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IT APPLICATIONS TO ARCHAEOLOGY AND THE OA  
DIAMOND JOURNALS’ CHALLENGE. ENHANCING ACCESS 

AND REUSE OF TEXTUAL AND VISUAL RESOURCES

1.  Introduction

In recent years there have been increasing efforts by policy makers to 
promote Open Science, both at the theoretical and at the practical level, so 
that best practices and recommendations on Open Access (OA) to research 
data and publications have often turned into rules and mandates 1. The OA 
publishing landscape is varied, comprising diverse strategies and approaches 
to ensure its sustainability. In this, the economic aspect is pivotal, especially 
for the so-called ‘gold road’ of OA. This consists of two different models: 
the APC-based model (where APC stands for Article Processing Charges), 
requiring fees from the authors for publication, and the ‘diamond OA’ model, 
with free publication for both authors and readers 2.

«Archeologia e Calcolatori» (http://www.archcalc.cnr.it/) has been an 
OA diamond journal since the beginning of its online publication in 2005, 
long before this label was coined (Moscati 2009, 2018). This article presents 
the latest operational choices made in the valorisation and accessibility of 
the journal’s resources to the benefit of the research community in IT appli-
cations in archaeology and discusses the new solutions we are experimenting 
to enhance the journal’s archive, in line with the FAIR principles 3. It focuses 
on two aspects: the provision of open visual resources – images and 3D 
models – in addition to the articles’ full texts on the journal’s website, and 
the management, enrichment, and provision of descriptive metadata of the 
journal’s resources, in view of their reuse by service providers and inclusion 
in e-infrastructures, above all OpenAIRE, the Open Access Infrastructure for 
Research in Europe (https://www.openaire.eu/).

1  See for instance the EU’s Open Science policy (https://ec.europa.eu/info/research-and- 
innovation/strategy/strategy-2020-2024/our-digital-future/open-science_en). For an overview of 
the history of the adoption of Open Science policies at the national levels, with a focus on France, 
see Dacos 2019. Italy recently included its first ‘Piano nazionale per la scienza aperta’ in the latest 
Programma Nazionale per la Ricerca 2021-2027 (https://www.mur.gov.it/sites/default/files/2021-01/
Pnr2021-27.pdf).

2  For an overview of OA principles and practices in the Humanities, see the recent contribution 
by Salucci and Cinotti (2021, postprint). For a study of the OA journals in the archaeological sector, 
see Caravale, Piergrossi 2012, 2015. These articles also provide useful explanations of terminology 
and concepts related to OA publishing. For Open Science in archaeology, see Marwick et al. 2017.

3  The acronym FAIR stands for ‘Findable, Accessible, Interoperable, Reusable’. FAIR princi-
ples, first codified in 2016, are guidelines for the production and dissemination of digital resources, 
aiming at improving their accessibility and reusability (Wilkinson et al. 2016, 2019). On FAIR 
principles in archaeology, see lastly Piergrossi 2020 (with references).

http://www.archcalc.cnr.it/
https://www.openaire.eu/
https://ec.europa.eu/info/research-and-innovation/strategy/strategy-2020-2024/our-digital-future/open-science_en
https://ec.europa.eu/info/research-and-innovation/strategy/strategy-2020-2024/our-digital-future/open-science_en
https://www.mur.gov.it/sites/default/files/2021-01/Pnr2021-27.pdf
https://www.mur.gov.it/sites/default/files/2021-01/Pnr2021-27.pdf
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This paper is an opportunity to describe and assess the relevance of those 
initiatives within the digital archaeology disciplinary domain (Huggett 2015), 
in the light of the Open Science recommendations, and to map the current 
position of the journal against the landscape of the OA diamond publishing 
model. In particular, the possibilities that this paradigm offers in terms of 
research and development will be shown. We will then draw conclusions, 
based on this discussion, in section 4.

I.R., N.P.

2.  From databases to infrastructures: custom solutions for FAIR 
literature resources

2.1  «Archeologia e Calcolatori» and the early provision of metadata via an 
OAI gateway

Since 2005, «Archeologia e Calcolatori» has been providing online the 
PDF files for the published versions of journal articles through its official 
website. This was motivated by a pioneering adoption of OA principles, as 
promoted in the early 2000s by the Open Archives Initiative (OAI) (Lagoze, 
Van de Sompel 2001). Along with the PDF files, «Archeologia e Calcolatori» 
also provided metadata about publications using open formats – namely, the 
oai_dc metadata format based on Dublin Core terms – and interoperable stan-
dards, so that harvesting and aggregation services could have access to them. 
This was accomplished through a static OAI repository gateway (provided as 
a service by Ghent University, in Belgium) that served metadata via the Open 
Archives Initiative Protocol for Metadata Harvesting (OAI-PMH), using an 
XML file generated by the journal (Barchesi 2005, 2019).

However, this solution meant that «Archeologia e Calcolatori» as a data 
provider was directly tied to a third-party service. Furthermore, the metadata 
generation process was indeed ‘static’ from the journal’s side, since the data 
were compiled into a single XML file, which was then used by the gateway. 
The XML document itself was generated by extracting data from a Microsoft 
Access database, which was therefore dependent on proprietary software.

With the substantial evolution of web technologies and the widespread 
adoption of open-source solutions, «Archeologia e Calcolatori» migrated 
from the static gateway provider to a custom implementation of OAI require-
ments for metadata provision, which proved particularly useful when Ghent 
University stopped offering its service. Therefore, a dedicated data provider 
repository 4, compliant with OAI-PMH 2 specifications and designed around 
the new relational database, was developed.

4  The repository is available at http://www.archcalc.cnr.it/oai/aec_oaipmh2.php?verb=Identify.

http://www.archcalc.cnr.it/oai/aec_oaipmh2.php?verb=Identify
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2.2  Relational database and development of a standalone OAI-PMH data 
provider

One of the central steps in the restructuring and renovation of the 
underlying technology that supports «Archeologia e Calcolatori» was the 
design and implementation of a relational database to hold data on journal 
resources. As detailed by Salvatore Fiorino (2019), a conceptual model was 
defined to represent publications (Article entities) so that their relationships 
with authors, volumes, etc. would be clearer and more manageable. This 
resulted in the development of an Entity-Relationship model and, conse-
quently, a logical and physical implementation of the database using an 
open-source Database Management System (DBMS), MySQL. This is in line 
with the general approach to move from proprietary to open solutions, which 
informs the journal’s policy in its entirety. This database was then populated 
so that data about publication resources were properly distributed over the 
respective entities.

The significance of this restructuring of the data model – and its imple-
mentation – lies (among other things) in the fact that it became a necessary 
foundation for the development of the new data provider repository. Indeed, 
the repository dynamically generates the proper XML response to the various 
OAI-PMH requests (verbs and related parameters) by retrieving relevant 
data from the underlying database. To perform this task, it first processes 
the incoming HTTP request by parsing the query parameters according to 
the rules defined by the protocol. If the request is valid, it calls the relevant 
procedure, structures the data according to the requested metadata format, 
and returns the generated XML to the harvester (or, generally, the client 
that sent the request). If the request is not valid and does not comply with 
the protocol, the repository returns the appropriate error response, still in 
XML format.

The repository is structured as shown in Fig. 1. It exposes 4 different 
sets to allow selective harvesting based on resource type and category. Sets 
are the main option provided by the protocol to filter available resources, 
so harvesters like OpenAIRE rely on them to gather only the metadata they 
intend to, depending on the context. For instance, the openaire set was add-
ed to be compliant with OpenAIRE requirements for automated metadata 
harvesting, as detailed in paragraph 2.3.

Another important piece of information exposed by the repository is 
the datestamp of individual records (not to be confused with the publica-
tion date, which is part of the Dublin Core metadata set). The datestamp 
reflects either the creation date of the record or the date when it was last 
modified. This allows harvesters to only gather metadata for newly created 
resources or existing resources that were updated with respect to the latest 
harvesting, a process known as incremental harvesting (Van de Sompel 
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et al. 2004). Therefore, the repository implements the ‘until’ and ‘from’ 
parameters defined by the protocol to enable this process. Fig. 2 shows an 
example record from the repository, in its presentation as an HTML page 
on the web.

In the transition from the static XML file to the repository, there was a 
problem to be solved to ensure that compatibility with the previous system 
was preserved. In fact, the repository includes – in the metadata for each 

Fig. 1 – OAI-PMH verbs implemented by the repository.

Fig. 2 – Example record from «Archeologia e Calcolatori»’s repository.
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record – a URL to directly retrieve the related full text in PDF format. The 
full texts are hosted on «Archeologia e Calcolatori»’s website, and the URL 
schema that the website uses to visualize metadata on a web page depends on 
the record’s ID in the static XML. However, when data was transferred to the 
relational database, the IDs of individual records changed and – in general – 
were no longer aligned with the XML. Therefore, a new column was added 
to the database table for article records to create a ‘mapping’ between old 
and new IDs. This was then used to generate the correct PDF URL for each 
record in the repository.

N.P.

2.3  Aligning «Archeologia e Calcolatori» metadata to the OpenAIRE Guidelines

While the static XML files already served the records’ integration by 
aggregators such as CulturaItalia 5 (Piergrossi, Rossi 2019) and Europeana 6 
(Caravale, Piergrossi, Rossi in print) 7, the restructuring of «Archeologia 
e Calcolatori»’s repository was an opportunity to reconsider the description 
of the journal’s resources metadata for their aggregation by other service 
providers, in particular by OpenAIRE (Baglioni et al. 2019). This task was 
facilitated by the fact that all resources were already described according to 
the Dublin Core Metadata Initiative (DCMI) specifications 8, being oai_dc the 
metadata format also required by OpenAIRE.

The alignment process to the OpenAIRE Guidelines for Literature 
Repositories v3 9, the latest operative version by summer 2020, consisted in 
the addition of a few metadata to «Archeologia e Calcolatori» records and 
in the mapping of domain-relevant attributes to standard vocabularies and 
encoding rules (see Fig. 3).

Compared to the previous DCMI elements set (see Barchesi 2005, 
Tab. 1), the repository records were basically enriched by two dc:rights 
for the Access Level and the License Condition, and two dc:type for the 
Publication Type and the Publication Version. Further elements were add-
ed or multiplied in order to provide the most complete description of the 

5  http://www.culturaitalia.it/opencms/opencms/system/modules/culturaitalia/templates/ 
ricerca.jsp?searchType=&submitButton=&language=it&cat=indice&facetUnlimited=categoria_3_ 
facet&facetUnlimited=categoria_2_facet&searchMode=on&q=archeologia+e+calcolatori&__meta_
descSource_1_facet=Archeologia+e+Calcolatori.

6  https://classic.europeana.eu/portal/it/search?q=istituto+di+scienze+del+patrimonio+ 
culturale; http://www.culturaitalia.it/opencms/it/contenuti/focus/Europeana_Archaeology__risorse_ 
digitali_accessibili_e_riutilizzabili_sul_patrimonio_archeologico.html?language=it&tematica= 
Tipologia&selected=2.

7  The abstract of the paper, given at the Archaeofoss 2020 conference, is available in Bogdani 
et al. 2020. 

8  https://www.dublincore.org/specifications/dublin-core/dcmi-terms/.
9  https://guidelines.openaire.eu/en/latest/literature/index_guidelines-lit_v3.html.

http://www.culturaitalia.it/opencms/opencms/system/modules/culturaitalia/templates/ricerca.jsp?searchType=&submitButton=&language=it&cat=indice&facetUnlimited=categoria_3_facet&facetUnlimited=categoria_2_facet&searchMode=on&q=archeologia+e+calcolatori&__meta_descSource_1_facet=Archeologia+e+Calcolatori
http://www.culturaitalia.it/opencms/opencms/system/modules/culturaitalia/templates/ricerca.jsp?searchType=&submitButton=&language=it&cat=indice&facetUnlimited=categoria_3_facet&facetUnlimited=categoria_2_facet&searchMode=on&q=archeologia+e+calcolatori&__meta_descSource_1_facet=Archeologia+e+Calcolatori
http://www.culturaitalia.it/opencms/opencms/system/modules/culturaitalia/templates/ricerca.jsp?searchType=&submitButton=&language=it&cat=indice&facetUnlimited=categoria_3_facet&facetUnlimited=categoria_2_facet&searchMode=on&q=archeologia+e+calcolatori&__meta_descSource_1_facet=Archeologia+e+Calcolatori
http://www.culturaitalia.it/opencms/opencms/system/modules/culturaitalia/templates/ricerca.jsp?searchType=&submitButton=&language=it&cat=indice&facetUnlimited=categoria_3_facet&facetUnlimited=categoria_2_facet&searchMode=on&q=archeologia+e+calcolatori&__meta_descSource_1_facet=Archeologia+e+Calcolatori
https://classic.europeana.eu/portal/it/search?q=istituto+di+scienze+del+patrimonio+culturale
https://classic.europeana.eu/portal/it/search?q=istituto+di+scienze+del+patrimonio+culturale
http://www.culturaitalia.it/opencms/it/contenuti/focus/Europeana_Archaeology__risorse_digitali_accessibili_e_riutilizzabili_sul_patrimonio_archeologico.html?language=it&tematica=Tipologia&selected=2
http://www.culturaitalia.it/opencms/it/contenuti/focus/Europeana_Archaeology__risorse_digitali_accessibili_e_riutilizzabili_sul_patrimonio_archeologico.html?language=it&tematica=Tipologia&selected=2
http://www.culturaitalia.it/opencms/it/contenuti/focus/Europeana_Archaeology__risorse_digitali_accessibili_e_riutilizzabili_sul_patrimonio_archeologico.html?language=it&tematica=Tipologia&selected=2
https://www.dublincore.org/specifications/dublin-core/dcmi-terms/
https://guidelines.openaire.eu/en/latest/literature/index_guidelines-lit_v3.html


330

I. Rossi, N. Paraciani

Fig. 3 – XML record from «Archeologia e Calcolatori»’s repository, compliant with the OpenAIRE 
Guidelines for Literature Repositories v3. 
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publication record, such as dc:contributor to recognise the role of the 
editors of the Supplements’ volumes 10. This goes in the same direction as the 
request of DOIs for the monographic issues of the journal («Archeologia e 
Calcolatori. Supplements» series; see Piergrossi, Rossi 2019), because of 
the relevance of acknowledging curatorship of books in the Humanities and 
Social Sciences. Moreover, the dc:relation element for the description of 
the Project Identifier was implemented to capture and transmit to OpenAIRE 
information regarding relevant funding leading to the publication described. 
The dc:relation element for the Dataset Reference was also added to link 
the publication with underlying research data 11.

Further optional or recommended metadata listed in the OpenAIRE 
Guidelines are not applicable, e.g., the Embargo End Date (because the 
journal’s publications have no embargo), or are not applicable yet, e.g. the 
Publication Reference and the Coverage, but might be implemented in the 
future, especially as the journal is planning to provide HTML versions of the 
articles on its website. Moreover, interesting results already achieved in the 
annotation of information contained in the articles full texts can be extracted 
and further exploited to this purpose (e.g. spatial annotation: see Cantone, 
Caravale 2019).

Some metadata were aligned to the terms of the standard vocabularies 
in use by OpenAIRE, i.e. the info:eu-repo vocabularies for Access Level, 
Publication Type and Publication Version 12, the IANA MIME Types list 13 for 
Format, the ISO 639-3 14 for Language. The two main disciplinary fields of 
the journal are described in dc:subject elements, according to the Library of 
Congress Subject Headings 15 (LCSH) vocabulary, which is one of the encod-
ing schemes maintained by the DCMI 16. Thus, Archaeology 17 and Computer 
Science 18 add to the domain-specific concepts that had been classified based 
on the journals’ interests. These describe both the archaeological field and 
the IT application field the resource is concerned with (see Moscati 1999 
and more recently Caravale, Ceccarelli 2019).

10  The example above lacks this element because it is taken from the Journal Articles set.
11  The issue of preserving and linking digital data in archaeology is topical; see recently Ri-

chards et al. 2021, with references, and the «Journal of Open Archaeology Data» as an example 
of this data-centric approach in digital publishing.

12  https://wiki.surfnet.nl/display/standards/info-eu-repo.
13  http://www.iana.org/assignments/media-types/media-types.xhtml.
14  https://iso639-3.sil.org/.
15  https://id.loc.gov/authorities/subjects.html.
16  https://www.dublincore.org/specifications/dublin-core/dcmi-terms/#http://purl.org/dc/

terms/LCSH.
17  https://id.loc.gov/authorities/subjects/sh85006507.html.
18  https://id.loc.gov/authorities/subjects/sh89003285.html.

https://wiki.surfnet.nl/display/standards/info-eu-repo
http://www.iana.org/assignments/media-types/media-types.xhtml
https://iso639-3.sil.org/
https://id.loc.gov/authorities/subjects.html
https://www.dublincore.org/specifications/dublin-core/dcmi-terms/#http://purl.org/dc/terms/LCSH
https://www.dublincore.org/specifications/dublin-core/dcmi-terms/#http://purl.org/dc/terms/LCSH
https://id.loc.gov/authorities/subjects/sh85006507.html
https://id.loc.gov/authorities/subjects/sh89003285.html
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2.4  «Archeologia e Calcolatori» as an OpenAIRE data provider: contributions 
to the disciplinary community

After positive compatibility tests of the repository on the Provide 
Dashboard 19 (Fig. 4) and registration as an OpenAIRE data provider, by 
summer 2020 «Archeologia e Calcolatori» landed on OpenAIRE Explore 
with nearly a thousand resources of scientific literature 20. In agreement with 
the OpenAIRE support staff, the records metadata were soon added with 
links to the full texts of the articles in a dc:identifier element to allow 
OpenAIRE to access the resources for text mining, in order to enable their 
full services (i.e. extracting bibliographic references, project information and 
links to other resources, computing subject classifications, etc.).

Finally, «Archeologia e Calcolatori» was integrated within the Open
AIRE Digital Humanities and Cultural Heritage (DHCH) community 21, 
adding its nearly 971 open-access articles, in addition to 111 metadata-only 
records corresponding to the articles of older issues, whose full texts are in 
the process of being uploaded 22.

The research domain of IT applications to archaeology and cultural 
heritage is well represented in OpenAIRE 23. The DHCH community ag-
gregates contents from journals such as «Internet Archaeology» (709 OA 
publications), «Journal on Computing and Cultural Heritage» (91 OA and 
175 restricted-access publications), «Frontiers in Digital Humanities» (89 
OA publications), and «Digital Applications in Archaeology and Cultural 
Heritage» (38 OA, 111 restricted- and 1 embargoed-access publications) 24.

Other journals are indexed in OpenAIRE but are not currently listed 
as content providers in the DHCH community, though it aggregates a good 
number of their articles: «Virtual Archaeology Review», contributing 398 
OA publications 25, and «Studies in Digital Heritage», with its 86 OA publi-
cations 26, in particular, represent the OA diamond publishing model in this 
research domain together with «Archeologia e Calcolatori».

19  https://provide.openaire.eu/.
20  https://explore.openaire.eu/search/dataprovider?datasourceId=openaire____::f3a35cc23d

629e74e8d5fe0d8bca1684.
21  https://dh-ch.openaire.eu/search/dataprovider?datasourceId=openaire____::f3a35cc23d6

29e74e8d5fe0d8bca1684.
22  The numbers reported in this article date to June 2021.
23  For an up-to-date overview of the journals operating in this sector, see Moscati 2019b, 

23-25.
24  Their respective webpages in the DHCH Community can be accessed from the list of 

content providers (https://dh-ch.openaire.eu/search/find/dataproviders?size=50).
25  https://explore.openaire.eu/search/dataprovider?datasourceId=doajarticles::1ccd0d9545

12fbc65588259717859622.
26  https://explore.openaire.eu/search/dataprovider?datasourceId=doajarticles::b9f0f74d7ce

e28ff8a491b08bd682635.

https://provide.openaire.eu/
https://explore.openaire.eu/search/dataprovider?datasourceId=openaire____::f3a35cc23d629e74e8d5fe0d8bca1684
https://explore.openaire.eu/search/dataprovider?datasourceId=openaire____::f3a35cc23d629e74e8d5fe0d8bca1684
https://dh-ch.openaire.eu/search/dataprovider?datasourceId=openaire____::f3a35cc23d629e74e8d5fe0d8bca1684
https://dh-ch.openaire.eu/search/dataprovider?datasourceId=openaire____::f3a35cc23d629e74e8d5fe0d8bca1684
https://dh-ch.openaire.eu/search/find/dataproviders?size=50
https://explore.openaire.eu/search/dataprovider?datasourceId=doajarticles::1ccd0d954512fbc65588259717859622
https://explore.openaire.eu/search/dataprovider?datasourceId=doajarticles::b9f0f74d7cee28ff8a491b08bd682635
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Other recently established initiatives, such as «Journal of Computer 
Applications in Archaeology» 27, «Archéologies Numériques - Digital Archaeo
logy» 28 and «Heritage» 29, also contribute with their OA articles (42, 41 and 
35 respectively) to the platform.

OpenAIRE collects the metadata of the above-mentioned journals via 
compatible aggregators, such as: CrossRef (https://www.crossref.org/) for 
«Archéologies Numériques - Digital Archaeology», «Digital Applications in 
Archaeology and Cultural Heritage», «Heritage», and «Journal on Comput-
ing and Cultural Heritage»; and DOAJ-Articles (https://doaj.org/oai.article) 
for «Frontiers in Digital Humanities», «Internet Archaeology», «Journal of 
Computer Applications in Archaeology», «Studies in Digital Heritage», and 
«Virtual Archaeology Review». In fact, DOAJ offers the publishers a feature 
for bibliographic metadata upload (either manually, via an API, or via static 
XML files compatible with the DOAJ schema), «on the understanding that 
the data will then be available for free, to be distributed to any third party 
who wants it» (https://doaj.org/docs/xml/). It then exposes its records in an 
OAI-PMH repository.

27  https://explore.openaire.eu/search/dataprovider?datasourceId=doajarticles::8f83d0fcb36
3f2fcb942075a7d5b965a.

28  https://explore.openaire.eu/search/dataprovider?datasourceId=issn__online::3d7413a1d
b96aa2a9f3380f8dcff5c05.

29  https://explore.openaire.eu/search/dataprovider?datasourceId=issn___print::aa8c08e195
474b9b3145d81ced27a061.

Fig. 4 – Result of the OpenAIRE validation test for «Archeologia e Calcolatori»’s OAI-PMH 
repository.

https://www.crossref.org/
https://doaj.org/oai.article
https://doaj.org/docs/xml/
https://explore.openaire.eu/search/dataprovider?datasourceId=doajarticles::8f83d0fcb363f2fcb942075a7d5b965a
https://explore.openaire.eu/search/dataprovider?datasourceId=issn__online::3d7413a1db96aa2a9f3380f8dcff5c05
https://explore.openaire.eu/search/dataprovider?datasourceId=issn___print::aa8c08e195474b9b3145d81ced27a061
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Due to «Archeologia e Calcolatori»’s long-standing adhesion to the OAI, 
the journal has opted for directly providing contents to OpenAIRE via its own 
repository, despite being indexed in DOAJ. This ensures immediate updatability, 
because when a new indexing is launched by OpenAIRE, the added or modi-
fied records of the database, exposed in the repository with a new datestamp, 
are automatically ingested by OpenAIRE by means of incremental harvesting. 
Moreover, the flexibility derived by the autonomous management of an OAI-
PMH repository allows the journal to experiment with new solutions for the 
enhancement of descriptive metadata, as we will exemplify below.

2.5  Latest updates: enriching metadata

After several months of content provision to OpenAIRE, we were told 
by the OpenAIRE staff that the Guidelines for Literature Repository Man-
agers v4 30 had become operational. With a view to keeping pace with the 
progress of research infrastructures, we are implementing the provision of 
literature records also according to these latest Guidelines, which require the 
use of two richer metadata formats: oai_datacite and oai_openaire 31. Those 
schemas allow encoding references to vocabularies and authoritative lists as 
attributes of the elements.

For instance, annotation of the authors’ information can be enriched 
with references to registries of people such as ORCID, encoded in the sub-
properties of datacite:creator, e.g.: 

<datacite:creators>
	 <datacite:creator>
		  <datacite:creatorName>
			   Buscemi, Francesca
		  </datacite:creatorName>
	 	 <datacite:affiliation>
			   Istituto di Scienze del  

			   Patrimonio Culturale – CNR
	 	 </datacite:affiliation>
	 	 <datacite:nameIdentifier nameIdentifierScheme= 

	 	 ”ORCID” schemeURI=”http://orcid.org ”> 
			   0000-0003-4886-656X 
	 	 </datacite:nameIdentifier>

	 </datacite:creator>
</datacite:creators>.

30  https://openaire-guidelines-for-literature-repository-managers.readthedocs.io/en/v4.0.0/.
31  The repository will continue providing records in the oai_dc format, since it is a basic 

requirement for a repository to be a valid OAI-PMH data provider and allows interoperability with 
a larger set of initiatives.

http://orcid.org
https://openaire-guidelines-for-literature-repository-managers.readthedocs.io/en/v4.0.0/
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Terms of the COAR vocabularies (https://vocabularies.coar-repositories.
org/) are referred to describe the genre of the resource, e.g.:

<oaire:resourceType resourceTypeGeneral=”literature” 
uri=”http://purl.org/coar/resource_type/c_6501”>journal 
article</oaire:resourceType>

and to provide information on its accessibility, e.g.:
<datacite:rights rightsURI=”http://purl.org/coar/ 
access_right/c_abf2”>open access</datacite:rights>.

A further advantage is the possibility of encoding the type of resource version, 
that is its status in the publication process, e.g.:

<oaire:version uri=”http://purl.org/coar/version/ 
c_970fb48d4fbd8a85”>VoR</oaire:version>

and the location of the file of the resource, with declaration of the associated 
rights, e.g.:

<oaire:file accessRightsURI=”http://purl.org/coar/access_
right/c_abf2” mimeType=”application/pdf” objectType= 
”fulltext”>http://www.archcalc.cnr.it/indice/
PDF31.1/09_Buscemi_et_al.pdf</oaire:file>.

The upgrade of the journal’s repository to the latest Guidelines will 
prove especially relevant as archives of different resource types and datasets 
of varied contents are getting more and more interconnected. Even within 
the journal’s own archive, the richer semantics of some elements, such as the 
datacite:relatedIdentifier, allow for a more accurate description of the 
relations among the bibliographic resources (articles, volumes, series), and 
between the latter and additional digital objects, as described in the next 
section of this article. These updates to the repository will of course leverage 
the automatic generation of XML records from the database detailed above.

I.R.

3.  Beyond literature: open access to journals’ non-textual contents

3.1  Open visual resources and metadata
During the restructuring process of the database and the repository, 

«Archeologia e Calcolatori»’s editorial board decided to take advantage of 
the customisation possibilities of its own archival system to enhance not only 
the journal’s textual resources, but also its non-textual digital contents. The 
objective was manyfold.

Firstly, in the wake of «Archeologia e Calcolatori»’s contribution to the 
studies on digital and multimedia publishing in the archaeological domain 

https://vocabularies.coar-repositories.org/
https://vocabularies.coar-repositories.org/
http://purl.org/coar/resource_type/c_6501
http://purl.org/coar/access_right/c_abf2
http://purl.org/coar/access_right/c_abf2
http://purl.org/coar/version/c_970fb48d4fbd8a85
http://purl.org/coar/version/c_970fb48d4fbd8a85
http://purl.org/coar/access_right/c_abf2
http://purl.org/coar/access_right/c_abf2
http://www.archcalc.cnr.it/indice/PDF31.1/09_Buscemi_et_al.pdf
http://www.archcalc.cnr.it/indice/PDF31.1/09_Buscemi_et_al.pdf
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since the journal’s earliest issues 32, the aim was to facilitate the reader in the 
web fruition of the articles’ visual content, which is instrumental in supporting 
the understanding of the archaeological and technological topics discussed. In 
addition to the still images corresponding to the articles’ figures, other kinds 
of visual resources described in the publications are taken into consideration, 
such as the 3D models.

Secondly, the ideals informing the journal’s policies called for the exten-
sion of the FAIR approach to those digital objects, not only allowing their 
full-size download and reuse, but also providing their description. This means 
considering the visual objects not just as supplementary materials embedded 
or attached to a publication’s full text, but as independent resources, to be 
exposed as standalone metadata records in an archive for harvesting, while 
preserving the indissoluble relation with the literature sources which they 
belong to. As such, those visual resources, including photographs but also 
charts, drawings, etc., were to be assigned descriptive metadata, in order to 
foster discoverability of cultural and scientific contents.

The flexibility of the journal’s archival system allowed to fulfil the 
above-mentioned requirements by simply extending the current database 
model and repository sets and implementing the website to present the vi-
sual resources in dedicated web pages, thus guaranteeing a comprehensive 
approach to the scientific product.

I.R.

3.2  Database extension and presentation on the website

To implement the new requirements for visual resources, as mentioned 
above, some specific changes to the database were needed. First, a conceptual 
model was drafted to integrate the new entities within the existing schema, 
creating an appropriate correspondence between metadata and database 
columns. The model defines two new entities, two one-to-many relationships 
and three many-to-many relationships (Fig. 5).

The entities represent data pertaining to images and 3D models, while 
the relationships are needed to properly refer each image and 3D model to 
their respective article and authors, and to reflect the interrelation between 
the visual resources themselves 33. In addition to information needed to expose 
metadata, the database tables contain values related to the presentation of 

32  See the list of about 120 publications, retrievable through a search on the archive’s content 
by the ‘Multimedia and web tools’ classification heading (http://www.archcalc.cnr.it/pages/search.php), 
spanning from the earlies volumes of the journal until the most recent study on the evolution of electronic 
publishing in the archaeological research from 1955 until today, by Fromageot-Laniepce (2019).

33  An image – as a figure within an article – can picture one or more 3D models. A 3D model 
can be source of several images. 

http://www.archcalc.cnr.it/pages/search.php
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the visual resources on the journal’s website. To accomplish this goal, specif-
ic adaptations of the website were required, so that images and 3D models 
could be presented through dedicated web pages, showing both metadata in 
a human-readable format and media previews, along with direct file down-
loads (where possible).

3.3  Images

Virtually every article in «Archeologia e Calcolatori» contains several 
figures, many of which can be of general interest in their own right, as they 
reflect a substantial part of the authors’ work. Therefore, an appropriate 
presentation of these resources on the website was deemed necessary. A pre-
liminary step in this direction was the adaptation of the existing web page 
presenting metadata of individual articles to include information on related 
images and 3D models, where applicable.

These additions required changes to the way this dynamic page is 
generated on the website. In fact, this was previously accomplished by ex-
tracting metadata from the static XML file generated for the OAI gateway, 
as mentioned in paragraph 2.1. However, this approach was not suitable to 
represent relational data, since images and 3D models are separated entities, 
connected to the articles via relationships. Therefore, the dynamic generation 
of article pages was updated to retrieve all data, including relations, from the 
new database, and display them according to a modified template.

For the sake of example, we chose the article Buscemi et al. 2020, 
published in «Archeologia e Calcolatori» 31.1, as a case study to show the 

Fig. 5 – «Archeologia e Calcolatori» Entity-Relationship model for visual resources 
in the database.
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results of these adaptations (the same article used for the example records 
in section 2). The article contains 11 figures, which were all uploaded to the 
database with the corresponding metadata. It also references a 3D model, 
described in paragraph 3.4. The results are shown in Fig. 6.

A new field named ‘Related figures’ was added in the page, where the 
thumbnails of all related images are displayed in a row. The thumbnails are 
linked to the corresponding presentation page for each image. This page dis-
plays the resource’s metadata, links to any related 3D models, and a preview 
of the image itself, which can also be downloaded in full resolution (Fig. 7).

Fig. 6 – New web page for the presentation of «Archeologia e Calcolatori»’s article data.
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Fig. 7 – Presentation of image data in «Archeologia e Calcolatori»’s website (Buscemi et al. 2020, fig. 9).

3.4  3D models

The integration of 3D models in «Archeologia e Calcolatori»’s website 
is perhaps the most interesting aspect of the restructuring related to visual 
resources.

Some journals in the domain of digital technologies and archaeology 
have been doing this using different solutions. For example, «Digital Appli-
cations in Archaeology and Cultural Heritage» 34 provides previews of images 
and videos of 3D models, and allows downloading high resolution images 
and 3D files, along with supplementary materials. The pioneering «Internet 
Archaeology» 35, instead, in addition to image galleries with full previews, 
also displays interactive previews of 3D models, with an embedded web 
viewer (Richards, Winters 2015) 36. The Deutsches Archäologisches Institut 
(DAI) has developed a tool called DAI Journal Viewer through which article 
metadata and figures are provided in a contextual presentation along with 

34  https://www.journals.elsevier.com/digital-applications-in-archaeology-and-cultural-heritage/.
35  https://www.intarch.ac.uk/.
36  See also the presentation ‘Internet Archaeology – Open Access, Sharing Data’ by the journal’s 

editor Judith Winters at the colloquium Actualité de l’Open Access en archéologie française (23rd-
24th of March 2017: https://www.inrap.fr/internet-archaeology-open-access-sharing-data-13177).

https://www.journals.elsevier.com/digital-applications-in-archaeology-and-cultural-heritage/
https://www.intarch.ac.uk/
https://www.inrap.fr/internet-archaeology-open-access-sharing-data-13177
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written text 37. 3D models can be viewed via links to an external interactive 
viewer, hosted on the institute’s Arachne platform (https://arachne.dainst.
org/). Other journals, such as «Open Archaeology» 38, rely on third party 
services – typically Sketchfab – to provide access to 3D models.

«Archeologia e Calcolatori»’s approach, in addition to web preview 
and downloads, also provides fully annotated and linked metadata for visual 
resources, including 3D models, which are therefore treated on the par with 
publications. To accomplish this, a suitable web 3D viewer was required, 
possibly with simple embedding and interactive features, and minimal impact 
in terms of changes to the underlying source code. The tool chosen as fitting 
for this purpose is the ATON 3.0 framework, developed and maintained 
within CNR-ISPC by Bruno Fanini 39.

ATON is an open-source, web-based software framework (distributed 
under the GPL-3.0 license) to build and deploy interactive and collaborative 
3D applications targeting cultural heritage (Fanini et al. 2021). ATON’s 3D 
rendering components run in any modern web browser, thus not requiring 
any additional installation from users.

The main service that deploys ATON web applications can be installed 
and configured on a self-managed server with a dedicated domain name. 
The 3D scenes processed and deployed by ATON – via its front-end – can 
be then embedded in any web page using an iframe HTML element, that the 
application can generate automatically. In «Archeologia e Calcolatori»’s case, 
a standalone instance of ATON was installed on a virtual machine hosted by 
the CNR, referenced by the domain aton.archcalc.cnr.it.

Since ATON assigns each 3D scene with a unique identifier, this can be 
used to automatically generate the URL that serves the scene itself (since the 
identifier is a parameter within the full URL). This mechanism was leveraged 
to dynamically extract from the database the ATON identifier related to 
each 3D model presented on «Archeologia e Calcolatori»’s website. Thus, 
the iframe embedded in the page renders the appropriate scene for the model 
itself based on the identifier. As in the case of images, the scene is included 
as an interactive preview in the web page, along with the model’s metadata 
and related resources. The scene rendering employs a specific User Interface 
(UI) profile, that displays a set of interactive tools as buttons in a menu. The 
tools are: full screen mode, Virtual Reality mode, screenshot, measurement, 
and environment options. The result is shown in Fig. 8.

37  https://www.dainst.org/en/-/digital-publishing-award-2020-fur-archaologischen-anzeiger-
und-dai-journal-viewer.

38  https://www.degruyter.com/journal/key/OPAR/html.
39  https://doi.org/10.5281/zenodo.4618387.

https://arachne.dainst.org/
https://arachne.dainst.org/
https://www.dainst.org/en/-/digital-publishing-award-2020-fur-archaologischen-anzeiger-und-dai-journal-viewer
https://www.dainst.org/en/-/digital-publishing-award-2020-fur-archaologischen-anzeiger-und-dai-journal-viewer
https://www.degruyter.com/journal/key/OPAR/html
https://doi.org/10.5281/zenodo.4618387
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In addition to visualization on the website, the models’ files can be down-
loaded in GLTF or OBJ format, with a CC BY-NC-ND 4.0 (or less restrictive) 
license. The fact that «Archeologia e Calcolatori» provides this integrated 
access to resources – that is, full metadata annotation, media previews and 
downloads, all within the same user context – while also exposing direct 
links between related content, is perhaps its distinguishing factor compared 
to similar journals in the same domain.

N.P.

3.5  Repository implementation

As introduced in paragraph 3.1, a basic aspect of the valorisation of the 
visual resources is their description through interoperable metadata. Relevant 
images’ and 3D models’ information is stored in the respective tables of the 
database or can be inferred via the relationships between them. It comprises 
information on title, creator(s), bibliographic source (when the image is reused 
from a previous publication), publication date, publisher, description, identi-
fiers, access rights, license condition, format, subjects, related «Archeologia 

Fig. 8 – Web presentation of a 3D model, described in Buscemi et al. 2020.
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e Calcolatori»’s article, and related image(s) or 3D model(s) (for 3D model 
or Image records respectively).

It is beyond the current scope of the journal to encode technical (e.g. 
EXIF) metadata of the articles’ images, all the more so as these do not solely 
or primarily consist of photographs, thus excluding, for instance, the thorough 
adoption of the IPCT Photo Metadata standard (https://iptc.org/standards/
photo-metadata/iptc-standard/). As for the 3D models, relevant metadata can 
be embedded in the GLTF files that are available for fruition and download 
from the journal’s website.

Descriptive metadata will be exposed in the journal’s OAI-PMH reposi-
tory to allow harvesting and reuse. In addition to the unqualified oai_dc, other 
formats are being considered for harvesting by aggregators of literature and 
cultural resources. The current implementation aims at compatibility with 
the OpenAIRE Guidelines for Data Archives 40, which adopt the DataCite 
Metadata Schema v3.1, with minor adjustments 41. Image and 3D model re-
cords, identified via their URL, will feature some specific properties such as 
creator, title, size, format, rights, and description, and draw others 
from the related Article record, such as publisher, publicationYear, date, 
and the basic subjects list. 

Providing the Image and 3D model records according to the OpenAIRE 
Guidelines for Data Archives allows their harvesting by OpenAIRE and mutual 
linking with the relevant literature records, also expressing the type of relation. In 
fact, the datacite:relatedIdentifier elements encode not only the machine-
readable identifier of the connected resource, but also the semantics of this rela-
tion. For instance, referring to the case-study presented in this article, the record 
of the Image entitled ‘Buscemi et al. 2020, fig. 9’ can be related to the record of 
the article it belongs to, by a relatedIdentifier element having the attributes  
relatedIdentifierType=”DOI” and relationType=”IsPartOf”. Viceversa, 
the Article record (see paragraph 2.5) can be related to this and to the other Ima-
ge records describing its figures through the same element, having the attributes  
relatedIdentifierType=”URL” and relationType=”HasPart”, and contai-
ning the relevant URL. The same applies to the relation between the Article and the 
3D model records, having just a different relationType property, as the Article 
”Documents” the 3D model (and conversely the 3D model ”IsDocumentedBy”  
the Article). An additional relation links the Image with any 3D model it is ex-
tracted from (relationType=”IsDerivedFrom”), and conversely a 3D model 
with any Image deriving from it (relationType=”IsSourceOf”).

I.R.

40  https://guidelines.openaire.eu/en/latest/data/index.html.
41  https://guidelines.openaire.eu/en/latest/data/use_of_datacite.html; https://guidelines.

openaire.eu/en/latest/data/application_profile.html.

https://iptc.org/standards/photo-metadata/iptc-standard/
https://iptc.org/standards/photo-metadata/iptc-standard/
https://guidelines.openaire.eu/en/latest/data/index.html
https://guidelines.openaire.eu/en/latest/data/use_of_datacite.html
https://guidelines.openaire.eu/en/latest/data/application_profile.html
https://guidelines.openaire.eu/en/latest/data/application_profile.html
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4.  «We still have the freedom to experiment» 42

From June 2020 to February 2021, a large-scale survey on scientific jour-
nals was carried out under the impulse of cOAlition S 43 to study the landscape 
of OA diamond journals (Bosman et al. 2021). Keeping the latter as a constant 
term of comparison, the initiative aimed at gaining a better understanding of 
the variety, scope, and impact of OA diamond journals in various disciplines 
and regions, of their compliance with Plan S requirements 44, of the operational 
challenges those journals face, and of their economic sustainability.

None of the three abovementioned OA diamond journals in the field of 
IT applications to archaeology and cultural heritage (see 2.4) was included 
in this survey. Nonetheless, the main results of this research appear to be 
compatible with our experience.

As an OA diamond journal, the editorial process and the implementation 
and maintenance of the digital assets and tools heavily depend on the voluntary 
commitment of its board and staff, referring only copy-editing, printing, and 
distribution of the paper journal to the commercial publisher (Bosman et al. 
2021, 8, 90-91). OA diamond journals that are independent from publishing 
platforms are often tied to the legacy of their pioneering experience in terms of 
data management and digital tools, and have to face on their own the obsoles-
cence of software and the evolving landscape of the best practices in scientific 
publishing. To achieve this goal, they need to constantly apply internal efforts, 
often aided by the support provided by the academic and research institutions 
they usually are a part of 45. At the same time, the autonomy of OA diamond 
journals grants them flexibility and the freedom to experiment, which journals 
bound to external platforms may not enjoy, so that the former appear to adapt 
to change more easily and even promote it (Bosman et al. 2021, 89).

By building an open-access archive of the textual and visual resources of a 
journal counting more than 30 years of publication, «Archeologia e Calcolatori» 
aims at providing the scientific community with a powerful tool in the research 

42  Bosman et al. 2021, 89.
43  https://www.coalition-s.org/.
44  Relevant Plan S requirements for journals are: publishing content under Creative Commons 

licenses, with authors retaining copyright; a full Open Access model should be applied (no ‘hybrid mo-
dels’); no fees are required from authors and researchers (if applicable, any fees should be covered by 
funders and should be transparent). For more details, see https://www.coalition-s.org/addendum-to- 
the-coalition-s-guidance-on-the-implementation-of-plan-s/principles-and-implementation/. 

45  One of the recommendations to funders and infrastructures, based on the results of the 
abovementioned survey into the OA diamond landscape, is precisely to improve access to format-
ting tools and services for OA journals, such as those a number of infrastructures already provide, 
e.g. AmeliCA (http://amelica.org/), PKP (https://www.coalition-publi.ca/), Metopes (http://www. 
metopes.fr/) and OpenEdition (https://www.openedition.org/), with its open-source publishing 
software Lodel (Becerril et al. 2021, 20). As a case study of the advantages of archaeological 
publishing on OpenEdition Journals, see Renault et al. 2020.

https://www.coalition-s.org/
https://www.coalition-s.org/addendum-to-the-coalition-s-guidance-on-the-implementation-of-plan-s/principles-and-implementation/
https://www.coalition-s.org/addendum-to-the-coalition-s-guidance-on-the-implementation-of-plan-s/principles-and-implementation/
http://amelica.org/
https://www.coalition-publi.ca/
http://www.metopes.fr/
http://www.metopes.fr/
https://www.openedition.org/
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field of IT applications to archaeology, especially relevant for the study of the 
history of the discipline. The reader will benefit from the availability of full-size 
images and 3D models displayed in an embedded web viewer. In addition to this, 
«Archeologia e Calcolatori» follows a completely open and ‘linked’ approach, 
by providing interoperable metadata for all resources – both full annotations of 
individual records and their relations with other records – as well as contextual 
downloads of related files, thus facilitating reuse under the terms defined by the 
relevant Creative Commons licenses. Data provision to aggregators of scientific 
and cultural content ensures that the journal’s resources will be more and more 
interconnected and discoverable, thus feeding a virtuous cycle.

The CNR and its Institute of Heritage Science have been active players 
in e-infrastructures such as CLARIN 46, DARIAH 47, E-RIHS 48, OpenAIRE 
and, more recently, SSHOC 49, which will create the Social Sciences and Hu-
manities area of the European Open Science Cloud (EOSC: Hrušák et al. 
2020) 50. Institutional support has been essential in sustaining «Archeologia 
e Calcolatori»’s ‘OA diamond’ approach through time, and in opening the 
way for its integration into this digital ecosystem. The engagement towards 
this publishing model will be even more fundamental as Open Science has 
been rapidly turning into reality, and the OA diamond paradigm has proved 
to be the fairest one, making research sharable for all, based on excellence 
alone, regardless of economic considerations, and preserving the freedom to 
experiment new ways to provide accessible resources.

I.R., N.P.
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IT applications to archaeology and the OA diamond journals’ challenge

ABSTRACT

Open Science best practices and policies have been increasingly promoted and adopted 
in Europe and worldwide to extend public availability of research data and publications, 
according to FAIR principles. In this context, the so-called ‘Diamond Open Access’ model 
is particularly relevant since it entails provision of scientific content entirely free of charge, 
both for authors and readers. The journal «Archeologia e Calcolatori» adopted this model at 
a very early stage, when – in 2005 – it started publishing online full-text PDFs and metadata 
of its articles according to recognised standards, as an Open Archives Initiative data provider. 
This paper addresses the evolution of «Archeologia e Calcolatori» in the context of scientific 
publishing in the disciplinary domain of IT applications to archaeology. It focuses on the up-
dates of its OAI-PMH repository, which led to the journal’s inclusion in OpenAIRE as a data 
provider, and on mapping its current position in the OA Diamond landscape. The paper also 
illustrates recent implementations of «Archeologia e Calcolatori»’s website to provide full access 
to visual and interactive resources, such as images and 3D models, related to its publications, 
and to relevant metadata, structured according to OpenAIRE’s most recent guidelines. The 
combined, contextual provision of full texts, visual and interactive resources, and structured 
metadata – including full annotations and relations – turns out to be a pioneering publishing 
service in the domain of IT applications to archaeology.




