of

Automatic Display Layout (ADL), wherein it has been suggested that layout
algorithms could be used to automatically organize the windows on the screen
and assist the user in his current activity. The problem ofADL has been formu­
lated as a graph layout problem by abstracting graphical objects as nodes and
semantic relationships between them as edges. The layout problem was then
treated as a combinatorial optimization problem [19], [20].
In practice, however, it turned out to be a problem that the user has to specify

many input parameters for the ADL layout algorithms (e.g. the optimization
criteria). The user is thus, expected to know about the intricacies of the layout
computations that take place in the background. This is obviously not acceptable
from the software-ergonomic point of view.
In our current research [31], [32], we have propounded the concept of A2DL

(Adaptive Automatic Display Layout) where our aim was to extend the usage
of layout algorithms for adaptive automatic window management in state of
the art multi-window environments. With the basic objective of minimizing
the user's involvement in window management activities, our emphasis, in the
notion of A2DL, has been to relieve the user from explicitly specifying any
parameters for the layout algorithms. Instead, the layout system was expected
to learn the layout parameters directly from a user's manual corrections of the
layouts presented by the system.

1. THE FRAMEWORK FOR ADAPTIVITY

The layout requirements of users are generally related to the current task a
user performs. Our first approach to task recognition based on the working set
model described in [9] and [2]. This model states that users use distinguishable
sets of windows to perform their tasks. We chose to analyze the keyboard focus
to detect the current working set of windows [31]. The window getting the
keyboard focus for a considerable amount of time is an indication of its usage.
Provided that the working sets are detected, we classified a vector consisting of
the attributes of all windows in the working set using an ART! neural network
[3]. Its output (i.e. a unique class identifier) was interpreted as a symbolic
description of the task currently being performed. This approach turned out to
be inadequate [33], mainly for two reasons. At first, the keyboard focus can
not be solely taken as an indication of window usage because windows were
used without having the focus (e.g. for read-only activities). This usage can
generally not be observed by the layout system because of the limited bandwidth
of the information available. Secondly, the use of neural networks for this
kind of task recognition is generally prone to errors since they do not allow a
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detailed analysis of their behavior in a complex environment [5]. In particular,
an ARTl network builds up complex dependencies between its class prototypes
and the input vectors considered members of the class. The granularity of its
classifications could therefore hardly be adjusted.
Consequently, we developed the AW model (for a complete description see

[33]; the model gets its name from the modeling concepts described below)
that describes the applications and windows needed for the execution of users'
external ('real world') tasks. We presume that, in contemporary computer
systems, users define their external tasks keeping the applications and windows
provided by the system in mind (cf. [24]). We therefore assume that main tasks
are first decomposed into 'application level tasks' (ALTs) which allow users to
determine the application(s) they have to use in order to perform a given main
task. ALTs are further decomposed into 'window level tasks' (WLTs) which
directly correspond to a set of windows on the screen. The windows of a WLT
are, from the layout system's point of view, a semantic unit [33]. The attributes
of the windows corresponding to a WLT are defined in an AW description. At
runtime, the layout system can recognize the WLTs a user is able to peiform
with the currently open windows, by comparing the attributes of these windows
with those in an AW description.
The real time task switching behavior of users is not specified in an AW

description since it is inherently unpredictable in a windowing system. How­
ever, the AW model defines the activation states which WLTs can have during
parallel task execution taking results from cognitive psychology into aceout (cf.
for example [I], [23]). Only one WLT at a time can be in 'active' state (i.e. con­
sciously be performed) due to the limited capacity of short term memory [22].
All other WLTs are either 'backgrounded' (i.e. performed by the system under
'unconscious attention' from the user [23]) or 'stopped' (i.e. not performed at
all). As a consequence of their limited cognitive resources, users coordinate
their external tasks [10], i.e. change their activation states. It can be concluded
that user oriented window operations can only be realized by supporting these
task switches efficiently. Hence, in A2DL, WLT objects (i.e. task objects with
a mapping to the related windows) and coordination operations for WLT ob-

WlT OpelllUOOS •

Window opdillonS •...._•._......_.._-_..
'mptO\~ Llyoul

Figure I Basic approach to adaptivity in A2DL
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jects are added as GUI concepts. This enables users to directly communicate
with the layout system in terms of the external tasks they want to perform.
The layout system on the other side can exactly determine the currently active
task and nows the context for layout calculations and the adaptation of layout
requirements (figure 1).

2. A2DL'S BASIC LAYOUT STRATEGY
Wedecided to use overlapping windows rather than a tiled windows approach

(cf. [4], [30]) which was also used in ADL [19] . The most important reason
for our decision is that overlapping windows provide better support for parallel
display of information [6], which is one of the main concerns of our research.
In addition, all contemporary commercial window systems use the overlapping
layout strategy [13] so that the concepts of A2DL can be applied "to them.
Another basic layout principle in A2DL can be derived from the user's funda­

mental layout requirements for windows corresponding to WLTs with specific
activation states. The windows of the active WLT have to be clearly arranged
on the screen since they are needed by the user for his current activities. Win­
dows of backgrounded WLTs should be arranged as clearly as possible since the
user has to check for results from time to time and then probably switch to this
task. It is obvious that the windows of the active WLT have higher priority than
those of backgrounded WLTs. To match these fundamental requirements, we
introduce primary and secondary layout areas as shown in figure 2. Windows
of stopped WLTs need not be displayed on the screen, so they can be removed
(not destroyed!) by the layout system because their WLT objects still remind
the user of the unfinished task2. For this reason, we do not use any icons for
single windows in A2DL.

Secondary arCa
for backgrounded

WLT
~=""""""""~"'"""""'j

..-

Primaryarca

fO~~~vc :/ gCLG~~""""s;J'

Figure 2 Separation of z--<limension into main and secondary area. This basic layout strategy
allows to place the windows of the active WLT with higher priority than those of backgrounded
WLTs. The number of slots in the main area is always adjusted to the number of windows of the
active WLT.

2This is a basic requirement for window systems [23). [2), [14), [21) (see also Norman's principle of
'knowledge in the head and in the world' [27))
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3. IDENTIFYING LAYOUT EXAMPLES

The layout system must be able to determine the layout wishes of users
by analyzing their normal windows operations (cf. figure 1). The following
operations for windows are presumed to exist in a windowing system (cf. [25]):
Move, Resize, Maximize/Minimize (bring to full screen size/original size),
LowerlRaise (bring window to back/front of window pile). Provided that the
currently active WLT is known from WLT operations, these operations are
interpreted as follows:

• Move indicates that the current layout is not clearly arranged. The result­
ing layout is to be interpreted as a layout example.

• Resize at first indicates that the size of a window is inadequate. But it is
also possible that the user thought that the layout is not clearly arranged
and tried to solve this problem by changing a window's size. Therefore,
the resulting layout is to be interpreted as a layout example.

• Maximize and Minimize are only used to temporarily change window
sizes (maybe because of some special window contents). It is therefore
assumed that these operations are used to actually work on a task and do
not reflect changed layout wishes.

• Lower and Raise are also used to work on a task without changing the
context because the framework for efficient task switching is given by
WLT operations. Therefore, these operations do not reflect changed
layout wishes.

4. COST FUNCTIONS IN A2DL

In ADL, cost functions for layout calculation were proposed [20]. Static
cost functions quantify characteristics of the current layout (e.g. overlap of
windows/window titles, changes of shape/size of windows from their desired
size/shape, etc.). Dynamic cost functions, on the other hand, quantify changes
of the current layout relative to the last layout arranged on the screen - also
called a 'reference layout' - (e.g. changes of absolute and relative positions of
windows). They are important because the topological consistency of subse­
quent layouts is a substantial ergonomic requirement for all layout calculations
[26], [31], [4].
In A2DL, each cost function now exists in two versions: one that takes only

windows in the primary area into account and one that takes windows from both
areas (primary and secondary) into account. This diversification is necessary
because of the high importance of windows in the primary area which raised
the demand for an explicit control of their layout characteristics.
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To analyze the distribution characteristics of cost functions, we generated
stochastic layouts by randomly modifying the characteristics of given graph
abstractions of screen contents. More specifically, a significant number (10000)
of random, valid layouts were generated and the results of all cost functions
were logged for each graph. For dynamic cost functions, we repeated these
tests with a number of different reference layouts.
We found that all cost functions (static and dynamic) are approximately

normal distributed over the whole solution space of the layout calculation.
(c-I'/

Given that N (c) = O'~e- 20' is the density function of a cost function, we

were able to show that mean J-t and standard deviation a depend on the graph
structure (i.e. the number and size of nodes and the number of edges between
them).

5. ABSTRACTION OF STATIC LAYOUT
REQUIREMENTS

Given that a user provides a layout example by arranging the windows on the
screen, we calculate the values Cd,stat,i (called 'desired costs') of all static cost
functions Cstat,i' The resulting vector Cd,stat = (Cd,stat,l,'" Cd,stat,n) quantifies
all (static) layout characteristics that are considered in A2DL and is therefore
a sufficient abstraction of user requirements. It is obvious that the user will
not be able to perceive every deviation from the desired costs in a calculated
layout. We therefore assume that a deviation of ±~Cstat,i from the desired costs
is acceptable.
The probability N(Cd,i) of the desired costs Cd,i for a specific static cost

function Ci allows to estimate how hard the user must have tried to arrange a
layout with these costs. If N(Cd,i) is small, only few layouts with the desired
characteristics exist. Consequently, the user has focused on improving3 this
layout characteristic and will most likely only accept a small ~Ci. On the other
hand, ifN (Cd,i) is large, many layouts with the desired characteristics exist. The
user did obviously not care about this characteristic and will therefore accept a
larger ~Ci'
As a measure for the importance, the desired costs Cd have for the user, we

use the following function:

(Cr~)2
1 -

I( )
~ N(Cd) = -0'..;'2-i-2-1r e 20' _ (cd-~)2

Cd N(II.) --'----(1'--1'-2)-::-2 = e 20' •
r _l_e- 20'

0'..;'2-i

(1)

30ue to the symmetry of N(Cd.i), low probabilities also exist for Cd -+ Cmax. This means that the user tried
hard to generate a 'bad' layout (for example a layout where all windows overlap completely). From our
practical experience, however, we can exclude this case and will ignore it for the rest of our argumentation.
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The maximum of I is obviously I for Cd = J.L. In addition, it is I(Cd) < 1 for
all Cd # J.L. So I is actually a reciprocal measure for the importance.
The acceptable deviations from the desired costs for static cost functions are

described by DoCstat(Cd) which is defined as:

(2)

The parameter Domin denotes the cost difference, the user can not perceive at
all. It depends on the implementation of a cost function and is inherently small
compared to J.L and a. The largest deviation (kstat . a) depends only on J.L and a
and will be accepted when Cd = J.L.
From the qualitative considerations in this section, we can not completely

define what deviations users will find acceptable. We therefore introduce the
constant kstat that allows to further customize the absolute deviation. It can
only be determined in practical tests which evaluate user feedback for layout
calculations with different values for kstat . For reasons we give later in this
paper, we have not performed these tests yet.
Putting all these considerations together, the formal description of the static

characteristics, a calculated layout L must have, is given by:

(Cd,i-J-Li)2

'W' C (L) ± ( 2<7,·2 (k ) A )v2: stat,i = Cd,i max e . stat' ai ,Umin,i .

6. ABSTRACTION OF DYNAMIC LAYOUT
REQUIREMENTS

(3)

Generally, a layout example does not allow conclusions about the dynamic
costs that a user is willing to accept. Th~ reason is that the user manipulates
the layout by successively moving or resizing windows and therefore does not
care about topological consistency. Hence, we presume that the dynamic costs
should be as small as possible and define that

DoCdyn ~ max(Cmin, (J.L - (kdyn . a))) (4)

is the upper bound of costs that are acceptable for a dynamic cost function Cdyn.
The maximum function just simply guarantees that the upper bound can not be
less than Cmin, the minimal cost value for a given layout. Like kStal> the constant
kdyn can only be determined in practical tests. The formal description of the
dynamic characteristics, a calculated layout L must have from the user's point
of view, is thus given by:

(5)
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7. THE OPTIMIZATION GOAL IN A2DL
We define the optimization goal using equations (3) and (5):

GIOIa! = L Cslal,i +L Cdyn,j with
i j

{

(Cd ;-1";)2

C-. - 0 if C . E Cd . ± max(e- 2<7;2 . (k . (j.) ~ . .)t - r,t ,t stal t, mm,t,

Icr,i - Cd,i I otherwise.

(6a)

(6b)

C. - {o if Cr,j ~ max(cmin,j, (Jij -: (kdyn · (jj))), (6c)
J - Cr,j - (max(Cmin,j, (Jij - (kdyn . (jj ) ))) otherwise.

The parameters Cr,i denote the values calculated by the cost functions for a
temporary layout and are called 'raw costs'. The optimization goal only depends
on the cost functions' distribution characteristics which are to be calculated for
the current layout structure at runtime and on the cost vector Cd,slal which is
learned by the system. The global minimum of GIOIa! is O. It will be reached
if and only if a layout has the required layout characteristics and the required
degree of topological consistency. It can be concluded that the layout algorithms
must be able to find the global optimum even if there are only few layouts which
have the required characteristics.

8. LAYOUT ALGORITHMS FOR A2DL
As mentioned before, manual changes of z-positions of windows are to be

considered as an indication of a user's work on his task. In principle, layout
algorithms can not support users in actually performing a task. Hence, no
changes of z-positions have to be made and the 3-dimensional solution space
of the overlapping layout strategy can be reduced to 2 dimensions (x and y) for
layout calculation.
Layoutcalculations are performed in two phases with reduced solution spaces

to save time. This principle was successfully introduced in ADL as a conse­
quence of the fact that a layout calculation based on the full solution space
requires calculation times of several minutes [20]. The layout algorithms are
fully described in [33], a brief summary is given in figure 3.
The simulated annealing optimization strategy [15] is used for both layout

phases. Control parameters define whether a temporary layout is accepted or
rejected and whether the algorithm should stop because no further improvement
can be expected. The annealing schedule, which specifies how the control pa­
rameters should be adapted, is therefore crucial for the quality of the algorithms.
For our algorithms, we use an adaptive annealing schedule proposed in [28],
which adapts the annealing process automaticly to the strucure of GIOIa!.
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Figure 3 In the global layout phase, a coarse grid is defined for the placement area to reduce
the complexity of the solution space. In an initial step, each node is placed on exactly one grid
point. Global layout changes are performed by stochastically exchanging grid positions of nodes
in order to improve the overall costs of the layout. The local layout phase takes the grid based
layout and calculates the final layout. Only local changes of node positions and small changes
of node geometry are stochastically performed to further improve the overall costs of the layout.

Results

We performed various tests to analyze quality and behavior of our layout
algorithms in practical use. For brevity, we only give the main results in this
paper. For a given graph abstraction of an actual layout consisting of6 windows
with 4 semantic relationships between them, a layout L wish should be calculated
with static layout characteristics given by different cost vectors. The vectors
were calculated from different layout examples that we manually arranged on
the screen. This guarantees that at least one layout L wish really exists. The
cost vectors were selected based on the number of optimal layouts that are
expected to exist, Le. based on the complexity of the layout problem defined by
them4 . We simplified the layout problem further by taking the layout example
as the reference layout for the dynamic cost functions. This guarantees that
at least one layout Lwish exists even if total topological consistency (Le. \jj :
Cdyn,j(Lwish) = Cmin,j) is demanded.
As mentioned before, the constants k stat and kdyn were not known at the time

of the experiment. We therefore chose kdyn from [-2.0,1.0] and k stat from
[0,3.0]. For dynamic cost functions, this means that between 15,87% (kdyn =
1,0) and 97,72% (kdyn = -2,0) of all layouts are considered optimal during
our tests. For static cost functions, the accepted deviation ranged between
o (for k stat = 0 and small N(Cd) and a (for k stat = 3,0 and Cd = fL, Le.
maximum N (Cd). In the latter case, the cost function is practically ignored
during optimization.

4The measure we used to determine the complexity of the layout problem is derived in [33].
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Figure 4 Final costs for four different cost vectors.

For each pair (kSlall kdyn) 100 layout calculations were perfonned. In figure
4, the average final costs GIOIa! of the layout calculation are given for each pa­
rameter pair and four different cost vectors. Dark areas reflect high costs, white
areas reflect that the layout goal GIOIa! = 0 was reached in all 100 calculations.
The complexity of the layout problem rises from the left top to the bottom right
diagram.
Our experiment clearly shows that even the complexity of a relatively simple

real world window layout problem is so high that it can not reliably be solved
by the proposed layout algorithms. The reason is that the simulated annealing
approach to optimization tends to 'get stuck' in local minima if the complexity
of the layout problem gets too high. Assumed that it is possible to find an upper
boundary for the complexity of real world layout problems, the calculation times
for a simulated annealing algorithm with an adequate slow annealing schedule
will be far from being acceptable for interactive use. Even in our simple test
environment, the average calculation time for a single layout was nearly 20
seconds on an UltraSparc with a 300 MHz CPU.
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Conclusions

The contribution of the A2DL project is at first a framework which allows to
realize an adaptive windowing system. The task recognition problem can now
be solved by describing the relationship between external tasks and windows
in an AW model and providing WLT objects and operations for an adaptive
windowing system. The semantics of manual layout operations were analyzed
in the context of this model giving a detailed description ofhow a A2DL-system
should react opon their occurence. Currently, however, an AW model must be
manually generated by the user. This is relatively easy but surely not acceptable
for every user. Therefore, it should be considered to build the bridge from design
time models for task oriented GUI design (like TKS [11] or MAD [29]) to a
runtime model like the AW model. The designer's analytical knowledge about
window usage of an application could be used to automaticly build up a runtime
description for adaptive layout management.
The second major contribution of the A2DL project is that the problem of

adaptive window layout was formulated as a combinatorial optimization prob­
lem that allows to take user requirements into account. Two optimization algo­
rithms based on the simulated annealing strategy were proposed to solve this
problem. However, it turned out that the complexity of real world layout prob­
lems is so high that it can not be solved in reasonable time by those algorithms.
Somewhat surprising, this result brings us to questions similar to those treated
in the ADL project in which appropriate optimization algorithms for automatic
display layout were sought. Candidates to be examined for adaptive display
layout are for example genetic algorithms [8] or the tabu search paradigma [7].
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Abstract This paper shows how user function diagrams can be used to describe some of
the important semantic differences found between common user interface plat­
forms. The differences described can be difficult to communicate and hence to
address if described at a more detailed level as is often the case in descriptions
of user interface standards such as the Windows-standard [I]. It is argued that
the logical design which the user function diagram is part of is important both
when designing and re-designing user interfaces. Especially if an existing user
interface needs to be ported to a difference target platform.

Keywords: User interface design, user interface redesign, user interface platform, user in­
terface standards, cross-platform design, multiple target platforms.

1. INTRODUCTION

When designing a user interface for a given target platfonn it is important
for the interface designer to know the details of the user interface standard
that constitutes the look and feel of that specific standard. The description of
the Microsoft Windows95/NT standard [1] is between 500 and 600 pages
long, most of which contain small but important details. It is difficult for de­
signers to grasp and understand all of the details. Hence many designers tend
to study only concrete examples readily available to them or to extend
skeleton programs instead of trying to follow the standard as described.
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When designing based on examples it is fairly easy to come up with a de­
sign that looks right, it is much more difficult to capture the feel of the inter­
face standard. Most graphical user interfaces look very similar, but tend to
differ more at the semantic level.

2. USER FUNCTION DIAGRAMS

The notation used in this paper, called user function diagrams, has been
developed as part of a structured user interface design method called Soft­
ware User Interface Engineering (SUIE) [2,3].
In a user function diagram, such as the one in figure 1, a box is used to

depict a logical window presenting information related to a specific concept
and circle to depict a user function. A dotted line indicates temporary infor­
mation as opposed to permanent or stored information. Arrows to and from a
logical window is used to indicate that a user function reads or modifies in­
formation related to the concept being presented. An arrow with a small cir­
cle indicates that the user function replaces what was previously stored. A
complete description can be found in [2].

3. AN EXAMPLE OF SEMANTIC DIFFERENCES
BETWEEN INTERFACE PLATFORMS

The following examples illustrate some of the semantic differences found
between common user interface platforms such as the Window95/98/NT
platform and the Macintosh platform.

[8a-~k~p----------1

, .

Figure 1. A user function diagram describing three generic user functions, that can be used to
explain the semantic differences between functionality for changing, saving, applying and

cancelling provided by most graphical user interface platforms

The generic functions in figure 1 describe how the user can work with the
following three versions of some information. The original is the currently
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stored version of the infonnation, the copy is a working copy that allows
user to make changes without affecting the original. The backup is a copy of
the stored infonnation that can be used to restore a previous version.
The user function OpenCopy makes a copy of the currently stored infor­

mation and makes it available as a working copy. If the platfonn make use of
the backup, then OpenCopy will also update the backup. SaveCopy replaces
the currently stored version with a copy of the working copy. RestoreBackup
is similar to SaveCopy but replaces the original with a copy of the backup
version. Depending on the platfonn, changes can be made directly to the cur­
rently stored version or to the working copy, but both approaches will typi­
cally not be allowed.

3.1 Interface platforms using a working copy

Figure 2 illustrates the differences between the user functions an applica­
tion, designed for the Windows95/98/NT platfonn and the Macintosh re­
spectively, needs to provide.

~
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Figure 2. The figure shows the differences between the way the Windows95/98/NT and the
Macintosh platform facilitate changing information related to a concept.

The differences described in figure 2 are not reflected in the "look" of the
two platfonns, that in this case appears to be almost identical. The differ­
ences however make a big difference to the user. Using an application fol­
lowing the Macintosh platfonn standard the user will assume, that Apply
(SaveCopy in the generic diagram) allows him to see if the changes made
have the intended effect, while maintaining a backup copy of the original
values. Had the application used the Windows95/98/NT platfonn standard
however, the user would have had to make a backup copy of the original
manually before making the changes in order to perform the same test.
The example illustrates that what might appear to be subtle differences,

can have catastrophic consequences for the user. This might well be the case
if an application designed for the Windows platfonn is ported to the Macin­
tosh platfonn without the appropriate redesign
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3.2 Interface platforms that change the original directly

Figure 3 illustrates a very different approach typically used in devices
with a custom made user interface, e.g. with a LCD display and a number of
custom made buttons used to change information. In such cases modifying
the original directly will be preferable, because it is simple to implement and
because it can be implemented with fewer buttons than would otherwise be
the case.

Original

Device !OS/2 [B;;;k~P·······--·i

! :! .

I
j
!

!
Original

Figure 3. The figure shows a significantly different approach to those described in Figure 2
where the original is modified directly

Figure 3 also shows the semantics of the model used in the OS/2 CUA
platform standard [4]. As the figure shows the model used in OS/2 is in fact
closer to the device model, than to those found in the more common Gurs
described in Figure 2.
It might be somewhat surprising to find that OS/2 CUA differs so much

from the approaches described in Figure 2. The underlying assumption is
however that the simpler model will be more intuitive for the user, while
maintaining the advantages found in Macintosh platform standard. The
downside of this argument is of course that approach will be confusing to the
users accustomed to the Windows or Macintosh platform.

4. THE LOGICAL DESIGN - AN IMPORTANT
PART OF THE DESIGN METHOD

Figure 4 shows the design steps in SUIE where the design of user func­
tions is part of logical design used to describe the semantics of the user inter­
face. A description of the user interface semantics, such as the logical design
in SUIE, seems to be important when describing the differences and simi­
larities between different user interface platforms, such as different graphical
user interfaces, web-based interfaces and palm based interfaces etc. The ex­
perience from development projects and design courses where SUIE have
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been used also suggest that the logical design is a valuable tool when de­
signing or redesigning a user interface. Not least when an existing user inter­
face or parts of it needs to be moved to different target platform, e.g. when
making legacy systems available through a web-based interface.

Figure 4. The design steps used in Software User Interface Engineering [2]

5. IMPLICATIONS FOR COMPUTER-AIDED DE­
SIGN TOOLS

All computer-aided design tools supporting design for multiple platforms
(e.g. most 4GL's where the applications can be executed on a number of dif­
ferent target platforms) ought to address issues such as the semantic differ­
ences described in this paper. Ideally user interfaces designed using such
tools should be adapted to the semantics of the target platform, contrasting
what is often seen today, where the adaptation is merely a question of map­
ping a generic set of widgets into the widget set available on the target plat­
form.
One of the central questions is however in these situations whether the

semantics of the user interface produced should remain the same across plat­
forms (making it easier to use the same application on several platforms) or
if it should be consistent with native interfaces designed for the target plat­
form.
When dealing with the kind of semantic differences discussed in this pa­

per. It would seem possible in case of 4GL's to perform the necessary adap­
tations automatically because these tools tend to be geared towards design­
ing user interfaces similar in type. It will hence be possible to describe how
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this type of interface should be implemented for each of the supported target
platforms. In general however, performing such adaptation automatically
will be difficult without some kind of human intervention.

5.1 When the available interaction techniques change

When moving a user interface design from one GUI to another it is usu­
ally safe to assume that information can be changed using entry fields, radio
buttons, check boxes etc. However the move towards using smaller special­
ised devices to perform certain tasks away from the desktop has made the
challenge of multi-platform design even more challenging [6]. In these cases
not only screen-size and available GUI widget change. It might well be the
case that the keyboard, the mouse or other standard selection mechanisms
will need to be substituted with a small number of function keys. In such
cases, even the number of available user functions might need to be adapted
because it will be infeasible to implement all function with a small number
of buttons. To support this process the design tools need to make it possible
for the designer to select the most important tasks, and hence the user func­
tions that need to be implemented.
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Abstract In modem electronic devices, the same basic functionality is presented in dif­
fering product variants that constitute a product family. Usually, the high-end
of a product line offers better displays and an extended set of functions, but in
principle the intended use of the products is the same throughout the whole
product family. Thus the "Iook-and-feel" should also remain the same despite
the differing hardware platform. This presentation describes a framework be­
ing built with this aim in mind, for the management of mobile phones' UI
specifications at Nokia Mobile Phones (NMP). The solution is based on an
idea to manage the phone UI's in the format of common UI specifications
(CUIS) as structured documents, and be able to automatically generate the
specifications of differing individual products. Basically, the CUIS releases
integrate UI design data into a corporate UI knowledge repository for use
starting with generation of new features to implementation and field testing of
phone prototypes. Though examination is based on management of UI design
data for mobile phones, this solution can be applied to management of UI
specifications for any product when there is demand for product variants with
differing features, user environments, or hardware platforms.

Keywords: automatic configuration, UI design, UI specification, structured documenta­
tion, SGML, XML.
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1. MANAGEMENT OF USER INTERFACE SPECI­
FICATIONS

Design of the user interfaces (01) of modern electronic consumer devices
requires considerable development effort. Rapid development of competitive
products in the market requires short development cycles-concurrent engi­
neering-in bringing new features into the device. To compete in the market,
a device must be easy to use, which on the international market presumes
accommodation to local language and culture, so called localisation. In the
case of complex products, there must be differing variants of the product to
satisfy different market segments. While the product's environment changes
and new standards emerge, the older versions of product, proven successful,
may require inclusion of new features basic concept still remaining the same.
Modern electronic devices are complex with large set of features, and de­

velopment of a competitive electronic device requires thorough specifica­
tion. To accommodate to the described situation, the specifications must be
accurate enough to describe each end product, yet at the same time there
may not be delays in reflecting a change in the design to the other parts of
the design it may affect. This brings on demands for fine-tuned version con­
trol for design tools of the distributed product development. As the products
tend to form product lines, some of the changes affect the whole family of
products. To keep the product lines consistent, changes to related designs
must be automated; manual repetition of updates is too prone to errors, and
besides frustrating to highly educated designers. We will demonstrate that
the automation can be achieved with a formal presentation of product fam­
ily's features and derivation of final products' features from this generic
specification.
It is beneficial for both product developers and users that the 01's are

alike over one family of products. This makes further development of com­
plex products easier, and facilitates user's changing over to the new or more
advanced products. The consistency over differing products presumes, in
concurrent engineering environment, close co-operation between the devel­
opers of the products. Common design documentation, where product speci­
fications are shared and the common parts of design are actually the same,
forms good basis for collaboration. When the product development effort is
focused on the common platform, from where the design of individual prod­
ucts can be derived, all the products can be developed further at once.
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2. PROJECT SCOUT

To develop and test a framework for management of generic VI specifi­
cations, project SCOUT, ~tru~tured DQc!!men!ation for User Interface Speci­
fications, has investigated the complexity of mobile phone VI specifications,
with the aim to automate production of specifications at the end product
level. Thus, only the common specification (platform) would be produced
and maintained, together with the parallel detailed layout and localisation
design. In this way, a database of VI specification knowledge would be cre­
ated that could be used to produce up-to-date end product VI specifications.
Figure I depicts the operations of VI design in respect to the design knowl­
edge.

f-~-sig~-d~~;~f-i

l other elements :
! in the phone :
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l .. --
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specificatio
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Figure 1. The links between VI design and VI specification knowledge.

The operation of specification management framework shown in figure I
will be described in the following chapters. As shown in the figure, the VI
specification of a product family is comprised of three separate specifica­
tions: phone features, in the form of feature specifications; display layouts
and windows, called together with special graphics as VI components; and
translations. VI designers manage all VI knowledge of the end products as a
set of feature specifications (FS). In authoring the phone features they can
use detailed information of display layouts, designed by display designers
and graphical designers. Localisation contributes to the design by providing
translations of all the display texts, for all the different products and markets.
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UI designers are also responsible for compilation (described below) of
the UI design knowledge into common UI specification (CUIS) releases and
product UI specification (PUIS) releases. The releases provide a consistent
view to the UI design knowledge, and are utilised by all designers partici­
pating in the UI design process-and by marketing and other parties inter­
ested in the features of forthcoming products. Implementation and testing
use the CUIS and PUIS releases as the primary source of information,
though implementation must also access the native translations and UI com­
ponent data. (It may not be reasonable to include this detailed information
into the CUIS and PUIS releases, if only implementation needs it and they
can access native data directly and up-to-date in regard to the release.)
The following chapter describes the product UI specification process in

detail.

3. PRODVCT VI SPECIFICATION PROCESS

Mobile phones are under rapid development, new models substitute old
ones with a production cycle less than a year. Central element in the market
is the usability, and look-and-feel of the device. The usability is a sum of
several implementation and usage environment factors, and only when all
the design factors meet, will the final product be acceptable. The UI specifi­
cation of a mobile phone can be several hundreds of pages in length, full of
descriptions of detailed design decisions, being equivalent to several years of
development work.

3.1 Logic of gathering the VI specification knowledge

As described above in Figure 1, the entire functionality of a product fam­
ily is divided into a set of features that, when put together and adjusted (the
adjustment will be described in detail below), form the look-and-feel of a
product. When a new feature is thought up, its contribution is judged against
the existing UI knowledge, represented by a CUIS release.
As a new feature is accepted, the knowledge base is augmented with this

new feature and its premises. The augmentation includes describing the
function of the feature as a feature specification, and fine-tuning the existing
features in relation to the added functionality. This activity is iterative and
contains formation of both the new and already existing features, managed
with different specifiers.
As the UI specification evolves, modernised releases of the platform are

introduced, where new features are added, and some old ones may be dis­
missed.



A Framework for Management ofSophisticated User Inteiface S 209
Variants in Design Process

3.2 Logic of utilising the knowledge base

In order to the knowledge base to be useful, it must produce specifica­
tions for the designs of end products. Extraction of the UI specification for a
single product, i.e., PUIS comprises of the following steps: compilation of
the feature specifications and UI components into a CUIS release, picking of
the features the product should include, and subsequent adjustment, i.e., con­
figuration of each selected feature. The meaning of configuration is to fine­
tune the features for the selected feature set to provide, in the given system
and hardware, a localised interface ready for implementation. The steps of
PUIS extraction are illustrated in Figure 2.

Picking

Product
feature set

relations data.
Implementation
platform
ta

list of features '----r----/ ~=~::,._.-JCUIS

VI
components

Feature
specifications

Product specific
view to VI knowledge

Figure 2. Generation of a PVIS consists of 1) picking up the product features and 2) subse­
quent configuration of the feature set to produce a consistent end-product VI specification.

CUIS release compilation collects the feature specifications and UI com­
ponents accepted to this release into a CUIS release. The required version
and status information is included in the specifications. After this, the de­
signer (or even marketing person) can start picking up the features for the
phone to be built. Picking of the features is based on the names of features
and utilises selection tool's knowledge about relations of the features: some
features require the existence of another feature, others reject each other.
This knowledge is recorded in the knowledge base, in the feature specifica­
tions, and exported to the selection tool prior to the picking. This knowledge
of feature relations, as all the knowledge base's content, is specific to the
current release of CUIS.
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Not until in configuration are the discrete features united to form a con­
ceptually integrated product VI specification. The VI includes a lot of func­
tions (or consequences) not belonging to a single feature, but building up as
a composition of several features. An example can be found in the feature
Short Term Memories, which dictates the date and time of the call to be
stored with a missed call. But the time can be stored only if the phone has
feature Real-Time Clock and the date only if there is Calendar (and if the
calendar date is set). This kind of shared function must be included into the
feature specification they fit best, either as a single property description or
several pieces of them, scattered into the specifications of related features.
Thus, the feature Short Term Memories includes property sections describ­
ing the feature's behaviour together with features Real-Time Clock and Cal­
endar, and the configuration application selects only the appropriated sec­
tions according to the picked body of features.
It is evident that this compilation of product VI specification works in

close relationship to authoring of the features. Beside the interrelationships
of the features, there are properties in the VI that depend on the hardware
environment-the keypad, display, or system platform of the product. All
these properties are described, and marked up, during authoring and trav­
ersed during product configuration. Also, the translation of interaction ex­
amples and substitution of variables with product-specific values are carried
on during the product configuration process.

4. IMPLEMENTATION

In order the product configuration to succeed, we needed a formal pres­
entation for the features [1]. SGML (and soon XML) standard for structured
text presentation provides this format and a basis for commercial tools to op­
erate with documents conforming to the standard [2]. Adept Editor from Ar­
bortext, Inc. was selected as the authoring tool. While Adept can be pro­
grammed, it is intended for on-line processing only. Therefore, another tool
was needed to run the configuration process; OmniMark from OmniMark
Technologies Corp. was selected.
For graphics presentation an equivalent standard does not exist yet. The

late release's of standard Computer Graphics Metafile (CGM) would pre­
sumably provide the level of graphics control sophisticated enough for
phone display modelling, but there are no tools yet supporting the standard
to this extent. However, Visio from Visio Corp. provides structured man­
agement of vector graphics, and it can be used both interactive and batch, for
mass-configuration.
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4.1 Feature structure

Use of SGML requires a document structure to be specified. The struc­
ture must correspond to the actions required to produce the intended result
document, in this case the configured product UI specification [3]. Thus, the
features and their properties that form the basis of configuration had to be
modelled as a document type definition, DTD. In this modelling, the existing
specification documents, together with knowledge of the most experienced
specifiers, proved to be invaluable to find the structure's building blocks.
Special care was taken to model the interrelationships and product platform
dependencies that are needed in the end-product configuration. The docu­
ment structure dictates what kinds of configurations are possible: the UI in­
teractions not authored in the first place cannot be derived either.
The DTD is common to all features, meaning that all feature documents

obey the same document structure. Besides a body that describes feature's
behaviour, the structure contains common document header and footer in­
formation, with change histories, glossaries and indexes, as depicted in Fig­
ure 3.
Each document begins with 10 information that includes documents

unique name for the configuration application to identify the feature. Data
content of the features is structured as follows. An abstract of the features re­
sponsibility is given in an introduction; a more detailed description of fea­
ture's behaviour follows. Tables, lists, and graphics can be used among the
ordinary text, and the content can be further divided into sections and sub­
sections. The index and glossary entries are produced automatically from
their declarations written during authoring, which is the normal procedure in
structured documentation. Thus achieved document structure provides a
skeleton for the configuration structure, explained in the next section, and
location of configuration attributes.
Graphics included in the specifications can be either non-configurable,

bitmaps of drawing tools used in the environment, or configurable Visio
graphics. In Visio, stencils can be made that give the templates for display
layouts. When initialising a layout to be used as a phone display illustration,
designers must select a style for it, in order to pre-configure the common
template to conform to the implementation platform. In this way, designers
can draft sample displays, matching the real-world displays in layout detail
level, to illustrate the written feature behaviour.
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Figure 3. The structure of feature specification documents.

The selected style can be changed later (in PUIS configuration phase) to
another style, for example to adjust the display examples to another graphic
display with different size or resolution. The style change usually affects the
sizes of windows (placeholders of texts and icons) in display, but contents of
the windows readjust to the changes, as the style is their configuration pa­
rameter, also.

Messages ~
rs?'h I

Select Back

Figure 4. Menu screen for messaging in product Nokia 6110.

Figure 4 illustrates the need for figure configurability. The display image
shows the menu screen for messaging in product Nokia 6110. 6110 has two
keys below the display with the command names shown on the screen (in
this example "Select" and "Back"). But for example product Nokia 5110 has
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only one key below the display. For this product the display image should
only show one command (in this example "Select"). In Scout this kind of dif­
ference will be produced automatically at the configuration phase when the
specifics of the product in question are known, i.e., the screen size and num­
ber of display keys.

4.2 Levels of configuration

During the DTD development process it was ensured that the required
configuration could be established as selection and substitution of elements
included in the product VI structure. In structured documentation the struc­
ture routinely reflects the layout to be produced, i.e., the titles, subtitles,
paragraphs and lists can be located in the structure [3]. Above and beyond,
the structure should resemble the cognitive logic comprising a feature, and
furthermore also that comprising the common or product VI specification as
a whole.

4.3 Configuration aspect to the structure

In SCOVT, the structural levels of configuration can be categorised to
minor scale configurations i.e. substitutions and large-scale configurations
i.e. selections. The minor scale changes are substitutions of general terms
with their product-specific values, variables with their values set in the con­
figuration, or translations of display texts in display examples according to
the style and market area of the product. The large-scale configurations oc­
cur in two phases, as direct selections of features and sub-features (to be ex­
plained shortly), and as in-direct selections of property sections based on
selection of another feature. Also the style differences are managed as large­
scale configurations when a style incorporates additional or exceptional be­
haviour.
The property sections are marked parts (from section to paragraph in

size) of a feature that are meaningful only with another feature. They are
used to describe functions produced by two or more features together, when
the combined effect would be too small for a full-scale feature.
In some occasions it may be reasonable to leave the joint effect out even

if both the features are selected. In this case, the property section is named
and included as an individual feature into the feature list-which turns the
property section into a sub-feature. In case of collaborating features, the
feature-picking tool needs to know the requirement for another feature.
These requirements are expressed as attributes of the features or, in case of
the sub-features, of the sub-features themselves.
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5. DISCUSSION

The product data extracted from the VI knowledge base will form the ba­
sis of e.g. implementation of the phone's VI and field testing of the proto­
types. While the automatic VI generation described by Szekely [4] is years
away, as the gap from design abstractions to implementation elements keeps
on requiring human intervention, there is constant strive to automate the spe­
cific development processes, and to integrate the nascent islands of automa­
tion,
NMP is going to apply this method of product VI specification manage­

ment in development of mobile phones' features. In time of writing, the
project has proceeded to piloting phase. Vser training is in progress, sample
features have been translated to SCOVT format, and configuration has been
tested and fine-tuned. The production use has not been started yet, as there
are some implementation tool specific issues to be answered, after which the
workflow of authoring and product release configuration can be completed.
The major benefits that we are gaining with the described solution are:

1. The development of corporate VI knowledge is divided into chunks,
feature specifications, which are small enough for individual designers to
manage.

2. The same designs, or selected parts of them, are automatically-via the
configuration-applicable in a variety of products.

3. The detail level design data, localisation information and style-specific
variations, can be managed apart from the common VI design and ap­
plied to the products in batch.

Generally, the advantage is that designers are able to produce human­
readable design information that is as such formal enough for automatic
processing, also. Feature specifications in textual format can be easily dis­
seminated, via Intranet, up-to-date to readers in remote locations, which is
essential in concurrent engineering environment.
A technical benefit is that basing the specification management on stan­

dard SGML gives options to partial development of the specification envi­
ronment. For example, the editor or dissemination strategy can be changed
with no need to change the configuration process. Furthermore, the structure
could fairly easily be converted into XML, which should offer an opportu­
nity to more economical tools in the future. This helps with the one minus
point of this solution: it requires a significant economical input to build a
smoothly running SGML solution with the tools available today.
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6. FURTHER RESEARCH

The described method to produce re-usable UI specifications can be seen
as an expedient to integrate the now separate islands of electronic product
design. Further challenges include:
1. To study the integration of the described system and the design data
management systems (POM, Product Data Management Systems) used to
manage other parts of product information (the closer the interaction with
the implementation the better).

2. To study how the described approach fits to other specification needs of
software design. The solution should be applicable to management of
other mobile phone design data, but in that case the document structures
(OTO) and management of graphics and other non-textual information
need to be reconsidered. (Note that this and the previous item are alter­
native methods to design data integration.)

3. Integration with the virtual prototyping (VRP) tools, which could be used
in demonstrating the interfaces.
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Abstract Meta-CASEs are CASE (Computer-Aided Software Engineering) tool factories.
For some years, much effort have been spent in this realm to propose a competitive
alternative to the traditional CASE framework. Meta-CASEs now benefit from
efficient and rich meta-repositories, they support several methods and are multi­
user. However, all current meta-CASEs share the same approach of the Graphical
User Interface modelling task. We analyze here the new challenges to take up and
we propose a new graphical symbolic language (Grasyla) to model the CASE's
GUI.

Keywords: MetaCASE, CASE tool, graphical symbolic language, meta-modelling, Grasyla

1. INTRODUCTION
CASE tools are programs that support software engineers I activities during

the software life cycle. They can automate some stages (code generation, met­
rics, model checking, ... ) or help the software engineers to follow/respect some
methodologies. Meta-CASEs are high level compilers/interpreters that produce
CASE tools that meet specific models and engineering processes. They use an
abstract description of a CASE tool (i.e., its models, its behaviour, its processes,
... ) to produce a ready-to-use product. Of course, such products cannot be ex-

ISoftware engineers use CASE lools 10 build software.
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pected to enjoy the same qualities than hand-coded dedicated CASE tools. The
current situation exhibits an interesting dilemma. From one side, CASE tools
become ineluctable. Indeed, the market is inundated with a plethora ofmodels2

and paradigms3, so that programmers cannot keep using mere text editors or
vendor-dependent IDE4 . On the other side, as Lending and Chevarny [11] write:
"Few organizations use CASE tools f2, 16J; organizations abandon the use of
the tools f2, 21, 23J; and organizations that do use CASE tools contain many
systems developers who do not actually use the tool f14J ".
Meta-CASEs attempt to reduce the distance between the programmers/ana­

lysts needs and the CASE functionalities. Indeed, meta-CASEs allow analysts
to define their own models (i.e., meta-models), to visualize their specifications
in accordance with their requirements, and to apply their processes (metrics,
transformations, report generation, ... ). Moreover, this technology is ideal to
integrate independent meta-models and can act like an enterprise's meta-model­
warehouse. Some research [7, 13, 24] concentrated on the knowledge repre­
sentation aspect and deliberately left aside the graphical representation of the
specifications, while other groups [1,9, 18, 19,20,22] investigated the whole
problem. In all the cases, the graphical representation plays a crucial role since
it is often the only way to visualize and edit the stored specifications. It will
also be a major criterion for deciding on a meta-CASE tool.
In order to generate/simulate the GUI5 component of a CASE tool (i.e.,

the description of the CASE tool's GUI), every meta-CASE has its own GUI
meta-model that allows method engineers6 to specify the interface they want.
The current research all share the same approach, that is, method engineers7

associate, with each concept of a meta-model, a form built from the concept's
characteristics. This form is described either with a formal text (MetaView [5])
or via a graphical editor (MetaEdit+ [9, 15], GraphTalk [19]).
In this article, we will review some important but still unexplored challenges.

They are dictated by two goals: a) meta-CASEs GUIs should be as good as
hand-coded CASE tools and b) they should be independent of the model of
the meta-repository (i.e., the meta-meta-model). That is, whatever the way
engineers will model a methodology, it should be possible to define any GUI
over its meta-model.
We will present the Grasyla language: a graphical symbolic declarative lan­

guage to define the graphical representation of a specification (i.e., an instance

20SA. SADT. UML. OML. ERA. NIAM•...
'Object Oriented Analysis. Distributed Systems. Workflow, Client/Server, Real Time....
41ntegrated Development Environment
5Graphical User Interface
6Method engineers define the models and methodologies.
7The engineer who edits and defines the meta-models.
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of a meta-model). One will present the motivations and the strengths of this
approach with two case studies.
Section 2. will present a resume of the main concepts of our meta-repository.

The next section analyses the challenges of the graphical visualization task in
meta-CASEs. Grasyla is presented in section 4. We will describe how Grasyla
helps the method engineer and takes up the challenges. After a brief description
of the implementation, a case study will be discussed.

2. META-REPOSITORY PRESENTATION

The meta-repository stores information about both types and their instances.
Because concepts stored in this meta-repository will describe CASE tools, we
will call types and instances respectivelymeta-classes and classes. Theexarnple
below shows the different levels of abstraction: Customer is the name of a class
of the application domain, and is a component of the specifications built by the
analyst; (" Smith" is an instance of this class and concerns users only);
Customer is an instance of meta-class entity-type that is a component of
standard entity-relationship models.

"Smith" -+ Customer -+ entity-type -+ meta_class
The -+ symbol denotes the instance-of relationship.
The meta-classes can have attributes (meta-properties) and participate in one­

to-many relationships (meta-relations) with other meta-classes. Meta-classes
can inherit characteristics from several meta-classes (multiple inheritance).
Meta-classes are grouped together to define ontologies (meta-models). For in­
stance, these sentences could describe very basic entity-relationship diagrams
that are made up of entity-types and attributes:
meta-class <enriry-rype> {
string: <name>;
olmer of <has>;
local identifier = { <name> }};

meta-class <attribute-rype> {
string: <name>, <type>;
integer: <min>, <max>;
member of <has>;
local identifier = { <name>,

meta-model <ERA diagram> {
string: <name>;
document: <author>; :tURL of the author
list video: <minutes>; :ta multivalued video meta-properry
components = { <entiry-rype>. <attribute-rype> }};

Some details nave been omited for simplicity sake. For instance, the meta­
repository includes characteristics such as 1) multivalued meta-properties and
multimedia types8; 2) meta-models are themselves meta-classes and share their

8p icture.audio,video,document.
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user privilege

1-1
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operation
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id: name

Figure 1.1 [Database Security Diagram Meta-Model] This schema models the access rights
granted to users for operations on database objects such as entity-types, attributes and rei-types.
A user is either a user_group or an individual. A group is itself composed of users.

semantics; 3) the member roles can be mandatory and 4) meta-models can
share one or more meta-classes in their definitions9 . The meta-repository and
its semantics are described in [4].
The meta-CASE is endowed with a meta-language (Voyager 2) that allows

the method engineer to define new functionalities [3,4]. Voyager 2 is an object­
oriented ClPascal-like language with meta-types, predicative queries, garbage
collected lists, GUI functions, dynamic linked libraries, I/O statements, commu­
nication with Windows programs and meta-homogeneity 10 • Each meta-class
has predefined triggers and predicates that can be overloaded by the method
engineer.
The ERA schema depicted in fig. 1.1 describes the meta-model of a "Da­

tabase Security Diagram" (DSD). This example will be used throughout this
article.

3. THE CHALLENGES

The graphical representation of specifications is a crucial issue when building
CASE tools. As for many programs, the graphical interface will be a major cri­
terion (both subjective and objective) in a CASE tool evaluation and acceptance.
Norman et al [17] argues that the "customization without loss offunctionality "
and "customizable user interfaces " were needed in CASE tools and should be
investigated in the 1990's. Moreover, recent studies [8,12] explain that this gap

9The components clause in the extract.
IOThe meta-meta-model can be queried in the same way as a meta-model.
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is not yet filled "A well-designed user interface should create a metaphor tJuzt
bridges the conceptual gap between a computer system and human thinking.
Such a metaphor is not the strength ofcurrent CASE tools".
From our experience in the building process of the DB-MAIN tool [6], we

observed these criticisms and we have deduced some important rules concerning
the graphical user interface, and more specially the graphical representation:
1) One needs both textual and graphical views. Our experience leads us to

consider two kinds of specification visualization: graphical diagrams (graph,
tree, table, matrix, ... ) and textual views (report, code, hypertext, ... ). Soft­
ware engineers often require several views of a same specification depending on
the process to perform. Graphical views are preferred for teaching or for valida­
tion while textual views II are preferred to edit huge specifications. Meta-CASE
tools have thus to offer these views.
2) The graphical representation of a concept is contextual. Its representation

depends on its use. For instance, in ERA diagrams, attributes can be indented
(resp. underlined) depending on their belonging to compound attributes (resp.
to identifiers).
3) The shape of a concept is polymorphic. In 00 meta-models, concepts are

modelled by inheritance hierarchies. Although this graph denotes an atomic
concept, its representation will depend on its position in the graph. For instance,
if one encounters this case: "weak-entity-type isa entity-type" in a
meta-model, software engineers will expect to have distinct shapes for them.
4) The graphical representations must evolve. Scientists have certainly not

yet discovered the ultimate methodology; new ones appear every year. How­
ever, they generally share common ontologies like statecharts, static model
(ERAINIAM/class/... ), use cases, ... Semantics change but the structural meta­
model does not vary very much. The main changes we observed are about the
graphical representation12 . Moreover, in meta-CASEs, method engineers can
specialize and edit the meta-models to adapt them to their company require­
ments. These modifications must often be reflected in the graphical represen­
tation.
5) CASE tools must support multimedia data. CASE tools must support in­

formal processes[8] and must accompany the software engineer in its rigorous
steps as well as in "softer" aspects of software development. Multimedia data
can enrich specifications with informal information such as interviews, require­
ment documents, imported diagrams, ... and bridges a gap between CASE tools
and non-standard tools l3 in the software engineer environment.

11Textual views can have facilities like: sort algorithms. cross-referencing, ...
12For instance: the static diagrams in the Booch, OMT, UML and OML methodologies.
13GraphicaI editors, home-made tools, ...
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6) The graphical requirements should not affect the meta-model definition.
Meta-repositories often offer richer abstractions than usual DBMS in order to
meet the peculiar needs of software meta-models. However, this quality would
be useless if we had to change the meta-model definition each time we modify
or add a new visualization.
This list discusses some of the main challenges the engineers should inves­

tigate when defining the GUI requirements of a meta-CASE.

4. THE GRASYLA LANGUAGE
Grasyla is a graphical symbolic language that allows the method engineer

to define the appearance of a specification through a display script. A Grasyla
script defines which concepts the display processor will have to show as well as
their graphical representation. Display processors manage all the interactions
with the software engineer (contextual menus, click, drag&drop, selection, ... ).
The environment of the graphical processor is shown in fig. 1.2.

4.1 THE GRASYLA PRINCIPLES

Each meta-model can have several named Grasyla scripts; each one will
correspond to a definite visualization of the specifications. Scripts are made
up of three sections (directive, main and connection sections). The directive
section selects the meta-classes to display. The main section associates with
each meta-class an expression that explains how to display its instances. This
section is a textual description of a function $ : MetaClass x {single, list} x
String -+ G-Expr. When the graphical processor will have to display one
or several meta-class instances, it will use the $ function to retrieve the best
expression to build the shape of this class. The first argument of $ denotes the
type of the class. The second argument will be single (resp. list) for a single
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(resp. several) instance to display. The last argument denotes an identifier that
will act as a switch and will be explained later. The section will be composed
of constructs that will reflect the different kinds of argument of the $ function.
The method engineer will have to edit one of these 4 patterns for each possible
entry of the $ function:

1) $name = Grasyla expression
2) list $name = Grasyla expression
3) Func($name) = Grasyla expression
4) Func(list $name) = Grasyla expression

Grasyla expressions are symbolic descriptions of shapes built from the "se­
mantics" of a concept/meta-class, i.e., its attributes, its roles, and its supertypes.
The different kinds of expressions are

$att: where au is the name of a meta-property; graphical representation of a
meta-property value.

$1 :rei : where rei is the name of a meta-relation; graphical representation of
the meta-relation's owner.

$* :rei : where rei is the name of a meta-relation; graphical representation of
the meta-relation's members.

Func (exp) : Func is an identifier; graphical representation of the exp expres­
sion in using the Func name.

boxH{exPl' •• eXPn}{args} : arranges n graphical objects (described by the
eXPi) horizontally in a box. Similar expressions exist for circles, round
rectangles, diamonds, . .. args is a list of parameters that specify the
colour, the line width and other aspects.

boxV{exPl ••• exPn}{args} : same as both but for vertical order.

if cond then eXPl else exp2 : uses graphical expression eXPl or exp2 de­
pending on the value of the cond expression.

head, tail: used when the argument denotes a list (patterns of lines 2 and 4);
denote respectively the first element and the tail of the argument; makes
it possible to define recursive graphical expressions.

spring: introduces in a shape an invisible compressed spiral spring that will
stretch out between the neighbouring faces.

These rules give the general principles of the Grasyla expressions syntax.
Other functions exist such as handles to hitch arrows, line separators, multime­
dia data, fonts, aggregate forms, graphical alignment and so on. The Grasyla
principle is inspired by the T}3X's boxes [10].
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Figure 1.3 They are as many Display Processors as active displays. The events relative to a
display are trapped and managed by its DP. DPs access the meta-repository only to read the
classes description and to update their positions once the display is closed. Several DPs can
process a same specification whatever their scripts. This makes possible several displays with
distinct views of a same specification

Finally, the connection section will associate edges to meta-relations through
such expressions as:

$name = connect{ or-param }{ line-param }{ targ-param }

The parameters are lists of values that specify respectively the form of the origin
handle, the body of the line and the target handle. For instance, the following
sentence

$has= connect{outside_arrow{size=5, fill=black, line=black}}
{ line=black }
{bullet{size=4,fill=white, line=black}}

will display the instances ofthe meta-relation has with this symbol: 0--. (the
circle on the attribute side and the arrow on the entity-type side).

4.2 THE IMPLEMENTATION
The Grasyla architecture is depicted in fig. 1.3. Each "display" (window,

printer, clipboard) is controlled by a Display Processor (DP). This machine
has to display a specification with respect to a Grasyla script and must manage
all the possible interactions with the software engineer. Every DP has its own
memory, can access the meta-repository and can communicate via a common
black-board with other DPs. The software engineer can ask for several displays
of a specification whatever the script. He can thus visualize several parts of a
huge specification in distinct windows simultaneously.
The meta-repository stores the (x, y) positions of the main objects only.

Their shape description is automatically computed by the Grasyla machine.
This independence makes it possible to keep the layout of a diagram even if its
definition changes.
Each meta-model has a default DP to place and build the representation of

their meta-classes. The behaviour of this default DP suits graph-like specifica­
tions very well. However, some views require special algorithms that cannot be
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modelled directly in Grasyla: Matrices, Tables, Browsers, Sequence Diagrams,
Screen Layouts, .... For this reason, the meta-CASE architect l4 can imple­
ment hard-wired graphical processors dedicated to some meta-models acting
like meta-model-patterns. This meta-model pattern can be specialized into
other meta-models with their own graphical statements. Hence, the hard-wired
DP will use user-defined statements to display the specifications. Hence, one
could think of writing a DP to display graphical matrices, for instance a matrix
with the pictures of the software engineer as x-axis and entity-types as y-axis.
Cells of such a matrix could be a textual form of the respective rights granted
(read/write/... ).

4.3 TEXTUAL REPRESENTATION
Grasyla can also be used to define textual views in exactly the same way as

discussed in the previous sections. Moreover, these views are active graphical
displays where bitmaps, boxes, arrows, ... have disappeared. This kind of
textual representation is closer to hypertext than a passive ASCII text. This
brings much more benefits. The modification of the text remains synchronous
with the meta-repository and the software engineer can navigate through it via
hyper-links. Nevertheless, the Voyager 2 language is much more suited to
generate ASCII reports or code (RTFIIDLIHTMLI... ).

4.4 EXAMPLE

This example will illustrate the basic concepts of Grasyla on the "toy" ERA
meta-model presented in Section 2. Let us imagine that entity-types are dis­
played as boxes with two compartments, their name being diplayed centered
in the first one and attribute names left-justified in the second one. The com­
partments are separated by a line. The Grasyla script that defines this graphical
layout is as follows:

1. $entity-type = boxV{ boxH{ spring $name spring}
2. ruleH{ line=black } Ct1STOMBR

3. boxH{ $*: has spring } N_ String
4. }{ line=black } ID-«:04e Integer

5. list $attribute-type = boxV{ head tail} _ Output Sample-
6. $attribute-type = boxH{ $name II II $type spring }

When a DP will have to display an entity-type, it will use the first rule (lines
1-4), substitutes all the variables ($name and $* :has) by their respective values
and proceeds with other rules depending on the type of the variables. The has
meta-relation will be replaced by a list of attributes, and another rule (line 5)

14The engineer who define and implement the meta-CASE program.
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Figure 1.4 The A box denotes
the Grasyla expression defined
in lines 1-4. The A --t B tran­
sition replaces the $* :has vari­
able through the rule of line 5.
The head has been substituted
through the rule at line 6. The
tail becomes empty at step C
and variables are replaced with
their respective values in transi­
tion D --t E

will be used, and so on. The picture in fig. 1.4 shows the successive steps the
DP will follow to display an entity-type with two attributes.

5. CASE STUDY: A SECURITY META-MODEL
Let us examine the DSD meta-model (see fig. 1.1). Users are denoted by

small bitmap icons topping their name, groups ofusers are represented by boxes
comprising their composition tree. Each privilege is displayed as a labelled
node linking a user with a data object. Figure 1.5 illustrates the graphical
representation of a DSD specification excerpt. Items were positioned by the
software engineer. The figure expresses facts such as: a) colombo and kojak
are people, and form the employees group, b) group staff is made of groups
managers and employees, c) members of group managers are allowed to read
the address attribute and d) members of group staff are allowed to read entity
type customer and to delete entity type order.
The Grasyla script that tells the display processor how to display each concept

(users, user_groups, data_objects, privileges, ... ) is given in fig. 1.6.

6. CONCLUSION

This article has presented the main challenges that should be taken into con­
sideration when defining a meta-model of a CASE tool graphical user interface.
The Grasyla graphical language was defined to meet these requirements in order
to reconciliate the software engineers with CASE tools that are sometimes too
static and too formal. We showed on several examples that the language was
as simple as possible. The graphical language is powerful enough to bootstrap
two editors of the meta-case to edit the meta-models definitions and to define
the Grasyla scripts, i.e., to propose a graphical counterpart of its textual repre­
sentation. Figure 1.7 illustrates a screen-shot of the meta-CASE with several
advanced views.
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Figure 1.5 Graphical view of a DSD specification

01 root: user, data-object, privilege;
02 $user..group= boxV{boxH{handle spring bold {$name } spring handle}
03 ruleH
04 boxH{in..group($compound.oj) spring}
05 }{frame=shadow colour=black}
06 $individual= boxV{boxH{handle spring bitmap("man.bmp") spring handle}
07 boxH{spring $name spring}
08 }
09 $privilege= boxV{boxH{spring handle spring}
10 boxH{handle spring $about spring handle}
11 boxH{spring handle spring}
12 }{frame=simple colour=black}
13 $operation= boxH{handle $name handle}
14 $data_object= ovalH{handle $name handle}
15 in.group(list $user)= boxV{head in_group(tail) }
16 in.group($individua/)= boxH{$name spring}
17 in.group($user.group)= boxV{boxH{$name spring}
18 boxH{H(lOpt) in_group($compound.oj) spring}
19 }
20 $granted = connect{ }{line=black width=2pt}{ }
21 $on = connect{outside_arrow{size=5}}{line=black width=2pt}{ }

Figure 1.6 [Grasyla Script of the DSDDiagram] The directive at line 1expresses that all the
instances of the user, data-object and privilege meta-classes must be displayed. State­
ments at lines 2, 6, 9, 13, 14, 15, 16 and 17 define how to display instances ofthe corresponding
meta-classes in terms of geometrical forms (box, oval, line, ... ), letters and their characteristics
(properties and roles). Statements at lines 20 and 21 define the arcs denoting relations between
classes. The use of the in_group name (line 4) allows the method engineer to use non standard
Grasyla expressions for the user (and its subtypes) classes when they figure in user_group boxes
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Figure 1.7 [Screen Shot] Four specifications and one meta-model definition are visualized in
this screen shot. Windows denote respectively 1) a state diagram 2) an organisation diagram 3) an
entity-relationship schema 4) a visualization of a DSD specification wrt. a richer Grasyla script
than the one described in this article and 5) the visualization of the DSD meta-model definition.
In window 4, the account entity-type is displayed as a table, and each column contains the
grants (who, what and when). The arrows denote privileges on the whole table/entity type. Let
us remark that the account concept is shared by specifications 3 and 4, and that the hainaut
person is itself shared by specifications 2 and 4. Icons (sound/camera/magnifying glass) are
active and a double click on them shows a multimedia document
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Abstract The improvements originated from the end users of an application lead to a
better adaptation of the user specific needs. We propose to use the program­
ming by demonstration and the parametric modelling techniques to permit an
end user to define new classes. To integrate this new classes in the system in­
terface dynamically, dialogue specific tools are used

4
These tools are obtained

by the reification of the elements described in the H architecture model. The
TexAO system is a graphical application that uses the techniques described in
this paper in order to offer the end user the possibility to define and to inte­
grate new classes.

Keywords: End User Programming, Programming by Demonstration, User Interface, Ap­
plication Extension.

1. INTRODUCTION

Computer Aided Design systems (CAD) productivity largely depends on
the possibility to adapt them to the specific design processes of the company
where they are used. One desirable adaptation would consist in integrating,
in the system company, specific objects with their specific behaviour. This
adaptation has the disadvantage of requiring a great competence in the com­
puter science area that rarely has problem domain specialist (it is seldom to

This paper is a short version. The long version can be found at http://www.lisi.ensmaJr/
ftp/pub/documents/papers/99/Cadui99.doc
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see a car designer able to modify his/her CAD system). The purpose of this
paper is to show that progress in terms of end user programming and of user
interface permits designing systems that allow end users to adapt an applica­
tion to their domain.

In order to permit end users to define and to integrate new object classes
in a graphical application, three objectives have been extracted. The first one
consists in defining a method to record the building process of an object
without any explicit programming. The second one concerns the definition
of the attributes of the objects (e.g. the centre of a circle, the height of a ta­
ble, etc ... ) and their computation functions without explicit programming as
well. Finally, the last one is to consider these new classes as native classes
from instantiation and interrogation points of view.

In the second part of this paper, two different existing methods allowing
an end user to capture a program are discussed. The first method resulting
from the human computer interaction research area, is called programming
by demonstration [6] (PbD). The second method is issued from the CAD
technology. This approach, known as parametric geometry [18], consists of
recording the building process of each geometrical entity in order to allow
further modification of its parameter values and new evaluations of its CAD
representation. In the third part of this paper, we survey two well-known
methods for developing user interfaces, Model-Based Generation Systems
and Toolkits. In the last part of this paper, we suggest solutions to allow an
end user to integrate new classes of objects he/she has described. These so­
lutions are presented with the TexAO system that is a graphical application
supporting end user extensions. Concerning new class definitions, the
TexAO system is based on a parametric model extended to accept the addi­
tion of attributes to geometrical entities. The programming by demonstration
abstraction mechanism is used to create new object classes from parametric
model entities. Regarding the problem of dynamic integration of the new
classes, the TexAO system uses a specific set of elements that are as dy­
namic as presentation elements are but which correspond to dialogue speci­
fications.

2. CAPTURING PROGRAMS

To define a new object class from the description of one of its instances,
the system has to record a program that corresponds to the building process
of the chosen instance. This program is called each time the end user defined
class is instantiated. Two slightly different approaches have been developed
to capture a program without explicit programming. The first one is the pro­
gramming by demonstration; the second one is called parametric geometry.
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2.1 Programming by demonstration
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The programming by demonstration technique has been introduced to
permit end users to create programs without explicit programming. These
systems are able to generate macros that automatically execute some user's
actions. For example the Topaz system [12] creates macros that can general­
ise some treatment on drawings. Other systems are able to generate pro­
grams in neutral language that can be used on other systems. For example
the EBP system [16] generate FORTRAN for exchanging CAD geometry.
Programming by demonstration means creating a program using an ex­

ample of its execution. An important notion brought by the programming by
demonstration technique is the abstraction method. In classical programming
languages, the program manipulates variables within their names. In the op­
posite, PbD allows the "program" to directly manipulate variables within
their values. The link between names and values is made in a table of sym­
bols, called the context [15]. Thus, all the variables of the program are refer­
enced without ambiguity regardless of their values. Creating a program, that
deals only with values, from an example of its execution needs to associate a
variable name with each value. This is the task of the dynamic context. For
each created value in the example, a new variable name (whose data type is
defined by the value) is added in the dynamic context. These variable names
may be used in the generated program.
Capabilities to specify the program parameters shall also be provided by

programming by demonstration systems. There are two main approaches to
define the parameters of a program created by demonstration. The implicit
manner described by Bauer [3] consists of creating several examples of the
same program. Then, the system automatically infers the parameters after an
analysis of the different examples. With the explicit manner, the PBD user
has to define which values are program parameters. The other values are
considered by the PBD system as constants. This paper will follow the sec­
ond approach.
The programming by demonstration permits the creation of a program

representing the building process of an object without explicit programming.
The two main advantages of this approach are the program abstraction and
the parameter definition. For our purpose, PBD might be a good approach;
for example, Mondrian [10] allows end-users to create new objects and to
include them as native objects in the interactive system. However, it does not
allow the user to define parts or attributes onto the designed objects.
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2.2 Parametric geometry

The parametric geometry comes from the CAD field. In this area, geo­
metrical objects are often made by constrained constructs; for example a line
can be explicitly parallel to another line [18, 19]. The goal of parametric ge­
ometry is to permit the dynamic modification of geometrical entities; for ex­
ample if a circle is created using the intersection of two lines as centre (Fig­
ure 1), the modification of one of these lines leads to moving the circle.

o Ll

NI=2

Figure 1. Building tree in a parametric construct.

Figure I shows an example of a parametric construct of a circle whose
radius is an expression of an another circle radius and whose centre corre­
sponds to the intersection of two lines.

In parametric geometry, each entity records the sequence of functions
that were used for its creation. This sequence of functions can be seen as a
building tree like in Figure 1. To create a program representing the building
process of an object, this sequence of functions could be used. But, most of
the CAD systems using parametric geometry do not have the necessary tools
to abstract a program like in PBD. In parametric geometry, there is no notion
of parameters and constants, all the leaves of the tree can be modified and
then the objects depending on the modified leaves are re-evaluated.
The main advantage of this approach regarding the program generation is

that it is so ergonomic that in most cases the user do not know that he/she
creates a program when he/she builds a geometrical entity. But, this method
has two drawbacks. The first one concerns the abstraction of the program.
The possibility to extract an independent program from the recorded se­
quence of functions is rarely given to the user. The second one is that few
systems offer the possibility to define program parameters.
As in PBD, in parametric geometry, there is no way to express the char­

acteristics of a designed object are accessed.
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3. DIALOGUE SPECIFICATION
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The dynamic integration of end user classes is crucial to improve the
productivity of graphical systems. It is important for end user comfort to
handle in the same way the native objects and the instances of the classes
he/she has defined. There are two well-known families of tools that a de­
signer can use to create the interface of an interactive system: the interface
generators and the Toolkits.
These two families are studied in this part, and particularly the way they

permit the modification of the interface of the system in order to add end
user defined classes.

3.1 Model-based interface generators

Model-based interface generators are also called top-down generators.
They permit describing the application interface using the specific language
associated to some underlying model. Then, this description is compiled; the
result of this compilation is used to generate the interface. The TRIDENT
system [4] offers three models to describe the user tasks, the presentation,
and the functions of the application. MECANO [17] defines a meta-model to
create a task model, a domain model and a presentation model, which are
used by specific tools to generate the application.
The specification approach of this method allows the designer to easily

modify the interface of a system because the specification usually takes into
account only the important aspects of the interface and deduces the other
ones. However, the problem is that the model-based systems are not yet dy­
namic. The generated applications cannot be modified through a dynamic
modification of their model because once the application is generated there
is no link between the application and the models used to create it. For ex­
ample, the JANUS [I] system generates C++ code, which is completely in­
dependent from its model. When a designer wants to modify its application,
he/she has to modify the model and has to use the generator to re-create the
application. So a modification of the model cannot be taken into account on
the fly.

3.2 The toolkits

The toolkits are essentially presentation element libraries like the MFC
[9] or Tcl!fk [13]. These elements are called widgets. They are used to define
the presentation of the application. They have their own behaviour (e.g.
opening a menu) and have an elementary mechanism for the application
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control: the callback. An activation of a widget calls automatically one or
several functions of the domain component.
The creation of the interface by the bottom-up method can be divided in

three parts: the first step consists of realizing the domain component. Then,
the designer creates the presentation with widget instantiations. At last,
he/she links the presentation to the domain component functions by using
callbacks. A lot of tools (like Microsoft Visual C++ or Visual Basic) permit
a designer to easily describe the presentation of the application and they fa­
cilitate the creation of the link between the application functions and the
widgets.
The widgets can be dynamically instantiated (e.g. the modification by the

end user of the toolbar in MS-Word). But, as Myers says [11], it is a problem
to define the control of a real application only with callbacks because in a
real system there are often hundreds of callbacks, which make the code hard
to modify and to maintain. So, it is difficult to modify dynamically an inter­
face created using the bottom-up approach.

4. THE PROPOSED SOLUTION: TEXAO

A solution to integrate dynamically end user defined classes in the inter­
face has been developed. It consists of creating a specification, not with a
language based approach like in model based systems but, by instantiating
the different elements described in the model we suggested. This solution is
put into practice in the TexAO system with a dialogue tool set. This tool set
is obtained by reification of elements described in the H4 architecture model
[14].
TexAO is a graphical application that supports constraint constructs. It

has a parametric model that permits an easy definition of the programs. It
uses specific tools to define the dialogue that permit the dynamic integration
of end user classes. This application has been created using the CAS.CADE
(Matra DataVision) geometric library and the MFC toolkit to create the in­
terface.
In the following, the parametric model is described first. The second part

of this section deals with the dialogue tools. Finally, an example of the use
of our technique is shown to explain how to create a new class and how to
dynamically integrate it in the application.
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4.1 Parametric model

237

The Parametric model of the TexAO system is shown on Figure 2 using
the EXPRESS-G formalism [7] which proved efficient to describe an object
oriented model.

Derived auribu(c

Figure2. Object of TexAO's parametric model.

In the EXPRESS-G formalism the classes are represented by rectangles
(e.g. the object class), the thin lines characterise class attributes (Cur­
renevalue is an attribute of the Object class), the thick lines represent in­
heritance relation (Geometric and Value inherit from Object).
Figure 2 shows that each class of the parametric model of TexAO have a

link to a value that depends on the class (the currenevalue attribute): a circle
will refer to a CAS.CADE circle, a number will refer to a C++ real value.
The "parameters" attribute is the list of the parametric model instances used
to create an instance, thus each instance of the parametric model knows its
parameters and each of them knows its own parameters, etc. This attribute is
used to create the building tree of each object.
The attribute "derived attribute" of the geometric object characterizes the

list of the characteristics defined for this instance. An attribute is defined by
its name and contains a parametric model object. Only the geometric objets
may have attributes. This model allows each object to remember exactly
how it is built. The "derived attributes" are objects of the parametric model,
so they record not only their values but also the way these values are com­
puted.
The main rule of our model is that a class represents each constructive

function of the application. Each class inherits from the class describing the
output type of the function (for example the circle_by_centre3nd_one_point
class inherits from the circle class); we call these super classes the base
classes.
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4.2 The dialogue tool set

The dialogue tool set is a set of gadgets that permit a designer to create a
dialogue component (respecting the Arch [2] architecture model and based
on the elements defined in H4 [14]) by the same way helshe makes the pres­
entation component using widgets.

The Tokens are the information units used to capture, at various levels of
abstraction the user input (e.g. number, position, circle, and line...) in the
dialogue tool set.

The Questionnaires represent the user tasks. They link the dialogue
component with the specific domain component. They are defined by the
command used by the user to activate the task they represent, by the types of
the tokens used by the task to call functions of the specific domain compo­
nent and by the types of the returned tokens when the task returns a result.
The call of the specific domain component function is made in a function
called "questionnaire implementation" which is in charge of the transforma­
tion of the tokens in data usable for the specific domain component functions
and to transform into tokens the result of these functions.

The Interactors organise the different questionnaires of the application
in abstraction levels. All the questionnaires dedicated to the creation of geo­
metric entity are brought together in the "creation" interactor. The "Calcula­
tor" Interactor is shaped by the questionnaires dealing with arithmetic's op­
erations. Interactors contain ATN [8] that aggregate tokens to call a ques­
tionnaire implementation.

The Monitor manages all the interactors. It recovers the tokens coming
from the presentation and sends them to all the interactors from the lower
abstraction level to the higher abstraction level.
The dialogue tool set has a tool that permits the generation of the pres­

entation component of the application.
The following example shows the creation of a system that has three

tasks: create a circle by its centre and radius, compute the centre and com­
pute the radius of a circle.
The symbols {} represents lists, the word between "" represents charac­

ters, a sentence behind the symbol II is a comment. The syntax of the dia­
logue tool set elements instantiations is CLASSNAME ins tance_name
(parameters) ;
The first things to describe are the tokens. The parameters of the class

constructor are a string representing the token type. Three types of token are
needed:

TOKEN point ("point" ); II represents a position coming from the pres­
entation or computed by the system
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TOKEN number ("number"); II represents a number coming from the
presentation or computed by the system. Like a point or a circle. a num­
ber is an object with an identity and not a simple value type

TOKEN circle ("circle"); II represents a Circle ofthe data base
Now we can create a representation of user tasks with the questionnaires.

The parameters of the questionnaires are a string representing the command
name which calls the questionnaire, a list of string representing the list of to­
kens types needed to call the questionnaire and an optional string represent­
ing the result type of the questionnaire execution.
QUESTZONNAZRE Circle ("Circle", {"point", "number"});
QUESTZONNAZRE Radius ("Radius", {"circle"}, "number");
QUESTZONNAZRE Centre ("Centre", {"circle"}, "point");
The parameters of the interactor constructor are the list of allowed ques-

tionnaires.
ZNTERACTOR Creation ({Circle});
ZNTERACTOR Calculator ({Centre,Radius});
The list of interactors a monitor manages represents parameters.
MONZTOR MiniApp ({Creation,Calculator})
The Creation Interactor is the highest in hierarchy level because it uses

the result computed in the Calculator Interactor. The dialogue controller de­
fined upper allows users to create concentric circles and circles having the
same radius.
The instantiation of dialogue tool set elements represents the specifica­

tion of the user tasks of the application. This specification can be changed
dynamically by instantiating new questionnaires corresponding to new user
tasks and integrating them in the existing interactors or creating new inter­
actors to manage them. A specific class of token, called dynamic token, ex­
ists in order to permit the definition of new token types. A string gives the
type of the dynamic token at creation time. The data transported by this kind
of token are pointers on the object they represent.

4.3 An example of use

The way the TexAO system works is explained in a small example. As­
sume that the end user wants to make a class to create "dump-bell" (Figure
3). This class has a constructor which has two points representing the centre
of the two spheres and a number for the radius of the spheres. This class has
one attribute representing the distance between the two spheres.
Figure 3 shows on the one hand the dump-bell associated with the name

of the object, which compose it and on the other hand the building tree of the
dump-bell. Thanks to the "parameter" attribute of each object (Figure 2) the
link between the different parametric model object is made.
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Figure 3. Example ofTexAO use, a dump-bell.

The parameter definition could be done at two ~oments in the class de­
scription process. The first solution consists of defining the parameters be­
fore using them. For example, defining a position as a parameter and using it
to create a circle. The second solution is to distinguish between parameters
and constants once the building process is terminated. The user selects the
objects of the building tree which will represent parameters for the class
generation. For example the user selects the centre a circle for parameter
once the circle is created by selecting the centre in its building tree. The first
solution has been chosen in TexAO because the CAD users know the pa­
rameters of the piece they build before the building process begins.
To create a new parameter, the user selects the command "make pa­

rameter" and gives a name and a value representing the parameter's current
value. Then, a button representing this parameter is created in the presenta­
tion. This button is used to select the parameter and to use it in a construct.
Once the parameters are defined, the building process can begin. The

user creates all the elements used to make a dump-bell. All these elements
are linked by the building tree as shown in Figure 1.
To add an attribute to the example and then to the class, the command

"make attribute" is selected and a string representing the attribute name is
provided by the user. Then, the system waits for two entities: 1) the geomet­
rical object whose building tree will be used to create the class constructor
and 2) an object representing the value of the attribute. The second object is
an instance of the parametric model so it records its building tree that will be
used to create the computation function of the attribute. This object repre­
senting the attribute and its name is added in the "derived attribute" list (see
Figure 2) of the first object given by the user. In the example, the user cre­
ates an attribute representing the distance between the centres of two circles
and calls it "D".
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The TexAO system is now able to generate a class to make dump-bells.
The user selects the command "make class" and he/she gives a string repre­
senting the class name and selects the object containing the building tree rep­
resenting the building process of the new class instances. In the example, the
user gives the name "dump-bell" to the class and selects the segmencp_p SI
(see Figure 3) which contains the building process of the dump-bell. The
building tree is copied in the tree database represented by an array linking a
tree with a name. Here, a copy of the tree that constructs the line SI is asso­
ciated to the name "dump-bell". The copying process copies not only the tree
but also the list of the "derived attributes" contained in the object S1.
The system generates the different dialogue elements necessary to handle

the new class. First, it creates an instance of questionnaire able to call the
class constructor. Its name is the same as the class ("dump-bell" in the ex­
ample). A mapping process permits the recovering of the input tokens from
the parameter type. A new token type is created to represent dump-bells in
the dialogue. It is used to create the questionnaires in charge of querying the
attributes.
The new dialogue gadget added in the dump-bell example can be de­

scribed as:
Questionnaire Dump-bell ("Dump-bell", {point, point,

number}) ;
Questionnaire D_Dump-bell ("D", "dump-bell", number);
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The questionnaire D_Dump-bell returns a token number corresponding to
attribute D of the dump-bell object in input. The Dump-bell questionnaire is
added to the interactor creation because it corresponds to a new geometrical
object creation. The D_Dump-bell questionnaire is added to the information
interactor gathering the questionnaire computing attributes (the questionnaire
in charge of computing the centre of a circle is also placed in this interactor).
The addition of these two questionnaires leads to the creation of buttons in
the presentation, these commands allow the user to indicate to the system
that he/she wants to create a new dump-bell or he/she wants to use the at­
tributes.
When the user wants to create an instance of a new class, he/she indicates

the class using the command representing the class in the presentation.
He/she gives the parameters values of the constructor. To create an instance
of a dynamic class, the system has to find the building tree in the tree data­
base with the name of the class given by the command name. It copies this
tree and changes the objects representing parameters by new objects con­
tained in the tokens with respect to their type and their order. Then, the new
created tree is evaluated to create a new instance. It is important to notice
that all the attributes are copied in the instance and re-computed. This in­
stantiation method is called prototyping [5] in object oriented paradigm. It
consists of copying an existing object and changing its parameters rather
than creating an instance from a class.
When an instance of the dynamic class is selected, a dynamic token is in­

stantiated to represent this object in the dialogue component. For example
when the user selects a "dump-bell", the system creates a dynamic token
with the string "dump-bell", and links it to the selected dump-bell.
To recover the value of attribute, the user selects the command that cor­

responds to the attribute name and the object for which he/she wants the at­
tribute value. Then, a specific questionnaire is used to extract the attribute
value from the object by finding it in the "derived attribute" list using the at­
tribute name. It creates a token that corresponds to the attribute type and that
carries a link to the object that describes the attribute.

5. CONCLUSION

Adding new classes by end users in existing systems is a major chal­
lenge. It would permit increasing the productivity by specialising a system.
To reach this goal, the application has to: 1) record the building process of
an instance and abstract it to a class 2) associate to this class some query
functions for accessing some internal characteristics and, 3) integrate this
new class in the dialogue in order to permit the user to handle such instances
as native objects. There exists in computer graphics domain two methods to
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record the building process of an object. The first one is the Programming by
Demonstration technique that creates a program from an example of its exe­
cution. This method offers the possibility to define parameters and to ab­
stract a program from an example but there is no way to access internal
characteristics of the designed object. The second one is given by the para­
metric geometry, which preserves the building process together with any
object used in the design. This approach is so ergonomic that the user often
ignores that he/she is implicitly building a "program". But, it is not possible
to separate the building process from a particular instance. Thus, it is diffi­
cult to abstract a (class constructor) program from parametric instance.
Moreover, no parametric system, to our knowledge, provides for associating
several methods with the same parametric object. Therefore, no accessible
attribute may be associated with a parametric object.

In this paper we have proposed an approach that allows an end-user to
define new classes of objects without any explicit programming activity.
This approach consists in abstracting a class from one of its instances. To
capture the class constructor the system uses a parametric model that records
the building process of the instance. Techniques coming from the program­
ming by demonstration area enable the user to choose the parameters of the
constructor. To describe class attributes, the user builds their values by
means of references to entities of the parametric model instance. The build­
ing process of these values is used by the system to abstract the computation
functions of these attributes.
To integrate the end-user defined classes in the interface, the proposed

method consists of using the advantages of the two approaches. The first one
is the top-down approach where the interface is generated from its specifica­
tion. This approach has the advantage to ease the modification of the specifi­
cation and so the modification of the generated interface. But, it is rarely dy­
namic. The second approach, called the bottom-up method, generally uses a
set of elements to create the presentation component. These elements are as­
sociated with special functions that call the domain component functions.
This approach is more dynamic than the first one but an interface created by
this approach is hardly modifiable. In this paper, our proposed approach is
based on dialogue component elements that describe the interface like in the
top-down approach but which are as dynamic as presentation elements are.
So, this approach permits the dynamic modification of the interface by dy­
namically instantiating dialogue elements.
These two proposed approaches have been implemented in the TexAO

system. This system provides all the required capabilities allowing an end
user to specialise a general purpose CAD system towards a particular appli­
cation. In the current version, the user interface to access these new objects
is almost identical to the interface provided to access pre-existing objects.
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Abstract The Visual Task Model Builder (VTMB) tool enables the user to create and
modify rich task models. These contain a hierarchical task structure, temporal
relations between tasks, conditions of task execution, and objects involved
while performing a task. Based on precise semantics the model can be simu­
lated for validation with the future user and the user interface designer. Addi­
tionally, it provides the basis for the transformation of the task model into a
working dialogue model.

Keywords: Task-based design, model-based approahc, Model Builder.

1. INTRODUCTION

Knowing the user's tasks is essential for the designer to construct user
interfaces adequately reflecting the tasks' properties [[5]]. The importance of
task models has increased in the user interface design process, and the need
to create, modify, and verify task models has come up. The term task model
is not used coherently in the literature; we found, however, that there is a
consensus on the following issues:
(1) There exist two distinct task models: the current task model describes a
work situation as is; the envisioned task model describes the work
situation assuming the new system to be in operation. Parts of the second
task model are close to the dialogue model, hence, it can be seen as a
specification for the dialogue implementation.
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(2) A task model contains a task hierarchy, where the subtasks are linked
by temporal relations, such as sequence, selection, do-in-parallel, etc.

(3) Task performance is additionally influenced by pre- and postcondi­
tions, meaning conditions to hold before the execution may begin or
end, as well as effects of the task execution.

(4) Tasks operate on objects which are created, used, modified, or deleted
during their performance.
Task models represent the task analyst's knowledge of the user tasks. It is

important that the model is correct in itself and reflects the user's current or
future task properly. To help in developing task models our tool allows a
simulation of the task model. This enables the designer to check the model
for all kinds of inherent inconsistencies, such as dead ends, unreachable
parts, inadvertent loops and decisions etc. If made available to the user of the
future system, it can help to find out, whether the analysis result is correct
and reflects the real work done by the user adequately; also it enables the
user to evaluate the future tasks to be performed. Using this type of tool for
task analysis, paves the way to further use of the task model in the design
process, namely to create the framework of the dialogue design, and to sup­
port a smooth transition from the envisioned task model to the dialogue
model of the user interface.

Vnud1 Tcuk Model BUlhh~1 E \um\Ic"-Junuen\dllS9\T dlcAl(]n9\pll~15 ",1m I'-I~ EJ

Figure 1. The Visual Task Builder.

We started working on executable task models with some studies [[3]],
discussing the general idea. ADEPT [[5]] allows the animation of a task hi­
erarchy, reflecting temporal relations and to some extent the objects worked
upon; our model, however, seems to be more detailed and less informal than
the task knowledge structure (TKS) used in that approach, thus leading to a
more "exact" behaviour. Also ADEPT provides an animation [[12]] of the
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task tree, while our simulation displays only the active tasks and objects at a
time, thus leading to a more comprehensive behaviour. Other work of this
type includes task specifications with LOTOS [[7]] and with Petri nets [[6]],
leading to executable systems as well, but aiming primarily at formal verifi­
cation rather than simulation and validation. The task model editing tool
Euterpe [[11]] was developed recently by van Welie; this is richer in terms
of information collected in the task model, but has no precise semantics for
allowing execution. Similar to our approach, DIANE+ [[lO]]allows the ex­
pressive specification of temporal relations and conditions as well as linking
of objects to the model; it aims, however, at user interface generation and not
at interactive testing of task models at an abstract level of description.
Within the TADEUS system [[8]] a simulation of task models is provided as
well, but a task is seen more technically, functional-oriented in this system,
as an algorithm is entered for every task which is then used for generation of
a running system.

2. CREATING TASK MODELS

Task models tend to get big, so working with pen and pencil is out of
question. To support the creation and modification of task models, the
VTMB provides a graphical editor for this purpose.

2.1 Creating the Task Hierarchy

The task hierarchy is built up visually as a graphical tree structure. The
user does not have to care about the layout of the tree; this is created auto­
matically from the hierarchical relations. When the editor is opened for cre­
ating a new model, it contains exactly one task node, which then is used as
root for a new task tree. Adding a subtask is done with the help of a context
menu showing up when selecting an arbitrary node of the tree. The figure on
the previous page shows a situation while creating a big task hierarchy in the
editor. The user can zoom the representation easily with the slider on the top
left, giving him, for example, the magnified view on a part of the task model
(Figure 2).

Figure 2. Magnified view.
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Also, the user is able to collapse the visual representations of subtrees in­
dividually, to keep an overview of the whole tree and still be able to work on
the details of a sub-branch. The tree can be manipulated with intuitive drag­
and-drop operations, allowing easy restructuring operations, such as copying
a complete subtree to another node.
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Figure 3. Selected task components.

Finally, the tree editor allows the creation of subtrees, referred to as tem­
plates, as sketched out above. Any arbitrary branch of the task tree can be
defined as being a separate unit, to be stored in a file or within the tool and
then re-used within the same or other task models. Using this feature the de­
signer can create re-usable sub-task models and incorporate them into later
designs. Overall, the tree editor of VTMB allows for an easy way of creating
and manipulating tree structures representing task hierarchies.

2.2 Task Properties

When adding subtasks to a node or calling the task properties dialogue
box (see figure on the right), several properties of the task can be specified.
Apart from specifying a name for the new task, one of the most important
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propertie~ the user can define is the temporal relation of the new task to its
subtasks. VTMB provides the following possibilities:
• Unrestricted: the subtasks can be executed in any temporal order.
• Sequential: the subtasks must be executed one after the other in the
order given in the tree.

• Random Sequence: the subtasks must be executed one after the other,
but in an arbitrary order.

• Selection: one of the subtasks is to be selected for execution.
• Parallel: the subtasks are executed in parallel
These temporal relations have a well-defined semantics, such that the

time behaviour of task execution can later be simulated. A task can be speci­
fied of being a user task or a system task. A user task is assumed to be per­
formed by a human operator of a system, while a system task is considered
to be work carried out by the system. During the simulation of the task
model, a system task will not wait for input from the user, but will perform
automatically. To create a more realistic time behaviour, the designer can
specify a time delay to be active while the system task is executed.
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Figure 4. Task properties.

2.3 Conditions

All task models incorporate external ("world") conditions influencing the
execution of tasks. Conditions can be included in the system as
• pre-conditions for tasks, needing to be fulfilled before the task can be
executed,

• post-conditions (or effects) of tasks, being fulfilled after the task was
executed, and

• iteration or skip conditions, specifying information which causes a
task to iterate or to be skipped.



250 Biere, Bomsdorfand Szwillus

To use a condition in VTMB it has to be specified in the condition list and given a
unique name. If he wants, the designer can create new conditions as logical
expression from existing ones, thus allowing a clearer representation of facts; this
can be done in the "Mapped To" column in the screen below.

Condllion declalalion and 'mapping EJ
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Project
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Figure 5. Condition declaration and mapping.

Once introduced, a condition can be used as a pre-condition, post-condition, itera­
tion condition or skipping condition of a task, by specifying it in the appropriate
place in the task property sheet (see example above). When simulating the task
model, the conditions can be dynamically set by the user, thus influencing the task
model execution. So, the designer can check the effect the conditions have on the
task model dynamics.
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Figure 6. Task properties.

2.4 Task Objects

Tasks typically modify objects of the "world" they operate in. VTMB
allows to incorporate the task objects into the model: A class editor (see fig­
ure on top of next page) allows the definition of simple object classes to be
used within the task model. A class consists of members, i.e. static attributes
of a class of certain simple data types. The model is not particularly rich, but
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this was done on purpose as we did not create an object-oriented program­
ming language here. The intention was to provide some possibilities for
modelling object stuctures within the task model, not to allow their technical
implementation.

Class Mandgel £J

E
edCla~

Length
Number

HterledMeITblrs •

Jstrln9

~

I

(' ntem
r. extern

~Locatlon

• r Class Ubrery

~r- ,....oi..... --=:I

r

Figure 7. Class manager.

Once an object class is defined the designer can use objects within the tasks.
First, a task can be specified as creating object instances of a given object
class, also allowing initialisations of the instance's attributes (see figure on
the right). On the other hand, objects can be specified as being destroyed by
a task as well. The most important relation between objects and tasks, how­
ever, is the possibility for tasks to have effects on objects, i.e. change the
values of object attributes. This is specified, as for conditions, in the task
property sheet describing effects (see figure above).
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Figure 8. Task properties.

In general, the distinction between object attributes and conditions is
blurred: expressions containing object attribute values can also be used as
conditions. Overall, the execution of tasks can depend on properties of ob­
jects and conditions, and can modify both elements as well. Technically,
conditions and object attributes can be mixed freely; hence, object attribute
values can also be used in the "Mapped To" field of the condition definition.
The integration of the. object hierarchy and the influence of objects to the
task model, allows for partially modelling the functionality of the future
system and thus arriving at a much more realistic task model simulation.
When making use of these features one must keep in mind, however, that
their purpose is not the implementation of a running system - their function­
ality should only be used as a coarse model of the task modifications on the
object world. VTMB does not provide enough power to do the "real thing".
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Figure 9. Tasks linking.

3. SIMULATING TASK MODELS

As our task model has precise execution semantics, it can be simulated
by interpretation. The simulation shows at any time the "next possible" tasks
to be performed according to the temporal relations and conditions specified.
A "possible" task is shown (see figure above) as a small dialogue box, con­
taining the task name, and four buttons, influencing the task performance:
• The Go-Button representing the beginning of the task execution,
• The Done-Button representing the ending of task execution,
• The Repeat-Button representing the possibility to execute the task
once more, and

• The Skip-Button representing the possibility to skip the task.
At any time in the simulation, only those actions of the four mentioned

above are enabled, which are possible with respect to the specification in the
task model. So, during the simlulation the designer can check, whether this
model contains the correct conditions, temporal relations, and object de­
pendencies. Overall, in a situation several task buttons are typically visible
and shown to be selected and "performed". The conditions, are shown in a
separate part of the screen. They depict their current state; conditions, which
are not mapped to elements of the model, also have a toggle button, allowing
the user to dynamically toggle the condition state between "true" and "false".

Condlhons
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Figure 10. Tasks status.

The setting of conditions immediately influences the simulation, thus
changing a condition typically enables or disables task action buttons. The
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objects are also represented on the screen in simple text windows showing
the current values of all attributes as text entries (see figure on the right).

Objects

~at8O!#Cr~
Tapeln-O
Date-O
stert-O
Et)d-O

~
Progr~

:::: :::; "~'''''' h

MyTape

Figure II. Objects.

Watching these entries, the designer can inspect the effect taks execution
has on the object properties. The visualisiation of the objects is very simple
and straightforward - not very intuitive - and we are currently working on
improving object representation, to come closer to a user-oriented visual
picture of the task object world. The figure below shows a complete screen,
with conditions and objects displayed, during a more complex task model
simulation. Overall, when performing the task model simulation, the de­
signer and maybe the future user can discover the behaviour of the task
model in an abstract representation, which does not contain any user inter­
face design decision. Technically, we perform this simulation by translating
the task model into the object-oriented dialogue modelling language ODSN
[[9]] and then use its interpreter for executing the model, with VTMB inter­
preting the runtime information from ODSN and then creating the visualiza­
tion.
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Figure 12. A typical screenshot.

4. CONCLUSION

As a tool to be used by designers, working on task models, we think
VTMB lacks still some important features. We mentioned already the inade­
quate object representation. Also, the task representation as simple box with
text can be improved, as tasks could be visualised in a more intuitive way as
appropriate graphical representations. Furthermore, the dynamical layout of
the task boxes during the simulation was done in a very simple way, with
certain negative effects, such as task boxes being hidden by others, although
being active. The object model is not truly dynamic, such that we cannot
"really" create new objects, which is a problem in modelling highly dynamic
systems. We will address all these issues in the near future.
Also, we see VTMB as a starting point for supporting the (non-trivial)

transition from the task model to the dialogue model. Starting conceptually
with a simulation as provided by VTMB, there could be a tool allowing the
stepwise introduction of user interface objects into the model, and then
supporting the transition of control from the task boxes to these user inter­
face objects. Also, the task objects could gradually be transformed into user
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interface objects. A tool supporting this type of stepwise development from
task model to dialogue model could be a substantial help in creating user in­
terface design which conform with the underlying task model.
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Abstract In this paper we discuss how tool-support can be useful for designers who apply
task modelling. We focus on how tools can help designers during the development,
analysis, and management of task models for cooperative applications. In particu­
lar, we introduce how CITE, a set of tools that we have developed, provides sup­
port for the development and analysis of task models of multi-user applications
specified in ConcurTaskTrees.

Keywords: Task Models, Cooperative Applications, Tool-support for Design, Formal Methods
for HCI.

1. INTRODUCTION

The importance of task models in design, development and evaluation of in­
teractive applications has generally been recognised. However, the use of such
task models has strongly been limited by the lack of automatic tools supporting
them and a need for such a tool-support has been highlighted also in recent
workshops [3]. Indeed, as soon as designers have to address realistic applica­
tions they immediately feel the need to have some tools that allow them to ana­
lyse the result of their modelling work, to modify it later on, to show it to other
people or to use it to implement concrete software-based artefacts that support
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the tasks identified. The lack of tool support has been pointed out even for suc­
cessful approaches such as GOMS [6] and VAN [7).
Tools for supporting environments for the design based on task models

would also allow designers to overcome limitations of most current development
tools, such as Visual Basic, that allow developers to rapidly obtain user inter­
faces by direct manipulation techniques but do not provide any suggestion con­
cerning how to structure the user interface and to select the interaction and pres­
entation techniques in such a way as to support effectively the activities indi­
cated in the task model. We can notice that just a few proposals (such as [II],
[9]) have been put forwards to overcome such limitations and there are various
issues that still need to be solved.
Besides, when tools have been developed to support the design of interactive

applications starting from task models (examples are Mobi-D [11] or Trident
[2]), they have mainly addressed the design of single user interfaces. Even when
they have considered the possibility of different type of users, this was done on
the assumption that these types of users do not access the same data at the same
time to cooperate through them synchronously. For example, in [II], a tool sup­
porting the design of a user interface for different types of users (sergeant, cap­
tain, ..) is described. We too had some experience in designing adaptable inter­
faces [10). In that case the problem addressed was to design an interactive appli­
cation able to support different presentations or interactions depending on cur­
rent user type and allowing dynamic change of the user type supported directly
on request from the user. This gave more flexibility to our approach. However
we have recognised that there is an additional issue that in the near future will
become always more important: the possibility to support groupware or in other
words, applications where multiple users can interact at the same time. This
opens a new challenge to model-based approaches that have neglected this issue:
how to provide high-level support for designing the specific features of multi­
users applications that are becoming more and more common. A need for these
new approaches is also motivated by the current toolkits for multi-users inter­
faces development: even when they address innovative solutions [12], they pro­
vide rather low-level constructs to designers and developers.
As described in [5] a groupware system covers three domain specific func­

tions: production, coordination and communication. The production space de­
notes the set of domain objects that model the multi-user elaboration of common
artefacts such as documents, or that motivate a common undertaking such as
flying an airplane between two places. Typically, shared editors support the pro­
duction space. The shared artefacts that we can consider are, for instance, orders
and product descriptions. The coordination space covers dependencies among
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activities including temporal relationships between the multi-user activities. For
instance, in ERP (Enterprise Resource Planning) applications the coordination
should define, for example, how salesmen and clients can communicate and
when each of them can perform their tasks. The communication space supports
person-to-person communication. Email and media spaces are examples of sys­
tems designed for supporting computer-mediated communication either asyn­
chronously or synchronously. In particular, coordination seems to be a crucial
part in designing cooperative applications.
Generally speaking, we can find applications inherently cooperative such as

air traffic control that have always been based on the successful cooperation of
different persons and the introduction of software technology allows designers to
create environments where this coordination is better supported; and applica­
tions, such as ERP applications, that so far have provided low support to coop­
erations but that could be strongly improved for this purpose thus creating more
flexible and interactive environments. We believe that a strong need for redes­
igning existing applications will arise by the request of better support of coop­
eration among multiple users.
In this paper we want to report and discuss our experiences in developing an

environment that supports the development of task models for cooperative appli­
cations specified by the ConcurTaskTrees [8] notation. Such tools are developed
within the GUITARE R&D European project (http://giove.cnuce.cnr.itlgui­
tare.html) which aims to improve the design of interactive applications, with
particular attention to ERP applications, using task models.

In the paper, we introduce how in ConcurTaskTrees it is possible to describe
cooperations among multiple users, next we discuss the tool support required to
analyse such cooperations. Then, a more detailed description of our tool, also
considering an example of application in the domain of ERP applications is pro­
vided and finally some concluding remarks are given.

2. DESCRIBING COOPERATIONS IN CONCURTASK·
TREES

The ConcurTaskTrees notation [8] allows designers to specify task models
hierarchically structured with the possibility to indicate temporal relationships
among tasks, objects that they manipulate, how their performance is allocated
and so on. Besides, it is possible to specify cooperative applications where dif­
ferent roles are involved. For this purpose there is a part dedicated to the coop-
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erative aspects that allows designers to indicate relationships among activities
performed by different users using the same notation. When developing a task
model for cooperative applications, designers first have to identify the roles in­
volved. A role is defined by a set of tasks and a set of relationships among such
tasks. Each role has a cardinality indicating the number of users that can be ac­
tive with that role during an application session. The cardinality can be one, a
fixed predefined number or a variable number (in this case the number of users
with the considered role will depend on the dynamic evolution of the applica­
tion). In case of variable number it is possible to indicate a maximum number of
users in that role that can be active at the same time.
Then we have a task model according to the ConcurTaskTrees syntax for

each role. In addition there is a cooperative part. In the cooperative part we have
cooperative tasks structured in a hierarchical manner. A task is cooperative when
it implies actions from multiple users. For example, Negotiating an order is a
cooperative task because it implies actions from both the salesman and the cli­
ent. These cooperative tasks are decomposed in a hierarchical way until we
reach tasks. performed by single users. Thus the leaves of the cooperative part
are only tasks performed by single users and in addition to the task name there is
the indication of the relative role.
A task can occur in different points of the hierarchy. Each occurrence can

manipulate either the same objects or different instances of objects of the same
class. If a task occurs again in the subtree that it originates then we have a recur­
sive task. If the task that occurs in different places of the task model has a rela­
tive subtree then it is sufficient to expand it only once in the task model and it is
not required to expand it again in all its occurrences.
The leaves of the cooperative part then are also included in the task model of

the corresponding role, thus creating a connection among the two parts. In the
single user task tree they can occur in any part. Thus if they are not leaves in the
single user part it means that they can be further refined in subtasks performed
by the user of that role.
The purpose of the cooperative part of the overall task model is not only to

identify cooperative tasks but also to indicate their temporal relationships, these
have the effect of defining additional constraints for the tasks relative to each
role. In Figure I we provide a simple example to introduce our approach (» is
the sequential operator). Above we have the cooperative part and below the two
simple task models associated with the two roles.
If we considered the two roles without the cooperative part we would have at

the beginning task I and task3 enabled to be performed. However the cooperative
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part adds the additional constraint that task3 can be performed only after taskl,
thus at the beginning only task! is enabled.

TasK 1
(rolel)

TasK3
(role2)

TasK 2
(role 1)

Task 4
(role 2)

---»-----»--

Task 1
+-+

Task 2 Task 3
+-+ +-+

Task 4
+-+

Figure J. An example of the parts of a simple task model for a cooperative application.

As it is easy to understand the cooperative part allows designers to provide a
declarative specification of session managers that control when enabling and
disabling the interaction techniques available for each user depending on the
state of the cooperation among them. Designers can need to specify other infor­
mation. Thus, for each basic cooperative task (a cooperative task which is no
longer decomposed into other cooperative tasks), they can specify the following
information:
• Task name,
• Roles of users involved,
• names of the sub-tasks which have to be performed by each type of user
• the objects which are manipulated to perform the task, they can be either
presentation or application objects, in case of application objects it is possi­
ble to specify for each role involved whether it has right access to modify it,

• roles cardinality (how many users for each role are involved in the coopera­
tive task) ,
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• some additional informal comments that can be added to further describe the
task or some of its main features.

3. TASK MODELLING IN CTTE

We have seen how ConcurTaskTrees allows designers to obtain modular
specifications where the various parts can be developed in a consistent way. The
resulting specification allows designers to focus on both the behaviour of spe­
cific classes of users and the cooperations among the various roles involved
clearly indicating their relationships. The tool (CITE - ConcurTaskTrees Envi­
ronment) supporting the development of ConcurTaskTrees task models (avail­
able at http://giove.cnuce.cnr.it/ctte.html) provides various types of functional i­
ties:
• to allow designers to input and edit the information requested by the nota­

tion: tasks and their attributes (name, category, type, related objects, ... ),
temporal relationships among tasks and other information;

• to help designers in improving the layout of their specification: supporting
automatic lining up, movement of levels or subtrees of the task model, cut
and paste of pieces of task model, folding and unfolding of subtrees, possi­
bility to add tasks as sibling or as child of the current task, etc.... ;

• to check completeness of the specification, for example it is possible to
automatically detect whether temporal operators among tasks at the same
level are missing or whether there is a task with only one child.

• to save the specification or parts of it in various formats, the tool also sup­
ports functionalities such as inserting other task models in the current one or
saving images containing the task model or part of it so that they can easily
included in reports or documents, saving the task model in XML format to
easily export it in other environments.

• to simulate the cooperative task model, this is useful both in the develop­
ment of the model and once the result is satisfying, as an interactive docu­
mentation of design decisions.

The tool gives also some useful statistical information on the task model:
number of levels and of basic tasks, number of iterative and optional tasks,
number of tasks for each category (the category of a task indicates how its per­
formance is allocated, to the user or to the application or to their interaction),
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number of occurrences of each operator used to describe the temporal relation­
ships.
When there are mistakes in the specification detected by the tool it is possible

to select one error and then automatically the tool highlights the related part of
the specification.

4. AN EXAMPLE OF SESSION USING CTTE

In this section we consider a use case [4] concerning the interaction between
a Customer and a Sales. Representative to describe how to build the relative co­
operative task model associated by using our tool. We first introduce the use
case and then we discuss how the tool can be used to develop the related task
model.
A Customer visits the Web Page of a Sales Organisation and enters his name

and/or Customer ill in order to get in contact with a Sales Representative of the
Sales Organisation. The system identifies the Customer and links this customer
on-line to the appropriate Sales Representative. Once the connection is estab­
lished, both the Customer and the Sales Representative can communicate about a
shared object via a chosen communication channel, which is in this case a 'chat'
program. The shared object is a Draft (for a Sales Order). It is not known be­
forehand whether this Draft can be converted into a Quotation or an Order, since
this depends on the wish of the Customer.
The goal of the Sales Representative is to identify the needs of the Customer,

make a sound deal on price and delivery dates and finally be able to convert a
Draft into a Quotation or an Order. The goal of the Customer is to get the correct
products just in time at the right place, and for a good price.
The Sales Representative has access to the appropriate data for selling prod­

ucts, while the Customer can only see or enter data that is provided by the sales
organisation/or sales person. In fact, the Sales Representative's task of entering
the Draft is the basis of the co-operation with the Customer. During the interac­
tion, the Sales Representative and the Customer are totally free in determining
the order of entering the data, although only one value can be entered at a time.
The Customer's wishes are the basis for the actual working order, while the

Sales Representative has all the 'power' on the task's functionality. When the
Customer and Sales Representative agree on the Draft, the Sales Representative
can trigger the conversion of the Draft into a Quotation or an Order. There is
also a possibility for the Sales Representative to save the Draft temporary for
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later conversion.
Next to the 'standard' situation of having the Draft as basis of the co­

operative interaction, there is also the possibility to interact about a Quotation or
an Order as shared object between Sales Representative and Customer. In these
cases, the Sales Representative opens these objects. The Sales Representative
can only edit the Quotation attributes and convert the Quotation into an Order.
Once the tool is started it is in "single user" modality. In this case we can

build only Task Models without cooperative behaviour. By selecting the "Coop­
erative mode" option in the "Tools" menu we are able to starting a new coopera­
tive Task Model.
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Figure 2. The C1TE tool in Cooperative mode.

In Figure 2 we can see CTTE, in cooperative modality, at the beginning of a
session. Initially designers have only the Cooperative Tab Panel associated with
the Cooperative part of the global task Model. The designer can either start to
model the cooperative part or the task model associated with the roles involved
in the application, "Sale Representative" and "Customer" in our example. In the
latter case s/he has to select the "New Role" button in the "Commands" panel.
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We prefer to start to build the task model associated with the two roles of the use
case that we consider in our example, and during this developing phase switch to
the "Cooperative" part to insert cooperative tasks involving multiple roles when­
ever we identify a need for their inclusion.
To explain how to build a generic task model associated with a role we can

consider the "Sales Representative" role.
From the textual representation of the use case we identify the main tasks of

the role considered and we start to insert them in the tree structure (for example,
Receive message, Manage Draft, Mange session, Manage conversion). We can
insert a new task in the tree structure as sibling, child of parent of the current
task selected. We can insert a temporal relationship between task siblings repre­
senting the temporal order among them (for example, the salesman transforms a
draft int a quotation only after that s/he receives an explicit request from the
customer). The current task is identifiable because it is represented with a blue
fraine around the corresponding icon indicating the category of the task. The in­
sertion can be made by the drag and drop feature from the category icon visible
in the left side of the editor main window to a generic task visible in the tree.
How the new task is inserted depends on where the cursor is when dropping the
icon of the selected task.
It is possible at any time to switch to the view of the task model associated

with another role or the cooperations part. The tool provides standard editing
operation: it is possible to copy, cut and paste a task sub tree or a task selected, it
is possible to undo and redo operations if the designer makes mistakes. It is also
possible to move a single task (mouse left button) or a sub tree (mouse right
button) in the work area to enhance the layout of the tree view. It is possible use
the "Justify" features, zoom operations or unfold a sub tree to reduce the space
used to draw the tree structure when the task model reach big dimensions. For
each task, designers can specify some additional information not provided dur­
ing the development of the tree structure. For example, they can provide a tex­
tual description of the task useful to describe more in details the task features,
the task type, the task frequency and specify the objects used to perform the task
and the relative actions. The tool can specify if a task of a specific role is in­
volved in a cooperative task annotating it with a blue double arrow under the
task name. Figure 3 shows the tool during the developing of the task model cor­
responding to the use case considered.
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Figure 3. The CTfE tool in an advanced state of task model developing.
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To build the cooperative part of the task model we have to select the "Coop­
erative" tab panel. Once we have identified some tasks part of cooperative tasks
for each role (task with blue double arrow) it is possible to group them with the
relative temporal constraints in the cooperative part. To prevent designers from
making mistakes during this phase and to help them to find rapidly the task in­
volved in cooperations, the tool shows the list of all tasks involved in coopera­
tion belonging to each role.
Figure 4 shows the task model relative to the cooperative part. The tool al­

lows designers to browse the complete task model. There is the possibility to
interactively select a basic task in the cooperative part and then ask an automatic
presentation (by the "Show" button) of the single user task model where that
task occurs. There is also the automatic check of correctness to identify some
mistakes in the Task Model structure. For example, if some temporal operators
are missing or if in the cooperative tree designers have not specified all tasks
part of a cooperative task that have been indicated in the task models associated
with each role (or vice versa). Moreover, some semantic errors in the temporal
relationship can be detected: for example, it is not possible to have an iterative
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task followed by the enabling operator (infinite cycle that would never enable
the next task).
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Figure 4. The specification of temporal constraints in the cooperative part.

5. SIMULATING COOPERATIVE TASK MODELS

Some simulators for task models have already been proposed [3]. However,
they have mainly been developed for single user task models whereas multi-user
application would particularly benefit from them. The resulting behaviour of an
interactive cooperative application can be difficult to precisely understand with­
out any support because it is the result of various parts interacting with each
other. Thus, some tool support to simulate the behaviour of the cooperative task
model can give additional information and allows the designer to check that the
specification models the desired behaviour. Such a support can also be useful to
discuss with other persons (such as end users) how tasks can be performed in an
application so it is also a useful additional interactive documentation.



268 Ballardin, Mancini and Paterno

In our environment, when the simulator is activated there is a panel on the
right side listing the tasks enabled. These are the tasks whose preconditions are
satisfied and that are ready to be performed, according to the task model. In the
central area the designer can interactively select one part of the overall task
model and the tool presents the related hierarchical structure with temporal op­
erators. Enabled tasks are highlighted by specific frames.
The designer can interactively select one of the enabled tasks and asks the

simulator to perform it, then the simulator updates the state of the task model
and shows an updated list of enabled tasks. It is possible to know also what the
active tasks are. An active task is a high level task that has at least one subtask
performed and has not been completely terminated. In this manner designers can
see if the behaviour of the task model built satisfies their expectations. If the be­
haviour is different with respect to that expected designers can stop the simula­
tion at any time and change the task model structure of a particular role or the
cooperative part.
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Figure 5. The Task Model Simulation in action.

The tool gives also the possibility to store the history of tasks performed
during a simulation. This is a high-level indication of a scenario supported by
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the task model considered. That can be executed again also on a different task
model for example to check whether it is able to support it. At any time the de­
signer can stop the simulation and move to the editor to modify the original task
model if it has shown some limitations or errors.

In Figure 5 we can see the Task Model Simulation in action. Once simulation
is started the list of the enabled tasks appears at the right side of the main win­
dow of the tool. So at any time we can see which are the tasks enabled to be per­
formed.

6. CONCLUSIONS

In this paper we have discussed how it is possible to help designers during
the development of task models of cooperative applications and their analysis. In
particular, we have focused on how to model cooperative applications in Con­
curTaskTrees and the support that can be obtained by CTTE, the relative auto­
matic tool. The tool described (the editor and the simulator of cooperative task
models) is publicly downloadable at http://giove.cnuce.cnr.it/ctte.html.
We now plan to use our environment to support the design and development

of ERP applications and to develop an empirical study for better evaluating the
support that our tool gives to designers and developers.
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Chapter 22

METHODOLOGICAL AND TOOL SUPPORT FOR
A TASK-ORIENTED DEVELOPMENT OF
INTERACTIVE SYSTEMS

Anke Dittmar and Peter Forbrig

University of Rostock, 18051 Rostock, A.-Einstein-Str.21, Germany

Summary. In this paper, a model-based approach is introduced which allows be­
ginning with the development of task and domain models a semi-automated gener­
ation of prototypes of user-interfaces.

1 Introduction

There are a lot of methods in order to support the design of more usable
interactive systems ranging from more technical specification methods like
[2], [4], or [1] to task analysis methods, such as ADEPT [8] and MUSE [5].
However, many methods consider only a few aspects of system design. In

this paper a broader model-based approach is introduced which demands the
modelling of users tasks and of the environment in which they act now and in
the future. Based on these models the requirements for the interactive system
can be derived and stored in an application and a dialogue model. Dialogue
models allow a semi-automated generation of user interface prototypes. Thus,
a participation of users in the early design steps is facilitated.

2 The Design Process

Fig.!. Models in the design process

.·..···r ·.· ·.·.·.· · ·.·.·..·

: existing working
~ situation ~ ..
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We want to emphasize
that the design and in­
troduction of new interac­
tive software is not only a
technical problem. It can
change the whole work­
ing situation. The ap­
proach distinguishes be­
tween the existing and the
envisioned working situa­
tion as the situations be­
fore and after the intro­
duction of the designed in­
teractive system.
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A thorough analysis of the existing situation is necessary to make reasonable
suggestions for the envisioned one, and in particular for the interactive sys­
tem. The results of the analysis and design step are described in the formal
models visualized with their relationships in Fig.I. The participation of users
is not directly visible in the models but in the design process itself which has
to be seen as an argumentative process (e.g. [7]).

3 Models in Use - An Overview

A task model gives an impression of how people act to achieve certain goals.
It describes both the hierarchical structuring of user tasks into subtasks and
possible orders of subtasks to perform a task (sequential task structure). The
environment in which a user has to act is described in an object-oriented
domain model. It contains classes with attributes and methods and relations
between them. Concepts like inheritance, association and aggregation well­
known from object-oriented analysis and design methods (e.g. [6]) can be
used. The user model refers to some characteristics of the people working
together to fulfil tasks (e.g. roles they have to play).
There are several relations between the models in use. For example, within

the context of a task an object (as an instance of a class in the domain model)
can be considered as an artifact or a tool. The term artifact is used to refer
to parts of the environment which are intended to be changed by performing
a task, a tool refers to things which are intended to be used during task
execution. A goal of a task can be expressed by a state of the involved artifact.
The suggested approach is a unified strategy of structured and object­

oriented ideas. Hence, the design process is to be seen as a loose order of
specification activities and mutual adaptation procedures in and between the
different models. We think that this combination of modelling techniques is
more natural and can contribute to better models.

4 How to get User Interfaces ?

Users perform tasks by applying tools to artifacts. How is this basic assump­
tion reflected by interactive software? The only thing a user can do is to input
some data and to get some output of data. In fact, it is a specific feature of
interactive systems that things we want to manipulate share the same media
with things we have to use for that purpose. A mapping of concepts like task,
tool, and artifact to appropriate concepts of a user interface specification
is needed. In this approach the task dependent parts of user interfaces are
specified by using dialogue models ([3]) consisting of navigation graphs and
processing dialogues. A node in a navigation graph represents a (dialogue)
view. Each view has three special attributes defining its activity, visibility,
and manipulability and can represent a senseful context for a task or similar
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tasks and related objects of the domain model. We do not support an auto­
mated grouping of subtasks into views. This decision is left to the designers.
The edges of a navigation graph model sequential and concurrent transitions
between views. In many cases the type of a transition can be derived from the
sequential task structure. Dialogue views are refined to processing dialogues
containing the dialogue forms data input, function call, navigation, and data
output as abstractions. The leafs of a task tree (basic tasks) are mapped to
function calls, non-basic tasks to navigations, a representation of the state
of an application object to data output and domain knowledge users need
to control the task execution to data input. Temporal relations between task
model and constraints to object behaviours define temporal relations between
dialogue forms. A stepwise semi-automated generation process as illustrated
in Fig.2 can supply prototypes of user interfaces.

In the first generation step the dialogue model
is transformed to a set of abstract interac­
tion objects (AIOs) which are transformed in
the second step to concrete interaction ob­
jects (CIOs). AIOs and CIOs are described by
terms of algebras. The process is controlled
by rules of a knowledge base. In the last step
the CIOs are translated in a script of an ex­
isting DIMS (e.g. ISA-Dialog Manager) as the

Fig.2. Generation of VI final prototype. The stepwise transformation
has several advantages.

For example, it is easier to change the VIMS. An enrichment of a user in­
terface description on various abstraction levels is possible by applying the
knowledgebase and by inputs of the designer.

5 An Example

A short example illustrates only some aspects described above. It has to be
designed a 'bibliography management system' (BMS) for a research group
which allows the members access to all references used in the group. As a
constraint the users do not want to change their text editors (Latex and Word

Fig.3. Parts of the task and the domain model
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Fig.4. UI prototype

6 Conclusion

Dittmar and Forbrig

in this case). Fig.3 visualizes
parts of the models of a possible
envisioned working situation for
Latex-users. We concentrate on
the subtasks 'manage bibliogra­
phy' and 'make references' which
are mainly influenced by an in­
tended use of the BMS. Views vI
and v2 are sketched for the devel­
opment of a navigation graph. In
Fig.4 a possible prototype is to
be seen.

The design of an interactive system has to start with a precise analysis of the
existing situation. The results can be used in the design process to develop
both the application core and the user interface of the software system which
has to be embedded in the envisioned working situation. We consider design
processes as activities which have to involve not only software developers but
also users. Prototypes of user interfaces are generated semi-automatically by
stepwise refinement on the basis of abstract dialogues. In the future some
improvements are possible. For example, dialogue pattern could be studied
in more detail for the generation process of user interface prototypes .
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Abstract In this paper, we motivate integration of workflow and task modeling, present
and compare workflow and task modeling concepts and suggest benefits of
integrating them. We show how a workflow model can be utilized when mod­
eling the tasks of a workflow participant and propose that task enactment can
be a practical result of workflow and task model integration..

Keywords: End User Programming, Programming by Demonstration, User Interface, Ap­
plication Extension.

1. INTRODUCTION

An organization's IS must support work being performed at three levels:
the organizational, group and individual levels. Workflow modeling lan­
guages are often used for describing the former two, while task analysis and
task modeling are used for describing and formalizing that latter. The
boundary, however, is blurred and in this paper we look at integration of
workflow and task modeling language and models, having the following hy­
potheses:
• At the language level, workflow modeling concepts can be used for task
modeling.

• At the model level, workflow models can provide a useful context for
task models.
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• At the enactment level, an integrated approach to workspace design and
user interface execution may result in better human workplaces.
Section 2 will introduce important workflow concepts and interpret them

in the context of task modeling. Section 3 will show how workflow models
might influence task modeling. In section 4 tum to how an integrated ma­
chinery for workflow enactment and user interface execution might benefit
the end user.

2. ASPECTS OF WORK AND ITS DESCRIPTION

Marshak [2] identifies four dimensions for describing work: the action
structure, the actors that perform the work, the tools that are used and the
information (sources) that are needed. These concepts are presented below
and exemplified in Figure 1. The action is the building block for actions
structures. An action is enabled by certain implicit and explicit pre­
conditions, e.g. the availability of necessary information. The pre-conditions
of an action may depend on other actions, giving a dependency structure.
Dataflow, explicit pre-conditions and control flow are used to define neces­
sary constraints on action sequences, while speech acts[3] based on institu­
tionalized dialog patterns, gives more restrictive pre-conditions and con­
strained action sequences. Composite actions and action hierarchies help to
reduce complexity. Actions can be abstract, by defining the external charac­
teristics and leaving the internals unspecified.

,
output

Provide
details

A2

&
Manager

&
Secretary

A3 FINAL
j---.:.==------f REPORT
Sign
report

REPORT

DETAILS

resources

dataflows
OBJECTIONS

condition

Figure 1. Write travel report workflow: USER must write a report upon return
from a travel, supported by the SECRETARY and MANAGER roles and a software tool

(APP) that we want to design. USER interacts with the others to fill in details and gather and

respond to objections.
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Task interpretation The action concept corresponds to the task concept,
and the action hierarchy to the task/subtask structure. At the model level, we
believe low-level work-flow actions may correspond high-level tasks. Most
task modeling languages are based on explicit sequencing primitives. Hence,
it is not explicitly expressed whether a sequence is due to necessary (e.g.
data flow) or social conditions.
Actors are the intentional beings performing the actions. Technically,

actors can be viewed as resources with certain characteristics and abilities
that are required by the actions. By listing the needed characteristics, like
rights and abilities, actions implicitly define who can perform them. Sets of
actors can be defined extensionally, by listing their members, or intention­
ally, by defining their common characteristics, giving groups and roles, re­
spectively. An actor can be part of several groups and play several roles, al­
though not necessarily for all actions or in all contexts.

Task interpretation The actor and group concepts correspond to users and
-user groups, which refer to concrete individuals, while roles' counterpart are
user stereotypes. The former tow is typically used when describing current
practice, while the latter is introduced when there is a need for more than a
single "generic user".
Objects are the material, mental or representational things that actions

are performed on, as well as useful contextual information used by actors.
The objects granularity and detail can be from whole databases and docu­
ments to records and words.

Task interpretation Most task models assume there is a model of the do­
main or the application data, that task are defined in terms of. As for
workflow, the level of formality and detail may vary, although it is common
to use object oriented or similar models with concepts, relations and attrib­
utes. We expect workflow objects, if further detailed to a relevant level, to
be directly usable in task models.
A tool is a kind of resource, which in workflow models typically are ap­

plications or components. A tool can be concrete application like 'Eudora' or
abstract like .email client'. In addition, tools can be composite by listing
several applications (classes) or components in a suite or referring to the
suite as a whole, e.g. 'Internet access tools'.

Task interpretation Tools are software elements supporting the perform­
ance of actions, which at the granularity of user tasks correspond to dialog
elements or user interface objects. The tool concept provides the link from
the specification of the user interface functionality to the user interface de­
sign elements providing it.
Table 1 summarizes our analysis of the action, actor and tools concepts,

indicating their correspondences with and opportunities for task modeling.
The ontology or metamodel for task modeling presented in [4] seems to sup-
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pon our analysis. Paterno's ConcurTaskTrees [5], embodies the idea that co­
operation and coordination can be handled by including a level above indi­
vidual task models, which is consistent with our view.

3. WORKFLOWAND TASK MODELING

Our suggested integration of workflow and task modeling languages is
based on the idea that workflow and task models essentially describe the
same domain, but at different levels. By using the workflow model as a
context for the task modeling, we should gain two important advantages: I)
The relevance of the task structure should be ensured, since it is motivated
by organizational goals. 2) In addition to using the low-level actions as the
top-level tasks, most of the elements of the task model, like roles, informa­
tion and tools are already identified.

d k d rTo hI J W kfla e . or ow an tas rno e m~ concepts.

Generic Abstract Composite Task interpretation
Action: ba- Delayed Provides hier- Task, task/subtask hierarchy
sic unit of definition, archical com- • Data availability defines
work, data action tem- position, also necessary pre-conditions
flow or plate pa- called process, • Work practice as addi-
speech act rameter job, activity tional constraints
based
Actor: in- Role: In- Group: Exten- User, user group, stereotype
tentinal be- tentionally sionally de- • Multi-user task models
ings per- defined set fined set of • Multiple work practices
fonning ac- of actors, actors • Design targeted at differ-
tions based on ent user groups

actor char-
acteristics

Tool: soft- Application Application Dialog element
ware sup- class suite, inte- • Links spec. and design
porting ac- grated compo- • Task based enactment
tions nents • Component composition

The APM[1] example in figure 1 illustrates our point. USER performs one
low-level action, A I, which can be used as the top-level task. The three ways
of starting and resuming this task, are defined as sub-tasks, as shown in Fig­
ure 2. The data initiated tasks are decomposed into tasks for sending, re­
ceiving and handling the relevant information. We see that the workflow
model can provide both initial task model elements and opportunities for
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further refinement. The communication task suggest~ that communication
tools should be included in the design.

A1.1 Write re ort
o 000

Dc:::J
User App

Handle objections

-&
Secretary

-.&
Secretary

Request
details

Make initial report

Figure 2. Task model for USER based on the workflow model example.

4. CONCLUSION AND FURTHER WORK

We have shown that Marshak's four dimensions[2] for describing
workflow have natural correspondences in the task modeling domain. Sug­
gestions for how these can be used in task modeling have been presented,
and we how shown how a workflow model can be used as a context and
starting point for a task model. A strong motivations for workflow modeling
is the process enactment In moving from modeling to enactment, the tool re­
sources of the actions must be refined. At some point, workflow enactment
will have to be in terms of tasks and the supporting user interface elements,
and this task enactment is an exiting direction for further research. This re­
quires the ability to reference the dialog elements indirectly through the task
dimension and motivates a stronger coupling between task and dialog mod­
els.
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Abstract Ergonomic rules are supposed to help developers to build UI respecting human
factor principles. Unfortunately, studies carried out with designers show that
guidelines are difficult to apply at design time. The difficulties encountered by
designers is mainly due to the structuring of the guidelines and the way they
are formulated. This is due to the fact that, at the origin, ergonomic rules were
dedicated to people with skill knowledge in cognitive science and ergonomics.
At present time these rules are widely available and developers want to use
them. This paper presents a method for structuring ergonomic rules in order to
make them usable by developers. This method can be used for any set of ergo­
nomic rules and is applied on an example.

Keywords: Ergonomic rules, usability evaluation.

1. INTRODUCTION

Incorporating Human Factors in the development process of interactive
systems has been the corner stone of human computer interaction research
for many years.
One possible way for such an incorporation is an explicit use of Human

Factors expressed in terms of ergonomic rules. These ergonomic rules (also
called guidelines, human-computer interaction principles, design rules or
maxims) correspond to the explanation of the ergonomic knowledge dedi­
cated to interactive systems.
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Ergonomic rules are numerous and distributed among different sources:
recommendation papers [1], design standards (e.g., [2]), style guides which
are specific to a particular environment (e.g., [3]), design guides (e.g., [4],
[5]) and algorithms for ergonomic design (e.g., [6]).
An ergonomic rule can be considered as a principle that has to be taken

into account for the building or the evaluation of user interfaces (UI) in order
to respect cognitive capabilities of users. The scope of these principles is
usually not general and vary according to the "context of use" that can be as
different as tasks, user models, user environment (organisational aspects), ...
An example of taking into account context in ergonomic rules is ex­

tracted from [7]: "Give key assignments for frequently used functions in or­
der to take into account the user's level of experience".
Ergonomic rules are supposed to help developers to build VI respecting

human factor principles. Unfortunately, studies carried out with designers
show that guidelines are difficult to apply at design time:
• average search time for a guideline in a design guide lasts 15 minutes [1];
• about 58% of designers succeed in finding guidelines relevant to their
problem [1];

• designers do not respect about 11% of guidelines [8];
• designers experience interpretation problems for 30% of guidelines [8].
The difficulties encountered by designers is mainly due to the structuring

of the guidelines and the way they are formulated. Indeed, most of the de­
velopers consider a UI in terms of input/output whatever the development
methodology used, and thus need to have recommendations structured ac­
cording to the components used for building the VI. On the opposite, ergo­
nomic rules are expressed in terms of ergonomic criteria, cognitive princi­
ples, etc. This discrepancy between ergonomic knowledge expression and
developers' needs is at the basis of difficulties found by developers in order
to embed this knowledge in UI. This is due to the fact that, at the origin, er­
gonomic rules were dedicated to people with skill knowledge in cognitive
science and ergonomics. At present time these rules are widely available and
developers want to use them.
This paper presents"a method for structuring ergonomic rules in order to

make them usable by developers. Indeed, in order for an artefact to be us­
able, it must be designed according to the way users use it [9], thus this
structuring organises ergonomic rules according to developer's use. The next
section of the paper presents the method for structuring ergonomic rules.
This method is then applied to build a full evaluation method called Ergoval.
Ergoval structures ergonomic rules according to user interface objects. Sec­
tion 3 describes on a simple example how Ergoval can be used for evaluating
the ergonomic of a given user interface. Section 4 presents a discussion
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about the possibility of using Ergoval for automatic evaluation of user inter­
faces. The interests and the scope of this automatic evaluation is discussed.

2. PUTTING ERGONOMIC RULES AT DEVELOP­
ERS'DISPOSAL

The aim of this section is twofold:
• first to propose a set of rules for structuring ergonomic rules in order to
make them usable by developers wIth limited knowledge in ergonomics
or cognitive science;

• then to present an evaluation method Ergoval structured according to the
previous rules. Ergoval is dedicated to the evaluation of WIMP user inter­
faces.

2.1 Rules For Structuring Ergonomic Rules

2.1.1 The first rule

In order to provide information to developers in a way they can handle it,
it is mandatory to structure it according to developers' knowledge. The first
rule is thus to produce a structure of the knowledge of the developers. The
main part of developers' knowledge that can be embedded in ergonomic
rules concerns the interaction objects (10), thus structuring developers'
knowledge consists in organising 10.

2.1.2 The second rule

This rule is to use the canvas produced by the first rule in order to struc­
ture ergonomic rules. This only corresponds to rephrase and instantiate rules
according to the 10 structure produce in the previous phase.

2.1.3 The third rule

This rule must be considered at a different level form the previous ones.
Its aim is not to organise or structure information but at the opposite to
structure the evaluation process in order to provide results that will be usable
directly by developers. This means that the recommendations have to con­
cern 10 and not any more usability criteria. This rule can be applied directly
by interpreting the previous structuring.
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These three rules for structuring and using the ergonomic rules can be
applied to any set of ergonomic rules. However as stated in rule one, these
rules heavily rely on interface presentation and thus the products of these
rules cannot be considered as general. For example the same rules cannot be
applied for user interfaces with direct manipulation or WIMP dialogue
styles.

2.2 The ERGOVAL Method

We have applied this method for structuring ergonomic rules for WIMP
interfaces and built an evaluation method called Ergoval. This method is
dedicated to the evaluation of Graphical Vser Interface developed in the
Windows environment. The method has been designed accordin'g to the rules
presented in section 2.1. Other aspects of the method such as evaluation pro­
cess and implementation optimisation are introduced.

2.2.1 The first rule

We first have to build a representation of the VI in terms of the interac­
tion objects of the norm eVA [3] that we call the decomposition ofgraphical
objects.
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Figure 1. Extract of the structural decomposition,
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The inclusion mechanisms is at the basis of this decomposition thus all
the objects are linked according to the relation composed of Objects may
also entertain other kind of relationships such as: activation, chaining, ag­
gregation, localisation and semantics. A subset of the structure of all the 10
is presented in Figure1.
This structure is hierarchical, so greyed out boxes are decomposed in a

more precise structure. White boxes correspond to elementary object and
thus cannot be decomposed further.
The main principle of building this structure is only to take into account

all the interaction objects even though there is no ergonomic rule that can be
applied to them. Indeed, this is out the scope of this stage.

It is important to notice that part of the interface will be represented
within objects by attributes. For instance, the title of a menu option has an
attribute opening which value is "..." if a dialogue box will be opened when
the option is selected.

2.2.2 The second rule

This stage aims at refining ergonomic rules according to the 10 structure
built at the previous stage. Thus each ergonomic rule is associated to a set of
10. As input we have gathered ergonomic recommendations coming from
different research work that can be found in the literature: [5], [10], [11].
These recommendations were selected according to two main criteria:

• a good level of accuracy i.e. these recommendations are refined enough
and are thus close to 10,

• a good covering of the various elements involved in ergonomic expertise,
namely: the diversity of objects involved: lexical, syntactic, pragmatic,
semantics, levels and ergonomic design principles. As for the pragmatic
level, only guidelines that do not require in-depth analysis of the task
were incorporated. However, this is only due to the fact that automation
of the evaluation is considered. Otherwise, such rules would have been
introduced.
All the ergonomic rules have been reformulated (and can be found in

[12]) according to the 10 structure. This reformulation process consists in:
• finding all the 10 of the decomposition that are concerned by the ergo­
nomic rules;

• verifying that ergonomic recommendations are not redundant. This veri­
fication is very important as ergonomic recommendations come from dif­
ferent guidelines;
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• verifying that ergonomic recommendations are not conflicting. Conflicts
only occur when high level rules are considered. When refinement is
done (for example by clarifying context) conflicts are removed.

2.2.3 The third rule

As this rule concerns the evaluation process, we have decided (in the Er­
goval method), to define another knowledge structuring. All 10 concerned
by the same set of reconunendations are grouped together into classes of
objects: the typology ofgraphic objects.

2.2.3.1 Optimisation problem
This typology has been done by grouping (in classes) all the objects that

are interested in the same set of rules. The resulting typology consists in sev­
erallevels of abstraction, the graphical objects being the leaves of this typol­
ogy. Fig. 2 presents an extract of this typology. The entire typology can be
found in [12].

Action on system

Action on object

Figure 2. An extract of the typology.

The links presented in Figure 2 are types of links which have hierarchical
properties, i.e. each type inherits attributes from the parent type and associ­
ated rules. In this way, the action on system type inherits attributes from the
action type and the command type inherits attributes from the action on sys­
tem type.
An object may belong to several types. For instance, an object icon­

button (called graphic key in the CVA terminology) belongs both to the
command and choice of state types and therefore inherits attributes from
those types. By structuring objects and rules it this typology allows:
• to reduce the design deviation search time - all rules associated to types to
which the object under evaluation does not belong are not explored;

• the completeness and cohesion of the base to be improved by matching
types to rules;

• at implementation level the maintainability of the rule base to be in­
creased, particularly by reducing the number of rules to be implemented ­
rules are only implemented once, at the highest possible level of abstrac-
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tion of the typology, and are then inherited by lower level graphical ob­
jects.
As far as the development of the rule base is concerned, it is assisted by

the typology which offers two entry points - graphical objects and ergonomic
recommendations.

2.2.3.2 Implementation
In order to make implementation of the rule reformulated by the rule 2

easier we have defined a new implementation structure called the table of
transformed ergonomic rules.
For each recommendation examined, the table contains:

• the design criterion or criteria to which the ergonomic rule relates;
• the object type or object concerned by the ergonomic rule;
• the attribute to which the ergonomic rule relates;
• the reference value of the attribute;
• if necessary, the context for applying the ergonomic rule.
The attributes of both object types and objects, define all the evaluation

variables. The reference values of the attributes are derived from ergonomic
recommendations and may be numeric, boolean or symbolic.

2.2.3.3 Evaluation procedure
The Ergoval evaluation procedure consists in two sequential tasks:

• preparing the evaluation process which consists in gathering general in­
formation on the evaluation context (stage of development of the soft­
ware, hardware and development environment, etc.) so as to limit the ap­
plicable knowledge field to relevant information;

• the evaluation process itself based on the identification of design devia­
tions - i.e. interface design options which do not adhere to the ergonomic
recommendations.
The evaluation process consists in the following stages, relating to the

various stages of the reasoning of the ergonomics experts, thus for each 10:
• Select the object to be evaluated and the relevant attributes of the object
to carry out this evaluation;

• For each rule associated to the 10:
• Specify1 i.e. to find in the rule base the reference value of the object's at­
tributes;

• Specify2 i.e. to find on the interface of the application being evaluated the
value of the attribute,

• Compare to compare the value of the attribute with the reference value
for this attribute (a difference in these values indicates an error in the de­
sign);
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The strategy embedded in the evaluation process presented above is an
object-based strategy which permits in-depth analysis of the interface. How­
ever a transversal strategy must be followed in order to apply directly
evaluation according to criteria (i.e. criteria whose reference value depends
on the value of the attributes of other objects).

3. ILLUSTRATIVE EXAMPLE

This section fully presents the use of the. Ergoval method on an illustra­
tive example. The example chosen is an editor for information about cus­
tomers stored in a relational database table. This editor allows adding new
customers into the database, deleting customers, selecting customers from
those already stored and changing their values. The overall look of the inter­
face is shown on Figure 3. Three different areas can be distinguished in that
window:
• The editing area, in which the attributes of a selected customer may be
edited through the use of standard interface components (radio buttons,
simple-line entry field);

• A command zone in which database operations (creation, deletion, etc.)
may be launched by clicking on command pushbuttons;

• A scrollable list (list box) shows the customers in the table. Items in this
list may be selected by clicking on them with the mouse.

. Ed,'eu, du n uJJlel~ 11IIiii£I

Customer ID ILC_S-_O_02 _

Name IPhllippe Palanque

Payment (' Cash r. Check (' Card

CS-OOI

••

Figure 3. The customer edition window.

Graphical objects to evaluate
The decomposition of the graphical objects is shown on Figure 4. This

figure presents a part of the graphical objects hierarchy of a aUI, instanti­
ated according to the objects of the dialog box.
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For evaluating the application, we directly apply the evaluation process
presented in section 2.2. Thus, the evaluation of the dialog box consists in
evaluating all the graphical objects that compose the dialog box. For each
graphical object, different rules must be evaluated:
• rules associated to the object type of the graphical object. According to
the principle of ergonomic rules inheritance in the «typology», ergo­
nomic rules associated to the object type are those associated directly to
the type and those associated to parent-type of the object type;

• rules associated to the graphical object.
• Push button is a Command type object, ergonomic rules that must be
evaluated are:

• rules associated to Action, Action on system and Command types: R16,
R8, RI8, RI9, R20, R36,

• rules directly associated to push button: R15,R34, R55, R78.
For the list box, no rule is directly associated to this object. As a result

the rules that must be verified are rules associated to Action, Information
entry, Data entry and Data selection types: R16, R4, R3, R6bis, and R31.
Figure 6 presents the list of ergonomic rules that must be verified for a push
button and a list box. The first column shows the graphical object concerned
by the rule, the second column specifies whether or not the rule is directly
associated to the graphical object The fact that a rule can be directly applied
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is depicted by a *, the third column presents the number of the rule that is
applicable and the last column presents the text of that rule.

Table 1. Ergonomic rules that applied to the graphical objects.

Graphical Direct N° rule Text of the rule
Object rule
Push but- * 15 When a push button is pre-selected, this pre-selection must
ton be lZraphically displayed.

* 34 Access to push button, radio button, list box, dynamic list
box, combination box, dynamic combination box, check
box, entry field. menu option, spin button must be possible
throulZh a mnemonic contains in their label.

* 55 If a pull-down option menu. Or push button opens a dialog
box an ellipsis (...) must be added to their label.

* 78 A push button concerning a box or a window must be placed
at the bottom of this window. When concerning a specific
obiect it must be placed on the right of this object.

8 Any unavailable command or choice of state must be
lZreyed.

16 Any user action on a 10 must be graphically displayed.
18 Any command must have a visible result.
19 When the result of a process activated by a command is dis-

played in more than 2 seconds and less than 6 seconds the
mouse pointer must become a waiting pointer (hourglass,
clock).

20 When the result of a process activated by a command is dis-
played in more than 6 seconds a progress indicator box must
be displayed

36 When a command might lead to loss or modification of data
or to a long process a message box requiring confirmation of
the command must be displayed (warninlZ messalZe).

List box 3 If the data to be entered (typed or selected) consists in meas-
ures, units must be displayed.

4 Any time data must be entered (typed or selected) by the
user or restituted by the system, the nature of this data must
be indicated by a label.

6bis When a default selection is displayed by the system, this se-
lection must be relevant for the user.

16 Any user action on a 10 must be graphically displayed

31 Any time data must be entered (typed or selected) by the
user or rendered by the system, the unit displayed must be
the one commonly used by the user.

The complete evaluation of the dialog box needs the evaluation of 85 ergo­
nomic rules. This important number proves that it is necessary to automate
this evaluation.
Besides, the evaluation of the dialog box shows that it is not possible to

evaluate it using only its static presentation as several rules concern the be-
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haviour of the dialog box. For example rule 45bis "dialog box, message box,
progress indicator must have non-sizable window borders." This rule can not
be verified only using the presentation part of the dialog box.
Finally, we observe that ergonomic rules are not always a good help for

the development of VI. For example rule 99: "In a set of radio buttons, a ra­
dio button must be default preselected." This rule does not specify which
button is to be selected by default.
The result of the dialog box evaluation correspond to the list of non re­

spected rules:
• For the dialog box, rules 45bis and 45ter are not respected: a dialog box
must have non-sizable window borders because some 10 can disappear
when the dialog box is resized. Moreover, the dialog box must not have
window sizing buttons (CVA norm).

• For the push buttons, rules 34 and 36 are not respected: it must be possi­
ble to select a push button using shortcuts. When an element of the data­
base is deleted, this action must be confirmed by the user in a warning
message box.

• For radio buttons, rules 34 and 99 are not respected: mnemonics must be
supported on radio button labels and one of these radio buttons must be
preselected.

• For check box and entry field, rule 34 is not respected.
• For check box label, rule 50 is not respected: this label must be placed on
the right of the check box symbol.

• For the Secondary window client area, rules 14bis, 33bis and 42 are not
respected: push buttons must be horizontally aligned and the dialog box
must contain a Cancel push button and a Help push button.

4. DISCUSSION

The example presented in the previous section shows that the evaluation
process is very precise and can be time consuming when applied to a with
large scale application. For these reasons we have considered the possibility
to make the process as automated as possible. The main difficulty is to col­
lect in an automated way the values of the graphical objects. Thus we have
considered several ways for gathering this information: to use software
spies; to exploit resource files; to analyse the source code. The advantages
and disadvantages of each option are explained in [14].
Another limitation of using automated tools is that only a subset of all the

rules defined in the Ergoval method can be exploited. Indeed, information
related to the pragmatic level (related to context or tasks) cannot be collected
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automatically. We have shown in [13] that only 78% of the rules imple­
mented in Ergovalcan'be evaluated in an automated way. The tool for auto­
mated evaluation has been built [13] but we are now considering and inter­
active tool for allowing evaluators to enter pragmatic information that cannot
be automatically found by the tool. Another extension of this work is to use
ergonomic rules in a proactive way together with a formal notation during
the design phase [14].
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Abstract User interface design should be strongly guided by the user's tasks to be exe­
cuted with the system. One practical way of achieving this is the explicit sup­
port of the transition from task modelling to dialogue modelling. Here, the in­
tegration of the models plays a central role. The models to be used are still un­
der discussion and the adoption of their meta-models becomes an increasing
requirement of tools supporting task-based user interface design. To cope with
these aspects and as a first step towards modelling explicit links between task
models and dialogue models we propose a theoretical modelling framework,
called Coherent Modelling Framework CMF, supported by a general model­
ling tool. This framework can house task models as well as dialogue models,
thus integrating them and enabling a smooth transition between the two. In
fact, the approach is even more general, covering virtually any type of discrete
modelling structure. The approach covers the single models, allows expressing
links between the models, and enables the designer to modify the meta­
models, i.e. the models describing the models used. In this paper we discuss
the modelling framework and briefly describe a proof-concept-version of a
tool supporting it.

Keywords: Modelling framework, task-based design.

1. INTRODUCTION

Task-based user interface design is based on the analysis and modelling
of the user's tasks, and the transfer of the information gained to the user in­
terface design process. To cope with the various aspects a lot of different
models are used. In task modelling, for instance, there exists a variety of dif-
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ferent approaches using different elements of modelling; however, hierarchi­
cal task structures, temporal relations, pre- and post-conditions, and task ob­
jects are elements used almost everywhere. A similar situation with an even
richer variance applies to user interface modelling.
As the single models are already complex enough in themselves, let alone

their mutual dependencies, tool support is essential for enabling the designer
to cope with the models and the links between them. Actually, tools to sup­
port task-based design are still non-existent, or currently under development.
There exists limited support for task modelling in tools such as Euterpe [13]
and the Visual Task Model Builder [1,2], but these tools do not support the
transition to the dialogue model. On the other hand, model-based approaches
dealing with this transition (a lot of examples can be found in [7]) are
strongly oriented towards the future dialogue in the user interface, and thus
restricted to the non-creative and more technical part, suitable for immediate
generation purposes. There are indeed cases where design decisions can
systematically be transferred from one model to the other - in these cases
tool support can substantially help in the process. Transferring knowledge
from one model to another, however, is generally accepted as a highly crea­
tive and complicated process, founded primarily on the designers' experience
[12]. Ultimately, a powerful tool should ease tedious or mechanical parts [4],
with the possibility to influence the degree to which parts are automatically
generated [9, 14].
Two approaches of ongoing work deal with explicit links between differ­

ent models. Within the VISTA system [5], links between hierarchical task
models, UAN-models, and abstract data models can be established; the ap­
proach is only used, however, to visualise and document the links. Within
TADEUS [10] a task is seen more technically, functional-oriented, as an algo­
rithm is entered for every task which is then used for generation of a running
system.

If task-based user interface design is to be supported, the different models
must be integrated within a tool. The models themselves must be specified,
together with links between models from the same design phase, as well as
links between models from different design phases. Currently, a discussion
is going on as to which models are to be supported at all. Additionally, spe­
cial design situations (e.g. special application areas) necessitate the customi­
sation of the models used. Given this situation, a general tool supporting
various models and their integration should enable the designer to define the
ontology of the models (i.e. the terms, elements, concepts, and relations used
within the models) to be used.

In this paper we propose the integration of models on the basis of the co­
herent modelling framework eMF. CMF is defined formally and is used as a
theoretical foundation, as well as the underlying basic structure for imple-
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menting tool support for this approach. CMF was created following three ba­
sic modelling requirements:
• Support and integrate all models needed within the single design phases.
• Support the integration of models from different design phases.
• Support modelling of meta-models for any design phase.
The result of CMF-based modelling is the creation of one big integrated

model containing the single models as submodels. A first version of a tool
supporting CMF, provides basic editing and display capabilities, allows the
creation of arbitrary, flexible views on the integrated model, and contains
sophisticated navigation methods.

2. CMF: THE COHERENTMODELLING FRAME­
WORK

To allow the integration of different models, we define a formal frame­
work, which allows the specification of single models and their interrelations
within one coherent model. Such a model can contain elements, which can
be any thing of our awareness, for instance a task or an object modified by a
task, and relations e.g. between a task and an object. In analogy to the con­
cept of object orientation, the model explicitly supports the basic concepts
classification, generalisation, specialisation and aggregation.

2.1 Elements and Relations

The underlying structure principle is represented by a non-directed graph,
referred to as ERG (Element-Relation-Graph), as it contains two types of
nodes, namely element nodes and relation nodes. In Figure 1 an abstract rep­
resentation of a small part of an ERG is shown, denoting that a task is car­
ried out in a special situation resulting in a new situation. In all figures of
this paper only subparts of the whole graph are shown. Actually, they are
interrelated by relation nodes and edges integrating them into one coherent
ERG.

Elements, such as Task. TaskEvent and TaskState are represented as round
nodes; relations, such as pre_sit and posC$it are depicted as rectangles. If an
element plays a role in a relation this is depicted by a connection between
the element node and the relation node, with the name of the role given as
inscription of the edge. Hence, in Figure 1 for example, Task plays the role of
a process while TaskState plays the role of a state in the relation pre_sit repre­
senting a situation. TaskEvent takes an event-role only in a pre-situation as a
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task event defines a noteworthy change in state causing an actor to perform a
task.

Figure 1. General description of a task. Figure 2. Example description of a task.

Additionally, we can specify quantitative properties of relations. The car­
dinality specification between an element node and the role name defines
how often an instance of the element can play the given role. As an example,
the specification of [0:] says that for every task no or an arbitrary number of
situations can be defined. The second cardinality specification constrains the
number of the given roles in the relation. The specification [1,1] at the process­
edges, for instance, limits the number of the process-role linking a pre_sit node
to a task-node to exactly one, i.e. each situation should be modelled for ex­
actly one task. The cardinal numbers [0:] at the state-edge, however, define that
for every pre_sit relation no or an arbitrary number of states can be defined.
In Figure 2 an application of this general task description is shown. This

example is taken from a project we are currently working on. The objective
of this project is to implement an editor for constructing molecular structures
in 3D. The pre-situation of the defined task select first orbital is characterised by
the two states orbital free and orbital in working space while the post-situation con-·
sists of the state orbital selected.
The ERG allows arbitrary relations to be specified within the graph. Ad­

ditionally, important basic relations, such as classification (clas), specia­
lisation/generalisation (slg), and aggregation (agg) are predefined. These
have well-defined semantics and can be used to structure the models.

Figure 3. Basic relations.
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In the ERG of Figure 3, for instance, on the left it is shown that UserTask

and SystemTask are specialisations of Task. The semantics imply, for instance,
that UserTask is defined by pre_sit and posUit relations, even if this is not speci­
fied for UserTask but for Task shown in Figure 1. The clas relations defines Bind

atoms. select first orbital (already introduced in Figure 2) and select second orbital to
be user tasks and Establish bond to be a system task, i.e. functionality provided
by the system. By the a9g relation, select first orbital, select second Orbital and Estab­

liSh oond become subtasks of Bind atoms. All graphs depicted in Figure 1 to 3
are different subparts of the whole even bigger ERG describing a general
task and its application.

2.2 Concepts and Relations

An important property of the ERG is its capability to describe its own
structures. This property is based on the distinction between concepts and in­
stances. A concept describes properties of a set of "things", while an instance
of this concept is one individual "thing" of that sort. In terms of object ori­
entation this corresponds to the difference between an object type and object
instances. As we describe here a more general approach, we stick to the
terms concept and instance. Both concept and instance nodes are represented
as elements in the ERG; the instantiation relation between the two is ex­
pressed by a clas relation in the graph. In the ERG of Figure 3 the element
select first orbital is defined as an instance of the UserTask concept. As such,
situations can be defined for it, as this is specified for the concept UserTask,

which is a specialisation of the concept Task. Figure 2 shows, that this is in­
deed the case. To summarise, the relations an instance (e.g. select first orbital)

has to fulfil are defined by the specification of relations defined for its re­
lated concept (e.g. UserTask).

In general, the neighbouring nodes of a concept node define the pattern
of relations, all its instances must fulfil. The cardinal numbers given with the
roles (not shown in the figure) contain additional information about how
many element nodes with certain roles need to be linked. In consequence,
this means that the ERG describes its own substructures.

3. META-MODELLING

The decision to model the distinction between a concept and its instances
in a very general way in the ERG opens the possibility to incorporate models
on arbitrary abstraction levels. The ERG in Figure 4 shows different ab­
straction levels, denoted as L1 to L3 and visually separated through the dot-
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ted lines. On level Ll the structure of a general, predefined meta-kernel­
model (MKM) of task and dialog models is defined - the figure shows only a
part of the complete specification. Level L2 shows specific task and dialogue
models. The task model is the one we used in the 3D-project; the dialogue
model is based on the dialogue specification notation ODSN [11] - again
only small and simplified parts of the models are shown. On level L3 these
are instantiated to an application-specific task and dialogue model.

Figure 4. Meta-Modelling within eMF.

Based on the self-description property, a concept level defines, how the
instance level "below" has to be built. The relation between concept and in­
stance, however, is relative to the viewpoint: In Figure 4, L2 contains in­
stances of concepts defined on level Lt. The L2-elements, however, are used
as concepts for the instances on level L3. Hence, every level defines the
meta-model of the level below, which implies that all the concepts and rela­
tions defined in the meta-model can be used in the related instance level.
For example, on level Lt the meta-kernel-model defines the situation relation
between MKM_Process, MKM_Event and MKM_State in a very general way.
Both the task model and the dialog model are instances of the MKM.

Hence, all elements and relations defined by the MKM can be used, i.e. in­
stantiated, to specify the meta-models of a task and dialogue model. In the
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figure this is shown for the situation example. The relations pre_sit and posLsit

are specialisations of the situation relation. Specialisations of relations are also
described by means of the ERG but not discussed in this paper. Hence, on
level L2 the elements Task and ODSN_Rule are linked to pre_sit and poscsit rela­
tion nodes - but used differently, The meta-task model corresponds to the
one in Figure I. Using the language ODSN the designer describes the be­
haviour of a dialogue using production rules. The meta-model of ODSN de­
fines the left and right side of rules by means of situation relation, stating that
both sides can consist of flags denoting states - defined by the state edge.
Additionally, at the left side of a rule the designer can define events which
can be either a user or an internal system event. At the right side, however,
only system events are allowed. Level L3 shows example applications of the
task and ODSN-model. This small example shows how the MKM elements
and relations can be used to specify different models, e.g. the task and
ODSN model. In the same way the ERG can specify other meta-task and
meta-dialogue models leading to different concepts for describing domain
specific task and dialogue models on level L3.

4. INTEGRATION BY LINKS BETWEEN MODELS

4.1 Models and Meta-Models

Every model, apart from the top level model, owns "its" meta-model, de­
scribing its construction principles. The links between the levels are defined
through classification relations (clas). In Figure 4 it is shown that a task
model as well as a dialogue model are instances of the MKM. As a conse­
quence, there must exist an initial, universal start-ERG, which provides ele­
mentary concepts for the whole modelling process. This graph, however,
contains only general modelling concepts, which are not dedicated to a spe­
cial field, such as task modelling or dialogue modelling. Instead, it defines
the basic modelling concepts, such as the concepts element and relation, of the
eMF framework in general.

4.2 Structure and Behaviour

Within task modelling and within dialogue modelling the developer has
to specify the structure of the objects as well as their dynamic behaviour.
Both aspects are highly interrelated to each other. In an ERG these depend-
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encies are described by relation nodes linking element nodes of the "static
model" to element nodes of the "dynamic model".
Figure 5 shows examples of static-dynamic-link descriptions within the

ODSN model and instances of it. In ODSN a flag describes state informa­
tion of an object; this is specified in the example by a state_info relation. The
executed relation between the element nodes ODSN_Object and ODSN_Rule speci­
fies each rule to be executed by an object. By means of these concepts at the
next level R1 and the flag selected are linked to the object Orbital. In the same
way aspects of the structure and of the behaviour described in the task model
are linked, e.g. by the relation use in Figure 6.

Figure 5. Linking structure and behaviour
within the dialogue model

Figure 6. Structure-behaviour-Iink
within the task model

Figure 7. Linking task model and dialogue model
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To meet the requirements implied by the task model necessitates explicit
decisions by the designer of which and how elements and relations of the
dialogue model relate to the elements and relations of the task model. Within
an ERG these interrelations are introduced by means of relation nodes on the
level of the meta-models linking the concepts of a task model and a dialog
model to each other. In Figure 7 one can see, for instance, that UserTask is
linked to ODSN_UserEvent while TaskState is linked to ODSN_Flag. Hence, on the
instance level user tasks are refined into user events, e.g. select first orbital into
sel, and task states are converted to flags, e.g. orbital selected to selected. In this
examples the concepts are related to each other very directly. However, in an
ERG elements cannot only be converted to other elements but also linked to
relations, which is not discussed in this paper.

5. TOOL SUPPORT FOR eMF

Already the size of the models under consideration is a problem in itself
- enforced by the integration of several models into one even bigger model.
In a practical situation, where task model and dialogue model are combined
within CMF, this contains the application-specific task model, object mod­
els, dialogue model, their corresponding meta-models, and the even more
general meta-kernel-model. Hence, tool support is essential for this approach
to be applied successfully to a realistically sized project.
The underlying concept of the undirected graph was chosen as a univer­

sal and powerful basis for modelling structures, as it provides easy access to
view definition and navigation procedures. Technically spoken, this func­
tionality is based on the construction of subgraphs and paths through the
graph structure. The ERG is not intended to be visualised directly to the user,
for example as shown in the figures above. We use these visualisations
within this paper to explain the principles of CMF only. Within a tool based
on CMF more sophisticated representations are needed.
The first tool version we created to support CMF incorporates three dif­

ferent views, referred to as template, tree, and map view respectively. Using
the template view (see Figure 8), the user can inspect, modify and link sin­
gle elements of the model; however, one can not get an overview of link
structures or hierarchies; templates provide a very local view. Tree views
are used to display structures such as task hierarchies or object hierarchies.
The display looks like the well-known tree structures as used for represent­
ing e.g. file system hierarchies, and provides the commonly applied tech-
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niques of folding subtrees and drag-and-drop-operations for tree manipula­
tion. Map views show concrete views of arbitrary substructures which can
be modified according to the different meta-models defined in the ERG;
also, in map views the physical representations of nodes and edges can be
modified by the user. As shown in Figure 8 the representation of a map re­
sults in a graph structure - which is not identical with but visualising the un­
derlying structure of the ERG.

i-.------------------~----- r:rr;

Map

Templare

I", (cl •• )

l°tblt"

Whole

Controller

Figure 8. First version of a tool supporting the eMF.

All views can easily be called from each other. Based on the graph
structure the user can navigate not only within one map, but also freely be­
tween several maps and other views; he can inspect single elements via tem­
plates, and their positions in hierarchies with tree views. Hiding and show­
ing operations only influence the visual representation, not the underlying
ERG. At any time as many views of any type may be opened and visible as
the user likes. This helps him in getting an individual, customised view on
the model. Real editing operations on the graph are reflected immediately in
all open views. To handle the multiple window situation a controller pro­
viding a window list is available.
The views allow the typical editing operations, such as inserting a new

node as instance of a given concept, inserting relations between existing
nodes, deleting of nodes and relations, and renaming. As these operations are
available on all levels of the model with the model containing the meta-level
as well. This implies that the meta-model can be manipulated in the same
way. The core part of the initial starting graph can not be modified, as some
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of the semantics had to be hard-coded; apart from that, however, the de­
signer has complete freedom to redefine the models he wants to use. Modi­
fying the meta-model is as easy as modifying the application-dependent
models themselves. When introducing completely new concepts these get a
standard representation first; this can then be modified as needed.

6. DISCUSSION

Our approach can be considered to be model-based. Our goal, however,
is not the generation of user interface design from the specified models, but
to support the creative transition from task model to dialogue model. Some
parts of this effort might be good candidates for an automated process; we
think, however, that it is more important for the designer to be able to keep
track of links within and between models.
The underlying ERG is a formal system; the information stored, however,

is not formalised - hence, our approach can be considered to be semi-formal
in its nature. In other work [1,2,3,4,] we follow the idea of early testing of
task models, hence, we add formal semantics to task models, and then exe­
cute them. The two approaches should and will grow together in the future.
In the resulting tool we will also incorporate transformation rules for the
links between the task model and the dialogue model supplying them with
concrete semantics. Hence, in contrast to VISTA [5], within the executable
system the links will be used to test a dialogue model in the context of its
task model.
The self-description concept allows the coherent specification of models

and meta-models within a single structure. Subgraphs are used as "construc­
tion rules" for other parts of the same graph. This principle allows for highly
flexible modifications of the models and their "language", i.e. the meta­
models. Our approach is similar to others dealing with meta-models but in
contrast to e.g. KOGGE [[6]], it takes arbitrary numbers of levels of meta
models into account. ConceptBase [[8]], though dealing with unlimited lev­
els of meta-models, treats transitions differently, and is oriented towards
support for software-engineering models in general. In contrast to this, CMF
allows more complex transformation rules between different models, i.e.
crossing meta-layers and consisting of a sub-graph of its own. Additionally,
we explicitly focus on task models and dialogue models and the transition
between them.
The underlying ERG is basically a flat graph structure. Technically, it is

implemented as a structure of nodes and edges, with "higher" structures be­
ing introduced as interpretation rather than as implementation basis. This en-
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abIes highly flexible view and navigation operations. The basic modelling
relations, such as classification and aggregation, are treated like all other re­
lations in the model. This also enables the easy addition of new relations.
The first version of the tool we implemented showed the feasibility of the

approach. Especially, we wanted to prove that an editor enabling the de­
signer to work with several models and their meta-models in an integrated
way, can be built. Hence, we concentrated first on the support of the under­
lying eMF structures, and then on implementing the three representations
mentioned in this paper. Ongoing work will improve the interface, the repre­
sentations, and the visualisation techniques of the tool. We plan to imple­
ment more sophisticated visualisation techniques, such as fish eye views,
lens techniques, or additional layout algorithms, to deal more efficiently with
large models.
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Abstract The 'Towel' project seeks to find solutions to problems encountered by both
visually impaired and sighted users when travelling in the World Wide Web.
Drawing similarities between real-world travel metaphors of visually impaired
people and web-based travel metaphors of both visually impaired and sighted
people. enhances an understanding of the problem and therefore enables solu­
tions to these travel problems to be more easily identified. By likening web­
travel to real-world travel in terms of mobility. navigation. orientation, and
mapping, and by fitting web-travel into a real-world travel framework a num­
ber of similarities can be identified. and problems characterised. These prob­
lems have solutions in the real-world and so these real-world solutions may be
of use in addressing web-based travel problems.

Key words: Visually Impaired, WWW, Mobility, Travel. Navigation, Orientation, Adapt­
ability. Tools.

1. INTRODUCTION

Browsing the World Wide Web (WWW) can be a complex and difficult
task, which is further complicated if the user happens to be visually impaired
because the richness of visual navigational cues presented to a sighted user
are not appropriate or accessible to a visually impaired user [16].
Web browsing and searching suggests a degree of travel as well as read­

ing, and while there are a number of WWW Browsers that support the read­
ing task for visually impaired people, few support the task of travelling
around a page, a web site or indeed the WWW in general. Many such
browsers are concerned with the 'sensory translation' of visual information to
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auditory information, and are not concerned with enhancing web mobility
[15]. In a survey, carried out by email, a marked difference can be seen be­
tween the navigational speed of sighted users and that of visually impaired
users when asked to perform a series of navigational tasks using the lnternet
Movie Database' as the reference site. This survey illustrates how a major
part of the www experience, namely movement within a page, from page-to­
page and site-to-site, is unsupported in many browsers.
Research already undertaken suggests that these issues need to be ad­

dressed with regard to all web users and not just visually impaired people
[15]. Current research divides movement through the Web into landscape
metaphors [7] and path metaphors [12]. It is however asserted here that such
a separation is unhelpful as real world travel is accomplished with no such
segregation.
It is then the aim of this paper to apply holistic real world travel task

metaphors encountered in the blind mobility field to web based mobility as it
is believed that there are a number of similarities between the tasks and
problems encountered in both. It is thought that this transfer from the real to
the web-based world will enhance the discourse on travel through the WWW
and therefore provide novel solutions to the problems faced by all web trav­
ellers, and particularly those with a visual impairment. These solutions
would include tools to aid the design and integration of travel components
into web design methodologies to aid mobility based on these real world
metaphors. They would also include a degree of adaptability in the user in­
terface to enhance the provision of mobility components based on the in­
coming information.

2. MOBILITY PRIMER AND TERMINOLOGY
REFERENCE

Many important lessons can be learnt from knowledge gained in assisting
visually impaired travellers in real world situations. This knowledge can be
applied to both visually impaired and sighted web travellers.
Travel can be thought of as the whole experience of moving from one

place to another regardless of whether the destination is known at the start of
travel or if the journey is initially aimless. In this context a successful jour­
ney is one in which the desired location is easily reached. Conventionally,
travel or mobility can be separated into two aspects, those of Navigation and
Orientation [6].
• Orientation - can be thought of as knowledge of the basic spatial rela­
tionships between objects within the environment [1]. It is used as a term
to suggest a comprehension of a travel environment or objects that relate
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to travel within the environment. How a person is oriented for travel is
crucial to successful travelling. Information about position, direction, de­
sired location, route, route planning etc. are all bound up with the concept
of orientation.

• Navigation - in contrast, suggests an ability of movement within the local
environment [11]. This navigation can be either by the use of pre­
planning using maps or fore-knowledge, or by navigating 'on-the-fly' and
as such a knowledge of immediate objects and obstacles, of the formation
of the ground (holes, stairs, flooring etc.), and of dangers both moving
and stationary are all required.

3. EGOCENTRICITY

Because navigation entails some form of mapping and knowledge stor­
age, an understanding of how information is stored and processed in the
brain can be useful in mobility research. Cognitive or mental mapping is an
abstraction of the real world, covering the mental abilities that allow us to
collect, organise, store, recall, and manipulate information about the spatial
environment and real world surroundings [10]. In the context of travel, this
means everyday spatial environments. Thus information is stored to make
sure navigation is possible, ('how to get there'). In addition, other cognitive
knowledge is used to discover 'where to go' [8].
There are additional features of mobility by visually disabled people that

are pertinent to web travel. These features mainly relate to cognitive map­
ping and how visually impaired people mentally visualise the world, and as
such are useful for inclusion in any mobility model as feedback can be tai­
lored to enhance these mental visualisation characteristics [10]. Many visu­
ally impaired people have a tendency to think of the real world in a 'egocen­
tric' manner, such that descriptions of distance and journey become associ­
ated with the traveller and not the environment [10]. A sighted person may
say "walk to pedestrian crossing and then continue on to the bank" where as
a visually impaired person may say "walk 20 metres ahead, then from the
tactile surface walk 10 metres to the North West of that position and you are
at the Bank". It can be seen that the specification of distance and direction is
far more exacting and the traveller relies on a limited amount of external in­
formation to reach the destination. Visually impaired travellers also break
their journey into shorter stages and orientate themselves within the journey
a greater number of times. On average a visually impaired traveller orien­
tates themselves every 40 metres compared to a sighted travel who does so
every 100 metres. The mental maps created by visually impaired travellers
therefore have a tendency to be egocentric, exact, and divided into smaller
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more manageable steps. Tailoring feedback to enhance these traits would
therefore enhance the mapping process for visually impaired (and sighted)
travellers [10].

4. PARALLELS BETWEEN REAL WORLD MOBIL­
ITY FOR WEB MOBILITY PROBLEMS

4.1 Preview and Probing

In real world blind mobility, a lack of preview of upcoming information
is one of the major issues to be addressed. Consequently, this preview is
supported by both electronic and non-electronic means and travel aids range
from the conventional cane and long cane through to laser obstacle detectors.
However, in all cases the travel aid performs a 'probing' task such that a
limited amount of preview is given [5]. This amount is limited because in
travel experiments complex information was found to not be easily assimi­
lated by non-visual means and therefore too much information was found to
be as unhelpful as too little [4].
In a web-mobility context, the lack of previews of both upcoming hyper­

links and information relating to movement on the web page itself suggests
that some degree of 'probing' must be implemented so that a limited preview
can be obtained [15]. Indeed if a user is observed traversing the web, they
can be seen to select a hyperlink, preview the contents (by clicking or plac­
ing the caret over the link to see the destination) and return if the contents
are not applicable. This probing is continued until each hyperlink is pre­
viewed, and interesting contents are found [9]. Therefore, too much infor­
mation may be the presentation of the entire page, when probing, and too lit­
tle may be the presentation of just the hyperlink.

4.2 External Memory

Blind mobility solutions exist to accomplish obstacle avoidance and are
based on both enhancing preview (as described above), planning to avoid
obstacles through knowledge of the environment (orientation), and on navi­
gating oneself around obstacles based on a knowledge of ones orientation
within that environment [13]. Planning l to avoid obstacles suggests a certain
knowledge of an end goal to be achieved, while this is true in many cases it
is not always known at the outset and related travel information may be used
in transit as the goal becomes more evident. These problems are addressed in

I In real world mobility.
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blind mobility by the provision of electronic or tactile maps, by using
knowledge gained from previous travellers of the area (similar to a guide­
book) [2] or by the provision of information points giving complex informa­
tion about an area, and by in-route guidance systems such that location
within an area is pin-pointed to a finer or courser granularity [3].
This is also the case in web mobility where a search for a specific goal

may be instigated at the outset or where a user may choose to browse with­
out much idea of a goal until well into browsing. Therefore, to find and
avoid obstacles (like Feints - options that are not available can be thought of
as obstacles) encountered 'on-the-fly'. A web traveller, therefore needs some
form of preview. They also need to be supplied with fore knowledge of an
area, or be supplied with it in-route, and have some knowledge of ones ori­
entation within an environment. These obstacles like feints, graphics, and
frames may also change with the context and task being performed, a
graphic while an obstacle in the context of information searching, may be
useful as a marker in the context of navigation.

4.3 Cueing

Orientation or 'where-ness' (detecting cyclic behaviour, direction and
distance) is important in blind mobility as it enables travellers to navigate
with some degree of accuracy. However, problems exist for visually im­
paired travellers, because they do not have the luxury of visual cues to base
these judgements on. Therefore, the environment must be updated such that
cues are provided in an appropriate manner, giving explicit orientation in­
formation such that navigational information can be detected. This is accom­
plished using tactile surfaces' or by using audible road signals, and by the
placement of specific electronic devices known as 'waypoint' markers [3],
so that this explicit information can be given.
The similarities between real-world and web mobility for visually dis­

abled people suggests that the provision of some form of explicit, appropri­
ate, orientation method (such as waypoint devices) would be an advantage
when travelling in the virtual web environment. This would mean that a user
can make a choice as to whether they want to be at the current location and if
not how to best attempt to get to their perceived destination [16]. Visited hy­
perlinks change colour giving a visual cue that is not present when travelling
the web as a visually impaired person.

4.4 Feedback

Supporting the general mobility task by providing appropriate explicit
feedback, returned implicitly from many objects, is also undertaken by many



310 Harper, Stevens and Goble

real world travel aids. This functionality is mainly included as an addition to
a travel aid fulfilling a different task. The premise of these additions is that
much feedback is implicit and can be assimilated at speed, if the recipient is
sighted. This is not the case however, if the recipient has a visual impairment
as the cues, and complexity of the cues, often depend on the recipient having
vision and being able to assimilate this complex visual information at a fast
speed [14]. A long cane is an obstacle detection device that enables a limited
tactile preview of upcoming obstacles, however by tapping it against obsta­
cles, auditory feedback is created such that the user has a more complete
picture of an object. This multiple feedback is replicated in electronic de­
vices such as the VA-Bionic Laser Cane" which gives different tones to sig­
nify distance and direction. It can be seen that these travel aids provide ex­
plicit feedback (sometimes using sound, sometimes speech) such that feed­
back appropriate to the user is given.
Therefore, when making any web journey an analysis of all implicit

feedback should be taken, and this information should be expressed in an
appropriate and explicit way so that the general task of movement is sup­
ported [16,17]. It should also take into account the natural mental mapping
methods2 for individuals with a visual impairment or sighted individuals
with temporarily restricted vision, and be speedily assimilate-able regardless
of complexity. Progress bars, moving Netscape' graphics, and percentage­
loaded notifications all employ visual feedback mechanisms that are not us­
able by visually impaired people.

5. PROPOSAL FOR FUTURE RESEARCH

Applying knowledge about real world mobility to web based mobility
problems can enhance the travel experience for visually impaired users. Be­
cause all users share some of the characteristics of visually impaired travel­
lers when travelling off the viewable area these enhancements can also be
applied to sighted users too. The use of egocentric description, accurate
journey information, and more frequent orientation points are directly related
to the lack of preview found in real world travel, which is also encountered
frequently in web based journeys.
By analysing real world travel solutions for visually impaired people, in

the context of web travel, a framework can be generated. This framework
will enable a critique of web design and design methodologies to be facili­
tated such that lessons learned with regard to web mobility can be incorpo­
rated into design methods and practice. Browsers can then include a mobility

2 As described in the previous section.
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model that takes on board these lessons and applies them to web mobility.
By doing this, solutions established for visually impaired travellers in the
real world are applied to all web travel thereby solving problems faced by all
web travellers, sighted or unsighted. It is envisaged that this mobility frame­
work will be practically applied by using a set of XML-DTDs and a browser
plug-in to implement the framework once suitably defined such that accurate
testing can be accomplished. Tools that automatically enhance the travel in­
formation provided in web pages and over web sites can then be created so
that any automatically generated output is tailored to fill the spaces in the
mobility information left by manually designed output.
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Abstract The purpose of this paper is to suggest a tool supporting distributed user inter­
face design and evaluation in asynchronous collaboration. First a set of prob­
lems is identified related to collaboration tools. One narrative is provided to
illustrate a collaboration situation based on the use of the tool. Finally discus­
sion shows how tool-centredness needs to be supplemented by deeper under­
standing of collaboration in the future studies.

Keywords: Asynchronous collaboration, User interface design and evaluation

1. INTRODUCTION

A tool presented in this paper is based on a technical solution drawing on
so-called toolltechnique-centredness. Toolltechnique-centredness can be re­
garded as an approach stressing the use of tools or techniques as the partici­
patory design (PO) school has done (see for example [3] and [6]). The con­
cept of user-centredness was an underlining design idea in constructing the
first prototype. To define user-centredness, a few general design principles
suggested by the PO school [I] were considered as an eligible outline. In this
case one pilot test was carried out to reform the implementation of the pro­
totype, and some improvements were committed as a result of it. Two other
tests were also undertaken but improvements are not yet implemented.
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As the PD school acknowledges, there is a need for both user and de­
signer knowledge in systems development [1], calling for co-operation based
on differentiation and combination of specialities [4]. Based on this view it
can be said that one has the skills the others do not have. A set of problems
was identified as a result of finding implementations intended to support
collaboration between users and designers. Striving for different time/place
collaboration is preferred since designers cannot influence users. CARD [3],
PICTIVE [3] and PictureCARD [6] techniques share a notable assumption.
The use of them calls for physical presence (same time/place) of participants
(users and designers). By introducing TelePICTIVE technique, [2] made it
possible for participants to collaborate remotely in a synchronous manner
(same time/different place). Nevertheless one problem remains. It is still re­
quired to gather in a computerised meeting conducted over -distance and
dictated by a predefined schedule. The aim of this study is to overcome time
and space restrictions related to geographically distributed and collaborative
user interface design and evaluation (different time/place).

2. LITE PROTOTYPE: ARCHITECTURE, CHAR­
ACTERISTICS AND DESIGN RATIONALE

The architecture of the client/server system unfolds as follows. There is
one client (web page browser) used by a set of users. Also there is a server
harbouring contents, both functional (Common Gateway Interface script,
CGI script) and accessible one for both retrieval done by File Transfer Pro­
tocol (FTP) programs and web page browsers. In the case of FTP programs
designers handle user feedback as well as transfer or replace World Wide
Web (WWW) pages on a server. The use of web page browsers refers to us­
ers who evaluate designs proposed by designers. In addition to this, design­
e~s utilise email programs in order to inform users about representations to
be evaluated.
The user interface (LITE tool) visible for users and especially represen­

tational aspect of it merits special concentration. Paying attention only either
to formality or information flows cannot be seen as satisfactory in participa­
tory design [1]. When LITE prototype was being built, the principles were
concerned. The fabric of the tool was designed so that it pays special atten­
tion to use situations.
Through a web page browser users can see a collection of scenarios (task

scenarios), each of them describing a sequence of unfolding computerised
tasks (use scenarios) presented so that there is an envisioned user performing
tasks by using the sketched software. Each of those scenarios is divided into
subparts to represent distinct stages in which a user is performing something.



Tool-based support for user-designer collaboration in distributed 315
user inteiface design and evaluation

Textual and pictorial versions of a scenario are represented in parallel. Evi­
dently, pictorial representations render users as evaluators more competent
to understand textual scenarios. Each of the web pages represents one of the
stages of a scenario. Within one web page or a stage of a scenario it is possi­
ble to find answers to what, who and why questions (task scenario). User
interface questions or details related to screen design correspond to how-to­
do questions (use scenario). The use of symbols in underscoring dynamics of
representations stems from what was said by [4] about directing attention
with embedding cues such as marking particular items or highlighting. In
images of pictorial scenarios there are red diagonal strikethroughs stressing
that something is not allowed to do, green circles saying something's chosen,
black arrows indicating movements as well as blue text sections emphasising
recently added text sections. Figure 1 illustrates one of the stages of an ex­
ample LITE representation.

111. --
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Figure 1. One stage of an example scenario.

Users are provided with links to questionnaires situated right after images
so that users can easily shift from scenario representation to the correspond­
ing questionnaire and fill it in with comments on user interface or function­
ality. It is possible for designers to add to these questionnaires both open­
ended questions and fields with explicitly stated questions. Filling in ques­
tionnaires done by users and providing users with representations are good
means for participants to converge each other or combine their interpreta­
tions. There are also some instructions for evaluators as well as the descrip­
tion of a target software to be evaluated in the beginning of scenarios on the
main page of the tool.
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3. COLLABORATION OVER DISTANCE -ANAR­
RATIVE

The collaboration in this situation draws on reciprocal interdependence
[5] in which designer's outputs can be seen as inputs from the viewpoint of
user and vice versa. There are also two other salient concepts in this case.
Collaboration can be divided into two stages. First there is a phase in which
either designer or user is immersed in completing his/her task based on dif­
ferentiation [4], having appropriate skills to succeed in it. The other stage
lies on combination of participants' skills. In the course of asynchronous user
interface design and evaluation, act modes based on differentiation or com­
bination alternate as is illustrated in figure 2 by juxtaposing stages of differ­
ent kind. Designers are immersed in concretising ideas and proposing tangi­
ble proposals whereas users are more competent in comparing and evolving
proposals to their work situations.

designers contnbutlon dlnerent tlmelplsce-orMlnted users contribution based
based on differentiation intBrsactions' (combinationl on differentiation

1. Based on knowledge provided by 41~
users a designer takes pictures of
sketches drawn on a wMe board with
a digi camera for pictorial scenarios. ti ~e line

2. The designer builds representations
(web pages) according to LITE tool.

3. Representations are transferred at
\. the web location.

/ 4.The designer emails an announcement \.
to a set of users about representations.

/ 5. One of the users in this case opens
representations at predefined location.

/ 6. The user reads Instructions related to
how to progress in avaluateon process.

/ 7. SIhe reads the description of the
sketched system to be evaluated.

It
8. SIhe chooses a link that brings to the
first slage of the unfolding scenario.

\ 9. SIhe scrutinises what is presented on
this oaae and draws some conclusions.

\ 10. SIhe chooses a link that brings him!
her 10 the corresponding questionnaire.

\ 11. The user fills in the questionnaire
and accents iI bv cllckinn a button.

\ 12. $/he retums back to the same step
.= and proceeds to the following step.

13. The designer checks whether there "-
are feedbacks in aproper file by using •FTP program. "yes. feedbacks ere
evaluated and new scenarios are buiK.

Figure 2. The diagram depicts how collaboration emerges in the case of geographically dis­
tributed asynchronous user interface evaluation. The steps 5-12 relate to only one stage in the

scenario.
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4. DISCUSSION

Based on one pilot test and two usability evaluations it can said that in
terms of usability LITE can be regarded· as a possible solution for the pre­
sented problem. Nevertheless, only usability aspect from the viewpoint of
users is scrutinised. There is an evident need to carry out some field studies
involving designers in real design situations having geographically distrib­
uted and collaborative settings. In its current implementation, LITE is not
integrated in any working protocols. Especially collaboration over distance
entails complexity. By providing scenarios like the above-scrutinised narra­
tive, it is possible for us to assess in advance how things unfold in reality,
and based on that kind of view, in theory collaboration can be relied on.
There is a clear need to study how articulation work between participants
actually happens. For example it could be a good idea to make it possible for
participants to trace back historically evolved design rationale.
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Abstract Interactive system evaluation is the source of many difficulties for human­
machine communication specialists as well as for non specialists. The quality
of the evaluation depends on many parameters which are often contradictory.
A major problem which project managers (and even human evaluators) are
confronted with is the choice of criteria and methods appropriate for the
evaluation. Given the international context linked with the situation of use, so­
cial and cultural aspects must also be considered in certain cases. Our research
is oriented towards the design of a Decision Support System (DSS) for com­
puter-aided choice of VI evaluation criteria and methods. It is based on Fuzzy
sets. A first prototype is implemented with PrologIII.

Keywords: Decision Support System, Evaluation, Vser Interface, Fuzzy Sets.
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1. INTRODUCTION

For the evaluation of interactive systems, two main families of criteria
are often distinguished [15]: they concern (1) pratical acceptability which
comprises several very different criteria, such as compatibility, cost, system
reliability but also the usefulness; (2) social acceptability. The usefulness is
composed of two main sub-criteria: utility (technical or functional dimen­
sion) and usability (ergonomic dimension). For instance, concerning the er­
gonomic dimension, Bastien and Scapin [2] propose a classification with 18
sub-criteria.
Several dozen evaluation methods are described in the literature (see for

instance [3,6,9,15,18]) and concern one or more of these evaluation criteria.
For instance, some of these methods concern essentially human workload
evaluation. The choice problem concerning these criteria and methods is
very complex for the non-specialists, and even for the specialists.
What is more the social criteria are never really taken into account, and

yet in certain countries, the social considerations become as important as the
utility and usability constraints. For example, when the interactive part of a
system designed by a western company is intended for Developing Countries
(in Africa or Asia), it can lead to a freezing situation or rejection phenome­
non when some social and/or cultural requirements (specific shapes, ges­
tures, colors, signs...) are not taken into account [14,17]. In conclusion, in
many situations, the evaluation must check not only the practical require­
ments (utility, usability, induced costs...) which are the source of many diffi­
culties, but also social and cultural criteria [13]. For this reason, a computer­
aided choice of evaluation criteria and methods can in many cases be par­
ticularly important. Such an approach is described in this paper. It is based
on Fuzzy sets and implemented with PrologIII.

2. RELATED WORK CONCERNING COMPUTER·
AIDED EVALUATION

Many computer-aided approaches for helping the evaluators of interac­
tive systems are described in the literature. The aid principles are various:
• automatic evaluation of interaction objects using a knowledge base con­
taining ergonomic rules, like with Synop [10], KRI [II] or ERGOVAL
[5];

• consideration of a task model for helping the evaluation, such as in EMA
[3] or Chimes [8];

• Automatic capture of user actions, such as in EMA [3], Playback [12] or
in the system proposed by Hammontree et al. [7];
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• Automatic analysis of visual strategies [1];
• Advice concerning the evaluation methods to use [4];
• and so on.
Most of the tools dedicated to computer-aided evaluation help the eva­

luators to perform only partial evaluations. The evaluation is partial insofar
as the evaluators can only check a part of the criteria set: in other words, at
present, any given tool for computer-aided evaluation can help the evaluators
to check only few criteria such as "efficient to use" or "subjective pleasing"
(the same tool would be for instance ineffective for other criteria such as
"easy to learn").
We adher to the logic of these tools existing for computer-aided evalua­

tion, but in an overall perspective, carrying out a tool for computer-aided
evaluation. It is called ADHESION (in French: Aide ala Decision Humaine
pour I'Evaluation des Systemes Interactifs et leur validatiON; translation:
Decision Support System for Interactive System Evaluation and Validation).
Its main objective is to propose and explain the appropriate set of criteria and
methods, usable for the "complete" evaluation (i.e. not only based on usabi­
lity criteria) of a human-computer interface. To our knowledge, such a sys­
tem does not have an equivalent in the literature. The principles on which it
is based are described now.

3. FIRST PROTOTYPE OF THE ADHESION
DECISION SUPPORT SYSTEM

3.1 General principles

The analysis of a Decision Support System (DSS) requests the specifica­
tions of the elements which take place in the system. First, we must define
the set of alternatives on which will be based the decisions. Secondly, we
should study the criteria which will be taken into account. This information
will be sorted out and processed by a predefined decision-making approach
in order to deduce the choice of the best alternative [16], Figure I. In our
case, the result concerns the adequate HeI evaluation criteria and methods to
be used for the given situation. The possible decision criteria are numerous:
• About the situation: quality of the available information, Type of data
(qualitative/quantitative), type of application (supervision, electronic
commerce, business system...), presence of representative users, stage in
the development process, human resources, available financial resources,
location (country), product nature (prototype, paper version...), type of
human-computer interaction (menus, virtual reality, hypermedia...), tem-
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poral resources (number of days, weeks or months), required knowledge
(psychology, sociology, computer scientist...)...

• About the potential performance of the evaluators: ability, experience,
current workload...

The result (i.e. the choice) concerns:
• Evaluation criteria to consider in priority: social acceptability (ethical,
social and cultural criteria), practical acceptability (environmental, eco­
nomical, utility and usability criteria). Each criterion can be decomposed
into sub-criteria. For instance, concerning the cultural dimension, in seve­
ral countries, the system can give the advice to focus the evaluation on
shapes or colours. About the usability criteria, sub-criteria are well defi­
ned in the literature: see for instance Bastien and Scapin [2].

• Evaluation methods to use in priority: many evaluation methods and va­
riants exist. Each method can be described with several characteristics:
name, concerned criteria, necessity of presence:.of users, and so on.

Preferences
and strategies

Decision
criteria

Alternatives Evaluation
criteria & methods

Figure 1. General principle (adapted from [16]).

3.2 Software architecture

The ADHESION DSS is composed of two main modules: a first module
automatically selects and proposes evaluation methods and criteria; the
Command Module (CM) is used for the control of the system.
The user (which can be a project manager, a student in HCI or an un­

skilled evaluator) operates on the CM by using a specific human-computer
interface (Figure 2). The CM integrates the different elements intended to
assist the human decision process. The user operates on the CM, in order to
draw up a set of modifications necessary to compensate for unsatisfied sug­
gestions.This first prototype is developed with the PrologIII langage. The
choice of this language is justified by its ability to manipulate objectives and
subjectives data, to model constraints, and to reason on them.
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User (project manager, student, unskilled evaluator. .. )

+
"

HCI of the DSS - Description of the situation
- Visualisation of solutions

n

~~ADHESION
u

Selection and proposition of evaluation methods and criteria

Figure 2. DSS Architecture.

3.3 Overall description of the approach based on Fuzzy
logic

Our approach integrates Fuzzy rules and the concept of expert's prefer­
ences (Figure 3). One possibility could consist of working only with the
Fuzzy rules, but the characteristics of our problem force us to use that com­
bination. This way is encouraged when it is matter of a new or complex
problem where well defined production rules do not exist [19]. The main
stages followed in our approach are resumed in Figure 3, and progressively
explained.

Classification
of the results

Figure 3. Main stages for decision aid in HCI evaluation.

The modelling of expert's preferences (aiming to build the knowledge
base of the ADHESION DSS) can be illustrated with the following example.
Let us consider the « human resources» criterion: to adjust this criterion, the
expert prefers that another criterion (<< available financial resources») should
be « rather good ». We know that the action concerned is « to adjust the hu­
man resources» (adjusting human resources consists in reducing or increas­
ing the number of evaluators, seen as actors in the evaluation process) in re­
lation with the criterion: «available financial resources ». The linguistic
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variable «L» to be used is denoted «expert's preferences» concerning the
action «to adjust the human resources» in relation with the criterion:
« available financial resources »; the expression which must be evaluated is
« rather good ». In the literature, the term « good» is called a « describing
term » and « rather» is called a« modifying term ».
The production rules to be used for the expression are :

(I) S~ T good
(2)T~ rather

Concerning the semantic to be associated to this linguistic variable, the
variable is defined by a scale by 100, representing the percentage of the
evaluators' workload or the maximum of the budget that one can not exceed.
We must express what the expert means by «good» and « rather ». In this
context, it becomes pertinent to use a Fuzzy approach [20], which, for exam­
ple, can make easier the expression of the following expertise:

Between 60 and 100% of the overall budget allocated to the evalua­
tion, the expert estimates that the criterion «available financial re­
sources» should be «good» to adjust the criterion « human re­
sources ». Thus, from 50 to 60% of the overall budget, the action «to
adjust» becomes less possible. Under 50 %, the adjustment becomes
impossible.

A Fuzzy rule rmcan be written such as :
« IF C I is Aim .. ' AND Cn is Anm THEN aj is DCFm» (Aim and DCFm
are Fuzzy sets), that is to say that the C j criteria respecting the Aim
sets, we want to obtain DCFmfor the aj action. »

Considering the same kind of example one can write:
IF the C\ criterion « available financial resources» is 0.8 AND IF the
C2 criterion « presence of an expert in ergonomics» is 0 AND IF the
C3 criterion « dimension to be evaluated» = "usability" THEN the (aj)
action is « to adjust the human resources» is 0.9.

That can be read like that: if the criterion « available financial resources»
represents 80 % of the overall budget allocated to the evaluation and if there
is no expert of ergonomics (0) in the evaluation team and if the criterion
« dimension to be evaluated» is the usability, then the action « to adjust the
human resources» is recommended at 90 %. That is to say, in practice that
the system will suggest to adjust the « human resources ». One can also note
that the evaluation criteria and methods suggested by the DSS must be
adapted to the types of evaluators present in the evaluation team. For in­
stance, if the evaluators are computer scientists, it would be not pertinent to
offer them evaluation methods requiring a strong ergonomic practice.
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4. CASE STUDY: ADVICE ABOUT EVALUATIONS
FOR THE SAME HCI TO BE USED IN TWO DIF­
FERENT COUNTRIES

To illustrate our approach, it is important to show (I) the impact of taking
into account socio-cultural problems in certain countries, (2) the influence of
situational constraints. Note that the system takes into account certain social
and cultural differences concerning 212 countries and islands. This knowl­
edge is issued from a collaboration with sociologists (IFRESI Laboratory).
For instance, in two different projects, we suppose that the same situ­

ational constraints characterize these projects concerning the same type of
HCI to be used in different countries (Pakistan and France). In each case, the
role of the user is first to describe the situation. Figure 4 is relating to the
HCI to be used in Pakistan; we suppose that, for the HCI used in France, the
only one difference is the selection of this country (left comer, at the top).

~ iii Flchler Edlter Rechercher Controle Fenetres CD ..
•..........-c.tt. t*C:hnl~ de """0 lull on vous obllCJe a~. a tout... les questU)f'lS Cl-desSOUS•••­
Insa"'l ....z lei II non du Povs dullnolai,..(ou oss •• i •• >
del' Hf1 Q "'-'oluer. po.r 10 prise en COIIlpt. des aspects

.oc:io-cul t ...... ls; I. ~t'" reconnait 212 pc:IIp.t ile. AlOE a 10 c:~sion de.. questions

I
:~ CIXlOo ..... ulillartars fir'oClJll? ~

Ip,tOSTR" ~ Plulol-tIo\IOr'l. "ll,II'I. quo uous
. ~ o.c Iris do D do chn:I d'Cll:IClOdr fulu's
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Gr-aupI d·eualu. dl_. l-II d· ~? 0 !81 0 !81 0 0
Gr-aupI d·4valu. dispose H I d· sac:'al_1 0 O!81 O!81 0
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POVVIX-vaus f Inan,,... I. d4passe du t_ INw? 0 0 181 0 0 181
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Figure 4. Data describing the constaints of the evaluation situation
for an Her planned to be used in Pakistan.
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On the screen (Figure 4), one can distinguish a list of questions (written
in French in this first version). The answers are not binary (yes/not): by us­
ing three «descriptors» (Bon/Oui - Moyen - MauvaislNon; translation:
Good/Yes - Middle - BadINo) and three «modificators» (Tres - Plutot ­
Moderement; translation: Very - rather - Moderately), the ADHESION
DSS is able to propose solutions taking into account the uncertainty or the
imprecision of the user). Figures 5 and 6 show parts of propositions (solu­
tions) provided by the ADHESION DSS.
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Figure 5. Propositions provided by the ADHESION DSS about
the HeI planned to be used in France.

In the two cases, it has proposed several evaluation criteria and methods.
For the evaluation of the HCI to be used in Pakistan, Figure 6, one can dis­
tinguish (left corner, in the bottom) that the DSS proposes to take into ac­
count some criteria concerning usability, but also criteria concerning social
aspects. For the evaluation of the HCI to be used in France, the propositions
are more focussed on usability aspects, Figure 5. The evaluation methods
proposed by the system can be different in the two cases, according to the
evaluation criteria to consider. Note that one to five complementary evalua­
tion methods are automatically proposed. Each criterion or method is also
described; for instance, about a proposed method: (1) name, (2) development
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stage in which the method will be useful, (3) approximative duration re­
quired to perform the evaluation, (4) its availability (a method can be vali­
dated on very simple tasks only, and not directly usable in more complex
situations), (5) references, (6) existence of a software version, and so on.
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Figure 6. Propositions provided by the ADHESION DSS about
the HeI planned to be used in Pakistan.

s. CONCLUSION AND PERSPECTIVES

Our approach can bring an original contribution to computer-aided
evaluation of interactive systems. Indeed it becomes possible to assist auto­
matically the choice of HeI evaluation criteria and methods adapted in each
situation. A DSS called ADHESION is currently developed with the Prolog
III language. The first results are encouraging in terms of expertise model­
ling and the solutions that it provides. The perspectives are numerous, ac­
cording to: (1) the development of the software modules, (2) the expertise to
integrate in its knowledge base, (3) the tests of this DSS, according to
evaluation scenarios during real or simulated projects.
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Abstract Software evaluation is a hard problem: utilisability, robustness, graphics qual­
ity as many aspects to considerate for a global vision of the software quality.
In traditional evaluation methods, influence of users general feelings is ig­
nored. In our context, the teachwares evaluation before use, subjectivity is
particularly relevant: the motivation, the empathy, for example, are key ele­
ments of all training processes. In other words, a good evaluation should pro­
vide an objective evaluation of the software and the perception that the user
had of this teachware. We proposed a method (called EMPI), for an evaluation
help of multimedia teachwares, proposing this duality. This method is pro­
posed to teachers to help them in to certificate or to choose a teachware.
Mainly based on a hierarchical questionnaire with variable depth, this method
allow evaluator to capitalise his subjective opinion and to mark instinctively
any aspect of the teachware, in parallel with the questionnaire itself.

Key words: Software evaluation, Subjectivity evaluation, Teachware, Questionnaire.

1. INTRODUCTION

There are many methods to evaluate the interface or the technical quality
ofthe software, but a dimension that we consider important often misses: the
subjective perception which has the user. These feelings can condition the
acceptance or the rejection of the software by the user [1]. In our evaluation
context, we want to provide a method to help a teacher, or any education ad-
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visors, to choose, to certify or simply to correctly analyse, the multimedia
teachware that they want to use.
Some distinctive features of our context favorise a better consideration of

subjective point of view. First of all, students constitute a difficult population
for motivation, attention and effectiveness. Nevertheless these problems can
be solved with the use of environments or scenarios, to stimulate the pleas­
ure of application use. Next, the teaching situation can be enough complex to
avoid any evaluation before use: so it's important to consider the evaluator
subjective opinion to judge the relevance of such software characteristics. At
last, users of our method are not specialists and it's probably impossible to
provide them a method to detail all the characteristics of any teachware. Be­
cause we allow them to deliver an opinion on software characteristic, we in­
crease our chances to detect a fault. The problem is to find right balance
between an evaluation of software objective characteristics and the required
consideration of subjective criteria.

2. AN EVALUATION HELP METHOD

In our case, the evaluator is the prescriber: a professor, a manager of a
CD-library or someone who wants to learn himself. We directly evaluate the
software and not its impact on users or students and we work on finished
products. Our goal is not to improve the evaluated software but to give to the
users a help for the choice, the certification or the discovery of their tools.
As we said, the method is presented as a structured questionnaire. We di­

vide the global field in five themes: Technical quality, Ergonomics aspects,
Multimedia documents, Scenarisation and Pedagogical tools. These topics
are divided in criteria, sub-criteria and questions [2,3]. To elaborate this list,
we had to explore various domains: ergonomic criteria [4,5], pictures se­
mantic, textual theory [6], navigation, fiction, pedagogical evaluation [7],
interaction process [8].
We obtain a hierarchical structure that allows a variable depth inspection:

the evaluator has the choice between going thoroughly into a concept or
passing to the following one. Then he can adapt the questionnaire to his
competencies or his needs.

3. CONSIDERATION OF SUBJECTIVE OPINION

Our questionnaire allows, on one hand, to check the principal teachware
characteristics, and on the other hand, to offer an objective evaluation thanks
to the precision and the structure of the questionnaire. Now we will see two
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characteristics of our method that permit to considerate evaluator subjective
opinion: general feelings and instinctive marks.

3.1 General feelings

The goal is to capitalise, at the beginning of the evaluation, the impres­
sions that the evaluator had during the use of the software. We propose to
him some couples of impressions which he will able to give a ruling on : Re­
assuringlDisconcerting ; LuxuriantIModerate ; Playful/Serious ; ActiveIPas­
sive ; Simple/Complex; Innovating/Traditional.
This list comes from an evaluation database that was analysed by a

document indexing method [9]. We also compare this result with theoretical
approaches: for example, visual perception theory [10].
These impressions show several characteristics:

• They are instinctive: users provide them without any assistance
• Describable: users are able to describe them with a few adjectives
• Homogeneous: they are concordant between users
• Persistent: they endure in time and influence further use.
This list allows the evaluator to provide a description of his impressions.

He indicates what he feels for each couple of impressions. For example: very
diverting, diverting, reassuring or very reassuring. There is no "neutral"
evaluation to incitate the evaluator to give an opinion.

3.2 Instinctive marks

For any themes, criteria or sub-criteria, the evaluat::>r could give a mark
know as "instinctive" on the scale "- -; -; +; ++". Because the evaluators do
not have the required competences in all evaluated fields, a help must be
provided. This help is divided in three parts: a reformulation; an illustration
and a deepening. We obtain a capitalisation of the perception of reality by
the user. This result could be compared with the objective evaluation of this
same reality by the questions themselves.

3.3 Final marks

As we already said, our objective is to help an evaluator and not to judge
for him. So, and contrary to other approaches [7] the final mark will be only
proposed by the method, the evaluator could modify it if he wishes. To help
him in this step, some marks and indications are proposed to him for each
theme, criterion and sub-criterion (Figure 1):
• A calculated mark: it results from the questions themselves.
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• An instinctive mark: it corresponds to the instinctive mark given to this
level by the evaluator. A more global instinctive mark is also given, it is
an average between the instinctive mark of this level and lower levels
ones.

• A correlation index: it measures the similarity between instinctive mark
and calculated mark.

• A coherence index: it measures the coherence of instinctive marks be­
tween a level and its lower levels.

• A final mark: it is calculated with calculated mark, global instinctive
mark and coherence index. Weaker the coherence index is, more the final
mark is closed to the calculated mark.

Note instinctive
initiale (rappel) --±.±J IStandard

-,-,-=,=,=,=,=--,-,) , . , ,Note instinctive
globale (calculee)

Note calculee
(questions)

-10
-,-,-,-. ) t ,

o

o

+10

Figure 1. Example of a final mark proposition.

With all these marks and indexes, the evaluator will be able to fix for
each theme, criterion and sub-criterion, the final mark that he is considering
as being the right one.

4. VALIDATION AND RESULTS

In addition to the iterative development of the method, we made some
specific validations. We will develop the comparative evaluations which we
carried out and confrontations we had with designers of some of the evalu­
ated teachwares.
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In order to improve the range and the quality of our evaluation, we made
two principal comparative evaluations:
• About fifty evaluators working on the same software: evaluators were
students from the University of Technology of Compiegne. The goal of
this validation was to test the evaluation stability and questionnaire utilis­
ability.

• Several evaluators evaluated three software of the same type (languages
training). Here, the objective was to determine the interest of the results
provided by the method in software comparison.
A lot of data resulting of these evaluations are still to be analysed and

other validations are already started. Nevertheless several remarks can al­
ready be done. When we compare the results of the evaluations made with or
without instinctive marks, we can notice a slight increase of evaluations di­
vergence. This effect was expected as accepting more subjectivity increase
necessarily evaluations diversity. With regard to the results comparison, it
appears that the classification of the software by the method corresponds to
the classification that we had established after having studied in detail each
software. But the current form of the results (tables and graphics) doesn't
seem the best for a comparative study.

4.2 Confrontation with designers

In addition to the evaluation help used for validation or choice, it was
important to know if the designers could use our results. They allow several
interesting considerations for development. The initial general feelings give
information on the potential users of the software: a description of feelings
with a restricted list of key words, provided a clear vision of the natural
population (users who will be finally interested in this software). The dis­
tinction between calculated mark and instinctive mark show the difference
between reality and perception that the user has. For example, this distinc­
tion makes possible to examinate the software modification priorities: ac­
cording to the development strategy, it will be better to examinate first all
good aspects but badly judged by the users.

5. CONCLUSION

This method of evaluation help permit to considerate more subjectivity
without losing our target: to provide an evaluation as closed as possible to
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the reality. So, questions must be as precise as possible, and involve all the
software aspects. If the possibility is offered to the evaluator to deliver his
opinion on a criterion, a structured help is provided to contribute to his full
comprehension. Moreover these instinctive marks will be considerate in the
final mark only if they are coherent. It's only with these precautions that we
ensure coherent results with a humanisation of evaluation.
A first software prototype version of the method is currently available.

Results seem satisfactory, but several points are still to be improved:
• Presentation of the results, or how to distinguish the software characteri­
sation from its evaluation. We work on edition of descriptive report of the
software which would accompany marks and graphics.

• Results stability, which remains to be improved. We will make a specific
effort in the redaction of the questions and their help.

• Improvement of the results comparison. It would be necessary to develop
some tools allowing an effective comparison between software.
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Abstract In this paper we describe the design and implementation of a Computer Aided
Usability Engineering (CAUsE) tool built to automate many of the tedious and
time consuming aspects of empirical usability testing. The tool presented,
called KALDI, is tightly integrated with the Java graphical toolkit and uses
only software techniques to record precise user actions as well as to capture a
video-like recording of the user interface being tested. It also allows for the
detailed analysis of the recorded user actions through the use of a sophisticated
visualisation of data. The KALDI tool has many advantages over other tech­
niques, including the ability to conduct tests without using specialised equip­
ment, visually represent user actions at different levels of detail, record user
performances from remote locations, perform automatic classification of ab­
stract event data into user actions and the synchronised display of video-like
playback with an indication of the corresponding recorded action/event. Fur­
thermore, we propose in this paper that integrating this class of CAUsE tool in
future graphical toolkits and User Interface Management Systems (UIMS) will
provide many benefits to software designers and usability specialists. These
benefits include helping to encourage usability testing throughout the devel­
opment lifecycle, as well as providing a basis for interactive system designers
and usability specialists to make sound design decisions more efficiently.

Keywords: CAUsE Tools, Usability Evaluation, Cognitive Walkthrough, GOMS.
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1. INTRODUCTION

The benefits of conducting usability evaluations throughout the develop­
ment lifecycle of a software product have been well demonstrated through
many case studies [14]. These benefits include increasing productivity of the
users, increasing the likelihood of a product being used to its full potential,
reducing training costs and increasing the marketability of a product.
Usability testing can be achieved by carefully examining and video tap­

ing a number of test users attempting to accomplish a pre-determined series
of tasks using the interactive software (or a mock-up of the software) to be
tested. The video recording is then analysed by logging the actions the users
perform as well as the time each action takes. From this detailed study, the
analyst can choose the best approach to take in an interface design, and can
identify key problem areas in the usability of the system [22,26].
This technique provides good results if undertaken correctly, but requires

a number of sample users, specialised video equipment for both recording
and playing back (with accurate time information), and takes a significant
amount of time for a skilled usability specialist to analyse [8,22]. Because of
the expense in both time and equipment required to undertake this form of
empirical user testing, other techniques have been devised for faster, cheaper
evaluations. These techniques fall into two categories: analytical and inspec­
tion.
Analytical techniques rely on a skilled usability expert to understand and

simulate the way a user would attempt to accomplish tasks using the inter­
face under test [25]. Two such techniques are Cognitive Walkthrough [4,16]
and GOMS [1,6,15]. The Cognitive Walkthrough evaluates systems by ana­
lysing the mental processes required of users. This technique helps deter­
mine how easy it is to explore and learn a system, identifies potential prob­
lems and reasons for these problems. The technique is useful for evaluating
the usability of systems which users have not yet seen. It reveals how suc­
cessfully a particular design guides the unfamiliar user through to the com­
pletion of their task. GOMS attempts to evaluate how efficient an interface
will be by looking at the actions required to achieve goals and summing the
estimated duration for each action. This technique helps decide between dif­
ferent interface options and can detect potential problems, however it does
not identify the reasons behind these problems. GOMS methods are applica­
ble in cases where users have already become familiar with the system, and
they have the required cognitive skill [6].
Inspection techniques [13, 21], on the other hand, use a set of guidelines

or rules with which an interface design is compared, and are usually per­
formed by one or more usability experts. One such technique is a Heuristic
(or Expert) evaluation, in which a number of evaluators compare the inter-
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face to a set of nine heuristics or design principles. This technique can un­
cover potential usability problems and the reasons for these problems, but it
does not effectively reveal user confusion, nor does it measure user speed of
performance.
Although faster and cheaper, analytical and inspection techniques have

two main problems: Firstly, neither of the techniques utilises test users, in­
stead relying on a simulation of the user. This may lead to problems if the
usability expert did not fully understand the users of the system, which may
lead to major problems being undetected. Secondly, they both require the use
of skilled usability specialist whose time and availability is usually limited
[19].
Due to the expense and difficulty involved in conducting usability activi­

ties, usability evaluation of any kind is often left out of the software devel­
opment lifecycle or performed only towards the end of the cycle where its
usefulness is limited. For usability evaluations to have a significant affect on
the quality of an interactive system, they must be conducted throughout the
entire software development lifecycle, whenever crucial design decisions
must be made.
Currently, there is a recent trend towards developing automated tools for

making usability analysis methods and empirical testing more effective.
These tools are termed Computer Aided Usability Engineering (or CAUsE)
tools. In this research work, we introduce KALDI1 (Keyboard/mouse Action
Logger and Display Instrument), developed to combine an event logging and
screen recording tool which forms part of the Java™ Abstract Windowing
Toolkit (AWT) [9] with a Java based analysis and playback tool. The analy­
sis tool displays the logged events in a graphical notation showing the de­
scription and duration of the recorded user action, which is combined with a
linked video playback of the program output and mouse movements. KALDI
demonstrates that usability testing can easily and cheaply be conducted at
any stage of the development lifecycle, giving the developers the ability to
measure the performance and detect the problems of an interactive system.
Further more, we will also propose in this paper that CAUsE tools such

as the one we developed should be integrated in future graphical toolkits and
UIMSs in order to reduce the gap between design/implementation and us­
ability evaluation. This integration would promote active and ongoing us­
ability assessment during the entire development lifecycle.

According to legend. Kaldi was an Abyssinian goat herder who learned of the effects of the coffee

bean when he noticed that his nonnally docile heard had become lively for no apparent reason. On

further inspection he noticed that the goats had been nibbling on some bright red berries of a nearby
plant, and so coffee was discovered [2].
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The paper is organised as follows: section 2 contains background infor­
mation; section 3 reviews existing CAUsE tools; section 4 provides a de­
tailed description of the KALDI tool, and summarises its advantages and
limitations; section 5 presents our conclusions.

2. USABILITY AND USER CENTRED DESIGN

According to the International Standards Organization, ISO 9241-11 [13],
usability is defined as "the extent to which a product can be used by
specified users to achieve specified goals with effectiveness, efficiency and
satisfaction in a specified context of use." Effectiveness refers to the
accuracy and completeness with which users achieve specified goals.
Efficiency refers to the resources (time, money, mental effort etc.) expended
in relation to the accuracy and completeness with which users achieve goals.
Satisfaction refers to freedom from discomfort, and positive attitudes to the
use of the product. Context of use refers to the users, goals, tasks, equipment
(hardware, software and materials), and the physical and social environments
in which a product is used.
Producing highly usable interfaces on the first attempt (even when the

most skilled usability specialists are involved) is rare. An iterative and user­
centred approach is usually required, with the results of usability evaluations
being fed back into the development process, steering the development effort
towards an acceptable level of usability [12,22].
Traditional software development methods, such as the waterfall and spi­

rallifecycles, do not allow for this type of user-centred and iterative process
[3,12,24,25,27]. Users are typically involved in contributing to the early
stages and late delivery/acceptance stages of the cycle, while the steps from
specification to delivery are treated as a linear progression of development,
with only limited iterations between adjacent stages. With such a methodol­
ogy, an incomplete assessment of the users needs during the specification or
design stages will not be detected until the product is delivered and the users
find it does not fit their tasks.
In HCI literature, user-centred design and development methodologies,

such as the Star lifecycle [12], have been proposed for interactive systems.
The Star lifecycle is highly iterative and self-correcting through placing us­
ability evaluation in the centre of the lifecycle, and emphasising the impor­
tance of prototyping. Therefore, usability activities become an integral part
of the development process. The Star lifecycle is also multi-disciplinary, as it
recognises the need to involve different skills, such as human factors and in­
struction theory, in the design and development process.
The task of design involves a complex set of processes. Design is a goal

directed process in which the goal is to conceive and realise some new thing.
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But, with some training and a lot of practical experience, the accuracy of
performance increases and people become or are labelled as 'experts'. Cen­
tral to this notion is that there is a positive correction of accuracy and per­
formance. There is a vast range of definitions of expert used in the literature
and the definition of novice also varies widely. Most studies use experience
as an operationalisation of expertise rather than actual performance. One ap­
proach to defining expert and novice is to take less experienced performers
and more experienced performers and call the former novices and the latter
experts. In many skill domains the distinction between experts and novices is
clear: experts perform 'far better than novices do. First there are significant
differences in domain knowledge, second there are differences in problem
representation, third there are differences in problem perception, and fourth
are differences in problem solving. As training and experience increase,
people become significantly more accurate and so are labelled expert [7].
Research shows that these differences in expertise are accompanied by
changes in cognitive processes: experts know more than, represent and per­
ceive problems differently from, and have different ways of solving prob­
lems from novices [28].
A major problem in research in investigating the transition from novice

to expert status, is research design and measurement. In laboratory-based
studies, much behavioural data used to investigate cognitive processes have
little ecological validity, and may not capture the expertise in the perform­
ance of expert subjects. How faithful is the laboratory task to the real thing?
Self report data however may not reliably reflect the cognitive processes of
subjects especially expert subjects. First their validity depends on high self­
insight and second, the ability of the method to be uninvasive. These are just
some of the issues in research methodology and measurement which are
posed in studies of novice/expert designs in HCI. The present investigation
attempts to address these issues by automating the process of user testing to
produce more reliable data.

3. CAUSE TOOLS

There is currently a trend towards improving the effectiveness of the dif­
ferent usability evaluation techniques, discussed earlier, by using computer­
based tools to automate repetitive aspects and provide means of viewing the
detailed and complex usability data in a simple and meaningful way [18,23].
There are few of these Computer Aided Usability Engineering (CAUsE)
tools in existence. In this subsection we review three of the more notable
ones.
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3.1 DRUM

DRUM (Diagnostic Recorder for Usability Measurement) is a video log­
ging and video player control tool [17]. It is a commercially available prod­
uct that runs on an Apple Macintosh computer and is capable of driving sev­
eral high-end video tape players (with computer interface cards). DRUM as­
sists in the mark-up and logging of video taped sessions. The usability tester
plays the videotape (which is controlled and monitored by the computer) and
logs the start and end of tasks or critical actions. These log entries are stored
along with a videotape index number that allows the computer to cue or re­
wind the tape to the exact log position.
Once a session has been manually logged by the usability tester, analysis

and metric calculation routines can be activated which provide useful statis­
tical information regarding the logged tests. The logs can be viewed and
analysed, but the system does not provide for a graphical view of the infor­
mation (text based time log only). It is suggested that DRUM is much more
efficient than manual video logging. This is because the statistical calcula­
tions and overhead of marking up video tape and measuring elapsed times
are automated - two to three hours per hour of tape, as opposed to manual
logging which often takes ten hours per hour of video [18]. However, the
actual mark up is manual, needing an experienced usability specialist to
mark start and end of user actions, with little scope for automation. Deter­
mining the start and end times of actions is also error prone and reliant on
the accuracy of the video recorder, amount of tape stretch and the diligence
of the human operator.
DRUM uses specialised equipment that requires careful set up and cali­

bration for both the recording and analysis of the usability testing session.
This increases the cost and means that the equipment must be available and
configured before a usability evaluation can be undertaken, which in turn re­
duces the likelihood of regular testing.

3.2 UsAGE

UsAGE (User Action Graphing Effort) is an operating system event­
logging tool that graphically displays and compares the logs [29]. It is a
prototype tool which aims to automate the analysis of an empirical usability
test and presents the results in a graphical representation. The tool takes a
different approach to DRUM. Instead of using a video recording and manual
logging, it directly logs the UIMS events as they are generated, and stores
them with a time stamp.
UsAGE attempts to automate analysis by graphically comparing the re­

corded event logs of expert and novice users. The expert actions are dis-
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played as a graph of nodes that extend horizontally across the display. Nov­
ice events are displayed as a sequence of nodes that are matched to expert
events, with arcs displaying the sequence of the events. Matched events are
placed vertically below the expert event, with unmatched events being
placed below previously matched events. In UsAGE, nodes are labelled with
the UIMS event name, and the events displayed are at a very low conceptual
level, making it hard for the analyst to understand how the events relate to
the actual operation of the application. To overcome this, UsAGE allows the
recorded events to be fed back into the application user interface, which rep­
licates and displays the'recorded user's actions.
The UsAGE tool overcomes some of the limitations of pure video tape

analysis tools (DRUM for example), and provides a means of graphically
viewing and comparing logged actions, and ensures very accurate time in­
formation. However the tool has some limitations. As UsAGE displays aU
logged events, understanding what the user was attempting to accomplish
can be missed due to being overwhelmed by large volumes of data.
Although this tool requires no specialised equipment to record and play­

back the test session, it does require that a copy of tested software is avail­
able, with any other supporting data. This may be a problem where the data
used by the system is changing in nature (like Internet applications and data­
base systems) or with interfaces that might show unpredictable behaviour as
a result to a given action, as is the case with intelligent interfaces.

3.3 Integrated Data Capture and Analysis Tool

The Integrated Data Capture and Analysis tool described by [11] is a
combination of an operating system event logger and video player control
tool. It combines the advantages of video based logging tools, as in the case
of DRUM, with the benefits of UIMS event loggers, as in UsAGE. The tool
uses filters to aggregate the user-generated events into meaningful classifi­
cations of the user's actions. This converts verbose system based event rec­
ords into more useful and simple descriptions of the user's actions. The tool
also can be used to control a video tape player, using the time stamped sys­
tem events as index points on the videotape. This allows the usability tester
to easily see how the filtered events relate to the actual application.
This tool removes the need for manual videotape logging while retaining

ability to play back, search and quickly retrieve logged events. It also keeps
accurate system level logs of the user interaction and presents the data at a
higher conceptual level which is more useful to the usability analyst.
Although this tool makes a good attempt at combining the advantages of

event logging and video techniques, it still has some limitations. Firstly, it
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relies on specialised video equipment with a computer-controlled interface.
Secondly, it does not present the log data in a graphical way, and it does not
allow the usability tester to change the level of detail of the log view to suit
the current analysis task. Finally, the tool does not support the concept of hi­
erarchical classifications of user actions, which may lead to the automatic
classification presenting the high level user action without the low level ac­
tions that contributed to it.

3.4 Summary

The development of CAUsE tools is a new trend, and we can expect to
see many more tools in the coming years. The three tools described above
are representative of existing CAUsE tools that aim to assist empirical us­
ability testing. They are also representative of the limitations of current tools.
Limitations of video logging tools include:

• Do not possess accurate and precise measurement of time.
• It is possible to miss actions performed by the user that are not highly
visible.

• Automation of the classification of actions is very difficult.
• The tools require expensive specialised videotape equipment.
Event logging and automatic filtering tools, on the other hand, possess

the following limitations:
• Difficult to conceptually understand how the raw events relate to the in­
terface.

• Difficult to communicate and demonstrate usability problems once they
are detected.
• Events capture without automatic filtering generally produces a volume
of data, which is difficult to analyse.

• Events capture with automatic filtering can possibly obscure finer inter­
action details, which may be of importance.

4. KALDI

In this section we present our CAUsE Tool, known as KALDI, which has
been developed to address many of the limitations mentioned above. KALDI
is a hybrid tool that both logs system events and records the interface dis­
play. The tool is designed to graphically display the logged events and allow
them to be displayed at different levels of conceptual abstraction. The tool
does not use videotape, but stores screen images directly to the hard drive,
and therefore does not limit the frequency of usability tests due to special­
ised equipment. The tight mapping between the event visualisation and the
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video-like playback of captured events gives context to otherwise abstract
events. KALDI is implemented using SUN SWING SET [10], and is appli­
cable for currently emerging interface technologies, such as collaborative
network based applications. The tight integration with the graphical toolkit
provides KALDI with the means of recording internal program state infor­
mation, as well as the visible program output, which would assist in evalu­
ating and improving adaptive and intelligent interfaces. The KALDI is a
suite of three individual tools: the live capture tool; the live monitoring tool;
and analysis tool. The design of each tool within the suite is described in the
following subsections.

4.1 The Live Capture Tool

'It forms part of the Java Abstract Windowing Toolkit (AWT), and in­
volves monitoring events, taking screen shots, if necessary, and transmitting
the data along the network connection. Events in Java are objects that con­
tain information regarding the event, including a reference to the widget that
the event is targeting. The live capture tool reads this event information as it
is generated and transmits it over the network along with a date-time stamp.
A screen shot is taken whenever an event occurs that might have caused the
screen to update. To take a snapshot, a blank in-memory image is created
and the widget targeted by the event is "printed" into the image. The image
is then converted to a byte array and transmitted over the network. The live
monitor tool has no user interface of it's own as it forms part of the Java core
library, and is invoked remotely from the monitor tool.

4.2 The Monitor Tool

The monitor tool (Figure 1) is a small interactive program that is used by
the usability specialist while a test session is being recorded. This tool in­
vokes the capture tool and receives the event and screen capture information,
which it displays to the usability specialist and saves to permanent storage.
As the screen capture playback is being displayed, the usability specialist
can insert comments and categorise the user's interaction with the software
under test by grouping the events into tasks and actions. The monitoring tool
is not fully implemented yet. The current prototype version is capable only
of receiving the network connection, saving the data displaying the live
video capture.
After a few test recordings, it became obvious that the saved events and

screen captures would consume considerable disk space during lengthy re­
cordings. Compression is applied to the data as it is being saved (using the
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GZIP algorithm) which reduces the size of the save file by approximately
95%. For example, a one-minute recording of a small sample application
produces a save file consuming 2.43 megabytes, which is reduced to 24.6
kilobytes after compression is applied.

Figure 1. The monitor tool interface recording a sample application beside it.

4.3 The Analysis Tool

The analysis tool is used by the usability specialist after the recording of
a test session. It gives the usability specialists the ability to classify the
user's interaction with the system, compare user performance and analyse
results. This component allows for the playback of recorded screen capture
data, the reclassification of raw event data into hierarchical actions and tasks,
and provides the usability specialist with an easy way to see how a user per­
formed.
The analysis tool interface is divided into three functional areas (Figure

2): the event viewing area (top right-hand side sub-window), where the raw
events, action groups, and tasks are displayed graphically; the playback area
(bottom right-hand side sub-window) in which the recorded sessions are
played back; and the index area (left-hand side sub-window) in which tasks
can be easily selected for display or playback in the opposite two areas. The
following sub-sections describe the three areas.

Event viewing area: It is in this part of the interface that the usability
tester classifies the raw events into user actions and tasks. Classification of
events is achieved by creating an action group and encapsulating the events
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(or other action groups) within the new action group. The usability specialist
assigns a description to each action group and the encapsulated events are
removed from the display and replaced with the action group. Action groups
can be expanded by the usability specialist to examine and modify the con­
tents if necessary.
Action groups give meaning to a series of seemingly unrelated raw

events. For example, a series of events consisting of: mouse pressed, mouse
moved to (xO,yO), mouse moved to (xl,yl), mouse moved to (x2,y2), mouse
released, may be encapsulated in an action group with the description "Drag
and Drop." Action groups may also contain other action groups. This allows
the usability specialist to create higher-level action groups such as "Delete
file" (which may consist of "open browser window," "select file icon," "drag
and drop" action groups).
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Figure 2. The analysis tool.

Events and action groups are encapsulated into a high-level group called
a Task. Tasks behave in a similar way to action groups in that they contain
other items and may be expanded to show that containment. Tasks are identi-
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fied with a name, specified by the usability tester, and are also associated
with the test user who performed the task.
Both tasks and action groups may be expanded to display their contents.

This is achieved by double clicking the task/action group representation or
by using the toolbar or menu. When a task/action group is expanded, its box
grows and the encapsulated action groups and raw events are displayed in­
side the expanded task/action group. Once expanded, the encapsulated items
can be selected and manipulated (Figure 3). Toolbar buttons associated with
the event viewing area exist for the following operations:
• Creating a new action group and placing all selected items within the new
group.

• Creating a new task and placing all selected items within the new group.
• Expanding (showing the contents) or contracting (hiding the contents) a
selected action group or task.

• Moving adjacent or contained items into, or out of, an action group or
task.

• Editing the properties of an action group or task (such as the action
name).

• Playing the video-like screen captures for the selected items.
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Figure 3. The event display area showing an unexpanded and expanded action group.
The blue highlight indicates the currently selected event.

Playback area: The playback area displays the captured screen images
and displays the recorded location of the mouse, providing a smooth full
motion playback of the recorded session. As each frame is displayed, the
corresponding event in the event viewing area is highlighted. In the event
display area, the blue highlights signify selected events, while the green
highlight shows the event being played back in the playback display area.
This synchronised event view/playback display gives the usability tester
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immediate understanding of the event display, and provides important con­
text information about the interface as a whole.
The playback area displays each recorded frame in sequence, beginning

with the first event selected in the event viewing area, ending with the last
event selected (or the last displayed event if only one event was selected).
The display pauses for an amount of time equal to the difference between the
time stamps of the currently displayed event and the next event, multiplied
by the user specified playback speed factor, for each playback frame. A
"ghost" mouse pointer is displayed in the playback area to show the recorded
location of the mouse pointer during playback, and by changing colours, the
recorded state of the mouse buttons.
The usability tester can display the historic location of the mouse pointer

by toggling a mouse tail option. The mouse tail shows where the mouse has
been by displaying a series of dots on the playback area. The size of the tail
is limited by elapsed time, which gives the effect of a tail that follows the
mouse around, growing longer as the pointer moves faster, and growing
shorter as the pointer slows. This playback enhancement gives a simple and
effective historic record of the mouse movements.
Toolbar buttons associated with the playback area exist for the following

operations:
• Starting the playback from the item (event, task or action group) selected
in the event view area. The playback will stop at the last item selected (if
more than one item is selected) or the last item in the event view area.

• Stopping the playback. If the playback is started again, it will commence
from the first selected item.

• Pausing the playback. If the playback is started again, it will continue
from the last displayed event.

• Changing the playback speed.
• Changing the length of the mouse tail.

Index area: The index area (Figure 2, right-hand side sub-window) gives
the usability specialist the ability to quickly find and display recorded tasks.
It does this by presenting the task names, grouped by associated user names
and recording times in a tree structure. Once the desired task is located, it
can be selected and displayed in the task view area as well as replayed in the
playback area.
The index allows the usability specialist to find all tasks performed by a

given user, all users who performed a given task or a list of all tasks in
chronological order. The index is automatically generated from the manipu­
lated recording, and is updated as new tasks are added or removed.
The index area shows a tree with all the tasks displayed on first level

branches. Once a branch is expanded, the names of all users who attempted
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the task are displayed on the second level branches. Expanding a user name
branch displays a date and time for each occurrence of the expanded task
commenced by the expanded user. Alternatively, another index can also be
displayed which places the user name on the first level branches and the task
names on the second level branches. This allows for finding all tasks per­
formed by a specified use.
A third index is available which is displayed in a table form, showing all

tasks, user names and date/time of the task's commencement, sorted by
date/time. This index view is useful for locating tasks by the date/time they
were started and for scheduling future experiments.

4.4 Action Display Notation

Display of event information as a textual event log can be tedious to read,
and it is difficult to communicate the hierarchical nature of the action groups
and tasks. A graphical notation is more compact, allows for direct manipula­
tion, is easier to read and captures the hierarchical nature of action groups
and tasks by having one representation graphically contain another.
The items in the notation represent the start and end of a recording ses­

sion, raw events, action groups and tasks, and consist of a series of boxes
connected with arcs. Each box contains textual information identifying and
qualifying the item it represents, and if the item has duration, it is displayed
above the box (in seconds). Each arc is labelled with the time difference
between the end of the first item and the start of the second item, which are
connected by the arc.
Raw events are represented in the notation as rounded boxes (Figure 3).

Text within the box identifies the class and type of event (e.g. MouseEvent:
MOUSE_PRESSED), the target for the event (e.g. buttonO), and (if avail­
able) the coordinate of the event.
Action groups are represented in the notation as two stacked events. Text

within the box shows the action group description and the number of items
contained within the action group. A label above the box shows the number
of seconds between the start of the first and the end of the last contained
item. Action groups may be expanded to show the contained items. When
expanded, the box is enlarged and all contained items are displayed below
the text within the box.
A task is represented in the notation as a bevelled box. Text within the

box shows the task name, the name of the user who attempted the task, and
the date/time that the task commenced. Tasks also show the duration and
may be expanded.
Filled circles mark the start and end of a single contiguous session. An

arc (and the time difference label) does not connect start and end markers.
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4.5 Automatic Classification Filters

For the event log, video playback and timing infonnation to be accurate,
all events need to be captured. These results in a large volume of infonnation
being displayed in the event display area, making it difficult for the usability
tester to determine what the user was attempting. Mouse movements in par­
ticular generate a large number of events, which can be represented more
usefully as a single action group.
Two prototype filters were designed for this work. The first filter groups

mouse movement events as well events that occur as a consequence of the
mouse moving around the interface. These events included MouseMove
events (which are generated very rapidly as the mouse moves over the inter­
face), MouseEntered and MouseExited events (which are generated as the
mouse enters or leaves a control on the interface).
The second filter groups events related to typing, which are generated as

keys are pressed and released, as well as when the contents of a control (ed:t
field for example) changes due to keyboard input.
The two example filters were designed to demonstrate the utility of

automating event grouping, and is invoked by selecting an automatic filter­
ing option from the main application menu bar.

4.5.1 Summary ofAdvantages and Limitations

The advantages of our approach over current video taping and event log­
ging techniques include:
• Flexibility in use, allowing for testing on multiple platfonns using multi­
ple styles of empirical testing.

• Practicality in use, by reducing the need for specialised and expensive
equipment or complex, time consuming set up.

• Precision in its ability to measure events and the time they occurred.
• Transparency to the test user, with little impact on the software being
tested, and no intimidating video cameras or usability testers.

• Ability to archive and compare results of multiple test performances, as
well as the ability to easily copy and share results (via e-mail for exam­
ple).

• Remote usability testing, allowing a greater base of test users, with only a
small additional cost.

• Tightly integrated quantitative data (through event logging) and qualita­
tive data (through the video-like screen capture playback).
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The visualisation of events described within this work provides the us­
ability specialist with a means of managing the data presented. The main ad­
vantages to the visualisation approach used in this work include:
• Viewing the data at various levels of complexity, with the ability to re­
veal details of interesting sections of data.

• The tight mapping between the event visualisation and the video-like
playback of captured events, giving context to otherwise abstract events.

• The ability to nest event classifications and record the hierarchical nature
of user actions and tasks.
We have also demonstrated in this work the importance of integrating a

CAUsE tool with the graphical toolkit, which we believe, is a trend that will
continue in the future. The close association between the CAUsE tool and
graphical toolkit makes the tool more accessible throughout the development
of interactive software, giving the interface designers a ready means of
evaluating and improving interface design decisions. Tight integration with
the graphical toolkit provides KALDI with the means of recording internal
program state information, as well as the visible program output, which
would assist in evaluating and improving adaptive and intelligent interfaces.
KALDI is still an evolving tool, and as such, is limited in its current func­
tionality. We intend to implement the following components and enhance­
ments in order for the tool to be fully utilised:
• Provide the ability to monitor multiple windows and multiple applica­
tions.

• Provide facilities in the live monitor tool to categorise events and insert
comments as the data is being received.

• Provide the ability to display multiple tasks at the same time and compare
them.

• Modify the graphical display of events to communicate not only the user
actions and the interface feedback, but also the state of both the interface
and the underlying model after every action.

• Add the ability for the tool to measure machine performance, so that test
results will not be biased by machine lag.

• Provide statistical reporting on the event data.
• Evaluate the applicability of the tool to test multiple users in collaborative
environments.
Informal software and usability evaluations were conducted throughout

the development of KALDI. Further studies are to be undertaken in the fu­
ture to formally evaluate the usability and utility of KALDI and the visual
representations it supports.
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5. CONCLUSIONS

Usability analysis methods and empirical user evaluations are the stan­
dard accepted techniques for developing usable systems. It is widely agreed
that these techniques, which are inherited from Human Factors, do indeed
work when carefully applied [8]. However, many HCI researchers have
agreed (e.g., see [5,20,21]), that empirical user testing is too slow and expen­
sive for modem software development practice, especially when hard-to-get
domain experts are the target user group. In this research work we discussed
usability analysis and testing activities, and described the design and imple­
mentation of KALDI, a prototype CAUsE tool developed to automate these
activities.
KALDI is still an evolving prototype. It was developed to demonstrate

the advantages of automating usability activities using purely software tech­
niques. The tool helps by integrating usability testing into the development
lifecycle. It enhance the collaboration between interactive systems develop­
ers and usability specialists, and consequently improves their ability to make
sound design decisions.
The recent trend towards implementing CAUsE tools to support usability

evaluation represents a significant development in this area. In this paper we
demonstrated the benefits of integrating such tools in future graphical tool­
kits and UIMSs to reduce the gap between design/implementation and us­
ability evaluation. This integration would promote interactive and ongoing
usability assessment during the entire development lifecycle.
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