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Abstract. To validate the hypothesis that virtual heritage papers are
reliant on providing scholarly argumentation based on 3D models, and
convenient access is provided to these models where relevant, this
study reviewed 264 articles from the last three available proceedings
of major digital heritage events and conferences (14 in total). The
findings revealed this was not the case, few contain references to
accessible 3D models. We discuss why this may be so, and we outline
recommendations for ensuring that virtual heritage 3D models can be
preserved and accessed.
Keywords. Virtual heritage; 3D model; repositories; publications;
preservation.

1. Introduction
Various commentators and charters (London, Seville) have stated that the success
of a virtual heritage (VH) project depends on 3D models and associated scholarly
content (Tucci et al., 2017, Scopigno et al., 2017). Despite the importance of
three-dimensional space to archaeology and heritage studies, 3D models seldom
play a vital role in related scholarly argument and publications. In other fields,
particularly in science, experimental data is made available for comparison and
re-evaluation. Yet VH publications featuring 3D models are uncommon, with
few examples of specific tools to aid scholarly arguments, even though many
projects are funded from the public purse with the aim of disseminating cultural
significance. However, 3D digital models are mostly inaccessible, their online
existence and usage short-lived. Rome Reborn, Beyond Space and Time, and the
VRML 2.0 showcase SGI Teotihuacán model, are famous but lost examples, “...
as digital heritage it [virtual heritage] has been remarkably unsuccessful at saving
its own showcase projects” (Champion, 2018).
To uncover why virtual heritage has so few accessible examplars, this paper
attempted to record accessible 3D models (and related 3D assets) from the
proceedings of the last three consecutive publications of major digital heritage
events and conferences, namely, The International Society for Virtual Systems
and Multimedia (VSMM), Computer Applications and Quantitative Methods in
Intelligent & Informed, Proceedings of the 24th International Conference of the Association for
Computer-Aided Architectural Design Research in Asia (CAADRIA) 2019, Volume 2, 695-704. © 2019
and published by the Association for Computer-Aided Architectural Design Research in Asia (CAADRIA),
Hong Kong.
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Archaeology (CAA), International Committee of Architectural Photogrammetry
(CIPA), The European Mediterranean Conferences (EuroMed), and The Digital
Heritage International Congress. 264 selected articles from 14 proceedings
(containing 1483 papers) were studied, and the results are presented below (Table
1).
2. Rationale of the study
Due to their rapid increase (Niven and Richards, 2017), it has become increasingly
challenging to retain 3d assets (Betts et al., 2011) although ensuring the
continuation of accessibility and management and negating data loss has long
been recommended by scholars like Niven and Richards (2017), Paquet and
Viktor (2005), Clarke (2015), Haubt (2013), Pan et al. (2012), Doyle et al.
(2009a), and Champion (2018). Nonetheless, long-term preservation and access
to these collections can be overlooked (Paquet and Viktor, 2005). Kuzminsky and
Gardiner (2012) suggested that the long-term storage of 3D datasets are hampered
by the unreliability of storage, while Niven and Richards (2017) declared file
formats and metadata are key issues. Koller (2008) instead recommended
focusing on long-term objectives and argued for centralised, open repositories
of ‘scientifically authenticated virtual environments’ developed specifically for
cultural heritage sites. However, studies from Koller et al. (2008, 2009) on
3D archives (such as the Stanford Digital Michelangelo Project, Stanford Digital
Forma Urbis Roman Project, UCLA Digital Roman Forum, CyArk and a few
others); concluded projects typically lack a “peer-reviewed, searchable, and
interoperable repository” and are often in an early stage of development.
In contrast, a study by Doyle et al. (2009a, 2009b) on long-term preservation
of 3D data highlighted metadata and emulation issues. Paquet and Viktor (2005)
also recommended an ‘emulator’ to run old programs or files on new platforms
and standard file formats held in a central repository. To enhance accessibility and
preservation of 3D digital heritage assets, Havemann and Fellner (2007) suggested
considering ‘3D’ models as a document; with features like full mark-up, indexing,
and retrieval capabilities to allow for better integration with digital libraries.
Clarke (2015), on the other hand, pointed out the ‘obligations’ of the concerned
parties; and believed this ‘digital dilemma’ (the democratization of academic data
versus legal obligations imposed by the heritage authority or the country where
the data originated) directly impacts on the integrity of data preservation and
frequently leads to the loss of 3D assets.
Many virtual heritage projects and associated 3D data may still exist on
personal and corporate servers as their whereabouts are currently unknown. Some
projects may require only a modicum of effort to ensure that they can work on
today’s platforms, browsers and computers while others may face potential legal
issues, or have versioning issues. However, if the 3D assets are not being used
by the public, to educate the public on the cultural significance of the heritage
models that they are meant to examine and promote, and if they are not being
used by scholars, IT specialists, curators or interpreters to improve, restore or
develop heritage projects or the discourse around it, then they are not contributing
to heritage.
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3. Reviewing the publications
The primary aim of this paper is to raise awareness regards the protection and
preservation of 3D heritage assets with and without dynamic data. There is an
increase in the number of academic papers but a decreasing number of accessible
3D assets even in dedicated digital heritage conferences. The Quality of Reporting
of Meta-analysis (QUORUM) statement presented by Moher et al. (2000) was
chosen to select the papers, and a three-step procedure has been followed.
The first step included the selection of the source, retrieval and primary
screening of the publications. Popular and renowned international events
such as conferences and symposiums on digital heritage and allied domains
were chosen, and their last three consecutive proceedings were selected, from
2012 to 2017. They include: The International Society for Virtual Systems
and Multimedia (VSMM), Computer Applications and Quantitative Methods in
Archaeology (CAA), International Committee of Architectural Photogrammetry
(CIPA), The European Mediterranean Conferences (EuroMed), and The Digital
Heritage International Congress. A total of 1483 papers from 14 proceedings
were collected from their respective digital repositories and publication databases.
296 articles that had contained representative images or references of 3D digital
assets of heritage objects were selected for further study.
The second step continued with another screening process. The selected
papers from the first step were reviewed in terms of their abstract, and rapid
examination of structure and content in order to - exclude irrelevant articles (such
as review papers and short survey papers), eliminate duplicates (or similar paper
published in other proceedings with minimum changes), and exclude articles on
digitization of painting and artworks. Thirty-two articles have been excluded at
this stage.
Final sorting, review and analysis of the selected articles was done in the third
step. The final articles selected for this study were 31 (out of 173) from VSMM,
38 (out of 240) from CAA, 79 (out of 305) from CIPA, 61 (out of 284) from
EuroMed, and 55 (out of 481) from Digital Heritage Congress. The selected
articles were studied to discern whether they provide any references citing external
links or information to - accessible 3D assets (and the degree of their accessibility),
accessible video content, visual materials (such as VR models, photographs,
images of 3D reconstruction etc.), and other external resources (if any). Detailed
descriptive data was inputted into MS Excel. For each article reviewed, required
information about the criteria (mentioned above) was inserted into the database
and presented in a tabular format.
4. Results of the Study
From a group of 1483 articles, 264 papers were selected, which accounts for 17.8%
of the total publications published in VSMM, CAA, CIPA, EuroMed and Digital
Heritage Congress, from 2012 to 2017. The results of the study, (Table 1), shows
that a significant number of articles (i.e. 17.8%) refer and contain images of 3D
assets or 3D digital models but accessible 3D assets or 3D models were found only
in nine (9) articles, i.e. 3.4% of the selected publications.
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Table 1. Articles contain references to 3D models and heritage assets.

Of the 264 selected articles; 12 contain external web-links to video content
(4.55%), 33 articles (12.5%) provide web links for other accessible visual material,
including VR models, photographs and images of 3D models. 19 articles have
been found to refer to external web-links for more information; however, none of
the links worked when this paper was written (1 September 2018).
All nine (9) articles that provided external links to accessible 3D assets shared
four common locations/repositories. These articles included only five external
links for storage of their 3D assets, which are:
1.
2.
3.
4.
5.

http://3dicons-project.eu (which leads to https://www.europeana.eu)
http://dati.comune.bologna.it/3d
http://www.cyark.org
https://skfb.ly/DtVq
https://harvest4d.org/?page_id=1367 (access date 10 Feb 2019)

Our conclusion is that 3D models are not being valued as essential scholarly
and educational assets; as there is a lack of accessible 3D digital assets and
projects which have been used or produced in supporting of these scholarly
publications. Related factors may be limitations inherent in available platforms
and infrastructures, a variety of software, maintenance requirements of assets and
staff, time, or simply a lack of guidance or foresight.
5. Repositories and Cultural Heritage 3D Models
Despite recent EU and North American moves to create archives and digital
heritage infrastructure; 3D models are still not fully accessible to the general
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public (Champion, 2018). Too few journals allow submission and hosting of 3D
contents. However, most of the institutional repositories only permit downloading
with restricted file formats. In some cases, only the PDF file with embedded 3D
(such as in CARARE) is allowed. In most cases, the general public cannot upload
any 3D assets. For example, CyArk’s Open Heritage Program (launched in April
2018) allows the general public to access their collection of point cloud data and
photogrammetric imagery (26 sites at the time of writing). However, users need
to apply online for permission before they can download any 3D content.
Table 2. 3D models in journals and archives.

Table 3. Selected 3D repositories with common features.
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Sketchfab, a commercial platform hosting service, claims to store and display
the digitised 3D models of five hundred cultural institutes (Marchou 2017).
Sketchfab allows the public to host, minor edit, share, trade and view models in
AR/VR with the supplied Sketchfab app. The other commercial repositories such
as Turbo Squid, ShareCG, MyMiniFactory and Blendswap are mostly for trading
3D models and not intended for preservation. Additionally, they charge fees on
trading and may not be interested in archiving, and their archiving policy is not
obvious in their respective online portal. However, these commercial repositories
demonstrate the potential for allowing versatile file formats (e.g. Blendswap),
online support for conversion of various file formats (e.g. Turbo Squid), and can
deal with large amounts of traffic (i.e. Unity asset store). Table 3 presents the most
popular repositories; particularly features to support accessibility and preservation
of 3D assets.
6. Critical issues and suggestions
Increases in technological sophistication may be moving faster than we can cope
with; a ‘double-edged sword’ (Thwaites 2013). Other possible reasons might
include copyright issues, precious and costly data sets which cannot be easily
shared, technical failures, expiration of research funding, natural disasters, the
closure of the project or key people moving on (Greenop & Barton 2014). This
paper suggests three critical issues that are likely to be the primary reasons behind
the tragic fate of 3D models.
Firstly, there is no clear, full proof way to preserve 3D assets. This study
shows that only 9 of the 1483 publications surveyed provide access to their
respective 3D content. Of these 9, only 5 are stored in public (or institutional)
repositories, indicating a lack of concern or useful strategies for leveraging
long-term infrastructure. There are more than fifty repositories developed by both
public and private organisations or individuals. However, it is often difficult to
find models from specialised cultural heritage institutional repositories, as they
are typically not connected with external sites or portals. On the other hand,
the commercial model repositories such as ShareCG, Turbo Squid, CG Trader
and Yeggi often lack data provenance and metadata. However, commercial
repositories provide some consistent formats and protocols, and 3D models are
increasingly easier to find and to access. Nevertheless, most of these portals
(both commercial and non-commercial) rarely provide other related information
and resource links for further study or use (Champion, 2018).
Secondly, there is insufficient shared understanding as to how to best develop,
integrate and demonstrate the research values of 3D heritage models. Virtual
heritage is not simply the recreation of what was there in the past or a collection
of 3D objects. Cultural objects or heritage artefacts have specific inherent
meanings, associated with and signified by the traditional inhabitants from their
cultural perspectives. While archaeologists, historians and other specialists may be
sufficiently motivated and trained to find the relevant paradata, the general public
is a different matter. A pristine photorealistic 3D digital reproduction (born digital
or digital surrogate) is not sufficient by itself for the public to interpret and perceive
its significance (Rahaman et al., 2012). Virtual heritage, therefore, must convey
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the associated contextual/situated values, interpretations and contestations of those
specific heritage objects or sites for a deeper understanding of the culture that it
belongs to; hence it also requires paradata.
Thirdly, digital scholarly articles are typically published and distributed in
PDF format, and while they are relatively secure, PDFs have limited interactivity,
integration and immersivity. Few publishers accept 3D content, but images
are more difficult media to show or demonstrate a process. Additionally, the
models are typically not dynamically linked to any scholarly information (i.e.
metadata and paradata). In this situation, there is an acute need for 3D archives
(Limp et al., 2010), and to ensure concurrent usage (Garnett and Edmond,
2014). It may be possible to resolve the technical issues but, without public
involvement, understanding and appreciation, a virtual heritage project is likely to
fail (Champion, 2018), so this paper proposes seven recommendations to alleviate
these issues.
Despite recent advances in creating and developing archives and digital
humanities infrastructures, 3D models remain an issue: they are incomplete, static,
or protected. For example, on the Smithsonian website, users can play with 3D
models, sometimes they can be edited but these digital models do not provide full
archival records or other related information or resource links. There is also the
issue of responsibility and stewardship of digital data; Clarke (2015) suggested a
robust public repository (instead of private archives) with flexible copyright laws.
In Europe, ARIADNE and 3D-ICONS have developed standards and archives.
However, 3D models are not sufficiently incorporated within a framework and
rarely support a common and stable file format or extension. A desire for an open
and standard file format has also been echoed by Niven (2017), Paquet (2005),
Doyle et al. (2009a), Limp et al. (2010), and Havemann (2007). McHenry and
Bajcsy (2008) mentioned the presence of more than 140 file formats for 3D models.
Yet, most formats are proprietary (Paquet and Viktor, 2005), and it is difficult to
find a compelling and free file format that is widely acceptable, free and developed
for cross-platform deployment. Given the variety of 3D file formats available
and the wide range of disciplines creating 3D heritage models, it may not need
to confine projects to a single file format. Instead, one can agree upon a shared
framework of assets sharing in which the model is generated dynamically and on
the fly from simpler components, inside a game engine or VR package.
There are few online libraries and accessible depositories for virtual heritage
3D models. Finding a 3D model is difficult. Agreed metadata standards are
required to search and classify them. Preserved data, therefore, should be
‘understandable’ (Niven and Richards, 2017) with standardised data sets (or
schema). Many are based on Dublin Core, but few are specifically for 3D digital
heritage. One exception is the CARARE Schema (D’Andrea and Fernie, 2013),
based on CIDOC-CRM and partly inspired by MIDAS UK (Geser and Niccolucci,
2013, Champion, 2018), which can be extended to cover 3D object semantics
(Havemann and Fellner, 2007).
The London Charter stated 3D models must be recognised as a key scholarly
resource (Di Benedetto et al., 2014). As a core part of a virtual heritage
publication, the 3D model should be traceable, linked to other related projects
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and associated scholarly information. Additionally, heritage scholars and experts
may need to trace the provenance of different parts of a 3D shape to access
its authenticity; especially for 3D models, which are generated in support of a
virtual conjectural reconstruction. However, it is often a challenge to tie additional
information to parts of a 3D model (Havemann and Fellner, 2007). For improved
scholarly practice, 3D models could be component-based, (ideally, they would be
dynamically created at runtime) and, in a model format, searchable, with correct
meshes, at a size suitable for downloading (Champion, 2017). To incorporate
information regarding the completeness, measurement methodology and accuracy
of the models, metadata and Linked Open Data can assist in connecting meaningful
associated media. The publication system therefore will be able to dynamically
link 3D components via assigned URLs (i.e. Linked Open Data).
Successful virtual heritage projects frequently depend on community
involvement (Dave, 1998, Eiteljorg, 1998, Mosaker, 2001). The community
may comprise scholars, students, and the wider public, including the original
shareholders and the owners of the simulated cultural content. One must also
endeavour to incorporate the community’s understanding, feedback, perception
(Witcomb, 2008) and engage them in dialogic interaction (Rahaman and Tan,
2011). A virtual heritage project dynamically linked to scholarly articles and
supported by a robust feedback system could help (Champion, 2016). It may
also need to consider approaches to allow indigenous or native communities’
contribution and involvement in developing guides and protocols, creation of
accessible levels of cultural knowledge, researching and testing methods for
providing on-demand 3D model formats, tailoring ontologies, metadata and
folksonomies for heritage simulation, and developing permissions related to
copyright, ownership and guardianship (Champion, 2018).
7. Conclusion
From the literature review of 264 articles across 14 proceedings, this paper
has identified three issues which are hindering the curation, preservation and
accessibility of the 3D digital heritage assets. The reliability of 3D data for
long-term conservation, unique file formats, and agreed metadata, including
information on the acquisition process and copyright issues, are problematic.
Widespread dissemination and access to free and low-cost 3D assets for education
and scholarly use is challenging. Accuracy, authenticity, reliable shared formats,
and ownership rights remain issues.
Despite the increasing number of digital 3D models (Münster, 2018) and more
than 50 commercial repositories available to download, share and trade them (Von
Ubel 2019), we have not found many examples in the surveyed proceedings and
publications to secure and collect them. Disregarding recent but still relatively few
North American and European initiatives on digital humanities infrastructures, 3D
models are not yet fully incorporated (Huggett, 2012). Perhaps we can encourage
and recognise those institutes following archival practice and include metadata
and paradata by increasing data management requirements in research grant forms,
and including links to named repositories when referring to or using 3D models in
social media.
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We cannot afford to have our 3D digital models disappearing or missing from
virtual heritage publications; for it means data and scholarly arguments are harder
to evaluate; and methodological, technical and experiential advancements will be
curtailed without reliable, re-verifiable data. In response, this paper has proposed
seven suggestions to facilitate further incentives, guidelines and frameworks.
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