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Abstract—In general, Interaction Design is considered important for achieving usable user interfaces, but in terms of
speciﬁcation languages for this purpose, there is not much
agreement. In contrast, for more speciﬁc Interaction Design in
the context of automated (G)UI generation, Task Models are the
most widely used approach. The more recent Discourse-based
approach in this context is much less widely understood. It focuses
on the speciﬁcation of (classes of) dialogues in contrast to tasks
for modeling activities that can be performed by the user or the
application (system).
We identiﬁed a duality of Interaction Design according to
these approaches to high-level modeling for GUI generation,
which we explain and elaborate in this paper. In this course, we
contrast the different models, which specify largely corresponding
abstractions of Interaction Design, but from different views and
with a different design philosophy. As a consequence, mutual
understanding of these different modeling approaches should
be improved. Based on this duality, suggestions for mutual
improvements can be made, so that the tool-box of interaction
designers wishing to have GUIs generated automatically from
their models should become more general and ﬂexible.

I.

I NTRODUCTION

An Interaction Design [1] or a Requirements Speciﬁcation
may include a usage scenario, which may be speciﬁed in UML
through an Activity Diagram (see, e.g., Figure 1) or a Sequence
Diagram (see, e.g., Figure 2). These different types of diagrams
specify the very same scenarios but from different views, with
a focus on tasks or interaction, respectively.

Fig. 2: Scenario Represented as a UML Sequence Diagram

We identiﬁed a similar duality1 of task-based [2], [3] and
discourse-based [4], [5], [6] Interaction Design for automated
GUI generation. These approaches actually build on scenarios
as represented through these UML diagrams, but their models
are richer.2 In this paper, we explain this duality of Interaction
Design and contrast these approaches. Their current realizations have different strengths in speciﬁc respects.
From an engineering perspective, it is important to understand the conceptual relation between different modeling
approaches, both when using UML and in Interaction Design.
When they are better understood, it should become easier to
rationally choose one under given circumstances. In addition,
it is important to know about the respective strengths and
weaknesses of the concrete realizations, so that they can inform
each other and improvements in both realizations can be made
for the tool-box of interaction designers.
The remainder of this paper is organized in the following
manner. First, we discuss high-level Interaction Design for GUI
generation and explain a duality of such Interaction Design
according to two different approaches. Then we contrast these
approaches in the context of automated GUI generation. Finally, we discuss the whole issue more generally and conclude.

Fig. 1: Scenario Represented as a UML Activity Diagram
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1 In Operations Research, for instance, for a given problem formulation often
a dual problem formulation exists in the sense, that solutions of either problem
formulation are the same. Another, more well-known duality is the one of light
in physics.
2 Note, that task models can be transferred into (extended) activity diagrams [7].
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II.

H IGH - LEVEL I NTERACTION D ESIGN FOR GUI
G ENERATION

As it currently stands, there are two different views for
specifying Interaction Design at a high level of abstraction
in such a way that a GUI can be automatically generated
from it. They use task-based and discourse-based models,
respectively. We explain the different modeling views of these
approaches for highlighting their duality, and we use a simple
login example for illustrating it.
A. Different Modeling Views
Figure 1 shows an excerpt of the login example as a
scenario represented through a UML Activity Diagram and
Figure 2 shows the same excerpt as a UML Sequence Diagram.
Both specify a single thread of possible interaction between
a (human) user and a (machine) application / system in
the course of logging in. First the application asks for the
username and password of the user. After these data have
been provided, the application validates them, and in case of
successful validation, the user is logged in and the application
displays some piece of information. Such a scenario alone
(without extra annotations) is insufﬁcient for generating a user
interface automatically, as shown in [8]. Still, both modeling
views that we contrast here build somehow on scenarios.
The ﬁrst view models tasks to be performed by the two
actors and relationships between these tasks. According to [9],
it is systematically possible to determine such tasks from a
scenario speciﬁcation. First, there is a task that asks for login
data. It is complementary to a subsequent task that replies
with such data. It is followed by a task for checking the given
login data. In case of a successful login, this is followed by
tasks for getting and showing the information to be displayed.
The earliest and most widely used task-based approach for
modeling and automatic generation of user interfaces is the
ConcurTaskTrees (CTT) notation [2]. It also deﬁnes several
Temporal Operators for associating such tasks with each other.
Actually, there may even be other tasks only performed by
users themselves (called User Tasks in CTT). In our simple
example, this may be looking up login information, e.g.,
on a sheet of paper. In a more intricate example, this may
even involve complex cognitive processes. However, for the
interaction between user and application these tasks are not
relevant, and especially not for generating user interfaces from
such interaction models.
The second view focuses on the communicative interaction
between the two actors. It is directly visible in the UML
Sequence Diagram. Still, it adds information to the so-called
message passing metaphor that is essential for automatic generation of user interfaces. In our example, the message of asking
becomes an OpenQuestion raised by the application, and its
complementary reply an Answer with these data. After they
have been validated, an Informing provides the information
for display. The major approach along these lines deﬁnes
Discourse-based Communication Models, from which GUIs
can be generated automatically [4], [5], [6]. These models also
deﬁne several relations for associating such communication
units with each other.
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As exempliﬁed by these (implemented) approaches, both
views allow modeling Interaction Design for automatic generation of user interfaces. Both add in certain and largely
different ways on the underlying scenario concept to enable
that. Overall, there is a duality of Interaction Design according
to these views and their respective approaches.
B. Task-based Model
The task-based approach has been considered in various
contributions such as the following selection. UsiXML [10]
supports UI development at design-time based on task models
that offer a subset of the possibilities provided by CTT and its
environment. UsiComp [11] uses UsiXML for the speciﬁcation
of the involved models and aims to support the dynamic
composition of models at run-time. HAMSTER [12] provides
different representations of task models in order to obtain more
compact speciﬁcations but it assumes that subtasks can be
composed only through the same Temporal Operator.
Still, let us use a concrete example of a CTT model
partly based on the “educational scenario v3”, which is packed
together with the MARIAE tool.3 CTT models are primarily
represented in a speciﬁc graphical notation, which is supported
by an editor (the CTT Environment [13]) for creating and
modifying such models.
Figure 3a shows the CTT model of this login example, which speciﬁes that the user enters username and password through the Enter Login Data Interaction Task,
which is decomposed into the Enter Login and the
Enter Password Interaction Tasks. The asterisks after
these two task names signify that these tasks can be iterative.
The Trigger Login Interaction Task disables the Enter
Login Data task (and its two subtasks) and passes the
entered information to the Check Login Application Task.
This behavior is modeled through the corresponding disabling
and enabling with information passing Temporal Operators, respectively. The result of the Check Login Application Task
is passed to the Login Deny or the Get Data Application
Tasks, which are mutually exclusive. This is modeled through
the choice Temporal Operator visible in the diagram and an
additional pre-condition, which is not included in the diagram.
In case of a successful login, some data is shown (as modeled
through the Show Data Application Task) and logging out is
possible (as modeled through the Log Out Interaction Task).
Tool support for the automated transformation of CTT
models to multi-modal UIs is provided by the MARIA Environment (MARIAE) [3]. The ﬁrst screen of the automatically generated GUI for the CTT login example is shown in
Figure 4a.
C. Discourse-based Model
Let us also show and explain the discourse-based approach
using this login example, which we modeled in such a way
that it corresponds as closely as possible to the CTT model
above.
Figure 3b shows our Discourse Model for this login example. The basic building blocks of Discourse Models are Communicative Acts, depicted through rounded rectangles. Each
3 http://giove.isti.cnr.it/tools/Mariae/

(a) CTT Model of Login Example

(b) Discourse Model of Login Example

Fig. 3: Interaction Design Models

(a) Login Screen Generated with (b) Login Screen Generated
with UCP
MARIAE

Fig. 4: Automatically Generated Login Screens

Communicative Act is assigned to one of the communicating
parties, yellow (light) for the application and green (dark) for
the user. So-called Adjacency Pairs are used to model typical
turn-takings (e.g., Question–Answer) in a conversation and are
depicted as diamonds. Asking for the login data is modeled
here as an OpenQuestion-Answer Adjacency Pair. The
structure of the login data is speciﬁed in the so-called Domainof-Discourse Model (not shown in this paper) and referenced
through the propositional content of the OpenQuestion
labeled Enter your Login Data, given here as a shortcut (for the actual query language see [6]).
Discourse Relations like Background, Joint,
IfUntil or Condition can be used to link such
Adjacency Pairs for modeling classes of dialogues and thus
more complex ﬂows of interaction. The IfUntil relation
speciﬁes that the Tree branch is executed until the condition
of the Then branch (Login==true) is fulﬁlled. The
Background and Condition relations are used to inform
the user after an unsuccessful login attempt in this example.
In case of a successful login, data is shown (modeled through
the show Data Informing Communicative Act) and the
user is enabled to logout (modeled through the LogOut
Offer–Accept Adjacency Pair) concurrently (modeled through
the Joint relation).
Strictly speaking, however, the models in Figures 3a and 3b
are different with respect to handling the usual possibility of
restricting login attempts (e.g., to three) and to lock the account
thereafter. The GUI generated through MARIAE from the CTT
model allows an unlimited number of tries, but actually this is
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an iteration that includes the whole Login&DataAccess
(although this is not explicitly represented in this model).
The Discourse Model, however, represents this case explicitly
through the condition locked==true and the ELSE branch,
while there is no iteration modeled here for the overall discourse.
Tool support for the creation / modiﬁcation of such models
and automated transformation to GUIs is provided by the
Uniﬁed Communication Platform [6], more precisely its part
UCP:UI.4 The ﬁrst screen of the automatically generated GUI
for the Discourse-based Communication Model login example
is shown in Figure 4b.
III. C ONTRASTING THESE I NTERACTION D ESIGN
A PPROACHES IN THE C ONTEXT OF GUI G ENERATION
While these approaches are dual to each other, they have
certain differences, which we highlight and discuss with the
purpose of contrasting them.
A. High-Level Models
The source models of both these approaches are on the
highest level of abstraction of the Cameleon Reference Framework [14], i.e., the Tasks & Concepts Level. More speciﬁcally,
a major goal is to obtain GUIs for different devices (especially
with large difference in screen size) through automatic generation from the same source model. This tailoring for a speciﬁc
device in the course of generation includes the use of different
widgets and different layout, and even an adaptation of the
presentation units.
Both approaches (CTT/MARIAE and UCP:UI) support
tailoring at the level of device-speciﬁc widgets and layouts.
There is a difference, however, with respect to adaptation of the
presentation units. Figure 5 shows two mock-ups presenting
the same content in two different ways. These offer alternatives
for device tailoring of the GUI. The ﬁrst one, Figure 5a,
shows all the information in one (typically large) screen. The
second one, Figure 5b, splits the presentation into two (smaller)
4 More

information can be found at http://ucp.ict.tuwien.ac.at.

(a) Common Presentation Unit

(b) Split Presentation Units

Fig. 5: GUI Mock-ups of Alternative Presentations

screens. Of course, this kind of tailoring is not restricted to
displaying information only, it can be done with any kind of
interaction speciﬁed.

In RST, the Elaboration relation is used to provide
additional information about a situation or some element.
Its satellite provides the additional information for its nucleus. RST actually provides a whole list of speciﬁc relation
types of this kind, e.g., set/member or whole/part. For the
Elaboration relation in UCP, it is deﬁned that the satellite
part of a discourse is only available under the condition of
a selected element in the nucleus part. In both cases (with
and without available satellite), the nucleus part is available.
The Procedural Semantics of the Elaboration relation
in UCP is shown in Figure 6 as a UML statemachine. It
allows for executing either the nucleus only, or nucleus and
satellite in parallel, depending on the internal state of the
corresponding communication party (e.g., a presentation of
products of a speciﬁed category can only be provided, if this
category is speciﬁed through the internal state of the corresponding communication party). This dependency is modeled
with the choice element of UML in the statemachine. Finishing
one of these branches terminates the execution of the whole
Elaboration relation.

The current version of CTT/MARIAE allows specifying
such content to be displayed in two presentation units, with
the interleaving Temporal Operator, but there is no tool support
available for automatic selection of the best ﬁtting rendering
alternative in the course of automatic generation of a GUI.
However, if a desktop-oriented presentation is provided, it is
still possible according to [15] to automatically adapt it into a
mobile version through the semantic redesign method, which
provides adaptation to the size of the device at hand.
In contrast, UCP (UCP:UI) supports automatic tailoring for
a given device through optimization in the course of automatic
GUI generation, exploring the space of such alternatives and
determining an optimum for given optimization criteria [16].
One of the relations for modeling that allow for the alternatives
illustrated in Figure 5 is the Joint relation (for more details,
see [6]).
B. Operators and Relations
Both approaches have deﬁned operators/relations between
their basic building blocks described above. In CTT, these
relations are Temporal Operators, in UCP Discourse Relations. Temporal Operators are partly based on the LOTOS
operators [17]. Discourse Relations distinguish between relations based on Rhetorical Structure Theory (RST) [18] (e.g.,
Elaboration) and Procedural Constructs (e.g., IfUntil).
The currently available Temporal Operators partly overlap with
the Discourse Relations (e.g., both include a sequential relation
each), but both approaches also provide operators/relations that
cannot be mapped directly to the other approach.
One example is the Choice Temporal Operator, which
allows the user to select one branch and disables the other
branches as soon as the user selection has been made. There
is no directly corresponding relation in UCP. The most similar
relation in UCP is Alternative, where the other branches
are only disabled as soon as the ﬁrst branch is terminated. In
contrast to Choice, this does not necessarily have to be the
initially selected branch.
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Fig. 6: Procedural Semantics of the UCP Elaboration Relation [19]
Figure 7b shows an application of this construct for modeling the dependency between a selected Product Category and
the possibility of selecting a Product from it. The corresponding GUI part is sketched in Figure 8a for the case that no
Product Category has been selected yet, and in Figure 8b for
the case that one has been selected. The IfUntil on top of
the Elaboration construct speciﬁes the repeatability of these
two selections.
In CTT, no dedicated Temporal Operator for such a
relation is currently deﬁned, but the corresponding behavior can be modeled through a combination of available operators. The corresponding CTT Model is shown
in Figure 7a. The left sub-tree, with the Abstract Task
InitialProductCategorySelection as root node,
models the initial product category selection. The Application Task getCategories is needed to get the available
product categories from a Web Service. The Application
Task showProducts presents the products of the selected
product category, after the user has selected one in the
SelectCategory Interaction Task. The right sub-tree, with
the Abstract Task CategoryAndProductSelection as
root node, models the interaction after the initial product category selection. It concurrently offers the two tasks,

(a) CTT Model for Product Selection
(b) Discourse-based Communication Model for Product Selection

Fig. 7: Interaction Models for ProductSelection

(a) Selection of
Product Category

(b) Selection of Product Category and of
Product

Fig. 8: GUI Mock-up for Product Selection

ChangeCategory and SelectProduct, allowing either
the selection of a new product category, or of a product
of the previously selected product category. These two tasks
are related via a choice Temporal Operator, which implies
that only one of them can be ﬁnished. The Abstract Task
ChangeCategory is decomposed into an Interaction Task
for selecting a category, and an Application Task for updating the available product list. These two tasks are executed
sequentially. After the product list has been updated, the iterative Abstract Task CategoryAndProductSelection
is repeated and the SelectProduct task again allows the
user to select a product from the previously retrieved product
list (through updateProducts).
C. Coupling between GUI and Application Logic
These contrasted approaches employ different ways of
coupling a generated GUI with a given application logic.
In MARIAE it is possible to bind Web Service operations
(that implement each a part of the application logic) with
Application Tasks. The binding is then automatically mapped
in the generated user interface, i.e., the binding between the
Web Services and the interactive application is encoded in the
generated Java Server Pages (JSP).
In contrast, UCP provides a dedicated run-time environment, which distinguishes between a service provider (the
application) and a service consumer (the user interface),
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according to the Service-oriented Architecture notions. The
Discourse-based Communication Model deﬁnes the interface
between these two services [19]. This interface decouples
the application and the user interface and makes it easy
to exchange either part. Therefore, the application does not
depend on a speciﬁc user interface. This has the advantage
that the same application can be used from different devicetailored user interfaces. The UCP run-time architecture is based
on the well-known Model-View-Controller (MVC) architecture [20], with its decoupling of different concerns and the
resulting software properties. The application logic may still
be implemented through Web Services, but this integration is
more intricate.
IV.

D ISCUSSION AND F UTURE W ORK

CTT/MARIAE and UCP are contrasted above in the context of GUI generation only, but both approaches also provide
further features. For example, CTT/MARIAE supports also
multi-modal UI development [21], in particular for combining
graphical and vocal UIs. In principal, Discourse-based Communication Models do not depend on a speciﬁc modality and
can also be used for the semi-automatic generation of multimodal UIs [22]. However, this is not (yet) integrated in the
current implementation of UCP.
Another interesting ﬁeld of research are nomadic UIs [23].
While this is a topic in CTT, in UCP this is currently out of
scope.
In the spirit of Interaction Design in general [1], an iterative
process is deﬁned for developing applications with UCP, which
even makes use of the automatically generated GUIs for
prototyping [24].
CTT/MARIAE can be used for generating service frontends using JSPs, which deﬁne the composition of the access
to the Web Services [25]. An interesting feature of the UCP
run-time in the context of service composition is its additional
support of machine-machine interaction. In particular, UCP
supports the composition of interactive applications based on
existing, smaller applications. For example, a Travel Booking
application can be composed of a Flight Booking application

and a Hotel Booking application [19]. This facilitates the
creation of a new application based on existing ones.

[9]

Contrasting the realizations of these approaches in
CTT/MARIAE and UCP revealed certain differences that are
not inherent to their task-based vs. discourse-based approaches.
These realizations may inform each other for further improvements of the tool-box of interaction designers.

[10]

An open question for future research is, why designers in
practice would choose one or the other conceptual modeling
approach. Of course, the available tool support for a concrete
method will also be important for practical application.
V.

[11]

[12]

C ONCLUSION

We identiﬁed a duality of Interaction Design according
to two conceptual approaches in the context of automated
(G)UI generation, task-based and discourse-based Interaction
Design. While we investigated and showed this duality with
two concrete approaches, it is fundamental. When such a
design is speciﬁed in one approach, a dual formulation in the
other approach exists in the sense, that the speciﬁed interaction
is (essentially) the same. They just differ in terms of the
modeling concepts, in one case the focus is on the tasks to
accomplish, in the other one on the communicative interaction
between user and system. We conjecture, that this identiﬁed
duality exists even apart from automated (G)UI generation, for
Interaction Design in general.

[13]

[14]

[15]
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F. Paternó, C. Santoro, and L. D. Spano, “Engineering the authoring
of usable service front ends,” Journal of Systems and Software,
vol. 84, no. 10, pp. 1806 – 1822, 2011. [Online]. Available:
http://www.sciencedirect.com/science/article/pii/S0164121211001257

