




















anastylosis has, in fact, added a further level of information
not previously present (Fig. 21). The statue seems very pro-
portionate and the head, even in absence of a perfect match
due to the lack of a segment of the neck, perfectly fits to the
body.

A simple exercise of virtual anastylosis has given back to
the community of scholars the first realistic representation of
the kouros of Leontinoi, the first life-size statue of an
Archaic kouros from Greek Sicily.

How would it be possible then to share with the public this
remarkable discovery? How will the reputation of the two
artifacts be improved by such a discovery?

Due to the strict management policies, neither of the two
museums will surrender one of the pieces to the other in
order to recombine the pieces and allow just one of the two
institutions to have it in display. This suggests that the gen-
eral public will never know about the kouros of Leontinoi
and will never have the chance to see it in full.

In response to this scenario, a web platform has been cre-
ated on purpose in order to share in a simple and effective
way the results of this research (Fig. 22).37

The main aim of this tool is to provide a proper and user-
friendly visualization environment of the combined 3-D
models, giving the opportunity to monitor the conditions of
the artifacts38,39 and involve the community of World Wide
Web users in the discussion.40–42 A prototype of the system
has been developed with the Unity engine, version 5.0. Unity
is a development platform with an integrated graphic game
engine created by Unity Technologies. Unity is mainly used
to produce videogames and entertainment products for dif-
ferent platforms, such as PCs, consoles, and mobile devices,
and it allows for the management of 3-D models and other
3-D content, such as lights, pictures, and videos. Unity 5.0
has an integrated development environment, named Mono
Develop, aimed to develop computer codes in two program-
ming languages, JavaScript and C#. The latter was used for
the present work.

The user of the web platform will be able to interact with
the 3-D model of the kouros of Leontinoi simply by using the
mouse. The software provides two main views, Shaded and

Fig. 20 Manual alignment of the 3-D models of the head and the torso in Blender.

Fig. 21 Comparison between the photfit and the virtual anastylosis of
the kouros of Leontinoi.

Fig. 22 Screenshot of the web platform for the virtual interaction with
the kouros of Leontinoi.
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Textured. In the first view, the 3-D model will appear without
material or texture and just the geometric data will be avail-
able in order to focus on the analysis of certain anatomical
details, which can be obscured in the textured view (e.g.,
missing parts, gaps, and tools’ marks).

5 Learning by Objects

5.1 Three-Dimensional Printing
As mentioned above, the possibility that the head and the
torso will be recombined and that the kouros of Leontinoi
will be displayed just in one museum seems quite remote,
especially in the near future. The solution of sharing with
the public the reassembled digital model on a web platform,
certainly successful as a technical choice, unfortunately
leaves out the learning process of people with visual impair-
ments and cognitive disabilities.

Furthermore, as recent studies in neuroscience have
pointed out, the lack of touch interaction for people without
any kind of mental or physical disability can represent a cog-
nitive limit, as “the relationship between touch and vision is
perhaps most obvious when we ask to look something and
immediately reach out with our hands to touch. Touch offers
us much more than simply detecting the presence or absence
of something . . . it provides an understanding of the key
properties of artifacts.”43

Therefore, the next step of our research effort was to cre-
ate a physical copy of the statue in scale 1∶10 through 3-D
printing (Figs. 23 and 24).

After final processing and digital corrections, the 3-D
model was converted to .STL format and sent to the printer
after slicing. The model of the statue was fabricated on a
highly customized Delta robot-type Fused Deposition
Modeling 3-D printer at the University of South Florida
Labs. For enhanced part accuracy, the effector of this
machine is held in place using a low-friction magnetic
suspension system. The positioning accuracy of this delta
robot is better than 50 μm in the x-, y-, and z-directions.

A low-force optically triggered z-probe was used to calibrate
the build plate surface prior to printing to enhance print reli-
ability and adhesion. The printing material selected was
white polylactic acid, which was extruded at a temperature
of 205°C. This particular polymer was selected due to its
ability to resist warpage and shrinkage, which might
cause layer delamination on an object of this size. To further
minimize warpage, the build plate, made of glass with water-
based acrylic glue adhesion promotor, was heated to 55°C.
Ambient conditions during printing were 26°C, humidity
52% to 60%. Slicing layer height was set to 0.15 mm
(150 μm) with a relatively low 12% part fill density. An
extrusion nozzle of 0.4 mm in diameter was used. Mechan-
ical supports were enabled to ensure that printing of over-
hanging and highly sloped geometry would be successful.
Total print time was ∼24 h and consumed ∼170 g of poly-
mer. Postprint work-up was kept to a minimum and included
the mechanical removal of the support structures and spot
smoothing with a hot air rework tool. The physical model
is not hollow, but fully solid in order to increase its weight
for a more accurate and realistic final result.

To touch a sixth century BC statue or to hold its polymeric
replica do not evoke the same emotions, but the opportunity
to hold the replica without fear of dropping it, damaging it,
manipulating it, or using it for its intended purpose, makes it
more “authentic.” In fact, “the experiences elicited by touch
in this context go beyond, but do not exclude, learning and
enjoyment to include deep emotional responses stimulated
by object handling.”44

Although conservation and preservation remains among
the top priorities for most museums, the need for the audience
to see, touch, and to feel the object of their interest must not be
underestimated. In addition, it must be considered that “people
now inhabit a multimedia world, with all the expectations that
this brings and that museums need to become familiar with the
languages of these technologies to stay relevant.”45

5.2 Haptic Technology
The choice to 3-D print in scale and physically reassembly
the statue would certainly be a good way for the curators ofFig. 23 3-D print of the head and the torso.

Fig. 24 Reassembled replica of the kouros of Leontinoi.
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both the museums of Catania and Siracusa to showcase how
this unique example of Greek sculpture looked. Furthermore,
in the case of the archaeological museum of Siracusa, where
there is already a tactile collection of artifacts ranging from
Prehistory to the Greek period, the replica of the kouros of
Leontini will represent another example of enhanced realiza-
tion for the public with visual impairments.

However, the process of 3-D printing is still rather time
consuming and expensive, especially for models of medium
to larger sizes and with other materials than simple polymers.
In this respect, at this stage, it cannot be the only solution to
make archaeological objects immediately more accessible
and let visitors with or without cognitive deficits learn
from touching the subject of their interest.

Promising results come from the recent research on haptic
technologies applied to museum studies and may be able to
offer an alternative perspective on this issue and show a new
way of learning through objects.44

In order to validate the sensorial experience of interacting
with the 3-D model of the reassembled statue and to compare
it with the direct touch interaction with 3-D print of the statue
in 1:10 scale, an experimental test has been undertaken at the
Center for Virtualization and Applied Spatial Technologies
(CVAST46) of the University of South Florida. Using the
haptic device 3-D Systems Touch 3-D stylus (Fig. 25) paired
with the proprietary software Geomagic Sculpt, a group of
students were asked to interact with the digital model
(Fig. 26), and then to interact with the 3-D print, and finally
describe the feedback in a questionnaire (Table 1) inspired by
the questionnaire designed for the experiment with the bronze
bust of Sophocles at Northlight Gallery of Huddersfield in
2006.11

The results achieved with a preliminary test employing a
very limited sample of students clearly highlight the impor-
tance of any kind of touch interaction as a crucial step toward
a more in-depth learning process. The other significant out-
come is how the haptic device makes the interaction with the
digital models more genuine and intense. Unfortunately, at
this stage of the research, it has not been possible to extend
the experiment to a larger sample including students with
visual impairments and cognitive disabilities, leaving room
for a further step in the research agenda.

Fig. 25 3-D Systems Touch 3-D stylus.

Fig. 26 Touch interaction with the digital model of the statue through
haptic technology.

Table 1 Questionnaire used to validate the touch interaction with the 3-D print and the sensorial experience with the haptic device.

SD D U A SA

Interpreting the museum objects through virtual or real tactile experience
is a very inclusive approach

I felt that the touch interaction provided space to add my own interpretation

I felt more genuine the touch interaction with the 3-D print than that with
through the haptic device

With the help of the haptic device, the computer interface seemed to vanish

After interacting either with the 3-D print and the digital models via the
haptic device, I felt I interacted directly with the statue

Note: SD = strongly disagree, D = disagree, U = undecided, A = agree, and SA = strongly agree.
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6 Future Works
The first item in the research agenda is the implementation of
the questionnaire integrating in it the remarks and sugges-
tions provided during the first round of interviews. Subse-
quently working with the Office for Diversity, Inclusion,
and Equal Opportunity of the University of South Florida,47

a more ample group of interviewees will be put together,
including students with visual impairments and cognitive
disabilities in order to gather more clear data about the rel-
evance of the use of haptic technologies and 3-D printed
casts in the learning process of archaeology. This next phase
of the research will be carried out at CVAST using six 3-D
Systems Touch 3-D Stylus devices and related Geomagic
Sculpt licensed software. Four further 3-D casts of the statue
will be printed out using different materials than acrylic plas-
tic, namely gypsum, porcelain, metallic plastic, aluminum,
and a fifth will be printed out with the same acrylic plastic,
but in contrast to the first, it will be hollow inside. These
various materials will be tested in order to ascertain whether
the different materials, textures, and weights could or could
not have an impact on the sensorial and cognitive experience.
The results of the survey will be compared with other similar
exercises where different other multimodal approaches were
also involved.48

This research has elucidated how 3-D scanning, virtual
anastylosis, and web sharing can contribute to the improve-
ment of museum policies in the field of public outreach,
showing how a case of limited accessibility, represented
by the state of a Greek statue irremediably divided in pieces
between two museums, can become the public’s path to vir-
tual discovery of a new masterpiece of Greek sculpture.

Furthermore, the employment of 3-D printing and haptic
technology has demonstrated the strategic importance of
touch interaction in the learning process of archaeology
not just for the public with visual or mental impairments,
but it has pointed out an alternative way to enhance the
access to the cognitive process itself.
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