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Abstract The full release and circulation of excavation results often takes decades,
thus slowing down progress in archaeology to a degree not in keeping with other
scientific fields. The nonconformity of released data for digital processing also
requires vast and costly data input and adaptation. Archaeology should face the
cognitive challenges posed by digital environments, changing in scope and rhythm.
We advocate the adoption of a synergy between recording techniques, field ana-
lytics, and a collaborative approach to create a new epistemological perspective, one
in which research questions are constantly redefined through real-time, collaborative
analysis of data as they are collected and/or searched for in an excavation. Since
new questions are defined in science discourse after previous results have been
disseminated and discussed within the scientific community, sharing evidence in
remote with colleagues, both in the process of field collection and subsequent study,
will be a key innovative feature, allowing a complex and real-time distant inter-
action with the scholarly community and leading to more rapid improvements in
research agendas and queries.
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Introduction

Archaeology is a systematic search for knowledge about the past through the study
of the material correlates of the past. Fieldwork data are used for building
interpretations of past social dynamics, both in the field and afterwards. The process
consists of many steps of repeated standardized operations characterized by some
degree of consistency. Digging and recording in archaeology involve unearthing,
observing, and interpreting material remains (Hummler 2014).

Within this process that mixes subjectivity and objectivity, accuracy is measured
in terms of the traceability of each step and in the richness of the recorded evidence.
Since the digging of archaeological remains is not repeatable, it is obviously crucial
that the recording operations are as accurate as possible. Scientific replicability in
this field is guaranteed uniquely by the access to primary data (Atici et al. 2013,
p. 678).

At present, the stages of this process are not recorded in full, and primary data are
seldom if ever published integrally (Kintigh et al. 2014). An excavation is a
destructive as well as a unique operation, and the interpretation of the excavator,
albeit a necessary task, is not the only one possible. A fresh analysis should be
carried out on the basis of all recorded data (Roosevelt et al. 2015), but in fact an
excavation report is almost never an integral one. This hampers the quality of the
reevaluation of a unique piece of information, the archaeological context, which is a
quintessential epistemological operation since research goals and techniques are
always changing.

Excavation teams are becoming increasingly multidisciplinary, and the contri-
bution of technology to every step of the excavation and recording process is
growing exponentially. In particular, digital and portable technologies are effec-
tively changing the pace and accuracy of some of the steps of the digging process,
such as the use of drones and laser scanners for surveying and photogrammetry or
archaeometric and chemical analyses of finds. Thus multidisciplinary research
teams produce highly differentiated datasets (paper files, digital files, databases,
etc.), of which only a small part is formally disseminated (Kansa and Whitcher-
Kansa 2013).

The digital and web-based revolution that we are, in general, experiencing in
science has not yet considerably impacted the dissemination of archaeological
datasets, which still relies on the production of written publications in which only a
small selection of the data produced is represented. Furthermore, at present, there
are no readily available protocols or infrastructures for integrating and intercon-
necting in a meaningful way the widely different datasets that are produced in the
field.

The application of digital technologies coupled with the Open Data and Open
Science approaches to field archaeology has several positive correlates: cutting costs
and lags in producing traditional publications while keeping high-quality standards,
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reducing the gap between data acquisition and dissemination, providing the means
to publish in full and share complex archaeological datasets, and obtaining real-time
feedback.

We advocate that a digital, networked, and open field archaeology is what we
need to make archaeology a sustainable, performing, and agile social science in the
21st century. Here we propose an open approach—which we call the NEARCHOS
approach: Networked Archaeological Open Science—to the creation, integration,
discussion, and dissemination of archaeological datasets from multidisciplinary field
research (and we do not dwell here on defining issues aptly raised by Smith 2017).
Consequently, we first review recent developments in archaeological practices and
academia, and then we propose a set of strategies that can be of help in enhancing
data recording in the field and openly elaborate and disseminate the results via the
web.

Current Best Practices and Trends

In recent decades, rigorous methodologies for analyzing past dynamics have been
developed by means of a scientific epistemology and scientific techniques (Smith
et al. 2012). Data recording and elaboration techniques have been updated
exponentially in the last decade, mainly thanks to increasingly affordable and
diffused digital and 3D technologies (Giligny et al. 2015; Roosevelt et al. 2015). In
addition, the sophisticated application of methods from informatics and natural
sciences has become crucial for building reliable models of past economic
phenomena, to infer the places of origin of raw materials, reconstruct ancient
technologies, and date sites and artifacts (Killick 2015, p. 242; Smith et al. 2012,
p. 7617).

From a theoretical perspective, there has recently been an attempt at system-
atizing archaeological field practices and interpretation processes, the so-called
“reflexivity” trend (see Berggren 2014; Londofio 2014). Reflexivity approaches—
both theoretical and as applied field practices (at Catalhdyiik in Turkey and the city
tunnel project in Malmo, Sweden [Berggren 2014, p. 6254])—target the role of
archaeologists as producers of data and the context of data production and
interpretation in the field. By focusing on finding ad hoc solutions for enhancing
data recording and interpretation in the field, we can, at least, try to mitigate the
shortcomings that result from archaeological fieldwork and to elaborate strategies
that are continuously in tune with the needs and constraints of excavation teams in
their daily work. This is particularly important since, as stated above, field
archaeology is becoming more and more multidisciplinary. Reflexivity approaches
put to the fore the idea that interaction between specialists and excavators in the
field should be a close and continuous flow of information. Of this trend, we stress
particularly the importance given to shortening the distance between laboratories
and excavation areas, and we propose below a series of ideas that aim at integrating
these different aspects through a new learning structure.

Nevertheless, field archaeology is still generally performed according to
traditional paradigms. Data recording practices generally used in the field are a
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mixture of analog and digital techniques that are affected by limitations and
subjectivity at every stage (Roosevelt et al. 2015). Each step requires skills and
accuracy that are often undercut by contingent or logistic reasons (cost-efficiency,
time saving, subjectivity, environment, etc.).

Partiality No More

As stated in a recent manifesto article (Kintigh et al. 2014), many cultural processes
involve nonlinear relationships in which cause and effect are not readily
distinguishable. Consequently, a rich understanding of the past requires sophisti-
cated interpretative strategies built on fine-grained primary datasets from systematic
archaeological fieldwork. This can be made possible only if data are recorded and
published in full. Kintigh et al. (2014) conclude their article stating that
sophisticated archaeological research is hindered by the diffused unavailability of
contextual information since primary datasets remain largely unpublished or not
available online. To this we add that, if data are recorded traditionally, only a small
subset of the information is available to other researchers.

There are three main correlates to this situation. The first is epistemological;
research questions cannot be fully singled out (and answered) without full access to
primary data. The second is ethical. Because most archaeological excavations are
carried out with public funds, ethical issues can arise from the withholding of data.
The third is operational: academic publishing is slow, costly, and requires an
enormous amount of work (as well as extra funding, personnel, equipment,
facilities) for converting analog data into digital and then paper formats (not to
speak of readers who must, on an individual basis, convert paper contents into
digital archives back again in order to make a systematic use of them).

As do other disciplines in the research and academic worlds, archaeology still
relies almost totally on publications as a way to disseminate knowledge and achieve
career advancement (Fig. 1; Kansa and Whitcher-Kansa 2013). Printed publica-
tions, consisting most often of secondary datasets, may take years to reach interested
researchers who are not always able to keep pace with the growing mass of relevant
literature (even when they are in pdf format, since they need to become part of the
citation basis). At the same time, another important barrier is the availability and
high price of specialized publications (Smith 2014). This outcome is ethically
unacceptable, since we deal, in most cases, with research carried out with public
funding. Open access commercial publishing moves part of the problem upstream,
requiring authors to expend more-or-less substantial additional financial investments
in order to publish.

In addition, traditional publishing—be it paper-based, e-book, or digital open
access—still responds to a logic of selectivity in presenting the materials (i.e., the
personal preferences of the excavator, time, and cost-saving variables, among
others). This logic could be justified in the pre-digital era by production costs, but
now it represents a self-imposed reduction in the presentation of the recorded
evidence. Even in the pre-digital era, archaeologists did attempt to produce outputs
different than the book/journal format, obtaining in some cases results comparable
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Fig. 1 Current research and dissemination cycle

to modern databases—for example, the Human Relations Area Files or the research
of Gardin (1956, 1958, 1976, 1978; see also Dallas 2016). These experiments
certainly had an impact on systems of data organization, leading to the creation of
digital databases, but they did not change data dissemination practices in
archaeology.

It is a truism that traditional archaeological research is becoming less and less
sustainable (e.g., Kansa and Whitcher-Kansa 2013, p. 95). New questions, entailing
the search for new kinds of data, are defined in the scientific and academic
workflows after previous results have been disseminated and discussed within the
scholarly communities; if the stages of the process are lagged and datasets always
partial, then progress is slow and the knowledge produced is heavily biased.

Digital humanities initiatives and web-based approaches are effectively changing
the way that data are produced and reused in the realm of cultural heritage (Kansa
et al. 2011; Snow et al. 2006) and also in scholarly publishing and dissemination of
knowledge in all fields. The use of digital data for archiving, managing, and
conserving cultural heritage is growing exponentially (see, for example, the Journal
of Heritage in the Digital Era, the Digital Applications in Archaeology and Cultural
Heritage website, the Open Context project; Table 1). Of course, the production of
large collections of digital data also poses problems of structure, access, and long-
term preservation, given the tendency of electronic technologies to become obsolete
relatively quickly. Numerous projects and online services have been created in the
last few years to ensure quality, availability, and long-term storage of digital
archaeological datasets. Repositories such as tDAR (The Digital Archaeological
Record), Digital Antiquity, and Archaeology Data Service (ADS) aim at storing,
curating, and preserving digital datasets and also broadening their access (but with
high maintenance costs).

Although very promising, these advances require organized digital collections
that are simply lacking for many past and present excavations, large funds, and the
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Table 1 Web projects and sites with their respective URLs

Project cited in the paper

URLs

American Historical Association Digital
Publication guidelines

Arcadia Fund

Archaeology Data Service (ADS)
ARIADNE project
arXiv

Community Research tools

Digital Antiquity

Digital Applications in Archaeology and
Cultural Heritage

ERC Open Access policies and guidelines

Human Relations Area Files
Journal of Heritage in the Digital Era

National Endowment for the Humanities Open
Government and Open Data policies

National Geographic Space Archaeology
Project

Open Context Project
Open Science Framework
SocArXiV

Society of American Archaeology’s Open
Science Interest Group

Stanford Forma Urbis Project
The Digital Archaeological Record (tDAR)
Catalhoyiik project database

https://www historians.org/teaching-and-learning/
digital-history-resources/evaluation-of-digital-
scholarship-in-history

http://www.arcadiafund.org.uk/media/5454/open-
access.pdf

http://archaeologydataservice.ac.uk
http://www.ariadne-infrastructure.eu
https://arxiv.org
https://polymathprojects.org
http://www.crawdad.org
http://www.orbit-lab.org
https://www.digitalantiquity.org/

http://www journals.elsevier.com/digital-applications-
in-archaeology-and-cultural-heritage/

https://erc.europa.eu/funding-and-grants/managing-
project/open-access

http://hraf.yale.edu

http://www.multi-science.co.uk/ijhde.htm

https://www.neh.gov/about/legal/open-government

http://nationalgeographic.org/projects/space-
archaeology/

https://opencontext.org

https://cos.io/our-products/open-science-framework/

https://osf.io/preprints/socarxiv

https://ost.io/2dfhz/#

http://formaurbis.stanford.edu/index.html
http://core.tdar.org

http://www.catalhoyuk.com/research/database

will to make archaeological datasets available to the public. For these and other
reasons, at present, excavations teams that adopt these services are exceptions.

Going Open

Within this rapidly evolving landscape, Open Access, Open Data, and Big Data
approaches are hot topics that, however, still remain at the margins of archaeo-
logical practice (Kansa 2012). To change the scholarly information infrastructure,
we need to apply not only new forms of data recording but also change
dissemination practices. The use of modern digital media has the power to do so
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only if we apply an open perspective. We believe that Open Data and Open
Methods, entailing online digital publication of primary datasets, can have an
enormous impact on how data are created in the field and how they are reused by the
scholarly community to build new research (e.g., Marwick et al. 2017; Wilson and
Edwards 2015).

Our baseline assumption is that we need to record data more consistently in the
field and to release them in full as structured open data since archaeological
excavations are a public good that should be shared, and the primary data from the
excavation are necessary for making advancement in the discipline (Atici et al.
2013; Kansa and Whitcher-Kansa 2013). Scientific elaboration is hampered not only
by limited access to research data but also by the fact that, in most cases, the data
are not ready for digital processing. This entails the need for vast, costly data input
and adaptation, and even more when several different publications are involved.

Born-digital and encoded data can improve access to scholarly content, that in
turn allows researchers to cut costs, make easier, faster, and more productive
research and teaching material, obtain higher citation rates, and overall make it
easier to transfer knowledge between sectors (see the Open Access manifesto by the
Arcadia Fund). In this light, we stress two trends. First, more and more research is
conducted online. Second, academic research is becoming increasingly collabora-
tive. The rapid change in participation in academic social media and the need for
online access to archaeological datasets also should be taken into consideration. The
online dissemination of scholarly content and search for online peer review
(Academia.edu, ResearchGate.net, Google Scholar, in addition to online reposito-
ries such as JSTOR) increased enormously in the last years. Furthermore, much
cultural heritage already has been turned into digital collections (virtual museums,
digital libraries, scientific repositories), making the production of digital data an
asset for cultural data documentation, management, and conservation (Ikeuchi and
Miyazaki 2008).

Beyond archaeology, a case that deserves mention is the Polymath Project
created by a group of mathematicians who collaborate online to solve open
mathematical problems (Cranshaw and Kittur 2011). The Polymath blog has shown
that problems can be solved quickly through a collaborative web-based approach.
Problem solving through communal effort and discussion is more efficient since it
hinges on the availability of more people and different skillsets. The Polymath
project also demonstrated that participation needs to be incentivized by affording
proper academic attributions to the contributions of individual scholars. A digital
open and networked science therefore entails that data sharing should be encouraged
and online contributions should receive academic credit.

In computer science, it is possible to access resources shared by specific groups,
resources that are then put to good use by other research labs to generate new
findings and research reports (CRAWDAD, Orbit-Lab, see Table 1). Excavations,
due to their unique peculiarities, pose even more challenging and interesting
research problems; here the “real-time” variable could really be the most important
and innovative part, even when compared to other disciplines. The Open Data
model is still struggling to receive validation in archaeology since jobs and career
advancement are awarded on the basis of research published in traditional venues.
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New criteria for allocating credit for the production and reuse of digital data—for
example, metadata with embedded authorship, as proposed by the ARIADNE
project; extensive use of DOIs linking publications and primary data; or the “one
URL per potsherd” model proposed by Open Context—should be evaluated in order
to make the open release of primary digital data the customary output of
archaeological excavations (the “data sharing as publication” model, Kansa and
Whitcher-Kansa 2013, p. 89). The guidelines for evaluation of digital scholarship,
recently issued by the American Historical Association (June 2015; see Table 1),
are a positive example; they do not, however, move past a formal commitment to
equate paper-based and digital publications (see also the ERC and NEH Open Data/
Open Access policies in Table 1).

We advocate that open digital data policies should be elaborated by funding
bodies in relation to field archaeology. Data sharing, reuse, and collaboration should
be considered not only as criteria for awarding research grants but also for
contributing to academic advancement. Appropriate metrics, the tracking of data
reuse, and new policies for peer review of digital contents should be elaborated for
awarding credit and for encouraging production of digital media.

Employing sophisticated technologies is only functional and subservient to
operational protocols to be applied in the field, so a different attitude about how to
carry out field research for generating an information flow within a networked
environment, enhancing data elaboration, and their evaluation needs to be adopted.
Online full, real-time, and free dissemination is a requirement, but, of course, a new
information architecture must be designed; the book/journal format that we are all
familiar with must be reworked into a format appropriate to a digital interactive
environment.

Networked elaboration and consistent access to data will help bring forward
research questions that may be tested and validated in the field together with those
that arise during first-stage research. It thus becomes possible to radically change
the way that archaeologists work in the field and how data are produced, the way
that archaeologists elaborate their datasets, and the way that fruitful scientific
criticism can be incorporated into ongoing projects.

Short-Circuiting Field Archaeology

Better science is made by singling out new research questions, leading to the
production of new, different data. To do so, we have to operate at two distinct, yet
interrelated levels: data production and data dissemination and evaluation. We need
to apply the Open Knowledge approach (e.g., Molloy 2011) to field archaeology in
order to pursue a more global view of the excavation process. The ultimate goal of
this approach is to build a new architecture of knowledge for field archaeology
through a new learning strategy.

First, as a set of routine applications in the field, we should use digital surveying
and recording techniques, carrying out at the same time a wide array of scientific
analyses almost in real time, by bringing laboratories to excavation areas. Having
readily available information from sampling may allow archaeologists to assess
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excavation and sampling strategies accordingly during fieldwork, significantly
reducing post-excavation processing and data elaboration. This is achievable by
experimenting with portable technologies to reduce the gap between data extraction
and analysis. Advanced techniques for fieldwork comprise digital photogrammetry,
microstratigraphy and micromorphology, systematic soil sampling, and chemical/
mineralogical analysis of the finds.

Complex contextual information and multidisciplinary datasets from this array of
analyses are difficult to manage both with traditional methods and in digital format.
Digital data require specific digital environments for proper display, integration, and
exploitation. Traditional publications in paper and/or pdf are not adequate formats
for displaying digital datasets: what is the utility of building a complex 3D model if
the only published outcome of this effort is a small black/white screenshot on the
page of a journal? The same can be extended to databases, flowcharts, videos, GIS
files, agent-based modeling, and so forth.

Meeting these needs requires cyber-infrastructures (Kintigh et al. 2015) to record
the full array of data produced in the field as born-digital data and to publish openly
the primary information on the web. We consider data sharing as a form of
publication. To this end, digital datasets, models, databases, and instrument logs
should to be shared on the web and published in full through preliminary reports (or
technical reports). Digital data need to be freely usable but marked by DOIs and
encoded authorship information to give academic credit to the producers.

Open access policies need to be implemented not only in post-processing but also
from the very inception of a project. This approach will result in web-based projects
in which linked and integrated information from all disciplines concerning the
excavation can be managed through open source software adapted and developed
for the project.

Then, a second new scholarly behavioral step needs to take place. Sharing
evidence remotely in real time with colleagues, both in the process of field
collection and subsequent study, may represent a key innovative feature for field
archaeology (in a way that can be somehow compared to contemporary “live
surgeries” in medical sciences). This will allow real-time remote interaction with
the scholarly community, leading to rapid improvements in research agendas and
queries. The by-product of this data-sharing mode will be the modifications of
researchers’ behaviors. Making available complete datasets from archaeological
excavations, both as raw and refined data, in a single searchable platform will speed
up scholarly work significantly.

We believe that a stream of uninterpreted data may have represented a relatively
insurmountable problem until some years ago, since there was no way to process
and analyze large amounts of unstructured (and analog) information in a timely
manner. This barrier no longer exists today, as demonstrated by the “big data”
approaches (Kitchin 2014). It also is possible to imagine that, ideally, more and
more opportunities to process increasingly large and complex amounts of digital
data will arise in the future, making big data analysis a key rationale in archaeology.

We are confident that this approach will make archaeology more cost-effective
and tuned with the speed of contemporary developments. Freely usable digital data
then will enhance the fruition of the information retrieved through digging and will
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provide a competitive advantage for creating new knowledge, new research
questions, and overall a more articulated understanding of the past. Our hope is that
this contribution will stimulate alternative production of data (a better descriptive
term than collection) within explanatory pathways generated by community-based
scientific forums (a process that we call the NEARCHOS approach).

Open Strategies for a Networked Field Archaeology

Here we review a series of techniques and strategies that, if applied consistently in
the field, have the power to change the pace and accuracy of data collection and
recording procedures, enhancing all four domains of archaeological recording
(Hummler 2014, p. 6241): location (position), elements observed and not kept
(strata), elements kept (finds, samples), and monitoring (checking the recorded
evidence). These techniques do not necessarily form a custom “package”; they can
be scaled and customized according to particular needs, constraints, and budget that
are singled out by each excavation team.

Open source software allows scholars to avoid the payment of costly licenses
(ranging from hundreds to thousands of euros/dollars) and the limitations of locked-
in propriety software, while retaining the quality of commercial software (although
in some cases, with less user-friendly environments). Costs of digital devices vary
widely, from a few hundreds/thousands of euros/dollars for drones, digital cameras,
and portable scanners, to several tens of thousands of euros/dollars for the most up-
to-date portable devices; some of the strategies discussed below require an
investment in equipment. This of course needs to be in line with the excavation
strategies and goals devised by each team. However, if we couple open source
software and low-cost digital devices, we can, on the one hand, obtain high-
resolution digital outputs that are, in most cases, almost publication ready and, on
the other hand, dramatically cut costs and post-excavation processing workflows.

Data Creation Strategies

There are several techniques that may be used to structure the datasets that are
created during fieldwork and then to disseminate them openly. Scientific analyses
and digital, web-based technologies, and 3D tools (Minto and Remondino 2014)
have the potential not only to overcome some of the flaws detailed above but also to
greatly improve data recording operations in the field (Fig. 2). We can apply a truly
holistic approach to field archaeology by targeting a complete interconnection
between the study of the environment and artifacts.

There is no doubt that a steep learning curve may exist when new and different
tools are employed during excavation. It also is true that in many cases this same
problem is already present but simply is pushed out of mind, as very often some
type of digitization is already integrated in the analysis of the finds. The downside of
this second approach is that such processes are performed, in many cases, far from
the excavation areas, and hence providing no opportunity for adjustments,
integrations, and additional collection of information. The availability of analytical
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Fig. 2 Turning material evidence into digital: photogrammetric documentation of the South Gate from
the Iron Age in the Inner Town at Karkemish, Turkey (courtesy of the Turco-Italian Archaeological
Expedition at Karkemish)

data during excavation and the improvement of user abilities in the field may help
the directing/managing of the excavation itself and even provide key parameters to
confirm or modify the strategy of archaeological fieldwork.

Another important step forward would be the reduction of the distance between
labs and the field. Setting up field labs equipped to perform a broad range of
analyses (preliminary and definitive) and to make steady use of portable instruments
should become a standard requirement. By bringing experts (with their instruments)
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closer to the field, it is possible to curtail the learning curves for the scientific tools,
to reduce equipment costs for the excavation team, and to have readily available
(preliminary) results from analyses in the field, the quality of which is controlled by
experts.

We believe the data from excavation, surveys, and scientific analyses should be
stored, interconnected, and managed through e-infrastructures and shared online in
order to openly disseminate the datasets created and get feedback in real time, both
from different members of the excavation team and from external experts.
Interaction and discussion during the excavation process ought to be increased. At
present, there is no readily available protocol for doing so, but several research
teams are heading toward this very goal. Significant headway has been made by
teams working at Catalhdyiik (Berggren et al. 2015; Forte et al. 2012), Kaymakg¢1 in
Turkey (Roosevelt et al. 2015), and Pompeii in Italy (Dell’Unto et al. 2016), among
others. The systematic use of digital and 3D technologies through the recording
process positively impacted the in-field praxis in the above-mentioned endeavors,
greatly improving the amount and accuracy of data obtained from the excavations
(see Fig. 2). The creation of GIS files incorporating 3D features and integrating
digital models of the excavated features with databases containing spatial,
artifactual, and stratigraphic data are some of the most promising results from
these experiments.

These achievements are a turning point for practices in the field since they
provide protocols and cost-effective techniques for considerably improving not only
data recording but also access to excavation data, visualization, and research. We
need to build on these successful experiments and make systematic use of a 3D
archaeological approach throughout all stages of the excavation process. To do so,
digital technologies need to be applied consistently and new learning frames need to
be built.

Two methodological domains are affected by this approach. The first is digital
documentation of the digging process. Digital photogrammetry tools provide the
means to create, almost in real time and with relatively cheap instruments, high-
precision 3D models (digital surface models, or DSMs), allowing the creation of a
digital history of the progress of the excavation through time (e.g., Berggren et al.
2015; Doneus and Neubauer 2006; Forte 2014). WebGIS architectures allow the
creation of integrated platforms for storing and handling large archives of
georeferenced data, be it geographical, contextual, artifactual, or ecofactual, linked
with OS 3D web players. Time-resolved segmentation of the excavation “movie”
should produce a dynamic picture of the investigated architectural and landscape
environments and yield a far better contextualization of the excavated finds and the
related human activities.

The second is the filing of finds and archaeological units. High-resolution images
and 3D models allow archaeologists to measure automatically the morphological
characteristics of the finds, replacing analog approaches, eliminating subjectivity
from the process, and ultimately compressing post-processing times (e.g., Roosevelt
et al. 2015, p. 227). Data extracted in this way can be exported in a variety of
formats, making possible web exploration, the creation of online catalogs, virtual
museums, and even replicas with 3D printers (e.g., the Stanford Forma Urbis
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Project). Systematic campaigns of micromorphological analyses can be used to
characterize scientifically the deposits that form the stratigraphic sequence (in terms
of granulometry, color, compactness, etc.), limiting the pitfalls generated by visual
determination of depositional units. To go beyond the visual approach to a
quantitative characterization of materials, we add the archaeometric dimension to
the study of these features.

A range of techniques and methodologies can be implemented in the field to meet
the requirements presented above. The first, although not yet fully developed, is 3D
GIS architecture for recording activities and finds in the field. One of the main tasks
in rethinking archaeological fieldwork is that of designing a cyber-infrastructure
capable of managing the complete pipeline of data collection in the field and the
sharing and mining of data for research (Snow et al. 2006). The main objective here
is to fully integrate artifactual and contextual information with 3D infographic
representations of the excavated features, possibly within a 3D GIS architecture.
These can be georeferenced and interconnected with finds, archaeological features,
and stratigraphic units to make possible and practical data retrieval and filtering.
The platform should be capable of handling geographic features and allow queries
and spatial analyses, supporting multi-user access and interaction and automatic
metadata extraction from both born-digital data and digitized paper-based literature.

This will not only provide a fundamental tool for recording an excavation in
greater detail (indeed, one day we will get a full 3D archive of the excavation
process itself, which we can now get only at discrete time intervals), it also will
considerably cut post-processing time and costs. The simple use of metadata and
algorithms capable of grouping information based on such metadata (which, of
course, implies raising questions about models and interrogation procedures) should
facilitate queries and large-scale data mining immensely. The software infrastruc-
ture must be capable of supporting two coexisting requirements: real-time
cooperation and interaction between on-the-field and remote researchers and still
grant remote access to high-quality information.

High-definition 3D shape acquisition systems allow rapid and precise measure-
ment of the morphology of small-scale artifacts and high-quality virtual rendering
(by means of laser scan, tomography, etc.). These techniques can be applied to
document cultural artifacts, bioarchaeological deposits, and archaeological and
landscape features (e.g., Jiménez Fernandez-Palacios et al. 2014).

Another approach is photogrammetry, such as 3D digital surface models to
systematically document the progress of excavation, landscape features, and
monuments to create georeferenced time-tagged digital records of the excavation
process. The 3D survey of the archaeological process allows us to better document
structures, deposits, and finds, to reduce fieldwork time, and to improve the
interpretation of archaeological materials. The data acquired via a 3D-modeling
pipeline permit researchers to assess volumetric information for stratigraphy, the
topographic position of the finds, and the correlation between spatially distant
objects/points, and to gain a better understanding of the formation processes of the
deposits and their excavation history over time (in fact, it is the contextual
associations that define the functions of objects, which are given and not inherent,
e.g., Appadurai 1988).
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Aerial and ground photogrammetric surveys, carried out through drones or
telescopic rods, are processed with specific software to obtain point clouds or
meshes (currently, our team at Karkemish, Turkey, can process an area of 0.5 ha in
6 hours from high-resolution photographs to the final textured 3D model). The
resulting 3D hybrid model (i.e., terrain model plus archaeological or building
structures) has embedded spatial, volumetric, and color/texture information. The
outcome of this work is the production of high-precision 3D-textured models,
almost in real time, significantly reducing the use of total stations and optimizing
and speeding up operations in the field (Fig. 2). The joint application of
photogrammetry and terrestrial 3D scanning, in this case, results in the detailed
description of a given site at different scales, from large structures to small finds
(i.e., micromorphology). Digital photogrammetry can be obtained from ground
surveys or from cameras on drones; 3D scanning can be performed by different
instrumentation, from terrestrial laser scanners to structured-light devices. These
surveys have the potential not only to improve the acquisition of data but also to
enhance interpretation of archaeological contexts and occupational phases through
high-definition textured surface models. They can be used to document a variety of
subjects: archaeological and landscape features, monuments, rock art, sculptures,
degradation, collapses, etc. Aerial imagery from drones also allows us to obtain
high-resolution imagery and topographical maps that can be used for a wide array of
visual and machine-based interpretations (e.g., vector plots, orthophoto mosaics, or
DSMs with texture mapping).

Remote sensing can be used to obtain multispectral/hyperspectral imagery at
different spatial and spectral resolution. Image analysis provides elements to build a
general frame for sites, to obtain a better characterization of landscape and
materials, and to support new archaeological investigation in the areas of interest.
Advanced processing procedures should be adopted for an effective data-fusion
process, taking into account radiometric and geometric calibration workflows
developed and tested in previous archaeological experiences (e.g., Lasaponara and
Masini 2012). Optical and radar images can be used alternately or together,
depending on the aims of the analysis and the environmental context; old
declassified images can be furthermore adopted to provide background documen-
tation for large areas and to analyze their evolution through time (Bitelli and Girelli
2009; Ur 2013). Airborne laser-scanning data can provide high-resolution and high-
precision DSMs on larger areas to support the research before and during
excavation; these kinds of data can be essential in forested areas (Doneus and Briese
2010).

Microstratigraphic sequences with traditional thin-section analysis coupled with
portable probes such as confocal optical microscopy, Fourier-transform infrared
spectroscopy (FTIR), and/or X-ray fluorescence (XRF) (e.g., Wilson et al. 2008)
should be obtained from archaeological deposits in order to carry out micromor-
phological and pedological studies (Weiner 2010). This would allow a precise
definition of the nature of the deposits, which is critical for a better definition of
sedimentary, pedological, and anthropological processes that affected/created the
archaeological deposits.
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Another important methodology involves systematic soil sampling for bioar-
chaeological remains. Today it is possible to develop new strategies to carry out and
speed up systematic collection and analyses of bioarchaeological remains in the
field. These include the systematic use of 3D digital and confocal microscopy to
carry out microscopic-level analyses and 3D technologies (“structure from
motion”) to document the exact setting of finds in the field and create large
databases of characterized materials and digital reference collection (Curci 2013;
Fanti et al. 2015).

A final approach is the systematic archaeometric analysis of archaeological
finds. Chemical, mineralogical, and physical characterizations of organic and
inorganic finds are not only powerful analytical tools for assessing past activities,
they also provide information critical for the proper excavation, interpretation, and
conservation of excavated materials (Artioli 2010; Artioli and Angelini 2011;
Pollard and Heron 2008). On-site analyses (optical microscopy and field instruments
such as XRF, FTIR, X-ray powder diffraction [XRD], 3D digitization techniques)
yield readily available information on the production and use of artifacts. This can
help archaeologists working in the field to interpret more readily the features they
are excavating and consequently to plan their excavation strategies more accurately.
Cross-referencing archaecometric, bioarchaeological, and geological analyses in the
field would greatly aid the efficient filing of archaeological finds. This procedure is,
at the moment, a subjective and empirical process that relies exclusively on the
intuition of the excavators. By obtaining early, precise distribution and character-
ization of finds, we can gather insights not only on depositional processes in their
archaeological setting but also on manufacture and usage patterns. This procedure
also will eventually allow us to overcome some of the flaws involved in the process
of filing archaeological finds.

Open Data Dissemination Strategies

Here we discuss the dissemination of primary archaeological datasets. Digitally
produced datasets should be handled mainly through web portals that grant access to
the 3D GIS of the excavations (see below) and the digital reference collections that
are created for characterized artifacts. All objects that are produced (datasets,
workflows, models, images, etc.) should be structured and encoded with DOIs,
authorship information, and other metadata.

As stressed by Kitchin (2014), the exponential growth in the production of digital
data creates challenges related to the handling, processing, storing, and interpre-
tation of the data. The problem is that as the amount of data increases enormously,
the percentage of these data that gets analyzed and processed shrinks. Another issue
is data quality; scarce or poor-quality data will definitely undermine research efforts
and produce weak scholarship. In this light, data organization through coherent
infrastructures and quality control become key requirements in the task of changing
how we produce knowledge and disseminate the findings of archaeological research.
The issue of data quality is vast and cannot be addressed properly in this paper
(Kintigh et al. 2015, p. 10; Kitchin 2014); rather we concentrate on the creation of
cyber-infrastructures for interconnecting and accessing fieldwork datasets.
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The ideal environment to interconnect all the data produced in the field is that of
a GIS with 3D capabilities (e.g., Carver 2005). Spatial data and images can easily be
integrated with other datasets from excavations, such as catalogs of archaeological
finds and data from scientific analyses, by using GISs (e.g., Berggren et al. 2015,
pp. 441-442; Landeschi et al. 2016). After the creation of intrasite 3D GIS systems,
the next step is the creation of virtual research environments (VREs). The
implications of creating and using VREs are two-fold: they can provide enriched
datasets and interlinked data, and they can be used for real-time feedback,
evaluation, and criticism from the scholarly community. Interaction with data and
models is, in fact, crucial for the interpretation of the archaeological evidence.

VREs provide the means for publishing open digital datasets online and for
obtaining real-time feedback between excavators and outside experts while the
fieldwork is ongoing. In this light, solutions for creating networks of experts and
scholars need to be explored and implemented (Fig. 3). The combination of
e-infrastructure and optimized metadata will facilitate information retrieval,
interpretation, and reuse of data by combining spatial and conceptual search
parameters through a user-friendly interface (web portal). The creation of a VRE for
data sharing and online collaboration at various levels, from streamlining work in
the field to developing solutions to complex research problems, should become a
standard output of digital archaeological endeavors. For this to happen, web tools
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Fig. 3 Prospective digital pipeline of field archaeological research organized through a virtual research
network
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and social academic media tools need to be explored and developed to create
interactive structures, live feeds, review sessions, and annotated workflows.

Technical reports (with copyright, ID, DOIs, etc.) also may be used to share
readily available primary data with the scholarly community. Following the
example of the arXiv platform (Cornell University) for physics, mathematics,
computer science, quantitative biology, quantitative finance, and statistics, the
recently opened platform SocArXiV—connected to the Open Science Framework
initiative—now provides a service for producing and openly sharing technical
reports, papers, and datasets (with citation keys and indexed by Google Scholar) in
the humanities and social sciences (see http://blogs.Ise.ac.uk/impactofsocial
sciences/2016/07/11/developing-socarxiv-an-open-archive-of-the-social-sciences/).
Free and open technical reports/working papers/preprints are, in fact, widely used
in the natural sciences and in some social sciences, such as economics, to promptly
disseminate research results; they are relatively absent in archaeology. This model
is intended not only to challenge the time lags and pay walls of academic pub-
lishing but also to stimulate feedback and criticism by specialists and eventually
generate academic papers and further research. All considered, these platforms
appear to provide ideal venues for sharing preliminary results and primary datasets
from archaeological fieldwork and also the means for reliable citation and reuse of
information, giving credit to individual contributors.

One problem that remains is quality control. Upon our enquiry with arXiv, the
administrator so responded to us on August 23, 2016: “The creation of a new
subject class requires considerable support from the community that will use it....
we require a commitment from a significant group of researchers to submit papers
using the proposed subject class. This should include promises to submit a number
of initial papers to get the subject class going. We also need a volunteer to moderate
the class by reviewing daily submissions and flagging inappropriate submissions.
This moderator should also review a significant number of already archived papers,
looking for submissions that can be cross-listed to the new subject class and contact
authors encouraging them to do so.”

Repositories such as ArXiV.org—not unlike peer-reviewed journals—use
moderators and scientific boards to evaluate submitted papers. But open reviews
and open session tools also may be experimented with to involve specialists in
reviewing the datasets that have been produced, thus curtailing the time-consuming
and often one-sided/biased process of academic peer review.

We stress that VREs can be used following different dissemination strategies: the
VRE can be restricted to team members, encompass a select group of external
experts and scholars, or be selectively/completely open to the public. The selected
strategy should take into account the needs of local communities that, in some cases,
may not want to disseminate sensitive data (e.g., the location of burial grounds) to
avoid the risk of looting (e.g., Mueller 2016). We note, however, that the most
dramatic cases of looting, such as those carried out on the archaeological sites in
southern Iraq between 2003 and 2007 (Emberling and Hanson 2008), exploited the
weaknesses of local control, impunity for perpetrators, and strong market demand,
and were not organized following any online data stream.
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On a more positive note, it is worth citing Catalhdyiik in Turkey, where a digital
environment for direct engagement of small teams of researchers with models and
datasets created in the field has been recently created through the means of
immersive reality (Forte 2014, figs. 26-32). The main goal of this effort was to
make the excavation process virtually reversible in a simulated environment.
Immersive reality may represent one of the most groundbreaking applications for
the study of archaeological data and, at the same time, provide the means for
guiding the work of archaeologists in the field through a new type of interaction
between excavators and networks of experts/scholars, based on a continuous
feedback (e.g., Roosevelt et al. 2015, p. 341).

The visualization of data is, in fact, a very hot topic in all disciplines. It is worth
mentioning that a high chance exists that, very soon, the way that we normally
access imagery will probably change. It will soon be possible to navigate through
3D spaces relying on new advanced virtual reality technologies, as low-cost, high-
performance, and head-mounted displays are expected to be on the market very
soon (Salomoni et al. 2017). As they say, “an image is worth a thousand words,”
much the same way “a 3D voyage is worth a thousand images.”

In essence, this technological shift will potentially pave the way to widespread
access to 3D data for the dissemination and use of archaeological 3D models. This
simply means that, for example, a movie could be seen with the eyes of an actor, or
a soccer match from different points of view on the field. We cannot exclude today
that something like this may happen, and it could be very useful for archaeological
fieldwork and/or carrying out research based on it.

The discussion about data sharing among VREs and the public entails, albeit not
as a core issue, the question of data durability and software obsolescence. This is, of
course, a most significant matter due to the enormous efforts that have been poured
into the digitization of data and the software architectures needed for managing
them. Yet it is a question that does not have a direct bearing on our purpose, which
is about creating new science through the collection and sharing of data within a
relatively short time span.

Beyond limitations of codification, archaeological practices may rely on digital
infrastructures whose hardware and software will ultimately wear down. Hence,
there is an issue that the result of the digitization of those practices may not only
change, but in some sense also deteriorate. Over time, we run the risk that future
generations will no longer be able to access the data. Preservation in the digital
realm may entail disruption and loss of data. From cave painting to cataloging,
people have built cultural records of ritual activity and embodied knowledge.
During the process of documentation, archaeologists code their data into imagery,
text, tables, and audio to hold onto some aspects of their original appearance and
throw away others. In this sense, the question of what to document and preserve
(and how) should strike us as nothing new. Yet, with digitization comes something
more. We have possibilities for learning and interacting that were not available
before. Nonetheless, digitization comes at a cost: that of providing continuous effort
toward the goal of adhering to digital format standards. If one wants to avoid the
paradox of destroying finds by digital preservation, the research community should
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be committed to preserve standards and keeping them up to date (Rosner et al.
2014).

The use of open source software or fee-paying platforms that take care of
conversion updates for hosted data like tDAR does, in fact, provide a certain degree
of assurance about data durability and accessibility. The key factor is that data
should not be abandoned in a virtual box but constantly cared for by a system
manager. Data perusal and exploration must be ensured by constant data availability
and access. Free cloud space for data storage is unstable over time due to changing
commercial policies, and either a server or a fee-paying service should be
considered for that purpose.

Interconnecting Networks for New Dissemination Schemes

As laid out above, field archaeology relies on a set of operations that are limited by
physical, technological, and human constraints, causing the process to be slowed
down to a degree not compatible with the development rate of other sciences. We
believe we have to change the way we perform data collection in the field and the
way we present the results of archaeological fieldwork. Digital technologies can
provide affordable means to reduce time and costs of these operations. In addition,
increasingly cheap and portable scientific instruments allow researchers to set up
field laboratories and to make steady use of these technologies during all stages of
fieldwork.

Digital technologies are instrumental in the creation of digital-born data which
through web-based storage and publication methods can overcome the blocks that
presently affect the dissemination of primary datasets from archaeological
fieldwork. The change in field practices must be accompanied by a change in
publication and research behaviors (and, before that, in academic evaluation
criteria). Much research is already carried out for the most part online, and this trend
is only set to increase. We have to think about web-based methods of publication as
the first output of archaeological research, and we advocate that the scholarly
community strive to find ways for awarding academic credit for the production of
digital contributions. These methods not only promise to speed up the publication
pipeline, they also can expand significantly the resources available for research.

By disseminating primary datasets from archaeological fieldwork promptly in the
form of structured digital data, we also can change research in scope and rhythm and
as a consequence make better science. Digital technologies can provide the means to
build a new architecture of data production in the field, but on this platform—that
each team can design according to its funds and abilities—we need to build a new
epistemological approach, one that is shaped by collaboration, networking, and
openness in all its stages, what we synthetically call the NEARCHOS approach.
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