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nipulation of 3D objects. Next, we describe in detail our
approach, with a special focus on LEGO blocks repre-
sentation in memory and their manipulation in a multi-
touch tabletop. Finally, we present some conclusions
drawn from the work developed so far and identify the
path for future work.

2 VIRTUAL LEGO MODELLING AP-
PLICATIONS

Currently, several applications allow the creation of vir-
tual LEGO models, each presenting peculiarities in re-
lation to others: some want to give the feeling of build-
ing a LEGO model as it would be in reality, while oth-
ers follow a more technical approach, oriented to three-
dimensional modelling, some use open-source library
parts, while others are proprietary and use their own
parts system.

LEGO Digital Designer (LDD)', is a proprietary ap-
plication of the LEGO Company. The LEGO modelling
is done in a three-dimensional environment and has an
efficient system of connecting parts, preventing their
overlap.

This application displays all the pieces available us-
ing a list with their previews. It has always a visible
grid, simulating a base plate, as can be seen in Figure 1
(a). The movement of parts is done exclusively in the
grid plane, to which they adapt. Their rotation is done
only along two axes, using intervals of 90 degrees. The
camera movement is done by orbiting around a point
and never tilting.

Mike’s Lego CAD (MLCad)? is a CAD system ap-
plied to building LEGO models. It uses four view-
ports with different views of the model: three orthogo-
nal (one top, one front and one side) and a perspective,
as seen in Figure 1 (b). However, it only allows changes
to the model made in the orthogonal views, and the per-
spective view is for viewing only. It uses the LDraw?
open-source parts library.

The search for the parts is carried out using a textual
list of names and another for their previews. The move-
ment of the parts is carried out only in a plane parallel
to the orthogonal views, which do not have any kind
of auxiliary grid and there is no restriction on the parts
position. Parts rotations are made at intervals of 90 de-
grees accordingly to three axes.

LeoCAD* uses the LDraw parts library, as the previ-
ous application. Its options provide a grid to which the
pieces fit into each half unit, and various sets of view-
ports. Both the grid and the viewports are not active by

LEGO Digital Designer: http://ldd.lego.com last visited on October
20, 2010.

MLCad: http://www.Im-software.com/mlcad, last visited on October
20, 2010.

LDraw: http://www.ldraw.org, last visited on October 20, 2010.
LeoCAD: http://www.leocad.org, last visited on October 20, 2010.
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default but can be activated if necessary. To switch be-
tween different functions, such as moving parts or rotat-
ing the camera, it is always necessary to use the buttons
on the interface.

The pieces are presented through a list of groups
whose identification, both as parts and their groups, is
done just by text, although, after selecting a part in the
list, there is a window with a its preview. The pieces
translation is done in a horizontal plane, and to move
in a vertical plane is needed a special action. For the
rotation of the parts it followed the same approach as
proposed in [14] to specify the orientation using a tra-
ditional mouse, visible in Figure 1 (c). Performing the
rotation by clicking on the circumference causes the ro-
tation to be done exclusively on an axis, at intervals of
30 degrees. This application offers many ways to rotate
the camera: rotate around her own axis, orbiting around
a point and tilt.

There are more applications to create virtual LEGO
models, but these three are the most popular between
those that have a WIMP interface. LSketchlt [12], built
upon LeoCAD, has the particularity to enable the con-
struction of LEGO models using sketches. The search
and selection of parts is made by drawing sketches of
the pieces to be obtained in the place that the user wants
to put it. Given this outline, the program presents a list
of suggestions and allows the user to make modifica-
tions to the piece, giving new suggestions according to
that modification.

Currently there is no application for the creation
of virtual LEGO models developed for a multi-touch
based interaction.

3 COMPARATIVE STUDY

With the aim of trying to find out the best approach
in interacting with objects in multi-touch surfaces, in-
cluding virtual LEGO building blocks, we started by
analysing existing solutions, which use the usual WIMP
interfaces, described in the previous section.

3.1 Users Testing

We developed a set of tests, which had the participation
of twenty one users, to evaluate the three most common
virtual LEGO modelling applications: LEGO Digital
Designer, MLCad and LeoCAD. In order to determine
the main positive and negative aspects of the various
applications we conducted a series of tests with users,
that followed the methodology suggested by Preece et
al. in [11].

At the beginning of the experiment, the main features
of each application were presented to the user, and it
were followed by a training phase, consisting of a pe-
riod of three minutes to interact freely with each appli-
cation.

After the training phase, each user was asked to com-
plete a task on each application. The task was to con-
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Figure 1: Most common virtual LEGO applications: (a) LEGO Digital Designer; (b) MLCad; (c¢) LeoCAD.

Figure 2: Requested task for users to complete.

struct a simple model, illustrated in Figure 2, which in-
volved searching, selecting, manipulating, rotating and
placing various parts. The order in which the users used
the applications to carry out the task was randomly se-
lected for each one. In this step, users were asked to
think aloud as they performed the task, thus we can bet-
ter understand what were the main difficulties that users
encountered during the task. Since our main goal was to
discover what most appeals to users, we did not use any
performance measure because it is incompatible with
the think aloud technique.

Having accomplished the task in the three applica-
tions, each user completed a short questionnaire that
focused on the experience with each one. It was hoped
thus to identify the strengths and weaknesses in each
one of them, with particular emphasis on manipulation
of the parts and the camera. The questionnaire con-
sisted on a first set of multiple choice questions to iden-
tify the user profile, like age, qualifications and com-

puter experience with image editing, 3D modelling and
virtual LEGO tools. It was followed by a second set
with five questions to classify the various aspects of
each application using a Likert scale with four values
and an open-response question so that users could leave
comments for each application. These five questions
were related to translation and rotation of parts, camera
manipulation, searching and selecting parts and overall
satisfaction.

3.2 Results

Through the analysis of the qualitative evaluation per-
formed by the users, extracted from their feedback, both
written in the questionnaire and said during the task
execution, we identified important factors to consider
in developing an application for visualization and ma-
nipulation of LEGO building blocks. Several of these
factors may also be valid in another type of three-
dimensional modelling applications.

The results obtained followed a normal distribution,
demonstrated by application of the Shapiro-Wilk test,
and the average classification was different for each ap-
plication, proved with an One-Way ANOVA. Results
showed that LEGO Digital Designer was the most ap-
pealing to users, in all aspects, followed by MLCad and,
finally, LeoCAD, with negative ratings for everything
except for searching parts. In [10] there are detailed
results and analysis thereof. The main advantages and
drawbacks we found in each application are summa-
rized in Table 1.

The presented study revealed that users expect a sys-
tem that tries to simulate the behaviour of the pieces in
the real world, contributing to a more familiar interac-
tion with the application. For example, it is desirable to
prevent two parts from overlapping each other and pin
their positions to a grid. On the other hand, we realize
that too much freedom can lead to user frustration, as
the case of an application that provided rotation of the
pieces according to the three axes simultaneously.

From the conclusions of this study we were able
to develop our solution taking advantage of strengths
found in the existing applications, as well as sugges-



