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Abstract. This paper presents an approach, and the associated environment,
aiming to support designers to intuitively model interactive applications. The
goal is to make modelling activity more natural. The approach is based on a
transformation able to convert hand-drawn visual model sketches on boards
into task-model specifications that are further editable and analysable through
automatic visual tools. A first test of the environment has been carried out and
has provided useful suggestions about how to improve it.

1 Introduction
Design and development of interactive software systems still require considerable
effort. In natural interaction the goal is to ease the user interaction by providing
techniques that make the interaction with a system similar to how humans usually
interact. This has raised further interest in new interaction modalities and multi-modal
interfaces in general. This natural interaction paradigm can also be applied to the
design and development cycle in order to ease building interactive software systems.
Some work has already been dedicated to obtaining natural programming [12], which
aims to support programming through languages understandable by people without
\specific programming skills. On the one hand, natural development implies that
people should be able to work through familiar and immediately understandable
representations that allow them to easily express relevant concepts, and thereby create
or modify applications. On the other hand, since a software artefact needs to be
precisely specified in order to be implemented, there will still be the need for
environments supporting transformations from intuitive and familiar representations
into precise −but more difficult to develop− descriptions.
Thus, integrating informal and structured specifications is a key issue. The
usability of development environments can benefit from using multiple
representations with various levels of formality. In fact, at the beginning of the design
process many things are vague and unclear, so it is hard to develop precise
specifications from scratch, especially because a clear understanding of the user
requirements is a non-trivial activity. The main issue is how to exploit personal

intuition, familiar metaphors and concepts to obtain/modify a software artefact.
Examples of informal input for more structured representations are textual scenarios
[15] and sketches on boards [8]. For example, non-programmer users feel comfortable
with sketch-based systems that allow them to concentrate on concepts by exploiting
natural interactions, instead of being distracted by cumbersome low-level details
required by rigid symbolisms. Such systems are generally able to recognise graphical
elements and convert them into formats that can be edited and analysed by other
software tools.
The use of hand-drawn sketches for supporting the design cycle has already been
considered in several works but, to our knowledge, it has not been considered for
supporting the development of HCI models, such as task models. Software Design
Board [17] has addressed the issue of supporting a variety of collaboration styles but
in creating UML diagrams. SketchiXML [4] is a tool that allows the creation of
sketches representing how the user interface should appear and convert them into
logical concrete descriptions of the user interface that can then be manipulated for
further processing through other tools. The Calì library [5] has been used to develop
JavaSketchIt, a tool able to recognise user-drawn sketches representing user interfaces
and generate the corresponding Java implementation.
Our work has a different goal: to provide an environment that makes it possible to
interpret informal sketches and translate them into the associated task model
descriptions that can be used for various purposes, including development of
ubiquitous interfaces. In particular, one of the main contributions is in supporting a
transformation able to recognise the semantic and syntactical structure of a
ConcurTaskTrees task model [14] starting with some basic symbols recognised from
hand-drawn sketches. This is part of a more general effort aiming to support end user
development, which can be defined as a set of methods, techniques, and tools that
allow users of software systems, including non-professional software developers, at
some point to create, modify or extend a software artefact. In particular, our ultimate
goal is to create environments that allow people with different backgrounds to easily
create task models of ubiquitous interfaces, which can be used for prototyping the
corresponding interfaces for the various devices supporting them. Indeed, a tool
(TERESA [11]) already exists that is able to support a number of transformations to
generate user interfaces adapted to different interaction platforms and modalities
starting with logical descriptions of task models. The transformation from task
descriptions to the user interface for a given platform exploits intermediate conceptual
user interface descriptions and takes into account the interaction resources of the
target platform. One advantage of this approach is that it allows designers to focus on
the conceptual aspects without having to deal with a plethora of low-level
implementation details of the potential devices. Thus, designers can be people without
programming skills.
In this area the introduction of visual modeller tools represented an important step
forward in the adoption of model-based approaches but it is not enough because many
people still find this activity difficult and tedious, even when supported by such visual
tools. Thus, research has started aiming to provide further support. Possible solutions
have considered the use of textual scenarios where names are automatically
associated with objects and verbs with tasks [16], or the use of vocal interfaces

supported by some natural language processing [2]. In other cases the use of reverse
engineering techniques applied to either user interface implementations [3] [13] or
logs of user interactions [7] has been considered.
In this paper we present a novel solution based on the analysis of hand-drawn
sketches. In particular, we first introduce the overall architecture of the proposed
environment, then we discuss how the sketches are interpreted and how the result of
the first low-level recognition is used to obtain the task model specification. The
results of a first test are reported along with some useful suggestions for
improvements that have emerged. Lastly, conclusions and indications for future work
are presented.

2 The Architecture of the Environment
A good deal of work has been dedicated to developing tools able to convert handwritten sketches into digital formats or to support hand-written sketches of user
interfaces and then convert them into corresponding specifications or
implementations. However, so far no work has been dedicated to the development of
environments able to recognise task models from hand-written sketches on board.
This is an important goal because often the modelling work is time-consuming and a
bit tedious, and such support can ease this phase. In addition, often the modelling
work is the result of an interdisciplinary discussion carried out with the support of
boards, where the involved actors can easily draw, modify, and cancel the elements
composing the model. In designing our environment we have considered two
previously available tools: the Mimio board [9] and the CTTE (ConcurTaskTrees
Environment) tool [10]. The former is a device able to detect the strokes drawn with
special pens on the board using ultrasound signals. It uses a high-resolution ultrasonic
position capture system consisting of a capture bar, colour-coded marker sleeves and
an electronic eraser. The capture bar is a ultrasonic tracking array positioned along the
upper left edge of the whiteboard. The capture bar connects to a personal computer.
The electronic marker sleeves transmit an ultrasonic signal to the capture bar, which
triangulates the pen's position on the board as the user writes. The only change users
must make is to be sure they use the electronic eraser to make corrections, since
Mimio cannot capture changes made with a standard eraser or with one's fingers. The
Mimio system captures each move of a marker or stylus on the whiteboard surface as
digital data that expresses vector strokes over time. The information detected can be
stored in various electronic formats, including SVG, the language for vectorial
graphical representations in Web environments. The CTTE environment is a publicly
available tool that supports the possibility of editing and analysing task models
specified in the ConcurTaskTrees notation. The features supporting editing are multifold (direct manipulation of the model structure, layout improvement, lining up of
tasks at the same level, …) as well as those supporting analysis (interactive simulator,
metrics calculation, comparison of models, …). The tool can import/export
specifications in an XML-based description. Consequently, as shown in Figure 1
(rectangles represent processes and hexagons represent their outputs), the new
environment that we have designed has to support the transformation from the SVG

description of the hand-written diagram into a XML specification of the task model
that can be imported in the tool supporting further editing and analysis.

Figure 1: The Architecture of the environment.
Thus, one main component of our environment is a transformation able to take as
input the low-level descriptions of the hand-drawn sketches and build the logical and
syntactical structure of the corresponding task model. In next sections we discuss the
solution that has been identified for this purpose.

3 Recognizing hand-written sketches
As we have introduced in the foregoing, our environment has to provide a
transformation able to take the description of a hand-written sketch and convert it into
a specification of the task model that can be imported in a tool for further editing or
analysis or used for development. To this end, we have not implemented the
transformation able to take the elementary drawings and identify the corresponding
symbols because a number of tools have already been developed for this purpose.
Rather, we have designed a transformation able to take the set of elementary symbols
associated with users strokes, recognise the corresponding elements of the task model
and identify the associated structure in order to obtain a specification that can be
imported in the task modelling environment. In particular, in order to recognise the
basic symbols we have analysed two possible solutions: the Rubine [15] and Calì [5]
libraries. Both of them have advantages and disadvantages. In Rubine’s approach the
set of basic graphical symbols recognisable is modifiable but it is only able to
recognise graphic symbols drawn through a single stroke. In Cali it is possible to
recognise graphical symbols that are drawn through multiple strokes but the set of

recognisable gestures is fixed and it also requires information regarding when each
stroke has been drawn. Thus, we have decided to use the Rubine’s algorithm because
it does not put any limitation in terms of graphical symbols that can be recognised and
does not require temporal information regarding the various gestures (our electronic
board does not provide such temporal information). Figure 2 shows an example of use
of the electronic board for drawing a task model. It allows designers to freely draw
and modify sketches of the visual specification.

Figure 2: An example of use of the proposed environment.

4 The Transformation from sketches to models
The main visual elements in ConcurTaskTrees are the task names, the graphical
symbols indicating how task performance is allocated, the symbols associated with
temporal operators and the lines indicating task decomposition and task siblings.
Figure 3 shows the user interface of the CTTE environment with an example of task
model specification. One feature of the notation is to have different icons to represent
task allocation: user (only internal cognitive activities), system (automatically
performed), interaction, abstract (higher level tasks whose subtasks are allocated
differently). Such icons can be represented in the tool in two ways selectable by the
user: either images conveying the type of allocation or geometrical shapes that are
useful when people draw task models on paper or board. The model in Figure 3 uses
icons in the latter representation. In the new environment, we have simply changed

the representation of abstract tasks from dotted ovals to triangles, which are easier to
draw.

Figure 3: An example of CTTE representation of the task model.
In order to perform the transformation, we have first carefully identified the set of
basic symbols that should be recognised (they are represented in Figure 4). They are
the graphical shapes representing task allocation, the lines connecting tasks, the
symbols representing the temporal operators and the letters used for the task
identifiers. In particular, the temporal operators are represented by composing five
elementary symbols (“[“, “]”, “>”, “|”, “=”). Regarding the lines for representing the
structure of the tree we have considered four types of lines: vertical lines, two types of
oblique lines, and horizontal lines. For each elementary graphical symbol only one
method for drawing has been defined. For example, in the case of a triangle, the user
has to start with the vertex located at the top and then draw in the anticlockwise
direction.

Figure 4: The set of basic symbols recognised.
In order to apply the transformation there is first a training phase during which at least
ten examples of each basic graphical symbol to be recognised are provided and
analysed through the Rubine algorithm. We have used a Java implementation of this
algorithm, which has been made publicly available by the GUIR group at University
of Berkeley [6]. This algorithm is limited to the recognition of the basic symbols
associated with each stroke type. To this end, the algorithm associates mathematical
representations to the main geometrical features of the symbol, then it applies a
function to identify which of the possible symbols is closest to the one currently
considered.
The SVG file generated by the Mimio board is rather simple. Even if SVG
supports various constructs, the files generated mainly contain only various polyline
instances. Each polyline is associated with one stroke representing a single graphical
element. The Rubine algorithm identifies the element associated with the graphic
symbol detected by analysing the previously provided example set of each possible
element and evaluating what the most similar is. Then, our algorithm performs a
number of further processing steps necessary to recognise the elements of the task
model and its structure. Task names are identified by analysing the positions of the
characters recognised and grouping those which are located closest to each other. A
similar process is followed to recognise the representations of temporal operators. A
task is associated with each symbol instance representing task allocation, and the
closest name recognised is associated to this instance.

Figure 5: An excerpt of a SVG specification generated by the Mimio software.
Then, our algorithm first identifies the root task in the hierarchical structure, which
is that positioned in the highest part of the board. In order to recognise the structure of
the model we divide the lines between those useful to identify parent/child relations
(vertical and oblique ones) and those for identifying sibling nodes (horizontal lines).
Once a vertical or oblique line has been recognised, our algorithm looks for the task
closest to the top and the bottom, which will be the parent and the child task,
respectively. Likewise, two sibling tasks are identified when a horizontal line is
recognised. Once the model has been built, it is coded into the corresponding XMLbased specification, which can be imported into the CTTE environment.
In order to perform its processing our tool takes as input the SVG file created by
the electronic board and its software. It also supports previewing of the hand-drawn
representation represented through SVG. Then, it asks for the set of examples to use
to identify the main features of each basic symbol to recognise. Such input is used to
calculate the task model structure. Figure 6 shows an example of the SVG
representation and the corresponding task model imported in the CTTE environment.

Figure 6: SVG representation of hand-drawn model and its transformation.

5 A First Test
Once we had designed and created a first prototype, we tested it in order to assess the
level of reliability and correctness of the transformation supported. In practise, we
performed two types of test: one aiming at revealing whether the tool provides correct
results if it uses a set of examples provided by another user; the other one to highlight
the level of reliability in recognising the task model. Overall, the test involved 14
users recruited in the Institute or among friends.
In the first test different people created a set of hand-written examples for each
symbol. Then, they had to create one task model and the tool was applied using the
different sets of examples available in order to understand whether the recognition
ability was affected by the person who drew the examples used by the algorithm.
Thus, we compared the results when the set was provided by the same person who
provided the examples or a different one. The test showed that when the task model
was drawn by the same person almost everything was correctly recognised, whereas
some problems came up in the case of a different person. In particular, there were
some errors in recognising some characters (this was deemed a minor issue since if a
character is not correct in a task name it can be easily correct later on), sometimes
hexagons were replaced with triangles and some problems were detected in
recognising horizontal lines.
In the other test, the 14 users had to draw a predefined task model on the board.
Due to time constraints, before the exercise they received little information regarding
the type of board used and how they had to draw the basic symbols in a single stroke.
They were asked to exploit all the space available in the board by distributing all the
elements of the visual model. The results were then analysed at three levels:
•

•
•

If the XML specification was generated; this would not have been possible in the
event that some tasks were not recognised or were confused with other elements
or in the event there was confusion between horizontal and vertical or oblique
lines;
If the hierarchical structure was recognised (mainly the parent/children relations);
if the temporal relations were recognised, this implied recognising the horizontal
lines and the temporal operators.

While the first two levels were completely correct in the large majority of the cases
(75% and 62%), some serious issues were detected in the third level. The problem
was due to a lack of reliability in the recognition of horizontal lines, whereas the
symbols representing temporal operators were recognised in the majority of cases.
However, this issue can be addressed in various ways and solved. First of all, the
subjects were requested to draw temporal relations by also drawing two segments
indicating to what tasks they were associated, thus obtaining a representation identical
to that supported in the CTTE tool. Some modellers pointed out that when they draw
task models on the board or on paper they do not actually draw such lines, they just
put the temporal operator symbol and its position clearly indicates to what tasks it

refers to. In addition, if we still want to keep the horizontal lines, then it would be
sufficient to add pre-processing to identify first the various types of lines (vertical,
horizontal, and oblique) using a solution similar to that supported by the CALI’
environment.

Conclusions and Future Work
Modelling, as well as various phases in the design cycle, is sometimes a tedious
activity. The introduction of visual tools has made the work of designers more
efficient than when only pencil-and-paper is used but they still require considerable
effort. There is a need for environments able to capture more immediately the
representations resulting from a discussion or analysis of a possible design solution,
such as those drawn on whiteboards.
The application of the natural interaction paradigm to modelling can provide useful
results. While tools for providing recognition of low-level graphical symbols from
hand-drawn sketches already exist, so far no proposal has addressed the conversion of
these representations into task models able to support design of interactive systems.
In this paper we have presented a solution able to convert hand-drawn task models
on an electronic board into an XML-based ConcurTaskTrees specification. A first
prototype has been implemented and tested with a number of users. The results are
encouraging and show the feasibility of the approach. Solutions for further improving
the reliability of the recognition process have already been identified. Since there are
tools (TERESA) able to support generation of ubiquitous interfaces starting with task
model descriptions, this solution opens up the possibility of obtaining environments
in which even people without programming skills can more easily design such
interfaces.
Future work will be dedicated to supporting real-time transformation of handdrawn sketches on board into desktop visual representation and extending the
possibility of the environment in such a way as to capture both hand-written sketches
and vocal description in various multi-modal combinations as input for creating the
corresponding task model.
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