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Abstract. For the present work, we have considered two types of users: com-
mon users (mainly not expert on the content) and expert users (belonging to the
scientific community). We have assumed that the main aim for common users, is
to understand the past, to live an experience and build “affinity, empathy” that
can help in finding joy and motivation to increase their knowledge. On the other
side, expert users, have other requirements: they need to read a reconstruction,
propose alternative possibilities of sites and landscape reconstruction. This rep-
resents a shift from past research with a significant impact on how material cul-
ture is documented and understood.
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1 Introduction

The reconstruction of ancient landscape is a challenging research activity that im-
plies the management of a high level of uncertainty, on one side, and, on the other, re-
quires the cooperation of several different disciplines.

The traditional two-dimensional mapping output from GIS was not enough to rep-
resent landscape complexity and dynamics. Static visualisation, moreover, could not
fully answer the request of updating interpretations and simulations. For these reasons
three-dimensional modelling and interactive applications have been more and more
adopted by the scientific community, coupling the growing interest of not expert users
for virtual reconstructions and interactive/immersive virtual museums.

No matter how many disciplines are involved, no matter how much information is
acquired on the field, in the archives, etc., the whole picture would never be complete,
the number of variables being always too high.

Although landscape has significantly changed (or completely disappeared), we
could still use and integrate within a GIS environment available information from
very different sources, such as archaeology, cartography, historical geography, soil
science, geophysical surveying, geomorphology, landscape and historical ecology.

Through landscape analysis, remote sensing, cross-disciplines analysis we are able
to highlight a full range of aspects of past landscapes; through interactive or not inter-



active visual applications it become easier to communicate them to wider audiences,
in most cases far away from the landscape under study.

The archaeological landscape, as we can observe today, is the result of a long pro-
cess of transformation and it is very important to store diachronic relations describing
as territory and sites changes over time, to propose a reliable interpretation of the eco-
logical context. The digital reconstruction of the archaeological landscape is a very
complex process, which includes considering many kinds of data and setting up sever-
al activities, in a multidisciplinary approach. Environment and archaeological struc-
tures can be reconstructed through different techniques and data sources, integrated in
a coherent methodology of processing and communication: (such as cartography, re-
mote sensing, photo-interpretation, field survey, laser scanner and photogrammetry).
Each technique/source is selected according to the type of structure, its characteristic
and to needed information (fig. 1). The management of these data is an essential task
for the use, analysis and communication of the information gathered.

Fig. 1. Landscape reconstruction workflow.

Digital and spatial technologies are changing how archaeology and related discip-
lines approach the past, in relation to the contemporary world. These technologies
provide alternative ways to study and understand past and present

2 Uncertainty towards transparency

One of the most important research challenge in landscape digital reconstruction is
the definition of how digital models may be used to convey uncertainty and different
hypotheses of how buildings were constructed or used, which relation they have with
the territory, to examine relationships among different phases of the same site, to ex-
plore visibility inside and outside structures. On the other side, one of the critic com-
monly raised by archaeologists is that 3D models are a “closed box”, with no possibil-
ity of evaluation and often without a particular aim, the emphasis being on computer
graphics and artistic aspects, rather than on the attempt to solve a particular scientific
problem. 3D reconstruction (reality-based or not reality-based [15]) have to declare
the methodology and the type of data from which they have been obtained, so to al-
low discussion, and critical awareness. One of the most significant consequences of
the introduction of digital 3D modeling in the Cultural Heritage field is the possibility
to use 3D models as highly effective and intuitive means of communication as well as
interface to share and visualize information collected in databases [10].

For the present work, we have considered two types of users: common users
(mainly not expert on the content) and expert users (belonging to the scientific com-
munity).We have assumed that the main aim for, common users, is to understand the
past, to live an experience and build “affinity, empathy” [19] that can help in finding
joy and motivation to increase their knowledge [6]. This process was also described
by Thomas Mann: “for a significant intellectual product to make a broad and deep im-
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mediate appeal, there must be a hidden affinity, indeed a congruence, between the
personal destiny of the author and the wider destiny of his generation” [11]

On the other side, expert users, have other requirements: they need to read a recon-
struction, propose alternative possibilities of sites and landscape reconstruction. This
represents a shift from past research with a significant impact on how material culture
is documented and understood.

It is therefore essential for the scientific community to avoid “closed boxes” and to
approach digital reconstructions in a more “transparent” way (principles 3 and 4 of
London Charter:.[1]). But this requirement is not just limited to expert users. Com-
mon users should also have the possibility, at least on request and in accordance with
the type of media, to access further explanatory information on how reconstructions
were made and which sources were used. This is particularly true with Virtual Mu-
seums [V-MUST DEL 2.1] where the focus is communication that should not just be
aimed at demonstrating technical or artistic skills, , but rather to attain a degree of
‘visual fidelity’ and accuracy.

Therefore a “transparent” approach enables a better evaluation of 3d visualizations
and a more efficient way to share information within the scientific community, thus
avoiding the risk of duplicating works, resources, etc. starting each time from the be-
ginning. It offers potentially a rapid advance of the research.. Metadata are now taken
as a practical way to follow this approach [3]. Are metadata useful to make the pro-
cess transparent also to final users? [7].

Normally data, used for the reconstruction, remain hidden to the users, leaving
them a vague perception of what there is “behind the scene” and which is its reliabil -
ity. How expert users could handle and improve the transparency, keeping track of re-
liability and uncertainty in Virtual Archaeology (VA) [5] project?; Should data used
in the reconstruction process be transparent to final users? How they can serve to im-
prove users understanding of the past?

We have tried to understand how these issues are considered important in scientific
publications, presented in the last couple of years at conferences, and in virtual ar-
chaeology (VA) applications or virtual museums (VM), how these issues have been
solved. We have finally tried to understand the trend in the research domain and the
gaps that needs further developments. We have therefore carried out two surveys: one
(see 2.1) related to VM and VA applications, among those presented from 2006 to
2012 at Archeovirtual international exhibition (www.archeovirtual.it) [14] and those
analysed by V-MUST.NET (www.v-must.net) [V-MUST DEL 2.3] and a second one
(see 2.2) related to papers published in the last two years (2011-2012).

In the first survey we wanted to obtain information regarding how reconstructions
are communicated to a public (Q1), in the second one how the scientists communicate
the results of their surveys and interpretation to the community of researchers (Q2).

We have considered projects focused on archaeological landscape [5] and ancient
potential landscape [5; 12]. To widen the research, we have included beyond land-
scapes, also sites (medium/small range) and urban reconstructions (urban landscapes).

We have finally taken into consideration projects related with “reconstructions”,
whose concept included the entire process, from acquisition and interpretation to re-
construction and visual representation of results (interactive or not interactive).
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2.1 Virtual Museums and Virtual Archaeology survey

In the first survey, we collected information on 112 VM and VA applications:

. 57 applications/demo presented at Archeovirtual;

. 55 virtual museums surveyed by V-MUST.NET.

Among these applications, 42 deal with a wider concept of landscape/site/city re-
construction (both “restitution” and “reconstruction”), only 34 regard strictly “recon-
structions” not necessarily based on spatial GIS-based data. Among these last, 20 ap-
plications deal with spatial digital assets. One might think that not GIS-based is more
oriented toward narration, while GIS-based toward researcher, but what came out is
that 50% of GIS-based projects use a narrative approach regarding metadata and
transparency.

They were taken into account only by the 5% of most recent projects (2011-2012)
(2/42, among those who deal with a wider concept of landscape reconstruction).
When we consider all virtual museums surveyed within V-MUST and Archeovirtual
the percentage is higher: 10% (11/112). Nevertheless in 38% of cases (16/42), al-
though we cannot talk about metadata, there is an attempt to propose different ways to
provide extra information, although often not in structured way. If we consider pro-
jects with narrative approach, we see that all 5% are not interested in narration, while
19% (8/16) are interested.

It is clear therefore how metadata are in most cases developed for expert users, al-
though there is a good percentage of projects that provide anyhow not-structured extra
information (more multimedia), as part of their communication strategy.

Some examples of the projects that provide metadata are Locus Imaginis (fig. 2a;
Locus Imaginis) and Behind Livia's Villa (fig. 2b) presented during Archeovirtual
2012, while examples of projects that present not-structured extra information are
Virtual Rome (fig. 3a) and the Virtual Museum of Ancient Via Flaminia (fig. 3b).

In the Aquae Patavinae project [4], we tried to overcome the problem of the trans-
parency, offering to the user a virtual reality navigation system on-line, different lay-
ers of exploration and tools to get into more depth the archaeological informations.

Fig.2 (a: Locus Imaginis: http:/www.map.archi.fi/ldl/Locus/Locus_Imaginis/— b: Behind
Livia's Villa)

Fig.3 (a: Virtual Rome: www.virtualrome.it — b: Flaminia: http://www.vhlab.i-
tabc.cnr.it/flaminia/)

Fig. 4 Aquae Patavinae: http://www.aquaepatavinae.lettere.unipd.it/portale/?page_id=2174

2.2 Survey on published works

In the second survey we analysed abstracts or, when already printed, papers of
most important conferences with topics regarding: 3D reconstruction, multimedia and
virtual reality, and case studies:

o 4th ISPRS International Workshop 3D-ARCH 2011: "3D Virtual Recon-

struction and Visualization of Complex Architectures” (http://www.3d-arch.org/)
o Virtual Retrospect 2009 (http://archeovision.cnrs.fr/spip.php?article144)
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° VAST2012: The 13th International Symposium on Virtual Reality, Archae-
ology and Cultural Heritage (http://www.vast2012.org/)

° 18th International Conference on Virtual Systems and Multimedia - VSMM
2012 (http://www.vsmm?2012.org/)

° The Computer Applications and Quantitative Methods in Archaeology
(CAA) 2012 (http://caaconference.org/)

° International Conference on Cultural Heritage, oct. 29th - nov. 3rd 2012,
Lemesos, Cyprus (Euromed) 2012 (http://www.euromed2012.eu/)

Fig. 5. Graph of the published works.

At the end of this analysis, we evaluated 686 publications (fig. 4). Among these,
149 (27%) projects deals generally with archaeological reconstructions, of which only
5% (29/686) strictly with landscape reconstruction. The majority of these describes
the acquisition system, data presentation and visualization methods. In many case the
focus is the presentation of new ways to visualise virtual reconstructions and land-
scape evolution. The goal of “Urban Archaeology” project, for instance, (3D ARCH
2011 - M. Capone, Urban Archaeology: How to communicate a story of a site 3D re-
construction but not only) is to highlight issues, propose possible but not unique solu-
tions, stimulating cultural debate, and to make the cultural message understandable to
a broad audience. For this reasons they have chosen a case study particularly com-
plex, necessary to test a methodological path appropriate to the content to communic-
ate. Another example is focused on the analysis of the use of remote sensing from
space-based and airborne platforms to study ancient land management strategies at the
ancient Greek agricultural territory (chora) of Metaponto in southern Italy (CAA 2012
- J. Trelogan, A. Rizzo, E. Moscatelli, Landscape change at Metaponto: a tale of two
DEMs). The paper (CAA 2012 - L. Shaw, “There’s an App for that”: How can smart-
phones improve the ergonomics of landscape study, analysis and interpretation?”), fo-
cusing on the Stonehenge World Heritage site, details work carried out as part of a
masters dissertation which looked at how smartphones and applications can be used to
aid the ergonomics of landscape study, analysis and interpretation within archaeology.

Only 6 projects (1%), presented in the conferences, describe the use of metadata
and suggest possible approaches to integrate 3D modelling into the archaeological re-
search methodology, by describing some validation methods of the models. The Arc-
seer (3d ARCH 2011, F. Lynam, Arcrange and Arcseer: presenting a new approach to
archaeological data management and representation) project, e.g., presents the initial
results of the prototype tool QueryArch3D. The goal is to create a web-based tool that
allows interactive visualisation and queries of multi-resolution Cultural Heritage 3D
models. The visualisation front-end allows the user to navigate interactively in a virtu-
al environment, where existing structures can be explored and queried, at different
levels of detail. It should be possible to distinguish (e.g. “switch” on and off) real
structures from virtually reconstructed ones. Another example (VSMM 2012 - H.
Richards-Rissetto, J. Robertsson, F. Remondino, G. Agugiaro, G,Girardi, J. von
Schwerin, Kinect and 3D GIS in Archaeology) explores the potential of using Mi-
crosoft’s Kinect to create a low-cost and portable system to virtually navigate,
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through a prototype 3D GIS, the digitally reconstructed ancient Maya city of Copan in
Honduras. As users move their “bodies” through the VR environment, the ability to
click on 3D models and acquire archaeological information with a simple hand ges-
ture maintains the continuity of the experience in the VR environment. In the “Plan
the Rome” project [3], the expected results are: a digital 3D model of Rome as it was
in the 4th century A.D.; a digital 3D model of the principal machinery used in the Ro-
man world; links for each digital model to the body of ancient source material (docu-
mentary, archaeological, and iconographic).

Fig. 6. ArcSeer (www.arcseer.com)
Fig. 7. Kinect and 3D GIS in Archaeology. A web-based interactive tool for mul-
ti-resolution 3D model access and visualisation (http://mayaarch3d.unm.edu/).

3 Conclusion

Virtual reconstructions of archaeological sites, artefacts, and architecture play an
important role, supporting scientific discussions among experts and bringing the past
to broad audiences, through virtual museums.

Regarding initial questions of the current work: Q1 (How do we communicate re-
constructions to a non-expert users) and Q2 (How do we communicate the results of
our interpretation to the community of researchers?), these are some of the conclu-
sions:

In the case of QI: extra information is provided in not structured way (no
database / metadata behind). There is an increasing interest in providing information
regarding the level of uncertainty and reliability, in some cases connecting models to
sources. The continuity of the experience is preferred to discontinuity, preferring a re-
construction of a full realistic ecosystem, obtained from raster representations derived
from interpolation (colormaps). The majority of the projects are focused on real-
ity-based reconstruction (or restitution) more than on reconstruction of the past. A
narrative approach is in most cases the preferred communication style.

Regarding Q2, maps are often used to communicate results, with a preference of
vector representation, stressing discontinuity and therefore just reliable data. Raster
continuous visualisations are used especially for spatial analysis. Metadata are used
increasingly, although their adoption is still at a very early stage.

Since the level of uncertainty is a challenge, transparency is essential to understand
and build research hypotheses and conclusions, particularly in areas where data is
questionable, incomplete or conflicting.

Some approaches used to distinguish what is certain from what is not certain
(transparency effects, different colours, models without maps or with modern maps)
or to access extra information in a not structured way are unsatisfactory for expert
users, although they seem to be a good compromise for common users. In complex
multi-phase models, some of these approaches can be unclear to users. If metadata
could be the answer for researchers, there are still two open issues: how metadata
could be easily used and integrated with reconstruction and which semantic model to
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use? How virtual museums built not for expert users, could re-use matadata in a more
communicative and efficient way, since some evaluation results show how weak is
this issue [8]? How could they make users aware of the process, of used sources, of
different possible hypothesis?

One of the possible way to solve this issue is to create interactive 3d environments
were users could choose if to live a narrative experience or to explore them in expert
mode, querying and accessing sources, texts, multimedia material, pictures, biblio-
graphy etc. [4]. Metadata access needs to be improved and their use adapted to land-
scape issues. From the User Interface and User Interaction perspective a lot needs still
need to be done. A final remark regards the necessity to improve scientific publica-
tions on reconstructions, including evidence of results in an explicit theoretical ap-
proach. There is a high number of publications with no visible or accessible results
connected with sources and methods used. Is this lack connected with not appropriate
publication medium or evaluation system?
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