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Abstract. The paper presents an innovative way of conceiving the museum exhibit particularly 

useful in those territorial contexts in which it is possible to simultaneously show the place of 

discovery of the exhibit n (contextualizing it through the virtual reproduction of the historical 

scenario) and the find itself adding to this the possibility of narrating one's own history and 

characteristics. The entire meta-project is designed for the Pietraroja site in the province of 

Benevento which would acquire considerable cultural interest thanks to the potential of 

augmented and mixed reality. The main idea is to use this new technology to involve the user 

(observer) by rebuilding the environment and the peculiarities of the finds. The perception of 

the augmented elements will be possible by design a specific application for smartphone that 

everyone gets in its pocket. 

1.  Paleontology as a key segment of the cultural heritage 
The paleontological heritage is increasingly becoming an important component of the cultural 

heritage. Over the years we have gone from a purely static-conservative conception of the protection 

environmental heritage that put everything under protection and that only allowing the contemplation 

of the good. From this dimension we have moved on to a more dynamic conception, oriented towards 
an experiential involvement of the public; this is because the landscape and cultural heritage are 

increasingly considered no longer as a heritage only to be protected but as something destined for 

public enjoyment and   therefore experienced as a tool of cultural and economic growth of society.  
But when and how a paleontological or naturalistic site emerges from the shadows and anonymity, 

that the knowledge of a few experts assigns them and manages to enter in the collective cultural 

heritage, shared and recognized as a good with undisputed value and of which each citizen is a proud 

holder? In other words, what are the processes that need to be implemented because the promotion of a 

paleontological site, but also of a concept, a behavior, become effective and permanent and allows for 

a cultural growth? While it is more immediate to understand the importance of protecting a forest or 

an animal species, it is not yet sufficiently widespread the awareness of the geological heritage 

protection, often constituted by non-renewable resources as a waterfall, a cave or a fossil level.  

The use of geological heritage, particularly paleontological heritage, as touristic and educational 
sites, is everywhere an advantage for the local population and promotes scientific knowledge and 
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education. In this study, we highlight a unique paleontological site in world that can significantly 

contribute to the education and development of geotourism.  

Moreover, the paleontological site of Pietraroja (Fig. 1) could be an example for all the other 
paleontological sites of using technological innovation and augmented reality as tools for promoting 

cultural heritage. 

 

 

Figure1.Pietraroja - “Le Cavere” site: the location where fossil 

fishes and Sciopionyxsamniticus were discovered 
 

1.1 Pietraroja a field of knowledge: Ciros’s home 
Pietraroja is a unique fossili ferous location in the world. The site is known since the 19th century for 

its perfectly preserved fossil fishes. The first to point out the richness of the outcrop was Scipione 

Breislak in 1798 and, subsequently, Bassani [1] and Costa [2], [3], [4], [5], described the succession of 
the "Calcariad Ittioliti di Pietraroja" known for their fossil fishes. The age of these limestones was the 

subject of debate until the end of the nineteenth century, when Bassani [6] re-examined the fossil 

fishes collected by Costa and confirmed their Cretaceous age.  

The site was later studied by D'Erasmo [7] and D'Argenio [8]. The discovery of Scipionyx 
samniticus, the fossil friendly called “Ciro”(Fig. 2), took place thanks to the discovery by a collector, 

Giovanni Todesco, who brought it to light in the spring of 1981 [9], [10].Subsequently the University 

of Naples "Federico II", in 1982, in collaboration with the Museum of Natural Sciences of Turin, 

carried out excavations [11], [12], [13] and subsequently the specimen was studied by researchers of 

the Museum of Natural Sciences of Milan [14], [15], [16], [17]. Scipionyx (fig 2) has been classified as 
a member of the compsognatidae family, a family of small carnivorous dinosaurs, characteristic of the 

period between the upper Jurassic and the lower Cretaceous (150 - 115 million years ago). 

According to Dal Sasso and Maganuco, the body of Scipionyx was no longer than 50 cmand the 
specimen was probably less than three weeks old at the time of its death. This datum is derived from a 

series of juvenile characters, such as the presence of the fronto-parietal fontanelle, the large and round 

orbits, the short snout, the replacement of the teeth not yet begun, and finally the presence of a space 

void in the pelvic area which suggests the existence of a yolk sac. 

The uniqueness of Scipionyx lies above all in its perfect state of fossilization which preserves a 

unique variety of internal organs and soft tissues. External soft tissues are represented by horny claws. 

Internal tissues include ligaments, pieces of cartilage, neck muscles, part of the trachea and esophagus, 

part of the liver and other blood-rich organs, but the intestine is the most complete and most visible 

internal organ of Scipionyx, of which it is still possible to appreciate the loops of the duodenum and 
the folds of the mucosa. Thanks to the exceptional conservation status of Scipionyx, within its 

digestive system, the bones of a lepidosaurus reptile were found in the region of the stomach, remains 
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to evolve, under penalty of extinction" [26]. It seems particularly interesting, in the desire to define a 

methodological reflection on this subject, to consider the systemic approach to the study of the city 

and the territory [27]. This approach considers the territory as a complex evolving system; thanks to 
this modeling it is possible to identify a series of component sub-systems (Fig. 3): the geo-

morphological one (constituted by the physical substratum of the territory), the socio-anthropic one 

(represented by the human component that adapts the natural environment and establishes its functions 
there); the physical one (directly represented by the urban artifact); the functional one (consisting of 

the functions that take place within anthropic contexts) [28]. 

Furthermore, there is another sub-system to be considered among the others and it is the psycho-

perceptive sub-system that considers the mental image that each citizen constructs within himself 

through the perception of the space around him. Starting from this approach, it is therefore possible to 

state that the urban subsystem most impacted by the Innovation Technology (IT) is currently the one 

attributable to the social component of urban settlements.  

 

 

Figure 3: City as a complex system with the different sub-systems 
 
The new technologies: widespread, pervasive, invisible, portable, wearable (soon also 

"implantable"), drive actions, dictate behaviors, run movements, characterize relationships.  

The "liquidity" of society [29] finds in its fluid and diffused technology, its ideal context, it's 
breeding ground, the most fertile territory of development. Among the urban subsystems most 

impacted and modified by technological innovation, it is no longer primarily considered that of the 

functions of the city, which made use of the technological means to completely or partially re-engineer 

the process of supplying the service to urban users (contributing to modify the "weights" of the 

activities on the territory), but probably one of the generative systems of human settlement: the socio-

anthropic one. The transformation is no longer only in the adoption of advanced technical tools for the 

production of services, but it is in the producers themselves that modify their behavior as a 
consequence of the introduction of new technological dimensions capable of reconfiguring the 

relational systems of the citizens and their way of acting and interacting in the city. 

As recently noted, the revolution is not only "digital" but probably "mental" [30]. There is now 

widespread awareness that new technologies have the potential to intervene and implement processes 

of modification of human perception through wearable devices and dedicated software. The possibility 

of creating an immersive environment in which the user sees, feels and relates to the external reality 
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"added" with alphanumeric data, information or digital objects (plugged in its perceptive context), is 

the technological innovation currently of greatest interest for all research fields and human operations. 

Here we will not enter into the specific description of technology that goes under the name of 
"augmented reality" or "mixed reality", but it will describe its potential use in the field of what could 

be defined: "perceptual sharing of knowledge". Wanting to provide a definition of this new field of 

action we can say that the perceptual knowledge, implemented through augmented and mixed reality 
techniques, allows information content related to a specific place, context, object or subject to be 

transferred to a gifted user of a perception device. In other words, the knowledge content is conveyed, 

using the new technological potential, through a direct, simultaneous and non-conventional perception 

of the user. 

 

2.1 Augmented reality and new territorial dimension of the Pietraroja site: an innovative 
configuration of the museum 
Through the design and implementation of specific "environments" of augmented reality it is 

possible to add the spatial reality with contents of different nature. This procedure takes on 

particular relevance both in the open spaces in which finds, objects and remains of specific 

historical and scientific importance are located, and in the museum containers for which it is 

possible to create specific digital models of the exhibit capable of interacting with the visitor. In 

the case of Pietraroja, the contextual conditions allow a global prefiguration of the museum site 

while the presence of finds both at the territorial and more specifically museum level. From 

these considerations comes the idea for the creation of a perceptual "external/internal museum" 

(Fig. 4) for the Pietraroja cultural site through a technology that allows a digital-three-

dimensional reconstruction of the context, grafted onto the spatial elements actually existing in 
situ[31]. As previously highlighted, the characteristics of the territorial and exhibition context of 

the paleontological museum lend themselves to a meta-project of a system of interest.  
 
 

 

Figure 4: A concept sketch about the external/internal museum 
 

As regards the external museum, which can be built near the fossil deposits, contextual elements, 

typical of the Cretaceous territory, could be virtually added, capable of defining a digital scenario that 

allows the environment to be perceived in an immersive way, through the smartphone, to the contour. 

At the same time, it will be possible to present data, measurements and readable information through 

the device by framing the specific find. This is technologically possible using markers that the device 

can recognize and that could also be represented by the objects present in the site properly detected 
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and digitized. The necessary condition is that there is the possibility of receiving a data signal and 

being able to activate a specific application on the smartphone that will be appropriately implemented.  

Moving later inside the museum container and using the same application, it would be possible to 
reconfigure the exhibition route by considering, as AR marker, the individual display cases containing 

the fossil finds or the other finds showed. In this case the marker would become the find itself which 

could, once framed with the smartphone, come to life and start a narration of contents related to its 
own story.  

3.  Mixed reality and the movie of the of the Ciro’s home 
At present the practices of mixed reality can be compared to the first historical manifestations of 

film art, in which the simple use of the new instrument of the camera was the primary factor of 

interest and novelty. 

The short film of fifty seconds of the Lumière brothers "The Arrival of a train en gare de La 

Ciotat" (1896) to our eyes does not arouse the amazement and wonder that could arouse the 

viewer of the epoch, this because the primary characteristic of that work consisted precisely in 

being a cinematographic work, a technology then unpublished. Today augmented reality 

operations are often based on the simple act of superimposing a digital element in a given 

context, the next step could be to search for the peculiar elements of this technique and 

structure them in a more complex "narrative". 

Having the methods and experiences of cinematography available we can derive initially a 

first path to follow, just as the cinema started from the theater and literature for then develop its 

own peculiar language. Before proceeding with the presentation of the "Pietraroja" meta-project 

it is necessary to pay attention to the general framework of the new digital technologies and to 

understand that, as far as now fragmented and sectorialized in a variety of specific techniques 

(video mapping, interaction design, virtual reality, augmented reality, 3d printing), are actually 

different outputs of the same signal, the 3D modelling. Orchestrating and bringing together the 

different forms within a single project is definitely a way to get the maximum expressiveness 

from this new revolution digital within the museum site.A possible digital enhancement 

intervention in the context of Pietraroja could be exposed in a way inspired by the film writing. 
 
3.1 The subject and the screenplay 
The fulcrum of the “augmented” setup inside the Pietraroja site is certainly Ciro, our ancestral 

protagonist, around which we discover the great path of scientific research. Imagining the museum as 

an illustrated story, in which the visitor can interact freely, it will be necessary to find the elements of 

dialogue between man and museum, between exhibit and observer.  

Unlike the cinematographic medium, augmented reality belongs to an interactive and dynamic 

environment, which is encoded in real time, thus able to change, adapt and react to various types of 

inputs.  

 

3.2 Art direction and production design 
The ways in which all this can be orchestrated are many and there are many companies already active 

in this field of the revaluation of the cultural heritage. Starting from the most interesting experiences it 

very important to pay attention to all those operations in which much emphasis was placed on 
narration. It’s also necessary to make an in-depth study of what has been done and which elements 

were critical or successful on the public. The main task of the director in this context is to create 

dynamics and involvement, also through elements of game design. Currently the latest software 

developments of augmented reality (as "ARCORE 1.7" open source project released by Google) allow 

the creation of persistent and shared environments between users, through the creation of "marker" 

zones that ensure continuity of the augmented experience even in large areas. 
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Figure 6: The five steps of the reconstruction process 

 

4.  Conclusion 
The paper describes concisely, the capability of the new technologies to build up a different way to 

share knowledge in a cultural site. The information and data can be diffused, during the visit, both in 
the outdoor and indoor as well. The Augmented Reality, the digital modeling and other technics can be 

composed to set up a perceptual knowledge that involves the visitor in a new cultural experience. The 

force points of this proposal are referred to two main factors: the external/internal dimension of the 

cultural site, where it is possible to see about the finds in the two different environments; the 

possibility to see the augmented environment by using a non-dedicated device as a common 

smartphone. 

The paleontological site of Pietraroja seems to be an open laboratory to implement this new 
exhibition concept which is still a meta-project but could drive towards a new integrated and friendly 

way to visit a paleontological site. In this site will be possible to “see” the open environment (at the 

external museum) and a real size animated prehistorical find (at the internal museum) by using a 
common smartphone as augmented reality device. 
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