





on their discrimination when they are mixed with different pigments. Particular attention
is paid to the 1200-2400 nm spectral range. The results obtained show that this portable
hyperspectral sensor can be used for the identification of pictorial binders both as pure
material and as mixtures.

Methods and Materials

The hyperspectral sensor employed in this study was an Analytical Spectral Devices Field-
Spec FR Pro 3, a portable high-resolution spectroradiometer (Figure 1). It is designed
to acquire Visible, Near Infrared (VNIR: 350-1000 nm) and Short-Wave Infrared (SWIR:
1000-2500 nm) punctual reflectance spectra in 0.2 s per spectrum. The sampling interval
is 1.4 nm and 2 nm for the VNIR and SWIR spectral regions, respectively. The VNIR spec-
trometer has a standard spectral resolution (full-width at half maximum of a single emis-
sion line) of 3 nm at around 700 nm; while in the SWIR region the spectral resolution is
10-12 nm from 1400 to 2100 nm. Spectra were collected and then processed using ASD’s
RS3 and ViewSpec Pro 6.0 software to eliminate spectral noise. The instrument is equipped
with a contact reflectance probe (fixed geometry of illumination and shot with a spot anal-
ysis of about 1.5 cm?) that provides an internal light source, so spectra can be acquired
without involving the typically used ambient solar illumination like in the applications of
remote sensing.

Figure 1 - Portable hyperspectral sensor, ASD FieldSpec FR Pro 3.

The spectra collection of binding media as pure materials was carried out at first on a Teflon
support. Animal glue was dissolved in water (10% w/w), deposed on a substrate to form a
film and tested after total drying. The egg yolk was dried and then put on the support as a
thin layer, while polymerized linseed oil was prepared on a glass slide by deposition of liquid
oil in 2010 and then exposing it for 6 years to indoor light at room temperature and hu-
midity. The commercial canvas from Zecchi (Florence, Italy) was divided into small squares
of 10*10 cm? size as support for easel painting mock-ups. The canvas had already been
grounded with a layer of gypsum and linseed oil. Four pigments were selected: synthetic
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cinnabar, yellow ochre, azurite, and lapis lazuli, which are traditional colorants, also used
in the ancient times (Cennini, 1991), and representative of different colors and chemical
composition. Binders were mixed with these pigments and then evenly painted by brushes
on the canvas in accordance with the methodology described by Cennino Cennini (1991).
Typically, for the tempera painting samples, the amount of pigment and egg yolk was al-
most the same. During the mixing, some water was added into the mixture to decrease the
viscosity for easy application. Meanwhile, in the case of a mixture of pigment and animal
glue or linseed oil, the average amount of the pigments was almost twice the amount of
the binder.

Reflectance spectra were collected with the Contact Probe by direct contact with each ma-
terial or painted surface. In order to eliminate the influence of the ground layer and the
canvas support on the reflectance spectra, a background was first collected on unpainted
surfaces.

The spectrum of each compound, used as standard, was the average spectrum of 10 ac-
quisitions collected on the same studied surface of each material. The spectra were then
processed as collected and as their first derivative by ViewSpec Pro 6.0 software. The pa-
rameters for comparison are: reflectance maximum/absorption maximum and inflection
points, the latter corresponding to maxima or minima in the first derivative spectrum (Bac-
ci, Magrini, Picollo, & Vervat, 2009).

Results and Discussion
Characterization of Pure Substances

The reflectance spectra of egg yolk, animal glue and linseed oil, as collected in the full
range, are shown in Figure 2a, while the wavelengths of the most characteristic peaks of
each binder are listed in Table 1. As color is not discriminating for their identification, the
differences detected in the visible range are not discussed here, but the main dissimilarities
for distinguishing different binders are searched and found in the region between 1200 and
2400 nm.

Binding media Experimental Wavelength (nm)

Egg yolk 1211, 1441, 1507, 1727, 1762, 1942, 2058, 2177, 2309, 2347
Animal glue 878, 1182, 1447, 1506, 1730, 1946, 2049, 2177, 2286, 2347
Linseed oil 1206, 1441, 1727, 1754, 1932, 2132, 2304, 2347

Table 1 - Experimental wavelengths (nm) of three binding media. Each peak can be
assigned to overtones and combinations bands of specific chemical bonds (Vagnini, 2009).

The most evident variances among the three binders are marked in Figure 2b, when the
region in question is zoomed. Since egg yolk contains mainly albumins with low quantities
of fats, its raw spectrum contains features of both lipidic and proteinaceous components.
It is noticed that the differences among oil, egg yolk, and animal glue are well visible in
three regions (1150-1250 nm, 1650-1800 nm, and 2250-2400 nm) (shadow areas in Fig-
ure 2b), where the reflectance peaks are assigned to overtones and combination bands of
C-H bonds. Due to the presence of lipidic contents in egg yolk and linseed oil, the spectral
features of these two binders are more comparable than that of animal glue. However, al-
though the wavelength of the reflectance peaks in egg yolk and linseed oil are sometimes
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very similar, their absorption intensity varies greatly, i.e. the same peaks in egg yolk are
sharper and stronger than in linseed oil. For example, the first overtone of CH, stretching
mode is observed at around 1730 nm for both these two binders, whereas the peak in-
tensity is stronger for egg yolk than for linseed oil. On the other hand, the differences in
the wavelength (and peak intensity) of the overtones and combination bands of C-H bonds
between animal glue and the other two binders are more evident. For example, the second
overtone of methylene stretching is located at about 1210 nm for egg yolk, while for animal
glue it is shifted, being at around 1182 nm.

Figure 2 - Reflectance spectra of three binding media: in full spectral range (a)
and in 1200-2400 nm region marked with the most evident variances (b).
Green = egg yolk; blue = animal glue; red = linseed oil.

Other variances marked with dashed lines are also essential for distinguishing these bind-
ers. At around 1507 nm, the first overtone band of N-H stretching mode is identified in
both egg yolk and animal glue as a shoulder, which cannot be found in linseed oil. A similar
circumstance occurs at 2177 nm where the first overtone band of carbonyl stretching mode
(Amide I + Amide II) is observed. Linseed oil, however, has a combination band of C-O
stretching and C-H stretching peak at about 2132 nm in the closer region as a shoulder.
Another important characteristic signal of the two proteinaceous materials, found at about
2050 nm, is the combination band of N-H stretching and bending. All the peaks attributed
to proteins are stronger in animal glue than in egg yolk; this may be in accordance with the
fact that glue is completely composed of proteins, while egg yolk also contains oils. The last
dashed line locates at around 1950 nm, where the three binders show a very strong peak,
but it is discriminating only for linseed oil. In fact, the second overtone of the C=0 stretch-
ing of esters in oils occurs at 1932 nm, whereas the combination band of O-H stretching
and bending in proteins are seen at about 1945 nm.

As discussed above for pure binding media, the wavelength of the peaks or the spectral
feature in well-defined spectral ranges can be considered discriminating elements for the
identification of these binders even when they are mixed with pigments (i.e. in painted
layers). However, shifts in wavelength in respect to pure materials are expected when a
matrix with pigments is made. Possible shifts of peaks and changes in signal intensities will
be discussed as follows.

Characterization of Binding Media in Mixtures

To better understand the influence caused by the mixing with pigments, spectra were col-
lected on the easel painting mock-ups. Figure 3 shows the reflectance spectra of pure egg
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yolk and its mixture with synthetic cinnabar in the 1200-2400 nm range. Since cinnabar
has no absorption feature in the NIR-SWIR region, the spectrum of the painted surface is
expected to be similar to that of pure egg yolk. Actually, egg yolk is well identified from its
distinctive features, but three changes in respect to the pure egg spectrum are observed.
One is the disappearing of the shoulder at 1507 nm. The second is the shift of the broad
peak at about 1943 nm to 1922 nm, due to the combination of the O-H stretching and
bending mode, along with the broadening of the peak itself. The last change occurs at
about 2050 nm, where the combination band of N-H stretching and bending shifts to 20
nm longer.

Figure 3 - Reflectance spectra of egg yolk mixed with cinnabar (green)
in 1200-2400 nm region. Egg yolk (blue) is also reported for comparison purposes.

The same behaviors are also found when egg yolk is mixed with other pigments, regardless
of the type and color of pigments, as well as whether the pigment has absorption peaks in
these regions. An example is shown in Figure 4, when the two blue pigments (azurite and
lapis lazuli) were mixed with egg yolk, azurite has some absorption peaks in the detected
spectral range.

Figure 4 - Reflectance spectra in 1200-2400 nm region of egg yolk with azurite (green)
(a) and lapislazuli (green) (b). Egg yolk (blue) is also reported for comparison.
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When these binders, i.e. egg yolk, animal glue and linseed oil, are mixed with the same
pigment, their reflectance spectra often show features comparable to those of pure bind-
ers, and their identification is possible. Figure 5 illustrates the reflectance spectra in the
1200-2400 nm region of yellow ochre in the three different mixtures.

Figure 5 -Reflectance spectra of three binding media mixed with yellow ochre.
Black = pure yellow ochre; blue = yellow ochre mixed with animal glue;
red = yellow ochre mixed with linseed oil; green = yellow ochre mixed with egg yolk.

Similarly, the medium-weak peaks of animal glue and egg yolk around 1500 nm disappear
in the spectra of the mixtures giving a similar spectral feature for all the three binding
media. It is notable that the broad peak between 1930 and 1945 nm of these binders (i.e.
1942, 1946 and 1932 nm for egg yolk, animal glue and linseed oil, respectively) shifts for
all binders to a shorter wavelength of about 15 nm, and linseed oil still shows the shortest
wavelength. Another difference in mixtures between these spectra happens at around 2050
nm. Just like pure materials, yellow ochre with egg yolk has the same band at a longer
wavelength, about 2070 nm, rather than 2045 nm, when mixed with animal glue. Whereas,
the shoulder for linseed oil at around 2135 nm cannot be observed.

In fact, when pigments and binders have overlapping peaks, the identification of binders
through the original reflectance spectra at some specific positions will be very hard. One
example is the case of pigments containing O-H groups or/and H,O molecules (e.g. azurite,
malachite, yellow ochre). The peaks at about 1440 nm and 1945 nm, assigned to O-H over-
tone and combination bands, are no more discriminating. Hence, the peaks in the spectral
range assigned to C-H bond vibrations are essential for the discrimination of these three
organic materials (Figure 5), as discussed above.

Although the original reflectance spectra of pigment/binding medium mixtures can give us
useful information for their identification, a more accurate differentiation can be achieved
from their derivative spectra. Figure 6 shows the first derivative spectra of these three pure
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binders. In these spectra the differences among the binders are increased and it is possible
to take into consideration not only the wavelengths of maximum/minimum, but also the
ratio of their intensity. Therefore, the discrimination of these organic materials is much
improved.

Figure 6 - First derivative spectra of three binding media in the full
spectral range. Green = egg; blue = animal glue; red = linseed oil.

The most evident differentiations to identify egg yolk, linseed oil, and animal glue are locat-
ed in two regions: from 1140 to 1260 nm, and from 1660 to 1800 nm (Figure 7). In the first
region, animal glue has a negative medium peak around 1172 nm, while egg yolk has three
ones, two negatives at 1190 and 1205 nm, and one strong and positive at 1222 nm. In the
case of linseed oil, a similar peak at 1220 nm as in egg yolk is observed, but its intensity
is much lower. The observation of the peak positions in the spectral range 1670-1725 nm
gives evidence that egg yolk has a strong negative peak at about 1700 nm, while animal
glue has a negative peak at 1670 nm, a positive one at 1700 nm, and another negative at
1725 nm (Figure 7b). Linseed oil has three negative peaks, where the one at the shortest
wavelength (about 1670 nm) is the strongest. It is also well evident that the ratio of the
reflectance at 1730 and 1775 nm differs for each binder. These two characteristic spectral
ranges can also be used to discriminate the components in pigment/binder mixtures.

Figure 7 - First derivative of reflectance spectra of the three binders
in the 1150-1250 (a) and 1670-1700 (b) nm spectral ranges.
Blue = animal glue; Green = egg yolk; Red = linseed oil.
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Figure 8 - Shows two examples of the application of the first derivative spectra to mixtures.
In the examples, yellow ochre (Figure 8a) and azurite (Figure 8b) were mixed with the three binders.
As expected, the two regions (dashed rectangular in the figures)
are discriminating for the different binders.

Conclusion

It has been proved that the portable hyperspectral sensor is a powerful tool in identifying
organic components, including the binding media, of easel paintings in a rapid and non-in-
vasive way. Reflectance spectroscopy, particularly in the NIR-SWIR region, is useful for
distinguishing egg yolk, animal glue, and linseed oil, both as pure material and mixed with
pigments, just as in paintings. The interaction between pigments and binders makes the
identification more difficult in some cases, but the unambiguous characterization can still
be achieved by reprocessing the original spectra, i.e. through their first derivative. All the
results obtained in this study show that this portable reflectance spectroscopy is valuable
for the study of works of art in general, but also for conservation and restoration purposes.
Indeed, in the case of conservation one possible advantage is the monitoring of the per-
manence or the degradation of a protective agent (e.g. the varnish), thus allowing a timely
maintenance. While, in the case of restoration interventions, it makes possible a fast mon-
itoring of the cleaning treatments which, contrary to that performed by UV lamps, allows
the identification of the organic material discriminating the varnish (e.g. natural resins)
from the binder of the pictorial layer (e.g. drying oil).
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Abstract

After a design competition held in February 2014, the "NMC Comacchio” design group,
formed by young Italian architects, was charged with designing a new archaeological mu-
seum in Comacchio, on the Adriatic coast of Italy. This paper deals with the design meth-
odology experimented in this museum: the project is based on a “symbolical approach” in
exhibit design, which tries to balance both didactic and emotional aspects of the exhibition,
focusing on the comprehension of archaeological heritage and the relation between territo-
ry and cultural heritage. The museum, named “Museo Delta Antico”, opened in 2017 with
very good acknowledgement of critics and audiences.
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Introduction

Comacchio, in the province of Ferrara, is a beautiful town with a population of around
22.000 inhabitants. Situated in a lagoon just north of the mouth of the river Reno, after an
early and prosperous occupation proven by the discovery of the ancient settlement of Spi-
na, Comacchio was added to the Roman Empire and continued to enjoy prosperity during
the Middle Ages. It owed its fortunes to its salt pans and its strategic location on important
commercial routes.

In February 2014 the Municipality of Comacchio launched an architectural competition for
the design of a new archaeological museum. The aim was to preserve and show to the
public a collection of about 2000 findings covering the broad period from the Early History
to the Middle Ages in the area of Comacchio. The museum also had to contain the cargo of
a commercial ship of the Roman Imperial era, the “Fortuna Maris”, discovered in 1981 and
previously shown in a dedicated museum. Another significant part of the collection was the
one coming from the site of Spina, an Etruscan port city discovered in 1922, about four
miles west of Comacchio.

The Municipality decided to host the collection in an outstanding historical building, the
“Ospedale degli Infermi”. Promoted by Pope Clement XIV and erected between 1778 and
1784 by architect Antonio Foschini (1741-1813), this important example of the style and
the social debate of Neoclassicism was opened in 1811 and remained in operation until
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1973. Between 1997 and 2013 restoration works brought back the inner spaces of the
building to their original shape thanks to the demolition of the walls that over the years had
divided the vast halls of the building.

According to the results of the competition, in May 2014 the Municipality assigned the
group formed by the architects Michela Biancardi, Angela Cazzoli, Nike Maragucci, Ales-
sandro Tricoli, Rita Zambonelli and the archaeologist Gaia Cammarata to design the new
exhibition. Architect Camilla Fabbri planned the construction site set-up and was the safety
coordinator during the whole project. The museum, officially named in 2016 “Museo Delta
Antico”, opened to the public in March 2017, with very positive acknowledgement of critics
(Mammini, 2017) and audiences.

Materials and Method

The reason for this study comes from the direct involvement of both authors in the project
and in their current experience in the field of “Exhibit design”. The objective of the paper is
to give a full description of some critical issues related to a complex exhibit design project
like the one proposed as a case study. In particular, the authors intend to emphasise the
approach used in the elaboration of the general concept of the exhibition.

This particular approach could be defined as “symbolical”. In fact, avoiding to employ only
the “rational” media used in the traditional scientific communication, the exhibition fea-
tures many details intended to promote a fascinating comprehension of the collection and
its history. In this sense, the suggestions and emotions created by images, lights, colours,
materials, sounds and smells are of fundamental importance.

Results and Discussion

Since the early sketches, the exhibition has been intended as a unique and suggestive
narrative based on a strong and clear relation with the territory and its findings. The first
argument discussed by the design group was the following: how is it possible to bring the
landscape and its main features into the museum and its exhibition? Aiming to respond to
such a question, two key components of Comacchio and its landscape, water and wood,
have been chosen as main symbols for the display concept.

Due to the position of Comacchio in the River Po Delta, water is by far the most important
feature of the habitat and its history, its economic activities and its local settlements. In-
side the museum, water is not directly visible, but its presence and role in the landscape is
constantly “evoked” by a wide range of media, working at a multisensorial level: the blue
lighting reflected on the sandy “seabed” covering the main halls of the museum (Figure 1),
the light blue colour of the flooring on the first floor, and, last but not least, the sound of
waves in the section dedicated to the Roman ship “Fortuna Maris” and its cargo.
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Figure 1 - Blue lighting and sand recall the fundamental role of water in the River Po Delta.

Before industrialization, wood was the primary material in many human activities. In par-
ticular, timber was used in past centuries to mediate the relationship between man and wa-
ter: in the area of Comacchio, it was used to build walkways, docks and boats, for example.
To recall such an important historical role, wood has been widely used in the exhibition:
first of all, wood slats have been chosen to create the setting of the section dedicated to the
Roman ship “Fortuna Maris”. In this case, the interior of the ship is not literally recreated
but its atmosphere is recalled by a process of association generated in visitors’ mind by the
material of walls and floors.

The same concept has been applied to the section hosting the findings from Spina: wooden
staves have been used to cover the raised platforms and the display cases (Figure 2) to
recall the importance of timber in the construction of this ancient settlement.

Figure 2 - Wooden staves recall the primary role
of timber in the ancient settlement of Spina.

It should be noted that the “Ospedale degli Infermi” has been an exceptional and inspiring
setting, suggesting many design solutions. For example, two low halls on the ground floor,
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covered by wooden beams, have been used as an ideal setting for exposing to the public
the cargo of the Roman ship. The aim was to create a mental association between the
wooden ceiling and cargo hold, trying to give to the public, in combination with suggestive
lighting, the sensation to be inside an ancient ship (Figure 3).

Figure 3 - The wooden ceiling on the ground floor
creates an association with the cargo hold of a ship.

About this kind of mental process, it can be useful to refer to the idea of “assimilation”
proposed by James Strike:

We have a natural tendency to group similar things together; we sort out the books in the
bookcase, and we make neat assumption about similar people. We can make use of this
tendency of “"grouping” to link the new architecture to the historic fabric. [...] Assimilation
can work in several ways, the design reference can be made to different aspects of the
historic fabric; it is like arranging the books in the bookcase by different systems of classi-
fication (Strike, 1994, p. 95).

After these general considerations, it may be useful to describe the four main sections of
the museum and to focus on some of their most important issues. On the ground floor, be-
yond the entrance, two great stone artefacts dating back to Roman period mark the access
to the exhibition areas. After this first encounter with the archaeology of the area, visitors
are introduced to the collection by an evocative video, showing in a few minutes the deep
transformation of the territory and its landscape from present time to the early period. This
room has been conceived as a sort of “time machine”, able to fascinate every kind of public,
not just adults or specialists.

The Roman section, named “A land without towns”, is the first one to be encountered. Ac-
cording to the intention of the design group, visitors are “forced” to enter the first hall of
this section passing through two portals. The ancient doorways of the Roman domus, the
fauces, have suggested this idea. In their conception, great importance was also given to
the idea of marking in a very obvious way the beginning of the first section of the museum
(Figure 4).
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Figure 4 - The two portals introducing to the Roman section of the museum.

The second and final room of the Roman section is dedicated to the theme “Life afterlife”
and shows three beautiful marble steles, and some other findings related to the theme
of death in the Roman Age. The synergy between different media lets visitors experience
the atmosphere of a Roman cemetery from dawn till dusk, fully displayed on a big screen
showing a suggestive video (Figure 5).

Figure 5 - The Roman cemetery recreated on the ground floor.

The following section, “The Roman ship and its cargo”, houses the findings coming from the
ship “Fortuna Maris” discovered in 1981 in Valle Ponti, north-west of Comacchio. Space has
been conceived to render the shape and dimension of the ancient ship. This reconstruction,
of course, is not exact and literal, but it aims to create an emotional atmosphere and bring
the visitors back to the ancient times when the shipwreck of the “Fortuna Maris” occurred.
Particular attention has been paid to the several amphorae found in the aforementioned
shipwreck. They are displayed in an idealised section of the ship’s wooden hull (Figure 6).
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Figure 6 - The amphorae found in the shipwreck of the “Fortuna Maris”.

The exhibition continues on the first floor with the section entitled “Spina - Crossroads
of the ancient world” (Figure 7). In this part of the museum, located in a large T-shaped
room, the design tries to recall the urban layout and landscape of the ancient city of Spina.
Visitors can walk through an idealised reconstruction of this ancient settlement, organised
in different “islets” surrounded by fences and connected by wooden walkways. Red boxes
hosting important findings from Spina represent an abstract reconstruction of the rect-
angular houses of the ancient settlement. In the narration proposed by the project, the
public, like ancient travellers, ideally reach the harbour of Spina, then, passing through the
town, visit the necropolis, joined through a path that symbolically represents the passage
from life to death.

Figure 7 - One of the red boxes in the section “Spina — Crossroads of the ancient world”.

The visit ends in a large L-shaped room, hosting the section "Comacchio: emporium on the
sand”, dedicated to Comacchio in the Late Antiquity and medieval period. Compared to the
part dedicated to Spina, this section presents a slight change in the design concept, in par-
ticular in the relationship between land and water. Here there are no more wooden walk-
ways, but a flat lagoon, symbolically represented by a light blue floor (Figure 8). Visitors
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can experience the atmosphere of the ancient harbour, reconstructed in some details us-
ing scenographical elements as amphorae, barrels and sacks. The most important finding
shown in the section is an ancient "monoxylon”, a wooden pirogue made from a hollowed
tree trunk. It is important to note that for both the sections hosted on the first floor, an
olfactory journey has been conceived, making the visit to the museum a real multisensorial
experience.

Figure 8 - The section “"Comacchio: emporium on the sand”,
dedicated to Comacchio in the Late Antiquity and medieval period.

Before concluding, some notes about the relation between the project and the conservation
issues. The many artefacts in the museum had a great impact on the design of the exhibi-
tion, in particular during the construction phase. For example, the monoxylon was the first
object that entered the museum. Due to its considerable size, the ancient boat has been
carried into the museum through a window and has waited four long months protected by
special sheets before being definitively restored and put on display.

On the contrary, due to their perishability, some very delicate leather findings, part of the
load of the Roman ship, have been among the last objects that have entered the museum.
This outstanding collection of ancient shoes and clothes is displayed in special air-condi-
tioned showcases, in which the lighting system, activated by sensors, cannot exceed 50
lux. Except for their glass surfaces, these showcases have been totally hidden behind the
new walls created for the exhibition. This is a good example of the complexity of exhibit
design, a field in which conservation, communication and aesthetics should always find an
effective interaction.

Conclusion

Designing the “"Museo Delta Antico” has been an important occasion testing on the field a
conception of exhibit design based on a wider approach to communication. As Maria Clara
Ruggieri Tricoli stated, in a museum “things are totally unable to speak by themselves”
(Ruggieri Tricoli, 2000, p. 13) and this paper tries to demonstrate that there are many ways
of communicating “things” in museums. In our opinion, it is very important the discussion
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indirectly proposed by the paper: can we communicate history and archaeology in a muse-
um using only a rational or scientific method? How vital are concepts like “atmosphere” or
“suggestion” in an exhibition? These questions cannot just be discussed from a theoretical
viewpoint, because giving back life to history always concerns also “artists, designers and
dreamers” (Cellini, 2006, p. 76) as Francesco Cellini stated.
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