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Abstract  
The overall aim of this thesis is to provide a framework for evaluating the effectiveness of 

cloud-based emulation for preserving obsolete archaeological virtual reconstructions, e.g. 

Pompeii and Arriasos. The importance of this research lies in enabling designated communities 

to have a set of tangible evaluation criteria for archaeological virtual reconstructions. It 

achieved this through a series of rendering case studies to assess the applicability of existing 

emulation-based preservation frameworks, such as the bwFLA and EMiL EaaS, for hybrid 

digital objects.  

Firstly, obsolete archaeological virtual reconstructions were rendered via an emulator, hosted 

within the bwFLA and EMiL EaaS, on the computer platform for which they were originally 

designed. Through the results of rendering case studies, the real practical application of the 

final framework becomes apparent. Then recommendations were made on evaluation criteria 

for archaeological virtual reconstructions. The research culminated in determining if cloud-

based emulation could be employed to effectively preserve obsolete virtual reconstructions 

from the archaeology domain.  

Guidelines and test results coming from this work are of great benefit to the archaeological 

community, and contribute knowledge to other research communities, specifically those 

interested in similar data types/3D reconstructions. 
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1 Introduction 

1.1 Preservation of Virtual Heritage 

All men by nature desire to know. An indication of this is the delight we take in our senses; for 

even apart from their usefulness they are loved for themselves; and above all others the sense 

of sight. For not only with a view to action, but even when we are not going to do anything, we 

prefer seeing (one might say) to everything else. The reason is that this, most of all the senses, 

makes us know and brings to light many differences between things. Aristotle, Metaphysics 

980a (ca. 330 B.C.) 

In the last few years, there has been constant evolution in the relationship between humanities 

and computer science. Multimedia and new technologies now form a mainstream component 

of our heritage. According to Cultraro, Gabellone and Scardozzi:  

3D images are no longer seen as a purely iconic representation, but as an instrument 

that brings together and transforms into graphic format a large part of the data acquired 

in the scientific research, representing the elements that are indispensable for a correct 

interpretation and reading of the information in the immediate language of visual signs. 

Scientific information is ‘channelled’ together with historic information in a single, 

complex system – a three-dimensional image. This method represents a step towards a 

highly-evolved model of knowledge, in which the image transcends its exclusively 

aesthetic value, becoming a vehicle of content, a ‘synthesis’ of scientific knowledge. 

(2007, p. 257) 

Thus, with the aid of new technologies and particularly 3D technologies, we can record aspects 

of our tangible cultural heritage, e.g. archaeological remains (ICOMOS, 2002), with great 

precision as well as present it in an attractive way. The fusion of traditional archaeology with 

3D technologies, i.e. advanced digital image capture, processing, and printing technologies, 

constitutes a continuation of the traditional activities, which scholars, and scientists active in 

cultural heritage have been pursuing for several centuries. This interdisciplinary fusion 

comprises the discipline of virtual heritage which is concerned with the capturing and 

representation of data studied by archaeologists and historians of art and architecture, utilising 

computer visualisation, virtual reality (VR) and information and communication technologies 

(ICT). This data includes 3D objects such as pottery, furniture and works of art, buildings and 

even entire villages, cities, and cultural landscapes (Koller, Frischer & Humphreys, 2009). 
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Once combined with information about the research process, known as paradata (Beacham, 

Denard & Niccolucci, 2006), these virtual representations of archaeological finds could in 

theory be preserved in perpetuity. 

Archaeologists were early adopters of the new technologies and techniques for representing 

their datasets, i.e. documentary and material archives, but there is a discontinuity between the 

means for creating such work and the means to preserve and ensure its long-term accessibility 

(Beacham, 2012). Awareness of different risks associated with the long-term accessibility of 

digital information arose in particular in the mid- to late 1990s (Lindlar, Saemann, Ochmann, 

Gadiraju & Johnsson, 2014; Niven, Jeffrey & Richards 2013). The concept of a ‘digital dark 

age’, also known as ‘the death of the digit’, ‘digital deluge’ or ‘digital tsunami’ (Brown, 2013; 

Koller et al. 2009), was first introduced by Kuny (Kuny, 1997, as cited in Jeffrey, 2012, p. 

554). Kuny suggested the pace of adoption of new technologies could outstrip the development 

of infrastructure and policy to enable the preservation of the large volumes of new digital 

(archaeological) outputs (Appendix A – List of digital preservation research projects). Kuny’s 

‘digital dark age’ is now considered a temporary problem as good data management and 

archival procedures are catching up with the new technologies being employed (ibid.).  

However, there is a possibility of a continued ‘digital dark age’ in the archaeological sector, 

because of their peculiar attitude towards their data. There are several reasons why the results 

of their work are not routinely deposited in a ‘trusted’ digital repository such as the 

Archaeology Data Service (ADS). Generally, they are worried about the way their data is going 

to be publicised, e.g. unwanted alterations and omission of the names of original investigators. 

Furthermore, they are usually not aware of the existence of digital repositories dedicated to 

archaeology. However, according to the Archaeological Resources in Cultural Heritage a 

European Standard (ARCHES) guidance, an archaeological project should only be considered 

complete when its archives have been deposited in a ‘trusted’ digital repository where they can 

be made fully accessible for consultation (Perrin et al. 2014). 

Digital archivists and relevant academics alike (Mitcham, 2012; Niven et al. 2013), have 

recurrently highlighted the significance of preserving the long-term accessibility to our virtual 

heritage for future reuse and reinterpretation. Both preservation staff and specialists assert that 

‘scientifically authenticated’, i.e. transparent and validated methodological approach, 

archaeological virtual representations provide field practitioners and members of the public the 
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ability to ‘visit’ a structure remotely, to examine its otherwise inaccessible details, or to observe 

how it has changed over time (Forte, 2015; Geller, 2010).  

1.2 Virtual Archaeology 

To take archaeology as an exemplar, it is the case that through excavation it destroys that which 

it studies (Delve, Denard & Kilbride, 2012; Richards, Niven & Jeffrey, 2013). What is more, 

archaeological remains are regularly described as being a finite and non-renewable resource 

due to natural, e.g. erosion, and artificial, e.g. armed conflicts, processes. Some sites and 

monuments will not be with us forever in their current physical form such as the monuments 

of Rapa Nui (Quilliam, Cox, Campbell & Wright, 2014) and ancient city of Palmyra 

(Doppelhofer, 2016). Other archaeological remains are accessible only to a small minority, for 

example, the Antikythera shipwreck (Simosi, 2018) and Franchthi cave (Douka, Perles, 

Valladas, Vanhaeren & Hedges, 2011). Thus, virtual representations are the only way that most 

archaeologists, and the public, will ever be able to experience them. This was evident right at 

the start of the field of computer-based archaeological representations, with Reilly stating:  

The archaeologist never actually sees the whole formation under examination. […] At 

any given time, part of the formation will have already been removed and part will 

remain out of view, buried beneath the exposed surface. It is necessary to integrate each 

of the separate perceptions of the formation to obtain a clear idea of the total picture. 

The computer provides a powerful analytical aid, in this respect, by allowing a virtual 

reconstruction of the features. The computer can be used at different levels of detail to 

reconstruct and analyse the shapes of the formations and the distributions of interesting 

categories of artefacts and ecofacts within them. (1989, pp. 569-570) 

Therefore, there is a high degree of uncertainty contained in archaeological studies and theories 

as well as no real way to validate those (Rua & Alvito, 2011). The fundamental idea behind 

the discussion at hand is the belief that, in actuality, no one can validate the ‘penning’ of the 

archaeologists’ notes.  As a result, the interpretation of any archaeological discovery can never 

be considered ‘objective’ (Forte, 2015). In addition to traditional archaeology, the same is true 

for the virtual reconstruction of the past by post-processed computer graphics. In this latter 

case, widely known as virtual archaeology, uncertainty can arise for two additional reasons as 

defined, in general, by Kruse et al.: 
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• Imprecision: This describes the fact that “one cannot measure or observe with an 

arbitrary degree of accuracy”; this means that the existence of a certain feature can be 

safely assumed, but not its dimensions.  

• Incompleteness: This refers to the fact that certain information is unavailable, for 

example the answer to the question, “Did a given tower have windows, or not?” (Kruse, 

Gebhardt & Klawonn, 1994, as cited in Strothotte, Masuch & Isenberg, 1999, p. 38) 

 

While it is difficult to achieve the perfect virtual reconstruction accuracy, by offering complete 

transparency about the methodological approach one can support the scientific authenticity of 

the end result. However, the reality is the ‘accuracy’ of a 3D model or virtual representation on 

a computer screen is entirely idiosyncratic, in that there are many possible ‘accuracies’ 

(Frischer & Stinson, 2007) and interpretations of any given piece of data. Many 3D cultural 

heritage models are virtual reconstructions of sites that are neither fully extant nor documented. 

As a result, it is inevitable that they contain a wide range of hypothetical, uncertain elements. 

Especially for sites that have been excavated and worked without computerised means. 

 

The adoption of computers for analysing the material (finds) archives further developed the 

field of archaeology. The advent of computer graphics allowed archaeologists to shape 

alternative readings of their evidence. Admittedly, the act of 3D modelling constitutes a form 

of knowledge representation where different data types, i.e. archaeological, historical, 

topographical, architectural, geological, environmental, and textual, are combined in a single 

representation. This integration of knowledge into a single medium permits archaeologists to 

avoid interpretative pitfalls and convey their interpretations to non-specialists. As early as the 

end of the late 1980s, the explicit interpretation of the archaeological process through a 

transparent and organised manner as well as the generation of research questions that otherwise 

would be impossible to be elicited were seen as some of the many benefits the introduction of 

computers into archaeology could offer (Reilly, 1989; The British Library, 1993). Computer-

generated models can also be used as useful tools for training young archaeologists in modern 

excavation techniques without having to destroy the archaeological record. 

Today, computer graphics techniques such as 3D modelling and laser scanning can be present 

in every step of the archaeological research from survey, excavation, and analysis to 

reconstruction (knowledge modelling), synthesis and communication. The work of 

archaeologists is now more than ever dependent on information and communication 

technologies (ICT) coupled with the apparent network of galleries, libraries, archives, and 
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museums (GLAMs). Thus, Richards et al. (2013) suggest that this new form of electronic data, 

e.g. .pdf, .doc, .jpg, .avi, and .mov, allows sites and objects to be ‘digitally preserved’. 

Additionally, the computerisation of archaeological datasets offers new exploitation 

possibilities, like the immediate connection of different kinds of data for analyses, e.g. 

examination of the interplay of light within a social space, comparison of different structures 

and extrapolation of the interior decoration of a certain architectural type. The contributions of 

archaeologists and museum curators means an effective virtual reconstruction of a monument 

can combine literary sources with new technologies, not just to understand the object itself, but 

also, and especially, to disseminate the information to a wider audience. Thus, virtual 

representations have various sub-categories that need to be explored for different audiences 

and different uses. 

1.2.1 Virtual Representations 

The Seville Charter (Lopez-Menchero & Grande, 2011) provided a roadmap to further the basic 

concepts accompanying the virtual representations produced by archaeological research. 

 

 

Figure 1.1: Virtual representations continuum 

It contributed to the clarification of overlapping terms such as virtual restoration, virtual 

anastylosis, virtual reconstruction and virtual recreation (Figure 1). Whilst all of the above are 

basically virtual representations of material remains, they additionally encompass some 

inherent differences. Namely, virtual restoration constitutes the virtual reordering of available 

material remains to piece together archaeological finds including objects, monuments, sites, or 

landscapes. This overlaps with virtual anastylosis which involves using 3D technologies to 
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reconstruct or reassemble a ruined cultural heritage monument but with some extrapolation of 

missing elements (Thuswaldner et al. 2009).  

 

This overlaps with virtual reconstruction, which constitutes virtual snapshots of archaeological 

finds at a given moment in the past, extrapolated from both archaeological studies and 

scientifically-substantiated hypotheses (Lopez-Menchero & Grande, 2011), such as evidence 

from other archaeological sites or written historical sources. Virtual reconstructions allow 

people to explore how entirely ruinous, or no longer in existence, archaeological sites might 

have once appeared (Mitcham, 2012). Another sub-category is that of virtual recreation. That 

is the virtual snapshot of an archaeological site at a given moment in the past along with its 

associated social and environmental context, e.g. flora and fauna (Lopez-Menchero & Grande, 

2011), furniture or inhabitants.  

 

All of the four previously mentioned virtual representations of archaeological finds are using 

3D models to depict their different actions and end results, although they are all based on 

different levels of physical evidence. In the case of virtual restoration and virtual anastylosis, 

information about data acquisition (herein called archaeological paradata) is important to 

support the scientific transparency of a virtual representation. The other end of the continuum 

comprises virtual reconstruction and virtual recreation, where the focus is on depicting 

archaeological finds at a specific point in their history including their associated material 

culture. These virtual representations are based on archaeological interpretations and 

assumptions. Thus, it is suggested here, the important information for supporting their scientific 

transparency is a record of the design process, specifically recorded as a form of metadata that 

will hereafter be called virtual reconstruction paradata.  Thus, a virtual reconstruction or 

virtual recreation is valid if and only if both the archaeological paradata and virtual 

reconstruction paradata are also associated. 

A major preservation challenge in archaeology is the specification of documentation and 

metadata (including paradata) standards, and their applicability to archaeological data.  For 

virtual restoration and virtual anastylosis, processes that address the metadata/paradata, as well 

as a number of other related issues, e.g. the storage and dissemination of large 3D datasets, 

have been developed through a series of past and recent Archaeological Data Service (ADS) 

projects such as the ‘Big Data’ project (2006-07) and Advanced Research Infrastructure for 

Archaeological Dataset Networking in Europe (ARIADNE) (2013-17) (Niven et al. 2013). 

However, for virtual reconstruction/recreation there are no agreed standards and processes for 
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recording and preserving the digital 3D files during a virtual representation’s lifecycle, e.g. 

original and intermediate data, as well as the context of the creation of such complex digital 

objects, i.e. the virtual reconstruction paradata. 

1.2.2 Preserving Complex Digital Objects 

Virtual reconstructions/recreations are a collection of libraries, code, and links to other 

software types.  These thus can be considered a form of complex digital object that cannot be 

classified with a single file format, similarly to other multimedia objects (Rechert, Liebetraut, 

Stobbe, Valizada & Steinke, 2015). Therefore, some process for associating (metadata) and 

preserving a multitude of files of different types (including data and paradata) is required.   

 

Figure 1.2: Complex digital objects 

This is a key challenge that is also faced by those involved in cultural heritage, e.g. memory 

institutions, as well as the digital preservation community (Section 1.1) in general, where the 

latter has developed strategies for the preservation of complex digital objects such as (1) 

software-based art (2) gaming environments and virtual worlds and (3) scientific simulations 

and visualisations. However, these detail very specific complex digital objects and only virtual 

anastylosis and virtual restoration is covered by the existing standards as a sub-category of 

scientific simulations and visualisations (Figure 1.2). 3D modelling files are highly software-

dependent and notoriously tricky from a preservation and access perspective. Under the aegis 

of the Preservation of Complex Objects Symposia (POCOS), in addition to scientific 
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POCOS (Delve et al. 2012) 

Interpretative/reconstructive 

process of model creation 

Seville Charter (Lopez-

Menchero & Grande, 2011) 

 

Hybrid digital objects  

(not covered by POCOS) 

simulations/visualisations, preservation strategies have also been proposed for digital art and 

computer games that are entirely from a ‘creative design process’ (Figure 1.3). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3: Hybrid digital objects 

The same is not true for the preservation of hybrid digital objects such as virtual 

reconstructions/recreations, which combine scientific archaeological data with a creative 

design process (Figure 1.3). These existing standards do not cover the processes for recording 

and preserving the digital 3D files during a complex digital object’s lifecycle or the context of 

the creative design process, i.e. the virtual reconstruction paradata, along with their scientific 

data, metadata and archaeological paradata. 

1.3 The Research Question 

There is a wide range of surveying techniques including 3D modelling, laser scanning, rectified 

photography, panoramic imaging, and photogrammetry, just to name a few. They can offer 

great accuracy fast, but they also produce large data files, which require expensive and 

sophisticated hardware and software in order to view and post-process them. Depending on the 

size of the archaeological site that needs to be surveyed, a large amount of data can be produced 

and data of different types, e.g. .obj (meshes), .jpg (photographs), .ptx (registered point clouds), 

Complex 

digital objects 

Scientific simulations 

and visualisations 

Outcomes of a purely 

creative design process 

Virtual 

reconstruction/recreation 

Virtual anastylosis 

Software-based 

art 

Gaming environments 

and virtual worlds 

Virtual restoration 



                                                                                                                                                                   Chapter 1 

19 

.avi and .mov (film/flythrough). The Iron Bridge and Stonehenge are just two of the many 

archaeological sites where original survey data has been rendered insufficient or obsolete 

because of the fast pace of technological progress (Nimmo, 2013). Obsolete in the digital 

preservation field is simply defined as the process of becoming outdated or no longer used 

(DPC, 2015a). However, it is inevitable that 3D technologies will continue to evolve rapidly, 

so ‘no longer used’, might be forced by it no longer being usable, e.g. operating system upgrade 

renders a software platform unavailable. Consequently, archaeologists need to deposit this type 

of data in ‘trusted’ digital repositories where files are securely preserved, curated, and made 

permanently accessible. 

The Archaeology Data Service (ADS) have been continuously publishing standards and 

guidelines for best practice in the creation, description, preservation and use of archaeological 

information since the last quarter of the 20th century. More recently, newly emerged digital 

repositories dedicated to the archaeological sector, such as the Research Data Centre for 

Archaeology and Ancient Studies in Germany (IANUS), have started to host and promote them 

so much for the benefit of the archaeological as the wider research community. The Guide to 

Good Practice for 3D models in Archaeology (Trognitz, Niven & Gilissen, 2016), published 

by the Archaeology Data Service (ADS), in collaboration with Digital Antiquity, defines the 

workflow from acquisition to the creation of additional products such as stratigraphic 3D 

models derived from laser scan point clouds. 

Throughout the workflow, it highlights the metadata required to record these processes, i.e. 

aims and objectives of the archaeological research project (Niven, 2011a), and the datasets 

produced at different stages that can be selected for archiving. The 2013 Guide to Good Practice 

entitled Caring for Digital Data in Archaeology has also been produced collaboratively 

between the Archaeology Data Service (ADS) and Digital Antiquity. This publication, along 

with the Standard and Guide to Best Practice for Archaeological Archiving in Europe (Perrin 

et al. 2014) have been intended to apply to all the stages of the archaeological process, from 

planning to curation of the end product. 

Nevertheless, the abovementioned standards and guidelines tend to focus on technical 

environment metadata, i.e. a description of a given 3D object’s file format as well as the 

software applications, operating system and hardware needed to make the 3D object usable. It 

thus misses information about the creative design process. As a result, they omit the virtual 

reconstruction paradata needed to be stored. Moreover, there is a large volume of digital 
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archaeological outputs (hybrid digital objects) dating from around the beginning of the 21st 

century that are already becoming obsolete because of the recurrent technological changes, e.g. 

discontinuation of a specific software versions, especially operating systems (Jeffrey, 2012; 

Lindlar et al. 2014). These hybrid digital objects are usually deliverables of research projects 

investigating archaeological remains through virtual representation, notwithstanding their 

associated context.  

There is a pressing need for digital preservation standards that can include those as well as 

digital archaeological outputs that are currently being produced. The two primarily used digital 

preservation strategies are migration and emulation. Migration involves replicating a digital 

file into either a newer version of the original format, or an entirely new format (migration files 

are chosen for their longevity). This ensures a file remains accessible and can be rendered on 

current platforms, despite the original file having become obsolete (Sloyan, 2011). Migration 

is focused on the digital object itself. Emulation does not focus on the digital object, but on the 

hardware and software environment in which the digital object is rendered. It aims at 

(re)creating an environment in which the digital object can be rendered in its original form 

(KEEP, 2009). 

They can be considered as two complementary approaches. For example, obsolete computer 

games are better to be emulated than migrated so that their original look-and-feel can be 

preserved. Whilst, for simple text files, e.g. a computer game’s manual, it is preferable to be 

migrated to a newer version of their original format to ensure that they can still be rendered on 

current platforms and therefore remain accessible to users. Hence, this results in a hybrid 

approach (Anderson et al. 2010), which employs them conjunctionally. Although, in the case 

of computer games, there is a difference between playing an existing game with the original 

look-and-feel and migrating it to a new platform to be experienced as a new media artefact. As 

it stands now, no one has investigated whether this holds for hybrid digital objects produced 

during archaeological research projects. These are 3D objects that contain more than just a 

creative artefact and also have scientific metadata and virtual reconstruction paradata attached 

to them. 

As a result, not only can we not determine a definitive digital preservation strategy for 

archaeological data, but we also need to discover which one, or even combination of them, 

applies better to digital objects under the risk of obsolescence (Anderson, Delve, Pinchbeck & 
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Alemu, 2009). Therefore, there is a need to focus on near-obsolete virtual reconstructions for 

which, at worst, there is no provision of preservation. 

However, just having access to a stored digital file, e.g. archaeological virtual reconstruction, 

without its accompanying metadata/paradata is not enough. Hence, effective digital 

preservation occurs only when the provision of access to a digital file is complemented by the 

required metadata/paradata to understand what it represents (Lavoie & Gartner, 2013) and how 

it was created, respectively. In the case of virtual reconstructions, it is suggested that 

information about the creative design process is also required to support the scientific 

authenticity as well as the repeatability of, often, particularly expensive, and difficult to 

reproduce proprietary processes (Mitcham, 2012), i.e. only repeatable within a specific 

software package, with access to the archaeological decisions made at that specific time. 

This thesis therefore investigates the following question: “What would be an effective strategy 

for the preservation of archaeological virtual reconstructions, as hybrid digital objects?” 

This may draw on knowledge from existing preservation fields (Sections 1.1-1.2) but will 

require careful application to the new area of archaeological virtual reconstructions (Section 

1.4.1), as this type of hybrid digital objects has a unique nature that has previously not been 

explored (Section 1.4.2). In exploring that systematically, a generic preservation framework 

for these objects will be defined (Section 1.4.3) in order to answer the research question 

definitively (Section 1.4.4). 

1.4 Contributions to Knowledge 

1.4.1 Contributions to Digital Preservation Theory 

In addressing and forming the research question (Section 1.3), this thesis makes several 

contributions to knowledge in the theory of preservation of complex 3D objects related to 

virtual reconstructions in the field of archaeology (Chapter 2). The first contribution is, in the 

process of defining the research question, the recognition that within complex 3D objects there 

is a newly defined category of hybrid digital objects that must include the creative design 

process, as well as the evidence from the scientific studies on which it is based (Section 1.2.2).  

The second contribution is the specification of the creative design process’ metadata, as 

opposed to archaeological research metadata, which is termed virtual reconstruction paradata 

(Section 1.2.1), i.e. a record of the creative design process of a virtual reconstruction. It is 

associated with the archaeological paradata, i.e. a record of the archaeological process, but is 



                                                                                                                                                                   Chapter 1 

22 

also significant for the scientific transparency of the resulting hybrid digital objects. With the 

classification of virtual representations, and especially virtual reconstructions, into the wider 

category of complex digital objects it becomes easier to understand the nature of those digital 

objects, as well as the requirements for their preservation. 

A surprising third contribution to this area is the dual role a virtual reconstruction and its 

accompanying documentation could play in the future. A preserved archaeological virtual 

reconstruction, together with its virtual reconstruction paradata, may be valuable as a historic 

document in its own right rather than as an example of archaeological evidence (Section 2.5). 

For instance, it documents the current cultural understanding of ‘the data’, as well as the state 

of technology used to generate it (thus preserving the limitations of knowledge as well). Hence, 

a further contribution to knowledge is that this historic context should also be recognised as an 

important aspect in the preservation strategy. 

1.4.2 Contributions to Preservation of Virtual Reconstructions 

Another contribution of this thesis is the recognition that 3D creatives, e.g. computer modelers, 

should be considered part of the ‘preservation system’ (Section 2.2). It is suggested that the 

creative design process should be part of the chain of custody as all roles together (Section 2.5) 

form the interlinked chain of custody from the original data generation, via application in the 

virtual reconstruction process, through to preservation of the final archaeological virtual 

reconstruction. The concept of chain of custody for virtual reconstructions should thus extend 

back not just to the point at which ‘the data’ is deposited, tracking its possible subsequent 

changes as originally suggested (Moore, 2009), but from the point at which ‘the archaeology’ 

is recorded (a change from physical to digital) through the process to change it to ‘the data’ 

(virtual reconstruction) by the 3D creatives, then onto preservation (and any subsequent 

changes from then). This is important as it preserves how the knowledge has been generated, 

adapted, and applied during the creative design process (Section 1.4.1), and not just the names 

used to identify archaeologists and digital preservationists, which is the currently defined 

metadata. 

A second contribution to knowledge in this area is the suggestion that explicit and implicit 

decisions, based on the data, should be recorded in the 3D reconstruction files (metadata is 

generally stored separately from data). This embedded paradata preserves the chain of custody 

from the archaeologists and historians throughout the creative design process, and forms part 

of the final virtual reconstruction paradata (Section 1.4.1) along with other digital 
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documentation of an archaeological research project (Section 2.5). It is further suggested 

(Section 2.5) that this can be evidenced in the 3D object naming conventions and indicated in 

the 3D scene, e.g. by colour coding decisions or extrapolations as other visual conventions.   

The full definition of this paradata framework is however beyond the scope of this work 

(Section 6.3). 

In order to support the chain of custody, virtual reconstruction paradata, technical environment 

metadata, as well as the original look-and-feel of an archaeological virtual reconstruction need 

to be preserved within the limitations of current technology and financial constraints (Section 

3.4). This thesis, therefore, suggests that cloud-based emulation should be the ‘default’ strategy 

for preservation in the field of archaeological virtual reconstructions, as opposed to the more 

frequently used migration approach (Section 3.2.2). This seemingly simple suggestion is a 

contribution to knowledge because this thesis shows that this is the only strategy that supports 

the extended aspects of this virtual reconstruction paradata, e.g. the context of the creative 

design process. This therefore unequivocally addresses the research question (Section 1.3). 

In investigating existing virtual reconstruction data from different completed research projects 

(Section 5.1), the thesis recommends distinct preservation intervention points (PIPs) pertinent 

to different ‘actors’ (Section 2.5). Again, this relates to the chain of custody (and preservation 

at all points of the chain), and would require (1) the original (e.g. laser scan point clouds) and 

intermediate data (e.g. stratigraphic data) from the archaeologists, (2) the final artefact (e.g. 

virtual reconstruction paradata and development files) from the 3D creatives, and (3) the final 

visualisation (e.g. film/flythrough, VR) released to the public. Obviously, all this preservation 

process requires predefined standards (Section 1.4.3). 

1.4.3 Preservation Framework for an Archaeological Project’s Digital Record  

An additional contribution to knowledge is the need for ‘agreed in advance’ standards for the 

different data types and research processes involved in an archaeological research project, as 

well as the supporting documentation. For instance, the client’s specification (commission of 

archaeological work) and recording of the archaeological methodology, amongst other things, 

are prerequisites for preservation-ready objects. Sourcing this level of technical information 

during an archaeological research project could save digital preservationists time and effort, 

and hence cost, after the project has concluded. 
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A separate contribution is the recommendation of the minimum viable preservation product. 

This should be one final rendering along with additional supporting information, such as 

written documents and 3D files including alternative views, which describes the decisions and 

the alternatives that could have been produced. Ideally, the majority of this information would 

be stored inside the final archaeological virtual reconstruction (Section 1.4.2) in the form of 

3D scene management, e.g. naming and visibility options of 3D objects. 

Table 1.1: A framework for the preservation of archaeological virtual reconstructions 

Data types of an archaeological virtual reconstruction Open preservation file formats 

3D vector graphics (.wrl/.tnt/.gif) .x3d/.dae/.u3d 

Texture map and Reference images (.bmp/.jpg/.tga) .png/.tif 

3D point clouds (.ptx/.lgs) .e57/.las 

3D models (.max/.dwg) .x3d/.obj/.u3d 

Rendered images (.jpg) .png/.tif 

Video (.mov/.avi) .mxf/.mkv/.mp4 

Creative design process (.psd/.xls/.doc) .tif/.csv/.ods/.pdf./.xml/.txt 

 

Table 1.2: A framework for the preservation of an archaeological research project’s digital record 

Data types of a documentary archive (digital form) Open preservation file formats 

Spreadsheets (.xls) .csv/.ods 

Databases (.mdb/.dbf/.mdf) .siard/.dbml/.json 

Text (.doc) .pdf/.xml./odt/.txt 

3D vector graphics (.wrl/.tnt/.gif) .x3d/.dae/.u3d 

Texture map and Reference images (.bmp/.jpg/.tga) .png/.tif 

3D point clouds (.ptx/.lgs) .e57/.las 

3D models (.max/.dwg/.cgr) .x3d/.obj/.u3d 

Rendered images (.jpg) .png/.tif 

Video (.mov/.avi) .mxf/.mkv/.mp4 
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Creative design process (.psd/.xls/.doc) .tif/.csv/.ods/.pdf./.xml/.txt 

 

In Chapter 2 a meta-synthesis is conducted of the various recommended file formats for data 

types pertaining to archaeological virtual reconstructions (Table 1.1), and, more broadly, to an 

archaeological research project’s digital record (Table 1.2). This thesis contributes to 

knowledge by suggesting the use of open formats during the creative design process rather than 

the use of proprietary formats, which are later converted (migrated or normalised) to open 

formats. The latter can result in losing important features of the original data. By using open 

formats, the 3D creatives are assured that the data included will be preserved in the format in 

which it was originally created (preservation-ready objects). This thesis further contributes to 

knowledge by specifying the equivalent open formats that could be used for data types needed 

in an archaeological virtual reconstruction’s creation and preservation (Table 1.1). It 

additionally contributes to knowledge by specifying the equivalent open formats for the 

broader digital record of an archaeological project (Table 1.2). This is important as it 

documents the data types on which an archaeological virtual reconstruction was based, the 

context in which it was developed, and partially forms the paradata for the creative design 

process. This supports the preservation of the cultural context in which an archaeological 

virtual reconstruction was developed (Section 1.4.1). 

1.4.4 Emulation Framework for Virtual Reconstructions – Evaluation Criteria 

When assessing a complex digital object for preservation, a framework is required to determine 

if the target is complete enough for preservation, e.g. does its data offset the financial cost of 

preservation (Section 3.1). Previous evaluations of Emulation Frameworks for obsolete CD-

ROM artwork and computer games suggested checklists of items to be considered when 

preserving complex digital objects (Ciuffreda, Dobreva, Anderson, Delve & Konstantelos, 

2012; Delve, Ciuffreda & Anderson, 2010; Owens, 2014; Van Doren & Michaan, 2016). 

Combining the existing suggestions for evaluation checklists of Emulation Frameworks 

together resulted in a simple list (Table 5.4). 

However, the contribution in this thesis is to redefine some of these categories for 

archaeological virtual reconstructions (Table 1.3 née Table 5.5) based on the contributions to 

preservation theory and practice as defined above (Sections 1.4.1-1.4.3). Thus, in order to 

effectively preserve virtual reconstructions, the prior synthesised evaluation checklists should 

be augmented with additional categories. 



                                                                                                                                                                   Chapter 1 

26 

Table 1.3: Proposed evaluation criteria checklist for archaeological virtual reconstructions 

Criterion 
Redefined [R]/ 

Unchanged [U]/New category[N] 

Renderability R1 

Original form R2 

Relationships between multiple objects R3 

Attribute data associated with the 3D model U1 

Views of the 3D model  R4 

Relationships between data and the 3D model U2 

Interactivity U3 

Messages U4 

Audio U5 

Interaction aspects of the original GUI U6 

Menu U7 

Chain of custody N1 

Minimum set of preserved virtual reconstruction data N2 

Virtual reconstruction paradata N3 

 

N1: The chain of custody for archaeological virtual reconstructions should extend not back to 

the point at which ‘the data’ is deposited (including any subsequent preservation actions), but 

through to the point at which ‘the archaeology’ is recorded (a change from physical to digital) 

through the process to change it to ‘the data’ (virtual reconstruction) by the 3D creatives. 

N2: The original data should be maintained alongside full documentation of the creative design 

process, ideally ‘also’ included in the 3D production files themselves, because that may have 

greater long-term reuse potential than the final produced output of an archaeological research 

project. Thus, both the scientific validity and reproducibility of the research processes involved 

in a project can be supported. 

 

N3: Virtual reconstruction paradata, as a form of metadata which records the creative design 

process, is particularly important for supporting the scientific transparency of an archaeological 

virtual reconstruction. For a virtual reconstruction to be valid, both its archaeological paradata 

and virtual reconstruction paradata needs to be associated. 
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Some of the previously defined categories of the evaluation criteria were either unchanged (U1-

U7) or redefined (R1-R4) (Section 5.4.1).  However, the three new categories that were added 

to the evaluation checklist practically instantiated some theoretical concepts proposed during 

the thesis. 

Thus, this framework provides a practical starting point (Section 6.3) for memory institutions 

to make decisions about the long-term preservation of hybrid digital objects, such as 

archaeological virtual reconstructions, submitted to their collections. It is clear from the 

theoretical contributions in this thesis (Sections 1.4.1-1.4.4) that some objects might have an 

importance above that initially perceived, when considering just the final archaeological virtual 

reconstruction. Each hybrid digital object, e.g. archaeological virtual reconstruction, does not 

have to address all the proposed criteria in order to be archived, but the framework provides an 

understanding of what will be preserved, and perhaps an opportunity at ingest to check with 

the depositor whether any additional missing metadata/paradata or ancillary files are available. 

It also becomes clear that in redefining the ‘criteria’, existing obsolete hybrid digital objects 

would not address many aspects of them. However, it is not suggested that existing metadata 

registries are erased, but that perhaps the checklist can be used to highlight the deficiency in 

this data which may affect the usefulness and subsequent knowledge drawn from them. It is 

apparent that more work would need to be completed in order to develop this into a standard 

for digital preservation. 

1.4.5 Research Generalisability 

Nevertheless, the recommended preservation framework (Tables 1.1-1.3) could also be applied 

to more vital situations beyond the confines of this study, such as digital forensics (WMG, 

2019). In this case, the original data, e.g. laser scan point clouds, is used to create virtual 

reconstructions of crime scenes. Since crime scenes contain evidence that is crucial to criminal 

investigation, failing to thoroughly record the virtual reconstruction paradata, for instance, 

could result in false accusations. 

1.5 Thesis Organisation 

In addressing the research question (Section 1.3), more detail was needed about virtual 

archaeology and digital preservation (Chapter 2), specifically the challenges for virtual 

reconstructions (Section 2.1). This resulted in the following suggestions (Section 2.5): (1) All 

of the data used to form a virtual reconstruction must be preserved; (2) explicit and implicit 

decisions, based on the data, should be included in the 3D reconstruction files (by colour coding 
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decisions or extrapolations as visual conventions); (3) this decision making could be 

represented as alternative final renderings to be stored along with the final rendering indicating 

the level of uncertainty about the final artefact; (4) the concept of chain of custody for 

archaeological virtual reconstructions should extend not back to the point at which ‘the data’ 

is deposited (and any subsequent changes), but through to the point at which ‘the archaeology’ 

is recorded (a change from physical to digital) through the process to change it to ‘the data’ 

(virtual reconstruction) by the 3D creatives. 

However, these suggestions raised a number of questions, one of which was the different digital 

preservation strategies needed for this type of hybrid digital objects (Chapter 3). Partially, the 

answer to that question, as suggested by preservation of computer games and digital art, is that 

emulation could be a suitable strategy (Section 3.2.3) for preserving obsolete archaeological 

virtual reconstructions. After considering the cost savings and effectiveness (Section 3.2.4.1) 

of emulation when it is implemented on the cloud, i.e. hybrid approach, a conclusion was 

reached that cloud-based emulation should be the preferred preservation strategy (Section 3.4) 

for all archaeological virtual reconstructions, for both functional and financial reasons. 

Nevertheless, as this has not been attempted previously with archaeological virtual 

reconstructions, a survey (Chapter 4) specifically targeted to digital repositories and 

representatives of the designated communities, i.e. archaeologists, archivist, librarian, and 

academic archaeologist, was developed. It considered opinions of those interested in preserving 

hybrid digital objects with an emphasis on virtual reconstruction paradata that they see as 

regularly missing. Thus, rendering case studies based on the targeted communities’ 

requirements (Section 4.3.3) were deemed appropriate to be developed in order to demonstrate 

how some example research outputs might be deployed in working digital repository 

environments. This showed a lack of understanding of paradata in ‘memory workers’, in 

comparison to those generating the virtual reconstructions. 

In order to determine whether the proposed emulation strategy could be used, as a practical 

component of the long-term preservation of archaeological virtual reconstructions, its abilities 

needed to be assessed. This needed to focus on both the final visualisation (e.g. video 

flythrough) and also whether information is lost in emulation of the final artefact’s 

development files (e.g. final virtual reconstruction model). To do this, sample datasets of 

existing obsolete hybrid digital objects were used to design appropriate rendering case studies. 

They then were rendered via state-of-the-art emulation platforms (the bwFLA and EMiL 
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platforms) to evaluate the effectiveness of cloud-based emulation for accessing and exporting 

obsolete digital research outputs (Chapter 5). A rendering case study-based approach (Section 

5.2) was introduced in order to examine the applicability of the recommended cloud-based 

emulation strategy (Section 3.4), to these specific types of hybrid digital objects, as a key 

component of the preservation of an archaeological virtual reconstruction project. 

In discussing the results of the survey questionnaire (Section 4.2.3), the open conversation with 

experts in the preservation of digital archaeological data (Section 4.3.3) and the rendering case 

studies (Section 5.4), it became apparent that there were some common trends in the 

preservation practice of digital repositories as well as the preservation metadata and 

requirements of the designated communities. The combination of the above commonalities 

with the positive results of the conducted rendering case studies allowed for the 

recommendation of an evaluation checklist for archaeological virtual reconstructions (Sections 

5.4.1). The thesis culminated with a discussion (Section 6.1) of how these threads draw together 

to form a consistent picture of preservation of complex digital objects in archaeological virtual 

reconstructions, the unique contributions this thesis has made (Section 6.2), and future work 

that still needs to be completed (Section 6.3).
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2 Virtual Archaeology and Digital Preservation 
This chapter presents a brief historical review of the development of virtual archaeology using 

landmark examples of the 1980s and 1990s, such as the Old Minster in Winchester and the 

Frauenkirche in Dresden. It then discusses the potential and the challenges of virtual 

archaeology regarding the long-term preservation of its past and current outcomes. Designated 

communities interested in hybrid digital objects are described along with the metadata required 

for their long-term accessibility. The Open Archival Information System (OAIS) reference 

model and the Preservation Metadata Implementation Strategies (PREMIS) data dictionary 

provide a comprehensive basis for better understanding preservation in its broadest sense. 

Additionally, it identifies optimal preservation file formats for an archaeological research 

project’s documentary archive (focusing on records in digital form), based on previous relevant 

recommendations, e.g. the Personal Archives Accessible in Digital Media (PARADIGM) 

research project. The chapter culminates in the classification of the newly introduced term of 

virtual reconstruction paradata (Section 1.2.1) into the distinct categories of the Preservation 

Metadata Implementation Strategies (PREMIS) data dictionary. 

2.1 Historical Account 

Scholars in the humanities have been leveraging information and communication technologies 

(ICT) since the 1950s (The British Library, 1993). 3D CAD techniques, such as solid 

modelling, was first adopted in the archaeological sector by Woodwark in a virtual 

reconstruction of the temple precinct of Roman Bath and the Roman military bathhouse at 

Caerleon in the 1980s (Reilly, 1989). This went on to be one of the first animations of virtual 

archaeology aired on the British television, in the BBC Chronicle program (Collins et al. 1995) 

as well as the subject of the first article on 3D hand-modelling in archaeology, which was 

published in the proceedings of the 17th Computer Applications and Quantitative Methods in 

Archaeology (CAA) conference in 1989 by Arnold and his team (Koller et al. 2009).  

Thus, by the late 1980s, Wilcock’s prediction from the first Computer Applications and 

Quantitative Methods in Archaeology (CAA) conference in 1973 that “computers would be 

used to reconstruct archaeological sites” had started to be realised (ibid.).  It took twenty years 

for this concept to come to fruition, but when it did it set the tone for the later projects by 

becoming an academic discipline (Lerma et al. 2020; Tanasi, 2020), source of edutainment 

(Champion, 2016; Ferdani, Fanini, Piccioli, Carboni & Vigliarolo, 2020) as well as permanent 
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feature of integrated archaeological digital infrastructures (ARIADNEplus, 2020; Meghini et 

al. 2020). 

Around the same time as the virtual reconstruction project of the Roman Bath, the scientific 

centre of IBM at Winchester developed a solid modeller software (WINSOM). This was first 

applied in archaeology to the virtual reconstruction of the Old Minster in Winchester (Burridge 

et al. 1989). In this case, the 3D model was enriched with a two minute-animated tour of the 

Saxon minster. Thus, almost from the start of the discipline of virtual archaeology the final 

research outputs generated complex 3D objects. The Frauenkirche, or Church of Our Lady, in 

Dresden was also virtually reconstructed in the context of an IBM-funded project (Collins et 

al. 1995). These were big-budget high profile research projects that could only be addressed by 

large corporations as demonstration pieces. Typically, proprietary 3D software and hardware 

were used for the virtual reconstructions of the partially ruined monuments. The resulting 3D 

models were usually designed by hand with CAD software, such as the computer-aided three-

dimensional interactive application (CATIA). The final virtual reconstructions and animations 

often informed the subsequent physical reconstruction of the monuments (see the physical 

reconstruction of the Frauenkirche completed in 2005). 

Thus, it took twenty years for the concept of virtual archaeology to be realised, but immediately 

the field fractured into different proprietary standards (Section 2.4), complex 3D objects 

created by multiple data sources that needed to be associated with each other (Section 2.3), and 

various audiences for the resulting products (Section 2.2). It also became clear initially that 

these research projects would be expensive (Section 3.1.1) and wasteful if the data was lost or 

not sufficiently leveraged (Section 3.1.2). For a virtual reconstruction, therefore, it is crucial to 

document each part of the research process (Denard, 2012).  

Practice also shows that in most projects, over 90% of the work goes into the analysis and 

interpretation of the data, while less than 10% goes into 3D modelling and texturing. Hence, 

failing to document and preserve the creative design process results in the loss of at least 90% 

of the invested money (Plentickx, 2012).  This was something that was noted in the first review 

of the field in 1997, when Forte and Siliotti released a book, entitled Virtual Archaeology, 

giving a panoramic vision of the status artis in the field up until the dawn of the 21st century 

(Koller et al. 2009).  These are still the issues that need to be resolved today. 

This is problematic, as many of the world’s treasures are in jeopardy of being lost or destroyed, 

causing irreparable damage to human understanding and extinction of our natural wonders 
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(Refsland, Ojika, Addison & Stone, 2000). Causes such as atmospheric pollution, neglect, 

looting and even tourism, endanger landmarks of our past at an exponentially faster pace 

(Addison, 2000). Virtual reconstructions have been suggested as a great way to preserve this 

physical resource. Thus, archaeological finds can be recorded in a digital format for future 

generations when it is not possible to preserve the original artefact. Nevertheless, the 

Archaeology Data Service (ADS) Strategies for Digital Data reported that: “The archaeological 

record could be decaying faster in its digital form than it ever did in the ground” (Condron, 

Richards, Robinson & Wise, 1999, as cited in Delve, Denard & Kilbride, 2012, p. 127). 

The latter issues may be caused by the fragmentation of the field of archaeological preservation. 

This means that the standards involved are not unified (Section 2.3), and as no one organisation 

has control of the process, there is no control of the storage of, and access to, archaeological 

data (Section 2.4). This is due to the different ‘actors’ responsible for different aspects of the 

archaeological work: Archaeologists, 3D creatives and the public. This lack of a uniform 

process to get from the archaeological excavation site to a digital repository, and eventually to 

the future user highlighted the need for preservation metadata standards as well as 

understanding of the different roles of the designated communities involved (Section 2.2). 

2.2 Designated Communities 

In order to be able to discuss digital preservation without risk of confusion, basic concepts and 

terminology need to be defined. The Open Archival Information System (OAIS) reference 

model, published by both the Consultative Committee for Space Data Systems (CCSDS) and 

as ISO 14721, proves to be helpful for this task. 

One of the key concepts of the OAIS is the ‘designated communities’. According to the latest 

draft updates of the OAIS standard, published by the CCSDS, the designated community is: 

An identified group of potential Consumers who should be able to understand a 

particular set of information in ways exemplified by the Preservation Objectives. The 

Designated Community may be composed of multiple user communities. A Designated 

Community is defined by the Archive and this definition may change over time. (2019, 

p. 12)  

Giaretta expands on the CCSDS definition by adding the element of ‘preservation evaluation’. 

More specifically, he defines designated communities as the following: “The people who 

should be able to ‘interpret, understand and use’ the digital object, and whom we can use to 
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test the success or otherwise of the ‘preservation’, are defined by the people who are doing the 

preservation” (Giaretta, 2011, p. 16). 

 

Figure 2.1: OAIS terminology (Archivematica, n.d.) 

Following on from the latter definition and based on that of the CCSDS (Figure 2.1) the roles 

in the OAIS environment model, comprise: 

1. Archaeologists and 3D creatives are the Producers of digital content who ingest their 

data into a digital repository in the form of multiple Submission Information Packages 

(SIPs). 

2. Digital preservationists and archivists are responsible for the Management of the OAIS 

compliant archive. Essentially, they are in charge of selecting suitable digital 

preservation strategies, metadata standards and access policies. These ‘memory 

workers’ deal with Archival Information Packages (AIPs) ready for storage. 

3.  Public users, historians and future archaeologists are the potential Consumers. They 

form the designated community of a specific OAIS system and should be able to 

understand a particular set of information (Wilkes et al. 2011). Future users request 

access to the preserved information they desire, and retrieve data as Dissemination 

Information Packages (DIPs). 

This conceptual framework that consists of three distinct roles, i.e. Producers, Management 

and Consumers, has been used to create a functional model of data ingest (e.g. quality assurance 

on the SIPs), management, (e.g. database updates), storage (e.g. checksum validation) and 

access (e.g. embargo period); preservation planning (e.g. technology watch); and archival 

administration (e.g. submission agreement) (Lavoie, 2014; Lee, 2010). However, it is also 
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important to think of it as an actor model, so that each role can be considered a conceptual set 

of responsibilities and needs to and from the OAIS system. Together all these roles (including 

the 3D creatives) form the chain of custody (Moore, 2008) from the original archaeological 

excavation through to the final preserved virtual reconstruction.  

Different needs mean different query filters and different required search results for each 

specific designated community of an OAIS archive. In turn, different access services are 

necessary to be applied accordingly to the needs of the designated community. Nevertheless, 

the database of every OAIS compliant archive should be fully searchable and easily accessible, 

and not operate as a ‘data dump’. Therefore, metadata (Section 2.3) is an equally important 

part of the OAIS archive as the stored data itself. 

2.3 Preservation Metadata 

Given that the concept of the designated communities is fluid and it is uncertain which 

properties of a digital object future users might consider significant, the need arises for 

preservation as faithful to the original as possible (Rusbridge, 2006), which includes its 

technical digital properties (see technical environment metadata in Section 1.3). In addition, 

information about the intellectual content, what Anderson et al. (2010, p. 17) call ‘significant 

properties’ of a given digital object is needed so that future generations can understand the 

meaning of what they see or hear, and eventually use. Thus, at a minimum, effective digital 

preservation has two parts: 1) Renderability (the ability to ‘execute’ and use a stored digital 

object), and 2) Understandability (the ability to interpret and understand the given object) 

(Lavoie & Gartner, 2005; 2013). Hence, even at the minimum level, it is not sufficient to 

preserve only media and bits, as additional data is required for Understandability. 

It should be noted, that above the minimum level, there are additional “general goals of digital 

preservation” (Vermaaten, Lavoie & Caplan, 2012, as cited in Lavoie & Gartner, 2013, p. 5), 

such as Authenticity (metadata should record if a stored digital object has in any way been 

altered, and if it is in fact what it purports to be) and Legal Position (metadata should record 

any access and Intellectual Property Rights (IPRs) associated with the stored digital object), 

amongst many others (Giaretta, 2011).  

Returning to the concept of Understandability, the ‘significant properties’ of a digital object is 

needed so that future users can interpret and understand it. Wilson (2008) defines these as “the 

characteristics of digital objects that must be preserved over time in order to ensure the 
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continued accessibility, usability, and meaning of the objects, and their capacity to be accepted 

as evidence of what they purport to record”. However, the meaning and significance of an 

information object are highly dependent on its spatial and temporal context (Anderson et al. 

2010). As the data evolves across different phases of the information lifecycle, discipline and 

societal changes lead to their ‘semantic decay’, e.g. due to changes in use of terminology. A 

key issue is the provision of sufficient contextual information to enable both lifecycle 

management and preservation on the one hand, and reuse and reinterpretation of content on the 

other (PERICLES, 2015). Records and archives derive meaning and value from a myriad of 

contextual relationships that needs to be understood and documented (Cunningham, 2008, as 

cited in Boutard, Guastavino & Turner, 2013). 

This kind of information is represented by the metadata, and there are three distinct categories: 

a) Descriptive (e.g. <Title>, <Author>), b) Administrative (e.g. <Format>, <Access_Rights>), 

and c) Structural (e.g. <Page_Numbers>, <Chapters>). Each one is required to support the 

process of digital preservation, although in this context they are usually referred to as 

preservation metadata (Anderson et al. 2009). As it was previously demonstrated, preservation 

metadata is not just Administrative metadata. On the contrary, it encompasses all the 

recognised metadata categories, and as a result it could be considered an informational frame 

of reference, i.e. Provenance, Rights Management, and Technical and Interpretative 

Environment, around a stored digital object (Lavoie & Gartner, 2013). This very frame of 

reference should be maintained in order to achieve effective long-term preservation of digital 

information. 

A model that instantiates preservation metadata for retaining information resources in the long 

term is the OAIS conceptual model. It consists of three main types of metadata: 1) 

Representation Information (RI), 2) Preservation Description Information (PDI) and 3) 

Packaging Information (Giaretta, 2011). The first category covers the metadata required to 

achieve the minimum goals of effective digital preservation, i.e. Renderability and 

Understandability.  

In more detail, the Representation Information maps a data object into more meaningful ways. 

It can also be sub-categorised into several different types, namely Structure (e.g. file formats), 

Semantic (e.g. data dictionaries) and Other Representation Information (e.g. software 

dependencies). All this combined creates the knowledge base, which is a set of information 
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incorporated by a user or system that allows that user or system to understand the received 

information (Patel, 2007), of the designated community.  

The Representation Information stored in digital files needs additional Representation 

Information (Giaretta, 2011).  This includes the dependencies between digital files, so they can 

be understood over the long term. This leads to a Representation Information Network (RIN) 

that includes all digital files, plus additional digital files explaining their connections. 

Unfortunately, additional information is required to then designate the beginning of the 

network, which creates a ‘logical’ recursive problem of digital assets each necessary to indicate 

the ‘starting point’ for the remaining Representation Information Network (RIN).  As a last 

resort, this recursion eventually stops in conventional (physical) Representation Information 

(RI), such as the handwritten label on a CD-ROM (ibid.).   

As a conceptual model, the OAIS is not implementable by itself. However, there are digital 

preservation data models, and metadata projects and initiatives whose practices are influenced 

by the Open Archival Information System (OAIS) model, such as: 

• The German National Library (DNB) Long-Term Archiving Metadata for Electronic 

Resources (LMER) schema. 

• The Networked European Deposit Library (NEDLIB) Deposit System for Electronic 

Publications (DSEP).  

• The Preservation Metadata Implementation Strategies (PREMIS) metadata model 

(Anderson et al. 2009). 

Moreover, other initiatives instantiate concepts of the OAIS model (Lavoie, 2014), such as the 

Metadata Encoding and Transmission Standard (METS) that fulfils the OAIS ‘Information 

Package’ concept (PARADIGM, 2008a). Further, some types of the OAIS metadata, e.g. 

Preservation Description Information (PDI), can theoretically be represented by the fields of 

established schemata, such as the Dublin Core Metadata Initiative (DCMI) schema (Lavoie, 

2014). 

In recent years, there has been a shift in the trajectory of work in the area of preservation 

metadata. It has migrated from a purely conceptual issue to the implementation level. 

Moreover, specialists now have a de facto international standard known as the Preservation 

Metadata Implementation Strategies (PREMIS) data dictionary (Lavoie & Gartner, 2013). 
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The PREMIS data dictionary is based on the OAIS information model and consists of five 

major entities: 1) Intellectual Entity (e.g. an interactive educational CD-ROM), 2) Object (e.g. 

a 3D file included in the CD-ROM), 3) Event (e.g. ingest of the 3D file into the digital 

repository), 4) Agent (e.g. the computer modeller of the 3D file who deposits it in the digital 

repository), and 5) Rights (e.g. the CD-ROM should be used in class only for the purpose of 

serving the needs of specified educational programs). Each one is described by a set of 

properties called semantic units. The PREMIS data dictionary could be implemented in various 

working environments by means of certain implementation tools, such as JSTOR/Harvard 

Object Validation Environment (JHOVE, 2015), and Digital Record Object Identification 

(DROID) (The National Archives, 2020), which interfaces directly with the Online Registry of 

Technical Information (PRONOM) (Brown, 2006). It is used for a variety of digital objects, 

mostly textual objects and images, and its end results are primarily in an XML format. 

 

As the PREMIS and other data dictionaries have been implemented, it has become clear that 

there are significant costs and benefits (Section 3.1.1) associated with preservation metadata 

(i.e. the Collaboration to Clarify the Costs of Curation (4C) project).  However, one of the key 

factors for this would be the types and formats of the data to be preserved (Section 2.4) as well 

as how it will subsequently be accessed, i.e. reinterpreted, and reused (Section 3.1). 

2.4 Preservation Formats 

The digital data explosion, which has been occurring since the mid-20th century, has placed the 

responsibility of the effective preservation of its outputs on digital repositories. Additionally, 

there are decisions and adjustments that need to be made at various levels, e.g. replacement of 

obsolete storage media (C2D3, 2016), in order to ensure the safe transition of the ever-growing 

digital record into the next phases of the ‘information age’. 

The preservation of hybrid digital objects, such as archaeological virtual reconstructions, needs 

a different approach than that of their analogue surrogates. This is mainly because of their 

nature. Hybrid digital objects are considered rich data (Baker & Anderson, 2012), in the sense 

that they require additional information to be interpreted and understood, as well as specific 

combinations of hardware and software to be ‘executed’ and used. This, in turn, raises the issue 

of data storage. 

 

According to Plentickx (2012, p. 108), “universities or companies are not the right place to 

store complex digital objects”, because of the possibility of a sudden bankruptcy or storage in 
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a proprietary format. The Archaeology Data Service (ADS) at the University of York, for 

example, have managed to successfully migrate (Section 3.1) only 30% of their stored data. 

The remaining 70% is saved in proprietary formats. Thus, in a few years’ time, access to a large 

volume of data will be endangered, if not prohibitive, unless there is an alternative digital 

preservation provision (storage and access). Plentickx goes on to propose a more centralised 

approach to the issue at stake, declaring that “storage in a repository at the national level should 

be compulsory” (ibid.). 

 

An archaeological research project usually consists of a documentary archive, e.g. CAD files, 

databases, spreadsheets and 3D data, and a material (finds) archive, e.g. artefacts, building 

materials and environmental remains. Every project of that nature must ensure the security, 

stability, accessibility as well as the order of its archives. All of the above prerequisites could 

be satisfied by using, for example, accepted standards in file naming and recognised 

terminology (Brown, 2011).  

 

The popularity, technical innovation, cultural significance, and visual qualities of a digital 

object are all valid assessment criteria for collecting. For the long-term preservation of the 

digital record of an archaeological research project, digital preservation strategies need to be 

implemented and documented. 

Published and open formats pose as the ideal candidate from a preservation perspective. The 

best options for long-term preservation are non-proprietary, open format specifications 

produced by international standards bodies, such as ISO 19775 (X3D) and U3D (PARADIGM, 

2008b; Todd, 2009). Namely, Universal 3D (U3D) is an open file format for 3D computer 

graphics data, standardised by Ecma International in December 2004 as ECMA-363 (first 

edition). Out of the four versions of published ECMA-363 reference specifications, version 3 

(June 2006) is the most commonly used type in industry software. Adobe Acrobat supports this 

format since version 7.0. Thus, within a PDF document, 3D models can be represented not only 

as static images but also as real 3D objects. One can navigate through the model, set view 

options, and save pre-set views (Kmethy & Kiss, 2012; PDF3D, 2015; 3DPDF Consortium, 

2019). Usually numerous organisations have been involved in the development of these 

standards and they are generally backwards compatible (PARADIGM, 2008b). Each of these 

formats is typically supported by equipment manufacturers for between ten and twenty years. 
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Table 2.1: A framework for the preservation of archaeological virtual reconstructions 

Data types of an archaeological virtual reconstruction Open preservation file formats 

3D vector graphics (.wrl/.tnt/.gif) .x3d/.dae/.u3d 

Texture map and Reference images (.bmp/.jpg/.tga) .png/.tif 

3D point clouds (.ptx/.lgs) .e57/.las 

3D models (.max/.dwg) .x3d/.obj/.u3d 

Rendered images (.jpg) .png/.tif 

Video (.mov/.avi) .mxf/.mkv/.mp4 

Creative design process (.psd/.xls/.doc) .tif/.csv/.ods/.pdf./.xml/.txt 

 

Several sources have previously specified optimal preservation formats for archaeological 

virtual reconstructions, although in most cases the recommended file formats are commercially 

confidential types. Furthermore, various researchers have introduced the concept of 

preservation-ready objects for other domains (Gladney, 2008; Smith & Nelson, 2008), without 

emphasising the need for storing and depositing those using open formats and licenses. Existing 

standards and recommendations for preservation of different data types were compared and 

contrasted. It was then clear that a new open file type framework could be constructed for an 

archaeological research project leading up to a virtual reconstruction. Thus, a meta-synthesis 

of numerous recommended file formats in the digital preservation literature (Ball, 2013; 

Barnes, 2011; Doyle, Viktor & Paquet, 2009; DPC, 2015b; Eiteljorg II, Fernie, Huggett & 

Robinson, 2011; Felicetti & Lorenzini, 2011; Gillings & Wise, 2011; Green, Macdonald & 

Rice, 2009; Green, Niven & Field, 2016; Historic England, 2018; Jeffrey, 2010; Kolbmann, 

2014; Lindlar et al. 2014; McGarva, Morris & Janee, 2009; McHenry & Bajcsy, 2008; MIT 

Libraries, 2020; Nimmo, 2013; Niven, 2011b; PARADIGM, 2008c; Payne, 2011; Pennock, 

Wheatley & May, 2014; Richards & Robinson, 2000; Rinehart, 2007; Schmidt & Ernenwein, 

2011; Rieger et al. 2015; Library of Congress, 2020; National Library of Australia, 2003; 

Trognitz, Niven & Gilissen, 2016; University of Patras, 2005; Wright, 2012) was conducted.  

Hence, it is suggested here that some recommendations can be made for open preservation file 

formats for the key data types typically included in the creation of an archaeological virtual 

reconstruction (Table 2.1), based on their interoperability across multiple platforms. 

This provides a new framework for considering the practical aspects of preservation of an 

archaeological research project’s digital record (Section 2.5) that has not been formally 
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compiled previously. Furthermore, it is suggested that three simple preservation file formats 

could be considered for the archaeological virtual reconstruction itself, as these have the 

characteristics that enable them to address a wide range of relevant preservation issues for the 

data that it comprises (Section 1.2.2): 

➢ X3D (open format used in a number of open source 3D modelling software packages). 

➢ OBJ (open format accepted by nearly all CAD/3D modelling software). 

➢ U3D (open format commonly used in industry software).  

Since the cost of proprietary software and licenses can be expensive, a shift from proprietary 

file formats to open types should be established. However, during this paradigm shift 

proprietary data attributes may be lost as generic open formats do not support them. This is 

because the theoretically most convenient digital preservation strategies, i.e. migration and 

normalisation (Section 3.2), automatically start with a reduced complexity dataset, e.g. 

command properties and layers are discarded. Moreover, there are additional costs to 

proprietary licenses, such as for preparing and depositing a digital record (Section 3.1), as well 

as ensuring that any preservation activity which has occurred upon it, is authorised under a 

recognised legal framework (Section 3.2.3.1). However, before all those issues can be fully 

resolved, a digital preservation strategy (emulation and/or migration) needs to be determined 

for archaeological virtual reconstructions (Section 3.2). 

2.5 The Importance of a Transparent and Validated Creative Design 

Process 

The International Council on Monuments and Sites (ICOMOS) is the only global non-

governmental organisation (NGO) dedicated to the conservation and protection of cultural 

heritage places, through the interdisciplinary exchange of its ‘network of expert members’, i.e. 

archaeologists, historians, architects, engineers, art historians, geographers, anthropologists, 

and town planners (ICOMOS, 2011). Therefore, it is suggested here, that digital preservation 

metadata standards (Section 2.3) should be in accordance with its principles. In particular, the 

first half of Principle 2.4 of the ICOMOS Charter for the interpretation and presentation of 

cultural heritage sites (Silberman, 2008, p. 8) states clearly: “Visual reconstructions, whether 

by artists, architects, or computer modelers, should be based upon detailed and systematic 

analysis of environmental, archaeological, architectural, and historical data, including analysis 

of written, oral and iconographic sources, and photography”. 
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The Cultural Virtual Reality Organisation (CVRO) had previously suggested a set of visual 

conventions that indicate uncertainty in their ‘CVR philology’ (Frischer, Niccolucci, Ryan & 

Barcelo, 2002). This could be used in an ICOMOS setting, to indicate the various types of data 

on which the virtual reconstruction is based.  Thus, the CVRO’s technical standard deals with 

the accuracy and authenticity of the data and metadata pertaining to an archaeological virtual 

reconstruction. 

 

Typically, archaeological virtual reconstructions (Section 2.1) have used these established 

visual conventions during production, such as blurring, transparency and false colouring, to 

depict those parts of the 3D models with uncertain features (Koller et al. 2009).  However, this 

is an important element of paradata that needs to be preserved for all archaeological research 

projects, as it could be missing from the final published virtual reconstruction. There are 

proposed visual conventions including non-photorealistic (sketch-like) rendering to represent 

the types of uncertainty in archaeological virtual reconstructions (Strothotte et al. 1999) that 

would be evident in the final artefact/visualisation. This might preserve some of the paradata 

pertaining to uncertainty, but it is not an established standard and thus not all virtual 

reconstructions contain this paradata. Further, it only preserves the elements that are uncertain, 

and not the archaeological decisions about the creative design process. 

 

Typically, though, the final published version represents the archaeological site as photo-

realistically (homogeneously) as possible.  Hence, one aspect of paradata (the level of degree 

of uncertainty of any given archaeological element and the archaeological decisions used in the 

creative design process) is only being preserved in the original production files, not the final 

artefacts or visualisations produced at the end of an archaeological research project. 

Consequently, the most likely file to be preserved is also the one that has the least information 

about how a certain virtual reconstruction was created. 

 

Therefore, it is suggested that alternative interpretations should be preserved as part of the 

required paradata accompanying a specific final artefact (Section 1.2.2). The second half of 

Principle 2.4 of the ICOMOS Charter for the interpretation and presentation of cultural heritage 

sites (Silberman, 2008, p. 8) also states: “The information sources on which [such] visual 

renderings are based should be clearly documented and alternative reconstructions based on 

the same evidence, when available, should be provided for comparison”. Having alternative 

renderings might resolve the issues of uncertainty in the final artefact although it is 

acknowledged that it is unlikely that multiple versions would be created or used in any public 
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setting. Moreover, these multiple versions would have financial and time resource implications 

(Section 3.1.1). 

 

 

Figure 2.2: The process and agents involved in the production and ‘consumption’ of a virtual reconstruction 

It may also not be practical in the context of small-scale archaeological research projects due 

to the lack of digital preservation capacity building, especially as they would not be ‘used’ in 

any published context. This suggests the importance of considering the designated community 

(Section 2.2) for each final research output, including the alternative reconstructions, as well 

as the responsibility of different roles for the effective preservation of different aspects of an 

archaeological research project’s digital record (Figure 2.2). Further: 

 

1) Archaeologists must preserve all of the data used to form a virtual reconstruction: 

 

a. The archaeological community needs to shift towards preservation-ready 

objects (Gladney, 2008) rather than utilising post hoc digital preservation 

strategies. 

b. ‘Agreed in advance’ standards and processes as well as preservation of 

supporting documentation are necessary. For instance, the client’s specification 

(commission of archaeological work) and recording of the archaeological 

methodology, amongst other things, are prerequisites for preservation-ready 

objects. Sourcing this level of technical information during an archaeological 

research project could save digital preservationists time and effort, and hence 

cost, after the project has concluded. 
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2) 3D creatives, e.g. computer modelers, should include explicit and implicit decisions 

based on the data in the 3D reconstruction files and these should be evidenced in the 

3D object naming conventions and indicated in the 3D scene, e.g. by colour coding 

decisions or extrapolations as other visual conventions: 

 

a. An archaeological research project needs to preserve all the records (in hard 

copy and digital form) of its documentary archive, e.g. film negatives and 3D 

models. 

b. Every archaeological research project must ensure the scientific transparency, 

reproducibility, reusability as well as the accessibility of its records. These 

requirements would be supported by using, for example, accepted visual 

conventions for depicting uncertainty, and recognised file naming conventions 

for accessibility. 

 

3) This decision making could be represented as alternative final renderings to be stored 

along with the actual final rendering indicating the level of degree of uncertainty about 

the final artefact. This would be more efficiently created if appropriate naming 

conventions have been followed during the creative design process, that allowed for 

automated selection (hiding and unhiding) of 3D objects with different levels of 

uncertainty: 

 

a. The ‘gold standard’ would be to preserve all alternative versions along with 

documentation on how it was arrived at for each one. This would be more cost 

effective if the naming conventions allowed for selectively enabling and 

disabling the visibility of certain objects included in a 3D scene. 

b. The minimum viable preservation product would be one final rendering along 

with additional supporting information, such as written documents and 3D files 

including alternative views, which describes the decisions and the alternatives 

that could have been produced. 

 

It is thus clear that no one role is more important than the others as all together they form the 

interlinked chain of custody from the original data generation, through application to 

preservation. However, according to Moore: 
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Chain of custody tracks all processing done to the record, including migration to new 

storage systems or to new data encoding formats. Digital preservation addresses the 

challenge of technology evolution by managing preservation properties independently 

of the choice of software and hardware systems. Preservation properties include the 

names used to identify archivists, records, and storage systems, and the preservation 

metadata which includes provenance information and administrative information about 

record management. (2009, p. 811) 

 

Thus, it is suggested here that the concept of chain of custody for archaeological virtual 

reconstructions should extend not back to the point at which ‘the data’ is deposited (and any 

subsequent changes), but through to the point at which ‘the archaeology’ is recorded (a change 

from physical to digital) through the process to change it to ‘the data’ (virtual reconstruction) 

by the 3D creatives, that is preserved. 

 

Figure 2.3: The process, agents and PIPs involved in the production and ‘consumption’ of a virtual reconstruction 

It therefore becomes clear that data needs to be preserved at different stages during its lifecycle 

(Figure 2.3). Niven et al. (2013) suggested four key stages, i.e. data capture, after processing, 

post-processing and analysis, and creation of dissemination outputs, during the data lifecycle 

where the data producer could intervene and take a ‘preservation snapshot’ of the data to be 

archived. These tasks match well with the ‘actors’ and could be used as the basis for defining 

preservation intervention points (PIPs). The derived datasets at the end of each stage are 

important for determining the scientific authenticity, as well as reproducing the research 

processes followed throughout a project (Section 1.3). This extends the chain of custody for 

archaeological research data from ‘the ground’ through to the digital repository. 
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None of the above suggestions are explicit in the preservation metadata standards, although 

some are implicit in the archaeological reconstruction standards. For example, Principle 7 of 

the Seville Charter (Lopez-Menchero & Grande, 2011), and similarly the London Charter 

(Denard, 2016), touches on the need for scientific transparency (2b). Particularly, it covers the 

significance of transparent and validated methodological approaches for the evaluation and 

reproducibility of costly and time-consuming multidisciplinary research processes.  

 

Hence, it can be suggested here, that if this is extended to digital preservation, it becomes 

imperative to (1 – Figure 2.2) maintain the original data alongside (2 – Figure 2.2) full 

documentation of the creative design process, ideally included in the 3D production files 

themselves, because that may have greater (3 – Figure 2.2) long-term reuse potential than the 

final produced output of an archaeological research project. Thus, it is crucial to extend the 

chain of custody of ‘the data’ (Figure 2.3) back to the point at which ‘the archaeology’ is 

recorded (a change from physical to digital), via different PIPs during its lifecycle (Figure 2.3), 

through to the process to change it to ‘the data’ (virtual reconstruction) by the 3D creatives, 

then onto preservation.  

 
Table 2.2: A framework for the preservation of an archaeological research project’s digital record 

Data types of a documentary archive (digital form) Open preservation file formats 

Spreadsheets (.xls) .csv/.ods 

Databases (.mdb/.dbf/.mdf) .siard/.dbml/.json 

Text (.doc) .pdf/.xml./odt/.txt 

3D vector graphics (.wrl/.tnt/.gif) .x3d/.dae/.u3d 

Texture map and Reference images (.bmp/.jpg/.tga) .png/.tif 

3D point clouds (.ptx/.lgs) .e57/.las 

3D models (.max/.dwg/.cgr) .x3d/.obj/.u3d 

Rendered images (.jpg) .png/.tif 

Video (.mov/.avi) .mxf/.mkv/.mp4 

Creative design process (.psd/.xls/.doc) .tif/.csv/.ods/.pdf./.xml/.txt 
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Moreover, when considering point (2a) it becomes clear that preserving the digital record of a 

documentary archive is more complex than simply preserving the final virtual reconstruction, 

and that this requires additional data types to be considered. Based on a second meta-synthesis 

of relevant recommendations (Anderson et al. 2018; Ball, 2013; Barnes, 2011; Beagrie, 2013; 

Day Thomson, 2016; Doyle, Viktor & Paquet, 2009; DPC, 2015b; Eiteljorg II, Fernie, Huggett 

& Robinson, 2011; Fanning, 2017; Felicetti & Lorenzini, 2011; Gillings & Wise, 2011; Green, 

Macdonald & Rice, 2009; Green, Niven & Field, 2016; Historic England, 2018; Jeffrey, 2010; 

Kirchhoff & Morrissey, 2014; Kolbmann, 2014; Lindlar et al. 2014; McGarva, Morris & Janee, 

2009; McHenry & Bajcsy, 2008; MIT Libraries, 2020; Nimmo, 2013; Niven, 2011b; 

PARADIGM, 2008c; Payne, 2011; Pennock, Wheatley & May, 2014; Richards & Robinson, 

2000; Rinehart, 2007; Schmidt & Ernenwein, 2011; Rieger et al. 2015; Library of Congress, 

2020; National Library of Australia, 2003; Trognitz, Niven & Gilissen, 2016; University of 

Patras, 2005; Wright, 2012), a new open preservation file formats framework for an 

archaeological research project’s digital record can be suggested (Table 2.2). 

 

This all together will help users to identify which parts of the 3D model are based on scientific 

evidence and which are hypothetical. In addition, within virtual reconstruction files, visual (e.g. 

Green for Archaeology, Yellow for Documents, Red for Conjecture etc.) and naming 

conventions (e.g. wall01_Archaeology, wall01_Document, wall01_Conjecture_AuthorName 

etc.) are useful for recording the archaeological decisions during the creative design process of 

a virtual reconstruction. This allows the designated communities, e.g. the archaeological, 

historical and digital preservation communities, to appraise the available information. A 

preserved archaeological virtual reconstruction, with this data attached may be more valuable 

as an example of ‘historical knowledge’ rather than as an example of archaeological evidence.  

However, the de facto standard for preservation metadata (the PREMIS data dictionary) only 

partly defines virtual reconstruction paradata.  Since it would be beyond the remit of any 

individual or community to define these standards, an expert survey of archaeologists and 

digital preservationists as well as digital archiving entities will be used (Chapter 4) to help 

determine the different perspectives and requirements for preservation metadata, or at least the 

key areas that would need to be considered by a larger preservation standards effort. 

Whatever the outcome of that, ideally the majority of this information could be stored inside 

the final artefact in the form of 3D scene management, e.g. naming and visibility options of 3D 

objects. Nevertheless, it would be advisable to also keep any existing additional documentation 
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explaining how the multidisciplinary research project team reached their decisions during the 

creative design process, including alternative reconstructions. It is also discussed here (Section 

2.2) that a virtual reconstruction paradata database, similar to the Trustworthy Online Technical 

Environment Metadata (TOTEM) registry (Konstantelos, Delve & Anderson, 2012), could be 

developed to store all relevant information separately, offering the designated communities 

more flexibility in its management, i.e. access and reuse of the digitally preserved information 

for further research and development.   

However, there is still the question of how the final stored virtual reconstruction itself will be 

retrieved and displayed at a later date, in a manner that will preserve the creative decisions 

contain therein (Chapter 3).
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3 Long-term Access to Hybrid Digital Objects 
This chapter describes the traditional digital preservation strategies, starting with perhaps the 

most resource-intensive strategy of hardware preservation (Section 3.2.1) and concluding with 

a hybrid approach (Section 3.2.4). The latter leverages the two most prevalent strategies 

(migration and emulation – Sections 3.2.2-3.2.3) for providing long-term access to complex 

digital objects, e.g. computer games. It then discusses each individual preservation strategy’s 

suitability for hybrid digital objects (Figure 1.3). Through this sorting process, emulation alone 

is identified as a strong nominee for the ‘default’ preservation strategy of archaeological virtual 

reconstructions (Section 3.3). Furthermore, the costs (Section 3.2.3) and legal issues (Section 

3.2.3.1) associated with emulation are discussed to contextualise the effectiveness of 

emulation-based research projects (Section 3.3). This chapter then culminates in a suggestion 

that cloud-based emulation (Section 3.4), specifically, should be the preferred preservation 

strategy for all archaeological virtual reconstructions, for both functional and financial reasons.  

3.1 The Costs of Preserving Digital Research Outputs of Community Value 

Although it is interesting to look at any research project from the scientific, technical, and 

practical points of view, it is also necessary to consider it from an economic perspective. 

Research conducted by the British Library in 2007 (BBC, 2007), suggested that Europe was 

losing three billion euros each year in business value because of issues around digital 

preservation. This was a first strong indication that the assessment of cost models and digital 

preservation strategies should be an a priori and not a post hoc project management task, 

independently of the size of a memory institution.  

 

Effective digital preservation, however, requires active management throughout the lifecycle 

of a digital object, for the maintenance of resources over the long term.  The nature of effective 

(accessible) digital preservation lies, amongst other tasks, in periodically assessing and 

improving preservation strategies to ensure the efficient (low cost) reuse of digital objects, 

notwithstanding any related technological changes.  This latter activity is expected to impose 

significant recurring costs on the memory institution undertaking long-term preservation in 

terms of technical resources, personnel effort etc. (Matthews, Shaon & Conway, 2012).  

 

However, digital curation is also needed, and this is management of resources so they are fit 

for purpose (Lyon & Rusbridge, 2005). The goal of digital curation is to make data meaningful 
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for an anticipated and imagined research community. It essentially provides context to 

preserved material. However, the costs of digital curation are mostly associated with access to, 

rather than storage of, data. Resource providers, e.g. archaeologists, are focused on digital 

preservation and are constrained by low budgets, while digital curation service providers, e.g. 

digital repositories, focus on sustainability (development and growth). 

 

Recently, the participants of the Collaboration to Clarify the Costs of Curation (4C) project 

(4C, 2015) developed the following vision statement in order to describe the role of cost 

modelling in future preservation planning and management activities: 

 

In 2020 it will be easier to design or procure more cost effective and efficient digital 

curation services because the costs, benefits, and the business cases for doing so will 

be more widely understood across the curation lifecycle and by all relevant 

stakeholders. Cost modelling will be part of the planning and management activities of 

all digital repositories. (ibid, p. 3) 

 

The 4C project believes that the Open Archival Information System (OAIS) model (Section 

2.2) provides the best framework on which to base its conceptual cost model for digital curation 

(Figure 3.1). 
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Figure 3.1: The 4C conceptual cost model (Bogvad Kejser, 2014) 
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The following rule of thumb (Rosenthal, 2014) for costs is derived by mapping the 4C 

conceptual model with the OAIS model: 

 

1. Ingest (half of lifetime cost): In some cases, ingest may be infeasible because the data 

contained in the Submission Information Package (SIP) may be too big or dynamic, 

stored in a proprietary format or governed by a Digital Rights Management (DRM) 

policy. 

2. Digital preservation (one third of lifetime cost): If a digital preservation infrastructure 

is in place, the owner of the dataset is incentivised to preserve and provide specified 

access. The owner might also get some benefit by doing so, such as a tax advantage or 

a period of copyright extension. 

3. Access (one sixth of lifetime cost): When the content is under single control (the 

authoritative version is stored exclusively in one place), it is thus at higher risk. 

Nonetheless, this is better than having no provision of access in place, at all. 

 

Not all digital research outputs are by definition digital assets, i.e. they do not have an 

established value. The value of digital assets could be measured in a number of ways: 

 

• If they lead to a number of relevant scientific publications, e.g. PhDs, research results’ 

reports (Shiers, 2014). 

• If they have a proven educational and/or cultural impact (ibid.). 

• The subsequent ‘spin-off’ formations (ibid.). 

• The estimated potential (usefulness) of digital research outputs in the future (Berman 

& Cerf, 2013). 

 

One of the most pressing needs for digital repositories for archaeology is ensuring the 

survivability of the 3D datasets in their collections. Anecdotal evidence suggests that even 3D 

data that is only two or three years old are losing their original functionality and information 

richness because of poor digital preservation provision (Koller et al. 2009). For instance, CAD 

software products used to create archaeological virtual reconstructions belong to a rapidly 

changing market segment, which means that updated versions are inevitable (of the order of 

every eighteen months) and full reuse of data (without loss of information) is not secured at all 

(ibid.). 
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Digital preservation should be seen as a ‘wicked problem’ (Buchanan, 1992). It represents all 

the activities necessary to ensure that digital objects and data can be found, accessed, and 

deployed beyond the limits of technological obsolescence, media failure or creator dependency. 

Therefore, it is a growing challenge for agencies and individuals in all kinds of contexts (DPC, 

2018). Investment in digital resources has been leveraged as never before, and this is because 

of the opportunities they bring. Nevertheless, digital objects are fragile: At risk of loss, 

corruption, or obsolescence, not to mention unlawful alteration or theft. Collection managers, 

information, and communication technologies (ICT) officers, academic researchers, 

broadcasters, developers, and industrial regulators need to ensure that the digital collections, 

which they use, and depend upon, are accessible for the long term. 

 

Preserving the past and current virtual heritage for future generations should be something 

totally acceptable and laudable (Giaretta, 2011), although monetary factors can often be large 

disincentives. It has been observed that while the cost of data storage declines rapidly, the 

volume of digital research outputs continues to increase drastically (Markoff, 2013). In just 

five years, 21st century archaeology has achieved what conventional excavation would have 

taken a lifetime to complete (Turner, 2014). However, there is a scarcity of digital preservation 

capacity building despite the increase in digital research outputs (resources).  

 

Commercial cloud storage could be considered a solution to the big problem of the storage of 

the immense amount of new digital research outputs. Amongst its advantages are: 

 

• The cost-effectiveness, i.e. the pay-as-you-go (PAYG) usage-pricing model. 

• The decrease of cost and increase in the availability of commercial cloud storage 

services. 

• The available, cheap, and reliable technology, e.g. Dropbox and Google Drive. 

• The suitability for data mining from collections. 

• The flexibility, i.e. the ability to live access from everywhere at any time, plus the 

provision of a nonstop virtual Personal Assistant (PA). 

• The scalability, i.e. the flexible adjustment of Information Technology (IT) resources 

to meet growing demand. 

 

Nevertheless, commercial cloud storage services can be seen as a digital preservation solution 

only under certain circumstances. This is because even though they can be available for free, 

some companies, e.g. Amazon, charge for user access, and thus the search/data retrieval 
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(access) remains costly. As the provision of digital preservation (storage and access) remains 

expensive, it has reached a point that needs to be justified by access (Blue Ribbon Task Force, 

2010). In the case of digital research outputs, this can be difficult since the value of digital 

assets may not be evident for a long time. For example, archaeological virtual reconstructions 

which had little perceived significance at the time of their creation, often come to have much 

greater importance for future generations. 

 

In light of this, it is argued that public sector (government or non-government supported) digital 

preservation should be available as a public good (for free). Central repositories now have to 

compete with big corporations such as Google, Amazon, Facebook, Apple, and Microsoft 

(GAFAM) which is something that creates an affordability issue. However, the fact that digital 

preservation has been commoditised is an advantage in favour of the field. Under the 

circumstances, memory institutions should follow a common policy and charge users for their 

provision of digital preservation services, and not for access to their collections. 

 

The reality though is far away from how the cultural heritage sector operates. Memory 

institutions are sectors of competitiveness in their own rights. They need motivation to invest 

into proactive digital preservation. Discipline-specific digital repositories should be regarded 

as ‘services’ and not as research projects. For example, the Digital Repository of Ireland (DRI), 

as a service provider, charges its users for the digital preservation service it offers and not for 

access. On the other hand, the Controlled Lots Of Copies Keep Stuff Safe (CLOCKSS) ‘dark’ 

digital repository favours subscription access over open access content. But, when digital 

materials are considered ‘critically endangered’ or ‘practically extinct’ from the web (the 

average lifespan of information on the web is one hundred days), they will be ‘triggered’ for 

open access. According to the FAIR data principles, a responsible digital repository should be 

findable, accessible, interoperable, and reusable (Wilkinson et al. 2016). The Data Archived 

and Networked Services (DANS), for instance, charges only for depositing datasets of over 

50GB. It thus becomes apparent that the selected charging policy of individual memory 

institutions is dependent on several factors, not least the business model a digital repository 

follows. 

 

To take the USA as an exemplar, digital preservation infrastructures are a second-class priority. 

Memory institutions worldwide should really be worried about their sustainability 

(development and growth). They need to test how resilient they are against a new financial or 

health crisis. The reason for this is that when it comes to state cuts, governments will not choose 
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public health or education over digital preservation. For example, the public libraries in the UK 

underwent a cut down of their budget of the order of 45% during 2014. Thus, there are two 

points that become clear. Firstly, that digital preservation is not certain to be one of the top 

priorities of future scientific communities and secondly, because of that, not everything can be 

preserved, e.g. the cost of preservation outweighs the value of the digital asset. 

 

In general, the business model of digital preservation is unclear, especially in relatively 

underfunded public memory institutions with a weak mandate and rolling funding. In 

comparison, the business case for digital preservation is very different in highly regulated 

industries. Therefore, what is needed is a preservation strategy (Section 3.2) for archaeological 

virtual reconstructions (Section 3.3) so that there is a framework that is efficient (low cost), as 

well as effective (Section 3.4) in preserving the virtual heritage that has been created. 

3.2 Digital Preservation Strategies 

As a general rule, the appropriate preservation strategy is selected according to the unique 

combination of the nature of the digital objects which belong to the collection of a memory 

institution, and the needs of the designated communities. There are currently four data 

preservation strategies, including a mixed approach (Anderson et al. 2009; Sloyan, 2011), that 

could theoretically help resolve the issue of hybrid digital objects’ preservation: 1) hardware 

preservation, 2) migration/normalisation, 3) emulation/virtualisation, and 4) the hybrid 

approach that combines aspects of the other three approaches, as exemplified by the Keeping 

Emulation Environments Portable (KEEP) project. 

3.2.1 Hardware Preservation 

Hardware preservation is the maintenance of obsolete computer systems for ‘executing’ 

obsolete software applications, and therefore allowing obsolete digital files that would 

otherwise be lost forever to be reused. It requires a substantial dedicated space, i.e. a computer 

museum, significant consumption of electricity, and trained staff to daily ‘run’, at least, simple 

tasks on the obsolete computer systems so that they do not perish. But inductors and cable 

connections deteriorate to a point that they fall completely apart, making it impossible to ever 

run the computer systems again, since in most cases spare parts have been already out of 

production for a long time. Thus, it seems obvious that hardware preservation could not really 

be considered a digital preservation strategy, but more of a heroic effort that requires a certain 

“technological bravado” (Rothenberg, 1999, p. 12). Nevertheless, preserving still operating 

hardware is an important aspect of digital preservation. As Rothenberg (ibid. as cited in 
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Anderson et al. 2010, p. 11) has said, computer (hardware) museums could help us retrieve 

digital information from outdated storage media and evaluate emulators’ performance (fidelity 

to the original environment or lack thereof). 

However, it is a costly initiative that could only be undertaken by national or international 

organisations, e.g. the National Museum of Computing in the UK and the Computer History 

Museum in the USA. In the latter instances, “the cost of funding computer museums is not so 

high” (ibid, p. 11), and therefore making it a more financially viable ‘solution’. It remains 

though a very demanding ‘solution’ that could only be implemented under exceptional 

circumstances. The digital preservation community has long been turning to other ‘solutions’ 

that are more convenient both financially and functionally. 

3.2.2 Migration/Normalisation 

One of them is the migration/normalisation approach. Migration involves replicating a digital 

file into either a newer version of the original format, or an entirely new format (migration files 

are chosen for their longevity). This naturally comes with pros and cons. Normalisation 

(changing to a new format) is the process of either ingesting (depositor’s responsibility) or 

preserving (digital repository’s responsibility) a dataset/Submission Information Package (SIP) 

(Section 2.2) according to the preferred (preservation) format, which is as much, or even more, 

durable, and future-proofed as the original (ingest) format, of a digital repository. As is usually 

the case with the stored datasets/Archival Information Packages (AIPs) (Figure 2.1), they 

contain the original version of the ingested dataset along with the normalised versions of it 

(Arkivum, 2017). This, in turn, increases the probability of the ingested datasets remaining 

accessible and usable, well into the future. 

As migration involves replicating a digital file into either a newer version of the original format, 

or an entirely new format, this ensures a file remains accessible and can be rendered on current 

platforms, despite the original file having become obsolete. Additionally, because the aim is 

compatibility with modern computing systems, this can necessitate a compromise between 

accessibility and retaining original features (Sloyan, 2011). Consequently, migrated files are 

not always completely faithful copies to the original and can lack some features or functionality 

(Figure 3.2). 
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Figure 3.2: The alteration of a digital object after successive migrations (KEEP, 2009) 

Both strategies (migrating versions or normalisation) are “labour-intensive, time-consuming, 

expensive, error-prone and fraught with the danger of losing or corrupting information” 

(Rothenberg, 1999, p. 13). Particularly migration, is an ongoing and urgent (take place with 

each new paradigm shift) activity that is bound to lose or corrupt information with every 

migration cycle. Consequently, a ‘lossless’ and fully automated digital preservation strategy 

needed to be sought. It would preferably dispense with the need for oft-recurring costs and 

preservation activities.      

3.2.3 Emulation/Virtualisation 

The emulation/virtualisation approach, originally developed in the computer games’ world, 

started to gain traction more broadly in digital preservation. Emulation, as well as migration, 

follows the renowned ‘upward-downward path’, i.e. “everything flows”, of the pre-Socratic 

Greek philosopher Heraclitus of Ephesus. Rothenberg (ibid. as cited in Anderson et al. 2010, 

p. 12) believes that every paradigm shift makes each migration cycle just as problematic as the 

last one. However, emulation also involves a decent amount of time and effort that translates 

into significant research and development costs, in order to achieve the desired results. 

Currently, the available emulators do not cover all the existing computer architectures 

(hardware platforms) and environments (machines). For example, emulators already exist for 

the Intel, ARM, SPARC, and MIPS computer architectures (Rosenthal, 2015), while an 

emulator for the Silicon Graphics Indigo machine has yet to be designed (Software Preservation 

Network, 2018). Existing emulators typically cover entertainment (often gaming), cross-

platform support (running OS-dependent software on a different platform) and business 

efficiency (reducing expenses by improving hardware and software utilisation).   

Digital publications are stored on various types of carriers that are becoming obsolete. The 

average lifespan of a hard or flash drive is still a fraction of that of a piece of paper stored in 

optimal conditions (digital media have temperature and humidity requirements too). Moreover, 

machines used to read or run these publications are also becoming obsolete and could not be 

maintained in a working state in the medium or long term. This is the reason why central 
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repositories, e.g. national libraries, need to consider carrier transfer, or carrier imaging, and 

hardware virtualisation, or emulation, as the only durable way to preserve digital publications 

and the possibility to access, that is run, them (KEEP, 2009). Emulation also provides very 

interesting advantages compared to migration, even though the latter is the preferred solution 

so far for static, i.e. text, audio, pictures, electronic publications:  

• Dynamic digital artefacts can be left untouched, i.e. the original bitstream remains 

unaltered: Transfer/imaging them aims at storing all meaningful data contained on the 

original carrier, including physical characteristics such as carrier geometry, and so on, 

or anticopy mechanisms (ibid.). 

• Emulators are cost efficient, because they dispense with the need for regular migration 

since each carrier has to be transferred to an image file only once. Future adaptations 

will only concern the emulator that has to be adapted to a future hardware and operating 

system (ibid.), approximately every four years, in line with the ever-increasing system 

requirements of the latest computer games’ releases. A factor that could facilitate their 

migration process is the programming language in which they are written. For instance, 

emulators which are purely written in Java (platform-independent programming 

language) can run on most types of hardware platforms. 

• Complex digital artefacts need their original environment: Emulation allows recreating 

this very environment and storing it (ibid.). 

An emulator, a software application that runs on a host computer platform and recreates the 

targeted platform (Figure 3.3), does this. 

 

Figure 3.3: The function of an emulator (KEEP, 2009) 

Emulation could be effectively utilised in the following scenarios (Boley, 2014; Kay, 2009):  

• Running an operating system meant for another hardware platform, e.g. Apple macOS 

on a Windows Personal Computer (PC); console-based games on a PC. 
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• Running software meant for another operating system, e.g. running Mac-specific 

software on Microsoft Windows and vice versa. 

• Running legacy software, e.g. Windows XP, after similar hardware, e.g. Dell OptiPlex 

380, become obsolete. 

On the other hand, virtualisation refers to the representation of something that never existed 

before. Virtualisation allows for full exploitation of Information Technology (IT) resources 

despite their natural locations (Kay, 2009). It achieves that through a hypervisor, e.g. VMware, 

which creates and runs virtual machines (VMs). Thus, a host computer can support multiple 

guest VMs that share its resources, such as memory and central processing unit (CPU) power. 

Furthermore, the development costs, e.g. the initial costs to set up a network, training of the 

existing staff members and software licences, associated with virtualisation can be overlooked 

in favour of the significantly reduced labour, energy, storage, and network (hardware and 

software) costs (Energy Star, n.d.; TechAdvisory, 2019). Nonetheless, perhaps the most 

important feature of the virtualisation technique, is that it can easily be implemented on the 

cloud. This gives it an obvious lead over legacy and on-premises digital preservation (storage 

and access) infrastructure solutions. Virtualisation and emulation are both looked on as 

potential enablers for preserving complex digital objects regardless of any future technological 

changes (Kilbride & Kuppuudaiyar, 2014). 

3.2.3.1 The Legal Framework that Governs Emulation-based Preservation in Europe 

Digital preservation activity in the European Union (EU) takes places within a complicated and 

often contradictory legislative landscape (Charlesworth, 2012). However, the EU law does 

allow memory institutions to bypass some Digital Rights Management (DRM) measures in 

order to ensure preservation (for research purposes) (Anderson et al. 2010). 

Of most immediate concern to digital preservationists is the member state (MS) legislation 

under which they operate on a daily basis. Different member states have their own laws and 

the understanding of key terms that prevails in one country often does not conform to that 

which holds somewhere else. Above and beyond each MS law stands the European 

Commission (EC) framework which, although meant to be incorporated into MS legislation, is 

not uniformly or completely implemented across the whole of Europe. To make matters more 

complex, there is a tendency for the individual MS legislations to be more permissive and 

detailed than the EC law. Unfortunately, this leads both to inconsistency between member 

states, and almost certain incompatibility with the EC law. 
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In conclusion, the EC law does not provide a legal framework appropriate to emulation-based 

preservation in terms of reproduction rights (Anderson, 2012a; Charlesworth, 2012): 

➢ None of the exceptions set out at the EC level serves fully emulation-based preservation 

activity. 

➢ The EC law does not provide for legal deposit requirements. 

➢ The EC law does not provide for scientific, study or education purposes across the full 

range required for memory institutions. 

➢ The reproduction of computer programs and databases even when carried out by 

memory institutions and authorised under MS laws, conflicts with the EC law. 

3.2.4 Hybrid Approach 

It makes perfect sense for a complicated issue such as that of digital preservation to occur in a 

rather vague legal context. It is exactly because this is not a polarised (migration or emulation) 

and, by extension, simplistic issue, that a very detailed and carefully chosen set of solutions is 

required. As it was described in Section 1.3, this automatically rules out the possibility of a 

single perfect solution. Instead, the combination of two or more digital preservation strategies 

should be considered for hybrid digital objects, such as archaeological virtual reconstructions. 

This leads to a hybrid approach which essentially combines aspects of two or more of the 

aforementioned strategies in order to address the long-term digital preservation of complex 

digital objects in a more versatile and effective manner. This is aptly instantiated in the context 

of the, now concluded, Keeping Emulation Environments Portable (KEEP) research project, 

where access to dynamic digital objects, e.g. multimedia documents, websites, databases, and 

videogames, comprises a combination of virtualisation and emulation, i.e. the execution of 

third-party emulators within the KEEP Emulation Framework on the Olonys virtual machine. 

The KEEP (hybrid) approach was twofold: One part was the implementation of a virtual 

machine (resource-intensive hardware virtualisation), whose purpose was to make existing and 

future emulators portable on future computer systems, without altering them (Anderson et al. 

2010); secondly, an Emulation Framework was developed, into which existing or future 

emulators could be plugged to enable them to be used in a wider context (KEEP, 2009). 

The overall aim of the project was to facilitate universal access to modern cultural heritage 

(Zainzinger, 2012), e.g. video games and digital art, by developing flexible tools for accessing, 

manipulating, and storing a wide range of digital objects using emulation and virtualisation 
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tools either to reproduce the original environment in which they were created or to enable those 

objects to be migrated accurately to another environment. 

The ‘original’ suggestion of the KEEP team was instead of having to migrate emulators 

whenever a new hardware architecture is introduced on the market, only a flexible virtual 

machine, the Olonys virtual machine (Ciuffreda et al. 2009), which allows emulators to run 

within it independently of their original hardware environment, is easily ported or migrated to 

a new platform (Kramer-Smyth, 2007). 

Another more advanced, and more recent, example of a similar hybrid approach was that of 

the Baden-Wurttemberg Functional Long-term Archiving and Access (bwFLA) research 

project. In this case, the hybrid approach was implemented on the cloud as a service, i.e. 

Emulation-as-a-Service (EaaS). More specifically, the dockerised version of a Linux server 

was used to create multiple containers (lightweight OS virtualisation) with pre-prepared 

original environments, e.g. Windows 2000 and Windows XP, allowing for the execution and 

testing of various obsolete software applications such as Autodesk 3ds Max 7 (an ISO disk 

imaging software was needed to install the obsolete application, i.e. expired software licence, 

on the virtual processor). Although the revolutionary suggestion of both projects was basically 

the same, i.e. a portable Emulation Framework through virtualisation, the advantages of 

containers over virtual machines combined with the cloud-based emulation provision, made 

the bwFLA EaaS even more portable and flexible than the KEEP Emulation Framework. 

3.2.4.1 The Cost Savings and Effectiveness of a Hybrid Approach  

Virtualisation solutions mainly focus on business efficiency. This is achieved through the 

virtualisation of computer architectures, which helps reduce hardware expense, and optimise 

the storage and computing capacity. Although it appears that software is becoming less 

restricted to current hardware, this is not the case. While business virtualisation is much 

focused on increasing performance, their virtualisation layer becomes tightly coupled with the 

underlying hardware (KEEP, 2009). In this case, the possibility of the guest virtual machines 

having to undergo multiple migration cycles is increased. 

On the other hand, a hybrid approach implemented on the cloud dispenses with the need for 

(1) regular migration of individual emulators and (2) makes the Emulation Framework more 

flexible and portable to a new platform whenever that is required. For all the above reasons, 

hybrid approaches, such as those that resulted from the KEEP and the bwFLA research 
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projects, are considered more cost efficient than either emulation or virtualisation separately, 

or even their natively implemented counterparts. 

It can easily be inferred that a hybrid approach (combination of emulation with virtualisation) 

is not going to significantly reduce the requirement for preservation format metadata (Section 

2.4), but might reduce the cost of access. As it can also be offered as a service on the cloud, 

there are considerable cost savings stemming from more sustainable business processes, as well 

as the simplification of digital preservation and access strategies (Von Suchodoletz, Rechert & 

Valizada, 2013). This needs to be considered in more detail though. 

3.3 Cloud-based vs On-premises Preservation 

The advantages of deploying virtual machines which run emulators on the cloud, e.g. a remote 

user interface (UI) via the internet browser which takes away the need to download and install 

emulation software locally at the client, over local instances of the hybrid approach were 

previously discussed (Section 3.2.4). There are however some research projects that aimed at 

the development and implementation of emulation for the preservation of complex digital 

objects, such as digital art and computer games. These helped initially in the evolution and 

eventually establishment of emulation as a cloud computing service (from a technical metadata 

schema to the provision of in-browser emulation). 

3.3.1 Conceptual Frameworks of Cloud-based Emulation 

Early efforts to develop remote (online) emulation tools through EU-funded digital 

preservation research projects, e.g. the Preservation and Long-term Access through 

NETworked Services (PLANETS) and the Keeping Emulation Environments Portable (KEEP) 

research projects, helped in the smooth transition of purely conceptual Emulation Frameworks 

to implementable practices.  

 

Emulation tools, such as the Dioscuri modular emulator and the KEEP Emulation Framework, 

laid the groundwork for the simplification of emulation for the end user. In the context of those 

early digital preservation research projects, the first attempts to achieve online emulation were 

also made. 

3.3.1.1 PLANETS 

Preservation and Long-term Access through NETworked Services (PLANETS) is a completed 

research project funded by the European Commission (EC). The PLANETS project developed 

the first tools and frameworks supporting different digital preservation tasks, such as file format 

characterisation, migration, emulation, and preservation planning (Lindlar et al. 2014). As part 
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of the project, the National Library of the Netherlands (KB) and the National Archives of the 

Netherlands, with support from Tessella (software company), developed an emulator called 

Dioscuri (Anderson, 2012b).  

Dioscuri is an x86 (IBM PC platform) hardware emulator, which emulates discrete records in 

their original software programmes (‘record’ emulation) (Sloyan, 2011). As well as being 

specifically designed for archival use, it is also open source and freely available online (Figure 

3.4). The Dioscuri modular emulator runs only certain Microsoft Disc Operating System (MS 

DOS)-based operating systems including MS DOS 4.0, 5.0, 6.22 and MS Windows 3.0. During 

the first half of the 2010s, it was further developed within the Keeping Emulation Environments 

Portable (KEEP) project. Though the development conditions of this specific emulator could 

be described as the best possible ones, up to that point, the ‘perfect’ emulator, which could 

really challenge migration as a preservation strategy for complex digital objects, was yet to be 

designed (Anderson et al. 2010; Brown, 2013). 

 

Figure 3.4: The first modular emulator for digital preservation (Dioscuri, 2007) 

Another development which was also led by the now concluded PLANETS project was remote 

access emulation. In 2006, partners of the project released the first version of the Global 

Remote Access To Emulation (GRATE) tool. GRATE offers remote access to emulation 

software such as Dioscuri over the internet (Sloyan, 2011). 

This showed for the first time that not only emulation could be used for digital preservation 

purposes, but it could also be done, in a more universal and convenient way, via the internet. It 

also highlighted the need for technical expertise on user’s side, in order to leverage emulation 

tools. This need for technical expertise along with the lack of an automated emulation process 
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created a research gap that the next projects tried to address through the simplification and 

transparency of emulation. 

3.3.1.2 KEEP 

The Keeping Emulation Environments Portable (KEEP) research project was realised with the 

support of the European Commission (EC). The purpose of KEEP was to provide access to part 

of our modern cultural heritage for future reference, utilising primarily the digital preservation 

strategy of emulation (Anderson et al. 2009). As part of the KEEP project, Tessella, the 

National Library of the Netherlands (KB), and the University of Portsmouth (UoP) developed 

a portable Emulation Framework (Section 3.2.4) jointly. The KEEP Emulation Framework 

hosts seven third-party emulators including Dioscuri, Quick Emulator (QEMU), VersatIle 

Commodore Emulator (VICE), UAE, BBC Micro Emulator (BeebEm), Java Colour Personal 

Computer (JavaCPC) and Thomson (Brown, 2013). The three-step automated workflow is 

schematically represented in Figure 3.5. 

 

 Figure 3.5: The KEEP Emulation Framework (KEEP EF, 2012) 

Nonetheless, the main contribution of KEEP to the field of digital preservation is a robust 

description (generic metadata model) of the metadata responsible for rendering an obsolete 

software object in its original environment. The importance of that generic metadata model lies 

in the fact that it manages to co-opt existing cataloguing practice to emulation requirements 

(Anderson et al. 2010). In turn, the gathering and use of emulation-compatible technical 

environment metadata and the integration of this into the Emulation Framework resulted in the 

development of the Trustworthy Online Technical Environment Metadata (TOTEM) database. 

Expanding on the original implementation of TOTEM as a technical registry database, the 

TOTEM metadata schema is also another derivative of the latter (Konstantelos, Anderson & 

Delve, 2012). 
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The KEEP project showed for the first time that a hybrid (holistic) approach could add another 

tool to the digital preservation toolbox. This helped abolish the narrative of the so-called perfect 

solution, with Rothenberg (emulation) and Bearman (migration) as its main advocates. The 

KEEP team envisaged automated digital preservation activities that, amongst other things, 

would allow librarians to press a button on the TOTEM’s interface, and send the metadata of a 

given digital file directly to the central repository. The need for further automation and 

simplification (on the part of the user) of digital preservation activities, including the technique 

of emulation, led to the inauguration of research projects, such as the Baden-Wurttemberg 

Functional Long-term Archiving and Access (bwFLA) and the Emulation of Multimedia 

Objects in Libraries (EMiL) projects, that are discussed in detail below. The common feature 

of the latter is that they offer digital preservation services on the cloud, allowing for more 

flexibility as well as portability. 

3.3.2 Instantiations of the Cloud-based Emulation Frameworks 

In the case of emulation, flexibility is achieved through its provision as a cloud service, i.e. 

Emulation-as-a-Service (EaaS). In terms of portability, this is accomplished, as discussed in 

Section 3.2.4, through the deployment of virtual machines. The two herein discussed cloud-

based Emulation Frameworks (Sections 3.3.2.1-3.3.2.2), developed by German research and 

academic institutions, showed that cloud-based emulation could be utilised for the effective 

preservation of computer games and digital art. Together with their suitability for the storage, 

access, and export of such complex digital objects, they were the first to attempt addressing the 

gap in the evaluation of the rendering fidelity of an emulated object. To this end, a user 

feedback menu, similar to an optional online questionnaire, is presented to the users after they 

have completed the emulation of their desired object. 

3.3.2.1 bwFLA 

The Baden-Wurttemberg Functional Long-term Archiving and Access (bwFLA) project was a 

KEEP-affiliated project, i.e. TOTEM-based research, with the goal of developing a practical 

cloud-based Emulation-as-a-Service (EaaS) preservation framework, supporting authentic 

long-term access to born-digital assets (Valizada, 2011). This four-step user-centric workflow 

further advanced the concept of browser-based emulation (Figure 3.6). 
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Figure 3.6: The bwFLA EaaS preservation workflow (demo instance) 

It achieved that by taking advantage of the knowledge base of the designated community and 

subsequently expanding, not duplicating, work taken forward by others, e.g. the Preservation 

Planning Tool (PLATO) and the Global Remote Access to Emulation (GRATE) tools. The 

bwFLA EaaS supports eleven different emulators, i.e. QEMU, VirtualBox, Disc Operating 

System Box (DOSBox), PC Engine/Macintosh Plus (PCE/Mac Plus), PCE/Atari ST, PCE/IBM 

PC, VICE C64, KEGS, BasiliskII, Hatari and SheepShaver, being able to run several distinct 

legacy computer platforms (Von Suchodoletz, 2013). The significance of the framework lies 

in that it abstracts the technical expertise involved from end users, allowing them to interact 

with emulated environments via their web browsers. Retrieving real-time data from the bwFLA 

EaaS would also be cost effective since the user charge would be on a pay-as-you-go (PAYG) 

basis. Concluding, the three main outcomes of the bwFLA project were the following: 1) An 

EaaS Application Programming Interface (API) and necessary technical components, 2) a 

distributed data management model and its implementation, and 3) workflows for ingest and 

access of digital assets as well as for maintaining emulated environments (Owens, 2014). 

Even though the pioneering hybrid approach of the bwFLA project was successfully 

implemented on the cloud, it was never realised commercially. The main reason was the legal 

restrictions associated with the Intellectual Property Rights (IPR) of the obsolete dynamic 

digital objects, e.g. the Chop Suey, Smarty, and Zero Zero CD-ROM games, stored in its 

relatively small collection (software archive). However, the developments of the bwFLA 

project were so trailblazing that other digital preservation initiatives, e.g. Rhizome, and Olive, 

use its technology to provide Emulation-as-a-Service (EaaS). Additionally, the bwFLA EaaS 

framework forms the basis for more recent research projects, such as EMiL. 
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3.3.2.2 EMiL 

The Emulation of Multimedia Objects in Libraries (EMiL) research project was concluded in 

2016. It was supported financially by the German Research Foundation (DFG). The partners 

of the project include the Bavarian State Library, the Karlsruhe University of Arts and Design 

(HfG), the German National Library (DNB), and the University of Freiburg (major contributor 

of the bwFLA project) (Steinke, Padberg & Schoger, 2015).  

EMiL is related to the three previously mentioned projects, PLANETS, KEEP, and bwFLA, in 

the sense that it is based upon the work done in them. Essentially, it uses software components 

from relevant completed projects, e.g. the Creative Archiving at Michigan and Leeds: 

Emulating the Old on the New (CAMiLEON) project, as the basis for the prototype of an 

automated reading-room access workflow. In detail, it uses the bwFLA framework as a core 

component of pre-configured emulation (pre-prepared original environments), and the KEEP 

Emulation Framework for providing file characterisation in order to identify a viewer software 

or ViewPath, i.e. file format – rendering application – operating system – emulator. 

 

The (open source) emulators used in the EMiL framework are: 1) QEMU, 2) PCE, 3) BasiliskII, 

4) SheepShaver, 5) X-UAE, 6) VICE, 7) Hatari, 8) DOSBox, 9) VirtualBox, 10), Mini vMac, 

and 11) MESS (Rechert, Liebetraut, Stobbe, Valizada & Steinke, 2015; Steinke et al. 2015). 

The EMiL EaaS automatically (CD-ROM characterisation tool for executable formats) 

determines the optimal runtime environment for a specific object, applies emulation, renders 

the object in its original environment and ceases emulation after usage of the object (Figure 

3.7). 

 

Figure 3.7: The EMiL automated provisioning system (EMiL, n.d.) 



                                                                                                                                                                   Chapter 3 

66 

The ultimate goal of the EMiL project was to develop an environment for services (reading-

room or exhibition space) of memory institutions, e.g. libraries and museums, that addresses 

the challenges of complex interactive content, e.g. multimedia CD-ROMs of the 1990s and 

2000s, with a flexible Emulation Framework (able to fit into existing and future access 

workflows of memory institutions). 

Nevertheless, the systematic disk image creation of thousands of floppy disks, CDs, and DVDs 

(e.g. archaeological virtual reconstructions stored on portable media) is still needed (Steinke, 

2020). Additionally, an automatic workflow for ingesting disk images has not been developed 

yet. This issue was attempted to be addressed by the EMiL Archive Integration Framework (an 

improved version of the EMiL EaaS) which, as opposed to the bwFLA EaaS, is available and 

running. However, it has not been put to much use. Another ambitious project which deals with 

the online access to dynamic digital objects, e.g. 3D models, is the recently concluded Scaling 

Emulation-as-a-Service Infrastructure (EaaSI) project supported by the Software Preservation 

Network (SPN), and the Educopia Institute. The more this trend of cloud-based emulation for 

the preservation of complex digital objects is adopted by memory and research institutions 

alike, the more the recommended digital preservation approach in this thesis (Section 3.4) starts 

to become part of the standard solution for everyone involved in the preservation of 

archaeological virtual reconstructions. 

3.4 The ‘Default’ Preservation Strategy for Archaeological Virtual 

Reconstructions 

By emulating the original environment for which a 3D model was made, emulation allows the 

better part of its original look (colours, shapes and typefaces) and feel (buttons, boxes, and 

menus) to be preserved (Section 3.2.3). Archaeological virtual reconstructions require an 

approach that considers the form and content of each individual 3D model. Since individual 

study of every archaeological virtual reconstruction is time-consuming and impractical, there 

is a growing demand for easy, ready-to-use emulators. Acknowledging this need, cloud-based 

Emulation-as-a-Service (EaaS) preservation frameworks, e.g. the bwFLA EaaS preservation 

workflow, were developed. Currently, EaaS is the most advanced emulation service on the 

market, and it simplifies and systematises the sustainable preservation of, and accessibility to, 

virtual heritage material. 

 

Therefore, based on the type of digital objects in need of preservation (Chapter 2), the initial 

and long-term costs of digital preservation activity (Section 3.1), and the requirements of 
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relevant digital preservation strategies (Section 3.2), the hybrid approach (combination of 

emulation with virtualisation) gains ground against the other three approaches in the 

consideration of the ‘default’ digital preservation strategy of archaeological virtual 

reconstructions. Thus, this thesis from now on deals mainly with the digital preservation 

strategy of emulation provided as a service on the cloud, using an underlying virtualisation 

layer as its basis. This is technically a hybrid approach, but has been (will be) referred to as 

cloud-based emulation. 

This ‘general’ hybrid approach may be costly, difficult, time-consuming, relatively resource 

intensive, and tedious (Ciuffreda et al. 2009; Cochrane, Rechert, Anderson, Meyerson & Gates, 

2019), but once set-up and running it offers several practical advantages over the rest of the 

discussed digital preservation strategies. The latter, in combination with the long-term financial 

benefits (noticeable limitation of recurring costs and digital preservation activities) of a cloud-

based infrastructure, turn it into a much more financially viable solution than it was originally 

conceived. However, what is not known is how this suggested digital preservation strategy 

might work for archaeology, and so a set of user requirements will need to be gathered first.
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4 Methodological Approach to Establish User Requirements 

4.1 Introduction 

In order to be able to evaluate the fidelity of the emulation of hybrid digital objects, such as 

archaeological virtual reconstructions, besides the technical environment metadata necessary 

for selecting the appropriate ViewPath (Section 3.3.2.2), discipline-specific metadata and 

paradata are also required.   

 

Thus, this chapter considers, via a survey, the current preservation practices (including use of 

emulation) of digital archaeological repositories (Section 4.2.3). The goal of the survey was to 

discover possible common trends, as well as to assess the deployment of Emulation 

Frameworks in current working environments. This analysis highlighted the complete lack of 

preservation of any archaeological 3D model consistent with current best preservation practice 

(basic uncontextualised storage only) and showed the need for further work on defining such a 

preservation framework for archaeological virtual reconstructions.  

 

This lack of emulation and preservation of archaeological virtual reconstructions defined the 

context for further investigation that required the contribution of the representatives of the 

designated communities, i.e. archaeologists, archivist, librarian, and academic archaeologist, 

to understand why this was the case. There could be two main reasons for this: The lack of a 

theoretical framework, i.e. metadata/paradata, or a lack of technical infrastructures.    

 

Thus, a follow-up set of semi-structured interviews (Section 4.3.2) was needed to address the 

current context of the work that archivists and cultural heritage professionals do, as well as 

many of the challenges they face. This assessed the current metadata/paradata infrastructure 

and determined where to expand existing metadata registries pertinent to complex digital 

objects. The derived results put forth a list of recommended preservation criteria that was used 

to define requirements for the preservation of archaeological virtual reconstructions.   

 

Based on the requirements of the targeted communities (Section 4.3.3), an investigation was 

led into selected Emulation Frameworks (Chapter 5). That study used existing ‘stored 

archaeological virtual reconstructions’ (Section 5.1) to evaluate current emulation platforms, 
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and to determine if they supported the requirements as defined after the semi-structured 

interviews. 

4.2 Similarities amongst Digital Archaeological Repositories and 

Deployment of Emulation 

4.2.1 The Research Context  

Chapter 3 highlighted that cloud-based emulation (hybrid approach) might be the most viable 

‘default’ option for archaeological virtual reconstructions. However, this was based solely on 

academic publications in the broad area of digital preservation, and not specifically from an 

archaeological perspective.  

While a number of publications have discussed general data management and archival 

procedures of digital repositories (Bailey, 2019), little is known about how digital repositories 

deal specifically with the deposited 3D models from archaeology. Thus, the question needs to 

be raised as to whether experts in the preservation of digital archaeological data, as well as 

other rich complex digital objects (Figure 1.3), might have a different perspective.  

This research study examines, through a survey, the digital preservation practices (including 

use of emulation) of digital repositories with an archaeological focus. The goal of the survey 

was to discover possible commonalities between digital archaeological repositories, as well as 

to assess the deployment of Emulation Frameworks in current working environments.  

 

The key aims of this analysis were to assess the applicability of the recommended preservation 

framework (Table 2.2) in real working environments (Section 4.3) rather than in a conceptual 

model (Section 2.2). This also subsequently allowed for the discovery of its potential ability to 

be applied to a general situation beyond the confines of this study, e.g. virtual reconstruction 

of traffic systems (Wilkie, Sewall, Li & Lin, 2015), and accurate scanning and measurement 

of listed buildings (Historic England, 2018). 

4.2.2 The Research Survey Design 

In an effort to address the question in the previous section (4.2.1), a research questionnaire was 

designed to understand the context of emulation from the perspectives of the different 

communities.  As this was a new area of investigation, a prior hypothesis was not formed, and 

instead the landscape was mapped in order to get the participants’ understanding of the topic 

with as little bias as possible. 
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A questionnaire can help in achieving the first step towards the definition of a preservation 

framework for archaeological virtual reconstructions. It can only achieve this by focusing on 

the narrow topic and being conducted in a personal way. This initially requires building trust 

between the researcher and the participants through in-person and online networking 

opportunities at conferences, and then agreement to complete the study. 

 

The questionnaire could be answered via email (in writing) or an online call could have been 

arranged and, in this case, the answers could be recorded verbally. As opposed to a freely 

distributed online survey through software, such as SurveyMonkey, where the phenomenon of 

multiple identical and also depthless responses is regularly being seen. Additionally, if the 

respondents happen to misunderstand a question, they do not usually have an opportunity to 

ask for clarification. Thus, a small number of specialists representing a number of diverse 

communities offered an insight into the daily operation of their organisations in a more 

thorough and responsible manner. 

 

The alternative to this form of questionnaire would have been a pure interview, that would have 

been even more personal, but this was not done because participants would then have been 

constrained to a particular time, and it was thought that this would have resulted in less people 

taking part and also less full answers perhaps as the interview time would have also become a 

constraint. It should be noted that no participant requested an online response to the 

questionnaire. All responses were returned in writing. Thus, a questionnaire with open- and 

close-ended questions (Section 4.2.2.1) was electronically distributed to, and returned from, 

the targeted digital repositories (research data centres). 

4.2.2.1 The Questionnaire Design 

The questionnaire (Appendix B – The research questionnaire) was designed with both open 

and closed questions, in order to get two different sorts of answers. The high-level concepts of 

interest were around the digital preservation practices of the participating digital archaeological 

repositories, as well as the different types of files deposited with them. The selection of a 

justified period and the discovery of the most common, as well as rare files fall into that period, 

were sought to be achieved. Data collected from this survey was later sampled, in order to see 

if there was a trend in relation to dates. 

More specifically, the responses to Questions 2, 8, 11, and 15 helped to establish a realistic 

timeframe. This research programme focused on what is considered ‘obsolete’ in terms of 

digital archaeological repositories. Therefore, the responses to Questions 2, 8, 11, and 15 along 
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with the provided answers to Questions 1, 3, 4, 5, and 12, later aided in the selection of a 

representative sample of testing material which are considered ‘endangered’ or ‘critically 

endangered’ according to the Digital Preservation Coalition’s ‘Bit List’ of Digitally 

Endangered Species (2020). Technical questions, such as Questions 6, 7, 9, and 10, were 

seeking to gain an insight so much into the general digital preservation practices of the targeted 

digital repositories as to the technical infrastructures, or lack thereof, for the preservation of 

the 3D datasets deposited with them. The rest of the research questionnaire was aiming to 

identify suitable digital repositories that could act as data suppliers for the conducted rendering 

case studies. 

4.2.2.2 Research’s Participants and Procedure  

The research questionnaire was specifically targeted to digital repositories responsible for the 

preservation of, and public online access to, archaeological research data. As there are only a 

few accredited digital repositories for archaeological data across the EU, using domain mailing 

lists to disseminate the survey would likely result in a large heterogeneous respondent group. 

By directly inviting individuals who represent a small number of specialist institutions, the 

maximum possible homogeneity in the targeted digital repositories was sought. The sample of 

this research consists of four digital repositories across Europe. The participants of the survey 

comprise two well established digital repositories, the Archaeology Data Service (ADS) and 

the Data Archived and Networked Services (DANS), and two recently launched digital 

repositories, the Digital Curation Unit (DCU) and the Digital Repository of Ireland (DRI), from 

four different EU countries, i.e. the UK, the Netherlands, Greece, and Ireland. 

Participants were contacted either face to face at research conferences or via email prior to the 

study. All participants, therefore, agreed to take part before being sent the questionnaire. In the 

cases that they delayed to return the questionnaire for more than two weeks, a polite reminder 

was sent to their organisation email addresses. Whenever it was deemed necessary, a follow-

up email for further information was sent. It is worth noting that all the replies to additional 

emails for the clarification of unclear responses were prompt and precise. 

Both the findings and data from the survey are published openly. The data was analysed using 

qualitative data analysis technique, i.e. coding. In broad terms, coding is the process by which 

the collected data are systematically categorised in order to be analysed and presented. The 

data coding approach is dependent on the used methods of data collection. For example, 

surveys and interviews have their own coding conventions, as opposed to the content analysis 
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of documents. This study’s data was initially structured using NVivo. However, qualitative 

data software does not code or do the analysis automatically. The researcher’s judgement and 

intellect are still required. Thus, the data was exported into an Excel spreadsheet to organise 

and code the results. This is because there needs to be a balance between the set-up time and 

skills required to actually start using it, in contrast to its overall benefits (Rennie & Smyth, 

2015).   

The findings from the questionnaire were securely stored and were only used for the purposes 

of this research. At the end of the survey, the participants were kept informed on the results. 

Should they have had any further questions or concerns, they were allowed to contact me or 

the first supervisor at our University email addresses. 

4.2.3 Annotated Results from the Feedback of Digital Archaeological Repositories 

Through the responses of the returned questionnaires, the lack of experience in dealing with 

3D formats and the almost exclusive use of migration of the participating digital repositories, 

are apparent. Though all of the respondents agree on the strengths of emulation, particularly 

cloud-based emulation, they are not thinking of implementing emulation soon because of the 

high development costs and need for special expertise. 

 

The questionnaire results were synthesised into a more complete narrative of each individual 

organisation (Sections 4.2.3.1-4.2.3.4), by including additional details from their available 

publications, such as their official websites, as well as their questionnaire responses (Appendix 

D – The research questionnaire responses). This provides the overarching context for the 

subsequent individual data points that will form the proposed preservation framework. All 

quotes directly from the survey will be represented in Italic while all other supplementary 

materials will be in Normal, and fully cited.  

4.2.3.1 Informed Results from the ADS Questionnaire by Niven 

The Archaeology Data Service (ADS), established within the University of York in September 

1996, is an organisation responsible for the long-term preservation and dissemination of 

archaeological data via the internet. To this end, on September 15th, 1998, the ADS launched 

the first version of ArchSearch, its online catalogue (https://archaeologydataservice.ac.uk/). 

Through ArchSearch, the ADS provide online access to data derived from fieldwork as well as 

desk-based studies, e.g. text reports, databases, images, digitised maps and plans, numerical 

datasets, and other locational data as well as reconstruction drawings. In support of its mission, 

the ADS also promote standards and guidelines for best practice in the creation, description, 

https://archaeologydataservice.ac.uk/
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preservation and use of archaeological information. On this account, it published the first 

Guides to Good Practice in 1999. 

Over the course of the intervening twenty five years it has established collaborations with 

higher education (HE) as well as non-HE archaeological organisations, such as the Council for 

British Archaeology (CBA), the Historic England (formerly known as the English Heritage), 

the Archaeological Computing Research Group (ACRG) at the University of Southampton, the 

Wessex Archaeology, and the Historic Environment Scotland (previously known as the Royal 

Commission on the Ancient and Historical Monuments of Scotland), which serve as its main 

data suppliers. Finally, yet importantly, the ADS was awarded the CoreTrustSeal (CTS), an 

international validation scheme for digital repositories, in 2020 (Moore, 2020). Therefore, it 

attains the status of ‘trusted’ digital repository. 

The nature of the materials deposited with the ADS runs the whole gamut of 3D datasets (from 

original data to final visualisations). We [The ADS] aim to take a wide range of data from 

throughout the project depending on how the data was collected, and the processing pipeline 

that has been followed. Where possible we [the ADS] aim to collect metadata detailing the 

steps/stages resulting in each intermediate dataset. The approach that we [the ADS] follow, 

for example in relation to laser scan data, is detailed in our [the ADS’] Guides to Good 

Practice (i.e. Payne, 2011) (K. Niven, survey, January 2015). So, it seems that, in some cases, 

the metadata deposited with the ADS may also include aspects of paradata (Section 2.5), in 

terms of how the data was generated. 

Concerning the supporting datasets, only a limited number of formats is acceptable. In line with 

the Open Archival Information System (OAIS) model, we [the ADS] support a different range 

of formats for ingest, preservation, and dissemination. Original (ingest) format is always 

stored and never changed, although the ingest format may not be the original format, e.g. we 

[the ADS] do not accept .max files for ingest and so would ask these to be deposited in another 

more suitable [normalised] format. In certain cases, the ingest format may also be the same 

format that is used for preservation. The ingest format may be a normalised format depending 

on how the data was originally collected or created (K. Niven, survey, January 2015). So, it 

becomes clear that the ADS, in line with the OAIS standard, does not accept proprietary file 

formats, such as .max, for preservation which results in the loss of these types of files. 

We [The ADS] request specific formats for ingest and then, where needed migrate these to 

preservation and dissemination formats. In some cases, depending on what the depositor has 
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sent, these may all be the same file format (e.g. ASCII .txt for raw point clouds) or three 

different formats (K. Niven, survey, January 2015). [Though, during its existence, the ADS has 

never changed its practice of digital preservation, it recognises cloud-based emulation as a 

strategy which] maintains the ‘look-and-feel’ of the original software [as well as offering] ease 

of access (K. Niven, survey, January 2015). [However, because cloud-based emulation is an] 

ongoing process compared to file normalisation and migration, [and this exact nature of the 

strategy implies a] possible ongoing increase in costs and need for expertise to deal with 

continually aging systems (K. Niven, survey, January 2015), [the ADS has not considered 

applying it]. This is interesting, as it is suggested in the literature (Section 3.4) that cloud-based 

emulation is actually significantly cheaper than an ongoing process of migration, and that it 

also requires less expertise to maintain. 

The ADS is OAIS but also DCMI-compliant. [Additionally], we [the ADS] have an in-house 

data structure for documenting and storing files and metadata. In most cases, where the 

standard is not used natively, this maps to the OAIS and DCMI standards (K. Niven, survey, 

January 2015). [Since its inception, the ADS uses] UNIX [computer platform] and Oracle DB 

[software to preserve the deposited datasets]. Other software, (e.g. DROID) has been 

introduced, but [none of them] has been in use since the beginning [1996]. [The commonest 

file formats the ADS has been called to preserve are] PDF, JPEG, DOC and XLS; [whilst the 

rarest occurrences are those of] PTM and other 3D formats (K. Niven, survey, January 2015). 

Therefore, it can easily be seen that the ADS does not commonly preserve complex digital 

objects, i.e. archaeological virtual reconstructions, since they are not regularly deposited with 

them. So, it appears that the submitted 3D files are only final artefacts/visualisations of the 

archaeological virtual reconstructions but the original/raw data is then not preserved. 

The persistent identifier (PI) applied to the data stored in the collection of the ADS is the digital 

object identifier (DOI). This may make finding an individual object easier, but it does not really 

support linked data for groups of complex digital objects. 

The ADS is an open access (OA) digital repository governed by the following policy (Figure 

4.1): One can use, adapt, and share material for learning, teaching and research purposes, only 

under the condition that s(he) acknowledges the original depositor/data provider, and distribute 

the outcome under the same licence. A user cannot sell material to a third party (ADS, 2017). 
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Figure 4.1: ADS terms and conditions summary (ADS, 2017) 

Through the responses of the representative of the ADS, the migration/normalisation strategy 

is declared the main workflow of the organisation (i.e. not an emulation strategy). Searching 

for the 3D datasets stored by the ADS (https://archaeologydataservice.ac.uk/archsearch/), the 

ones that could be considered obsolete are dated twenty years ago, at the beginning of the 

2000s. These types of files would provide useful test samples for considering an emulation 

strategy (rather than migration). 

Table 4.1: A framework for the preservation of ADS’ digital collection (adapted from Eiteljorg II, Fernie, Huggett & 
Robinson, 2011; Gillings & Wise, 2011; Fernie & Richards, 2002; K. Niven, survey, January 2015; Niven, 2011b; Niven, 

2011c; Niven, 2011d; Niven, 2011e; Niven, 2011f; Niven, 2011g; Ronzino et al. 2013; Schmidt & Ernenwein, 2011) 

ADS ingested file formats 
ADS recommended preservation 

formats 

CAD (.dxf/.svg) .dxf/.dwfx/.dwg/.pdf  

GIS (.spn/.prj/.sbx/.shx/.xyztfw) .xyz/.gml/.tif 

Images (.jpeg) .tif/.dng/.svg/.pdf  

Video (.mpg/.avi/.mov/.flv) .mpg/.mp4  

Spreadsheets (.xls/.csv) .txt/.tab/.csv/.ods/.xlsx 

Text (.pdf/.doc/.html/.css/.xml) 
.docx/.odt/.pdf/.txt/.sgml/.html/.xhtml/ 

.xml  

VR (.flv/.wrl) .x3d  

https://archaeologydataservice.ac.uk/archsearch/
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Geophysics/survey (.dat/.dzt/.gsi) .segy/.txt 

Audio (.mp3) .wav/.bwf/.aif/.flac  

Databases (.dbf/.mdb) .txt/.tab/.csv 

 

Despite the various archaeological datasets that the ADS is able to accept, it mostly deals with 

texts, databases, spreadsheets, and images. On the other hand, 3D file formats, such as .ptm, 

are rarely collected by the ADS. 

All the existing Guides to Good Practice (preservation guidelines) from the ADS  (Eiteljorg II, 

Fernie, Huggett & Robinson, 2011; Gillings & Wise, 2011; Fernie & Richards, 2002; K. Niven, 

survey, January 2015; Niven, 2011b; Niven, 2011c; Niven, 2011d; Niven, 2011e; Niven, 

2011f; Niven, 2011g; Ronzino et al. 2013; Schmidt & Ernenwein, 2011) were evaluated and 

from that a framework for the ADS preservation process was constructed (Table 4.1) in a 

similar format to that used previously (Section 2.4). From this ADS version, it becomes 

apparent that no suitable file format exists for complex archaeological virtual reconstructions 

in the way that has been previously discussed. For example, .flv and .wrl are obsolete, ‘view 

only’ file types. As such, they do not include the naming and visual conventions (Section 2.5), 

such as noting archaeological features in a separate colour from conjecture or separate ‘user 

specific’ views, e.g. the ability to switch on and off specific information within an 

archaeological virtual reconstruction based on user profiles. Some of these might be possible 

with a .dxf, but then again, the creation of this normalised file comes with the removal of some 

of the inbuilt paradata. 

4.2.3.2 Informed Results from the DANS Questionnaire by Van Horik & Gilissen 

The Data Archived and Networked Services (DANS) was established in 2005 but has 

predecessors dating back to 1964. [The DANS comprises four main services, namely,] EASY 

(‘trusted’ repository for research data); NARCIS (Dutch research information portal); Dutch 

Dataverse (Virtual Research Environment); and NBN resolver (R. Van Horik & V. Gilissen, 

survey, January 2015) [a type of persistent identifier (PI): A unique key (number) connected to 

a digital object which enables the durable accessibility and reusability of the object even when 

the name of the object or its location changes]. [As well as being one of the in-kind contributors 

of the CoreTrustSeal (CTS) peer review scheme (CTS, n.d.)], the DANS is a partner of the 

Research Data Netherlands (RDNL), [and the Netherlands Coalition for Digital preservation 

(NCDD)]. The first version of the EASY online archiving system was launched in 2007 [and to 

date its regular depositors consist of] researchers from various scientific disciplines. The 
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majority of the content of the archive are datasets from the social, behavioural and socio-

cultural sciences and the humanities, including a large collection of archaeological datasets. 

The DANS has specific expertise in the aforementioned disciplines [and therefore] the archive 

is open to data deposits from all sources. [Nevertheless,] datasets from beta/exact sciences 

may be referred to other international repositories or ingested in cooperation with technical 

universities (R. Van Horik & V. Gilissen, survey, January 2015).  

[Concerning archaeology,] the DANS holds the Dutch legal deposit for archaeological data 

EDNA (the e-depot for Dutch Archaeology). The e-depot is accommodated at the DANS via 

the EASY system and holds over 20000 archaeological datasets including photographs, GIS 

data, data tables etc. Finally, of particular importance is the fact that the DANS has acquired 

the nestor Seal (nestor Siegel, 2016), i.e. extended self-assessment process for digital archives, 

on top of the basic certification provided by the CoreTrustSeal (CTS) (DANS, 2018), verifying 

that it meets the standards of a ‘trusted’ digital repository. 

The DANS primarily aims to archive (static) final research datasets. Datasets may include 

original data or additional visualisations. For storage and interchange of intermediate data, 

the DANS manages the Dataverse network. Concerning 3D [files], we [the DANS] only have 

a very few datasets. The DANS promotes open access (OA) to research data but understands 

that this is not always possible  (hence the slogan ‘open if possible, protected if necessary’). 

Likewise, the DANS has a preferred formats policy, which aims for the preservation of file 

formats in which the DANS has the most confidence of their suitability for long-term 

preservation and accessibility. Preferred formats will be automatically accepted into the 

archive. So, a lot of the required accompanying paradata of the submitted datasets may be 

missing since they are either not deposited with them at all, or managed by a different 

repository losing the necessary contextualised connection with the rest of the submitted dataset. 

There is a list of ‘acceptable formats’, which will usually be accepted, although alternative 

formats may be considered. For all other formats, a depositor needs to contact the DANS to 

discuss preservation issues. If there are no other options, non-preferred formats may be 

archived instead. Ingested files are kept in their original formats and (if relevant) in a preferred 

format (that is considered as durable). If any changes are applied to the dataset after 

submission (e.g. conversion from ingest format to preferred format, these will be made to a 

copy of the dataset. The original submission will always remain archived. If files are migrated 

to a preservation format, the preservation format will usually be made available to users, 
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whereas the original formats will not be made accessible. It may also be that original data 

contains privacy-sensitive information, in which case anonymised files are made available 

instead (R. Van Horik & V. Gilissen, survey, January 2015). This further shows that the DANS 

can accept complex digital objects but it might be difficult for an archaeologist to know how 

to judge, or argue for, a specific deposition format.  

[As far as the notion of cloud-based emulation is concerned, the DANS considers] emulation 

relevant for software systems. (Whereas migration is relevant for data files). [Other reasons 

why the DANS does not provide digital archiving services for systems/software are:] The costly 

development of emulators along with their various dependencies (operating system, hardware, 

etc.) that threaten their long-term usability. Currently, we [the DANS] do not provide digital 

archiving services for systems/software, because it is difficult/costly to guarantee long-term 

access to software/systems. (Whereas for long-term access to datasets is much easier). The 

lack of technical expertise proves, so far, to be the major common denominator between digital 

archaeological repositories that have not seriously considered the benefits of cloud-based 

emulation (Section 3.2.4.1) yet. 

The migration/conversion strategy is not changed. (This strategy is used from the beginning, 

also by the predecessors of the DANS, e.g. migration/conversion of punch-cards to data files, 

such as CSV, in the 1970s). What did change in the course of time are the ‘migration paths’ as 

new, durable file format came into existence. A protocol for the migration of a specific file 

format may change because of technical developments, improvements, issues with earlier 

migration techniques. Should such changes apply, version documentation is kept accordingly. 

The EDNA archaeological project at the DANS started with migration procedures from 2005 

onwards. Until recent years it was not a standard procedure for dataset processing within 

other disciplines (R. Van Horik & V. Gilissen, survey, January 2015). So, the migration path 

is recorded but in a separate format, which again needs careful management to maintain and 

update.  

We [The DANS] use the terminology of the OAIS reference model (e.g. designated 

communities, Submission Information Package (SIP), etc.). The EASY system makes use of the 

Dublin Core Qualifiers (DCQ). It is possible to add file-specific metadata to datasets; this 

metadata can be viewed using the ‘View details’ button with the dataset file browser. The file-

specific metadata is not completely standardised but uses fields derived from the Data 

Documentation Initiative (DDI). Upon submission, each dataset would be assigned a Uniform 
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Resource Name (URN). The DANS has developed and maintains the Dutch URN resolver. The 

digital author identifier (DAI) can optionally be entered within the (Dublin Core) metadata 

fields for Creator or Contributor (R. Van Horik & V. Gilissen, survey, January 2015). Thus, 

there are domain-specific formats for each subject area, and this complicates how the 

information is preserved and subsequently accessed. 

Most employees at the DANS use macOS X platforms. A large number of (archaeological) 

datasets have however been processed on a Windows 7 HP system. Typical processing software 

includes Adobe CS; Microsoft Office; ArcGIS; MapInfo; AutoCAD; ‘any’ software for A/V 

material. [Since its inception,] the DANS has been dealing mostly with PDF (all sorts of 

versions including PDF/A); JPEG and TIFF images; text (plain, XML and HTML). [It has been 

also called to preserve file formats such as] Microsoft Office (Word, Excel, Access); ArcGIS 

Shapefiles and MapInfo TAB files; AutoCAD DWG and DXF files; Statistical data (SPSS .por, 

SAS transport, STATA .dta); dBase DBF. Less commonly deposited file formats are those of 

RTF and other images formats such as GIF and PNG; A/V material (audio asked for in WAVE, 

video asked for as MPEG, MP4, AVI or MOV); vector images (AI, EPS); GML; MapInfo MIF 

and MID; GeoTIFF and TIFF world file; raster GIS file. Rare formats include 3D data (several 

datasets with Unity 3D data); old WordPerfect and WordStar document files; different A/V 

formats than those mentioned above and certain types of raster GIS files (R. Van Horik & V. 

Gilissen, survey, January 2015). So, it makes perfect sense that the DANS migrate the 

archaeological datasets in its collection to newer formats since the deposited datasets mostly 

consisted of textual and tabular data which are static digital objects, and the content is largely 

independent of the file format. However, complex 3D objects (dynamic digital objects) are 

intricately bound with the underlaying software and hardware architectures.  

The DANS can be described as an open access (OA), but also restricted digital archive. As a 

network organisation, working together with a lot of partners, we [the DANS] use the term 

‘front office/back office’ often. We [The DANS] develop and maintain national back office 

service to be used by several partners, e.g. universities. These universities are the front offices. 

These services are increasingly used by university libraries. We [the DANS] are involved via 

the Research Data Netherlands (RDNL) to promote this vision, e.g. by the course ‘Essentials 

4 Data Support’ aimed at ‘data professionals’.  

There is no difference in policy if data is born-digital or not. The same preservation policy 

applies to all datasets. Regarding the access policy: the access rights settings are chosen by 
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the depositor and selected from the options: ‘Open Access’; ‘Open Access for registered EASY 

users’; ‘Restricted Access to a user group’; ‘Restricted Access: access after granted 

permission request only’. Additionally, an embargo of up to two years may be placed on the 

data files: files will not be accessible at all during an embargo period. Access restrictions are 

only applied to data files: the metadata of a dataset are always published under Open Access. 

Users are required to agree to the terms of the DANS general conditions of use (GCU) (R. Van 

Horik & V. Gilissen, survey, January 2015). The optional restricted access policies of the 

DANS made it an unfavourable data source for this survey. As these kinds of access policies 

involve time limitations, such as an embargo period, they could make the evaluation of the 

selected emulation platforms fall behind schedule. 

Through the responses of the representatives of the DANS, migration/normalisation is revealed 

as the in-house digital preservation strategy. Out of the purely archaeological datasets which 

are deposited with the DANS (https://easy.dans.knaw.nl/ui/home), the ones that could be 

considered obsolete go as far back as 2005. 

Table 4.2: A framework for the preservation of DANS’ digital collection (adapted from DANS, n.d.; Ronzino et al. 2013; R. 
Van Horik & V. Gilissen, survey, January 2015)    

DANS ingested file formats 
DANS recommended 

preservation formats 

Text (.doc/.rtf/.odt/.pdf/.xml/.html/.wsd/.wpd/.txt) .pdf/.odt/.txt/.xml/.html 

Spreadsheets (.xls/.ods) .csv/.ods 

Databases (.mdb/.accdb/.dbf) .csv/.sql/.siard 

GIS (.tab/.shp/.mif/.mid/.gml/.gtiff) .mid/.mif/.gml 

CAD (.dwg/.dxf) .dxf/.svg 

Images (.jpg/.tif/.gif/.png/.ai/.eps) .jpg/.tif/.svg/.png/.jp2/.dcm 

Statistical data (.por/.dta) .dat/.sps/.do   

A/V (.wav/.mpg/.mp4/.avi/.mov) .bwf/.mxf/.mka/.flac/.mkv  

3D data (.u3d) .obj/.ply/.x3d/.dae  

 

Despite the large number of archaeological datasets that have been processed by the DANS, 

the organisation mostly deals with texts and images. In contrast, 3D file formats, such as .u3d, 

are less commonly submitted to the DANS. 

https://easy.dans.knaw.nl/ui/home
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All the existing preservation guidelines from the DANS (DANS, n.d.; Ronzino et al. 2013; R. 

Van Horik & V. Gilissen, survey, January 2015) were evaluated and from that a framework for 

the DANS preservation process was constructed (Table 4.2). From this, it becomes clear that 

the rare occurrences of .u3d files could be strong nominees for complex archaeological virtual 

reconstructions in the way that has been previously discussed (Section 2.5), as the format is 

natively supported by PDF and 3D objects in .u3d files can be inserted into PDF documents, 

and interactively visualised by Adobe Acrobat since version 7.0 (Section 2.4). 

4.2.3.3 Informed Results from the DCU Questionnaire by Constantopoulos 

The Digital Curation Unit (DCU) was launched at Athena – Research and Innovation Centre 

in Information, Communication and Knowledge Technologies in January 2007 with the 

mission of acting as the focus point in the field of digital curation in Greece 

(http://www.dcu.gr/en/). The online catalogue was launched in 2011 and its main data 

suppliers are partners from the projects CARARE, 3D-ICONS, LoCloud, and ARIADNE (P. 

Constantopoulos, survey, February 2015). The DCU seeks partnerships and collaboration with 

constituencies from the public and private sector intending to cover diverse research areas such 

as e-government, organisational records management, and research repositories in the sciences 

and humanities. As of yet, the DCU has not undergone any formal validation hence it could 

not be considered a ‘trusted’ digital repository. This automatically led to the exclusion of the 

DCU from the list of the potential data suppliers for this survey since its data management and 

archival procedures have not been approved through a peer review scheme. 

[Besides original formats, the DCU keeps its ingested files in a] preservation format based on 

PREMIS, and a normalised format related to the Europeana Data Model (EDM) schema, 

which is the common schema for all partners. [The DCU believes that] emulation provides 

access to deprecated computer systems, certain digital artefacts or complete environments 

more effectively, preventing the user from copying material or analysing it in an unwanted 

way. The limited scalability and waste of computing [resources counted as weaknesses of 

emulation]. Finally, the Fedora Commons [Samvera since 2017] is used to preserve the 

deposited datasets (P. Constantopoulos, survey, February 2015). It is suggested in the literature 

(Section 3.2.3.1), though, that Intellectual Property Rights (IPR) complications under the EU 

law can deem emulation prohibitive for digital preservation purposes. Also, the potential of 

emulation to be offered as a service on the cloud (Section 3.2.4.1) has, at large, resolved its 

scalability and computing resources’ issues. 

http://www.dcu.gr/en/
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Through the responses of the representative of the DCU, migration/normalisation is recognised 

as the main digital preservation strategy of the organisation. The datasets ingested into the 

online catalogue of the DCU date as far back as 2013. Thus, they could not really be considered 

obsolete within the scope of this survey, as they are still frequently used. 

Table 4.3: A framework for the preservation of DCU’s digital collection (adapted from Corns, 2013; Hansen & Fernie, 
2010; Iskou et al. 2014; P. Constantopoulos, survey, February 2015; Wright, 2016) 

DCU ingested file formats 
DCU recommended preservation 

formats 

CARARE 3D content .vrml/.x3d/.dae 

3D-ICONS content .u3d/.x3d/.e57/.obj 

LoCloud digital resources .xml/.csv 

ARIADNE digital resources .dng/.tif/.pdf/.csv/.mid/.mif/.svg/.jpg/.dxf  

 

According to each individual DCU partner’s guidelines (Corns, 2013; Hansen & Fernie, 2010; 

Iskou et al. 2014; P. Constantopoulos, survey, February 2015; Wright, 2016), the organisation 

stores various different data types typically included in the creation of an archaeological virtual 

reconstruction. 

All the existing preservation guidelines from the DCU partners (Corns, 2013; Hansen & Fernie, 

2010; Iskou et al. 2014; P. Constantopoulos, survey, February 2015; Wright, 2016) were 

evaluated, and from that a framework for the DCU preservation process was constructed (Table 

4.3). From the DCU preservation framework (Table 4.3), it is clear that the DCU uses a project-

based approach and thus stores all the complex digital objects around a project, in any 

appropriate format. However, it is not clear whether any of those projects’ files were 

normalised first, or whether there are plans to normalise them after ingest. Thus, the DCU is 

set up more as a ‘data dump’ (Section 2.2). 

4.2.3.4 Informed Results from the DRI Questionnaire by Grant 

The repository was launched publicly at the first Digital preservation for the Arts, Social 

Sciences and Humanities (DPASSH) conference on June 25th, 2015. Our [The DRI’s] 

stakeholders come from the humanities and social sciences domains in Ireland. These include 

galleries, libraries, archives and museums (GLAMs), universities, other research centres etc. 

(R. Grant, survey, April 2015). Amongst the DRI’s depositing organisations are the National 

Library of Ireland, the National Archives of Ireland, the National Museum of Ireland, the 

National Gallery of Ireland, the Irish Research Council, and many other relevant institutions. 
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In 2018, it was verified as a ‘trusted’ digital repository after having acquired the CoreTrustSeal 

(CTS) (DRI, 2018a). 

The DRI can support the ingestion of all file formats, and we [the DRI] do not have a policy of 

excluding certain types of materials (unless they are defamatory etc.). We [The DRI] do not 

only serve the archaeological domain, so our [the DRI’s] recommended formats are more 

generic (e.g. JPEG, TIFF, and PDF). Any of the materials mentioned above can be ingested, 

preserved, and downloaded by researchers, but the DRI will not be able to render the 

surrogates in the user interface. We [the DRI] do not limit the ingestion of content according 

to rights/licence/format, as long as the depositor is uploading it legally and it falls within our 

[the DRI’s] broad collection policy. We [The DRI] make recommendations on file formats and 

support the application of open licences, but we [the DRI] do not exclude data, which falls 

outside of these recommendations (R. Grant, survey, April 2015). The DRI may not support 

online (real-time) rendering of the digital objects in its collection, but by storing formats that 

are not accepted by other, exclusively archaeological, digital repositories, it can help in 

examining the evolution of the archaeological virtual reconstructions through the years. This 

is something that definitely has scientific value for the digital preservation community. 

The preservation file (AIP) is preserved in its original format [(SIP)], but the depositor can 

choose to generate a surrogate file with a lower resolution, smaller file size etc. We [The DRI] 

recommend that depositors ingest their files in a preservation format (e.g. .xml, .tiff, .wav 

rather than .doc, .jpeg, .mp3), but we [the DRI] do not exclude content on this basis (R. Grant, 

survey, April 2015). Migration is in use for the preservation of data stored in the collection of 

the DRI. There are also several metadata standards in place for facilitating the preservation 

process, namely, OAIS, PREMIS, DCMI, MODS, EAD and MARC XML. Upon submission, 

each object is assigned a unique digital object identifier (DOI). The DRI is built on Hydra-

Fedora [Samvera since 2017] and uses SOLR and Blacklight for indexing and search. 

Based on its holdings, the most common file formats are JPEG and PDF. The DRI allows 

public access/Open Access/‘dark’ archiving. As we [the DRI] hold content from the humanities 

(likely to be covered by copyright) and the social sciences (likely to have data protection 

concerns), we [the DRI] must allow depositors to publish their content as All Rights Reserved 

rather than licensed as Open Access if that is appropriate; and we [the DRI] must allow them 

to restrict data or apply an embargo, if necessary. Born-digital material is not treated any 
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differently to digitised material in our [the DRI’s] policies, and it is up to the depositors 

themselves to set access permissions for the content (R. Grant, survey, April 2015). 

Through the responses of the representative of the DRI, it is shown that the 

migration/normalisation strategy is the number one option when it comes to the preservation 

of the digital objects in its collection (https://repository.dri.ie). The ingested datasets are 

primarily outputs of research projects and events which were concluded during the last six 

years. Therefore, they are saved in file formats that they have not yet stopped to be used. 

Table 4.4: A framework for the preservation of DRI’s digital collection (adapted from DRI, 2018b; DRI, 2018c; R. Grant, 
survey, April 2015) 

DRI ingested file formats 
DRI recommended 

preservation formats 

Images (.jpg/.tif) .tif/.png 

A/V (.mp3/.mp4/.mov/.avi/.wav) .flac/.wav/.bwav/.mkv 

Text (.doc/.docx/.xml/.pdf/.txt) .pdf/.rtf/.txt/.xml 

 

The DRI most often stores images and texts. The gradually growing collection of the 

organisation does not consist entirely of archaeological research data, and as such it does not 

have a lot of experience with complex digital objects, such as archaeological virtual 

reconstructions. 

All the existing preservation guidelines from the DRI (DRI, 2018b; DRI, 2018c; R. Grant, 

survey, April 2015) were evaluated and from that a framework for the DRI preservation process 

was constructed (Table 4.4). From the DRΙ preservation framework (Table 4.4), it becomes 

evident, based on the nature and the creation dates of its holdings, that the majority of the 

current entries in its collection are less than six years old, and are entirely 2D media or static 

digital objects.  

4.2.4 Conclusions of Research Survey  

It is worth acknowledging the explicit connections between these digital archiving entities. The 

fact that they have similar approaches is because they are in frequent dialogue with each other. 

And because they broadly align, there is an implicit feedback loop in what is presented for 

preservation. 

 

https://repository.dri.ie/
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Through the responses of the representatives of the four participating memory institutions, the 

lack of experience in dealing with 3D formats and their almost exclusive use of migration are 

apparent. Though most of them agree on the strengths of emulation, particularly cloud-based 

emulation, they are not thinking of implementing emulation soon because of the perceived high 

development costs and need for special expertise. Many of them also stated that emulation is 

expensive, and it does not guarantee the integrity, authenticity, and reliability of the records 

from the beginning of their creation up to date. 

The recommended preservation formats for archaeological 3D data are, in most cases, in 

accordance with the recommended preservation framework for archaeological virtual 

reconstructions (Table 2.1) of this research. The only discrepancy is that the ADS guidelines 

for archaeological 3D models (Trognitz, Niven & Gilissen, 2016) do not consider .u3d suitable 

for preservation purposes. 

Concluding, out of the four selected memory institutions, only two, i.e. the ADS and the DANS, 

hold complex digital archaeological objects that can be considered obsolete for the purposes of 

this survey. Based on these digital objects, the timeframe of the research was defined between 

2000 and 2010. Archaeological virtual reconstructions that fall within this period can safely be 

described as obsolete (unreadable and no longer supported formats). 

However, this survey also needed to compare the memory institutions’ guidelines for 

depositors (what is required for ingest) with the requirements of designated communities (what 

they actually wish to preserve), in order to assess the applicability of the recommended 

preservation framework (Table 2.2) in real working environments (Section 4.3) rather than in 

a conceptual model (Section 2.2). 

4.3 Contextualisation of the Current Working Environments of ‘Memory 

Workers’ 

4.3.1 The Research Context 

Galleries, libraries, archives, and museums (GLAMs) are increasingly called upon to move 

digital objects from their original locations into more sustainable preservation environments. 

Digital preservationists must be prepared to extract digital objects from portable media, e.g. 

floppy disks, CDs, and DVDs, in ways that reflect the rich metadata and ensure the integrity of 

the objects. They should also support and mediate appropriate access allowing users to make 

sense of digital objects and understand their context, while also preventing inadvertent 

disclosure of sensitive data (Lee & Woods, 2017). 
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Chapter 2 demonstrated how the nature of the digital materials in need of preservation, together 

with the specific requirements of each individual designated community, guide the content of 

the metadata. However, this observation was based on conceptual frameworks, such as the 

Open Archival Information System (OAIS), which are often either not thoroughly implemented 

or not used at all in real working environments. Therefore, an investigation was needed into 

the accompanied information (metadata/paradata) that a ‘memory worker’ considers necessary 

to be preserved in order to understand the meaning of stored digital objects. The investigation 

was conducted through an open conversation with digital preservationists in order to discover 

how they operate in real working conditions, and hopefully to then expand existing metadata 

registries pertinent to complex digital objects. 

 

The following sentiment analysis (Section 4.3.3) aims to get an accurate picture of how 

representatives of different designated communities feel about the current efforts of digital 

preservationists. This can help towards the formulation of components (Section 5.4.1) for the 

long-term preservation of archaeological virtual reconstructions. Data which does not 

comfortably fit into the ‘ideal’ pattern may not be due to researcher’s ‘mistakes’ but might 

either be rogue data (e.g. questioning someone on a bad day) or simply an exception to the 

‘rule’. Either way, this is important data and should not be ignored. There is as much to be 

learnt from the ‘exceptions’ as from the mainstream data which conveniently fits the initial 

predictions. 

4.3.2 The Research Survey 

4.3.2.1 The Semi-structured Survey Procedure 

Initially, the participants were briefed about the research in a face to face meeting at their 

workplace. 

 

Figure 4.2: 3D object (A) / 3D scene (B) / Video flythrough (C) 

After having agreed to participate in the survey, the participants were shown some examples 

of archaeological 3D datasets (Figure 4.2), and then an introductory question was used to 

trigger a conversation: 
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Q: Given that we can access those three digital artefacts (two different types of digital objects) 

for the next decades, what accompanied information (preservation metadata/digital 

documentation) would you, as an expert in your field, consider necessary to be preserved so 

as to understand the meaning of what they purport to record? What information needs to be 

stored perpetually in order for the data, which are contained in the selected 3D files, to 

continue having scientific value for the research community?   

Notes were made of the conversation, while all the participants requested extra time to study 

the images and video so as to formulate their replies more thoroughly (in writing). After the 

interview an email was sent to them containing the same question (Q) along with the three files 

attached, i.e. one video (.mov) and two images (.jpg) of the provided archaeological virtual 

reconstructions (final artefacts/visualisations only), for their reference. Their email responses 

covered the same initial question but allowed them more thinking time. 

They were asked to either reply directly to that email or include their responses in an attached 

Word document, within five working days. It has to be noted that all the participants provided 

their responses timely, and they were also open and willing to contribute more comments in 

case that was required. 

4.3.2.2 The Semi-structured Survey Participants 

There were five participants. Two archaeologists at the Ephorate of Antiquities of Serres, an 

archivist at the Hellenic Broadcasting Corporation (ERT), a librarian at the Central Public 

Library of Serres, and an academic archaeologist at the University of Patras. 

4.3.3 User Requirements for the Preservation of Archaeological Virtual Reconstructions 

After seeing the three archaeological virtual reconstructions used as a test sample, the 

participants commented from their respective professional perspectives. 

4.3.3.1 Librarian’s Requirements by Vrachliotou 

From a librarian’s perspective (M. Vrachliotou, personal communication, September 2018), 

any user should have access to the following metadata: 

 

1. Descriptive metadata (with as much detail as possible based on existing metadata standards 

for a specific type of digital objects, which would map to other metadata). 

2. Administrative metadata (with all technical details and software requirements). 

3. It would be very important to refer to other sources related to the object being depicted (an 

image, literature, oral testimony). 
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Librarians are usually oriented towards collecting various types of metadata around deposited 

digital objects, but mostly for facilitating data retrieval. They are not necessarily focused on 

gathering metadata required for the reproducibility and transparency (Section 2.5) of costly and 

time-consuming multidisciplinary research processes, i.e. paradata. This is another indication 

of the significance of registering the paradata, i.e. virtual reconstruction paradata (Section 

1.2.1), suggested in this thesis. 

 

For the 3D table from the House of Marcus Lucretius Fronto (Figure 4.2A), the features of the 

digital object should be maintained together with information about: 

 

• What we see (name of the object). 

• The origin of the cultural artefact. 

• The archaeological dating of the physical object. 

• When and by whom was the artefact excavated. 

• The function or purpose of the physical surrogate. 

• The preservation actions regarding the original object. 

• The features of the original artefact that might not be included in the final virtual 

reconstruction (texture, dimensions). 

• The sources from which the virtual reconstruction was informed. 

 

Most of the suggestions were for specific metadata but there is a suggestion for the paradata, 

in the last item, where the source of information should be included perhaps as an additional 

text file. However, previously (Section 2.5), it has also been suggested that this should be 

included in the 3D file itself.  

 

For the greyscale 3D interpretation of fresco design of the Large Theatre at Pompeii (Figure 

4.2B), additional information is needed for the following: 

 

• The past and current conditions of the archaeological monument.  

• The architectural style of the ancient structure. 

 

This shows that the focus is not on the digital object, but only on the original ‘physical object’, 

as the state of preservation of that, is not relevant to digital preservation. 
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The same applies to the 3D interactive video of the Bouleuterion at Arriasos (Figure 4.2C), 

with particular emphasis on the need for the original features (animation and colours) of the 

3D scene to be maintained. 

 

It is clear that the focus is not on the importance of the digital file but the history that it 

represents. Thus, the value of a virtual reconstruction is in the surrounding context, not just the 

3D object itself. The complex digital object, and metadata/paradata are individually ‘worthless’ 

but rich in combination. This confirms that it is necessary to have a preservation strategy, rather 

than a storage strategy (Section 4.1). 

4.3.3.2 Archivist’s Requirements by Tasiopoulou 

From a state archivist’s perspective (K. Tasiopoulou, personal communication, September 

2018), metadata should include information that pertains to the specific object itself.  For the 

preservation of a digital archaeological object, information that is relevant to the scientific 

field of Archaeology. In case a television footage is needed to be archived, the relevant 

metadata standards should be consulted. As far as the archive of the Hellenic Broadcasting 

Corporation (ERT) is concerned, the Dublin Core-based EBU Core is the adopted standard. 

Some of the metadata fields included in the EBU Core metadata standard are the following 

(ERT, 2011): 

 

• <Title>, <Identifier> 

• <Type> (e.g. documentary) 

• <Creator> / <Contributor>, <Date: Created> 

• <Publisher>, <Publication History> 

• <Description>, <Subject>, <Coverage: Temporal> / <Coverage: Spatial> 

• <Format> 

• <Rights> 

• <Source> 

• <Version> 

• <Language> 

• <Rating> 

• <Relation> 

• <Metadata Provider> 
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Some of the above metadata fields could also be used to describe archaeological virtual 

reconstructions. Contextual information would be necessary for the user to understand 

information such as the analogue surrogate in its era. Information related to the digital 

surrogate would also be indispensable, e.g. date of creation, number of digital objects 

comprising the digital artefact, duration of video. 

 

This is indicative of the important requirement for the preservation of the contextual 

information (spatial and temporal) around a 3D object, what the digital preservation community 

calls ‘significant properties’ (Section 2.3), in order to render the object understandable. 

However, what is still missing is information about the context of the creative design process 

(Section 1.2.2) of any given 3D archaeological object. 

4.3.3.3 Archaeologists’ Requirements by Pylarinou & Bonovas 

From an archaeologist’s perspective (N. Pylarinou & N. Bonovas, personal communication, 

September 2018), the metadata pertinent to a virtual reconstruction should include information 

regarding the following: 

 

1. Creator 

2. Date of creation 

3. Purpose of creation 

4. 3D modelling software 

5. Contributors (e.g. archaeologists, architects) 

6. Dimensions 

7. Possible use of literary sources in design process 

8. Has the 3D model been published and what are its reviews? 

 

It is interesting to note, that the archaeologists’ focus is on how the technology was used to 

render the physical environment/object into a digital form, and the decisions that were made 

during that. This is in sharp relief to digital archaeological repositories, which did not see this 

as a major consideration. 

4.3.3.4 Academic Archaeologist’s (inferred) Requirements by Damaskos 

While the majority of the participants was willing to provide specialised feedback, one of them, 

i.e. the academic archaeologist, refused to refer directly to specific metadata fields and/or 

schemas, but rather argued against the general usefulness of the provided virtual 

reconstructions to the future archaeologist. His counterargument, together with a newly 
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presented research question, is quoted below (D. Damaskos, personal communication, 

September 2018): 

 

As an academic archaeologist, I find all three of the archaeological virtual reconstructions 

entirely insignificant. The two 3D images are plain undetailed depictions of the respective 

archaeological findings. They display a Roman theatre and table, which might just as well have 

been any other table or theatre [Inferred Metadata Requirements: Title/Name of the object, 

Location/Origin of the cultural artefact, Description]. For instance, the theatre does not bear 

the features, which would differentiate it from many other Roman theatres [Inferred Metadata 

Requirements: The features of the original artefact that might not be included in the final virtual 

reconstruction (texture, dimensions)]. It is rendered in such a schematic manner that even a 

knowledgeable user, without necessarily an archaeological background, could not possibly 

utilise its 3D reconstruction [Inferred Metadata Requirements: Target audience/Designated 

communities, Type]. Moreover, I consider the colouring of the theatre subpar [Inferred 

Metadata Requirements: Features of the 3D scene]. In short, the two digital files associated 

with the Roman table and theatre are not crucial tools for conducting further archaeological 

research [Inferred Metadata Requirements: Target audience/Purpose of creation]. 

 

I can decipher the ‘function’ of the Bouleuterion due to its architectural style, i.e. roofed 

building with benches [Inferred Metadata Requirements: Description, The function or purpose 

of the physical surrogate, The architectural style of the ancient structure]. The majority of its 

features are missing though, and the researcher would need a memo to recognise the 

geographical location of the monument [Inferred Metadata Requirements: Location/Origin of 

the cultural artefact]. It is also detached from its archaeological environment, i.e. the 

surroundings of an archaeological artefact [Inferred Metadata Requirements: Contextual 

information/Complex digital object’s linked data]. However, because the user is provided with 

an animated tour (3D flythrough video) of the structure as opposed to a simple static 3D image 

that deems the digital artefact more engaging [Inferred Metadata Requirements: Target 

audience/Purpose of creation]. Nevertheless, I still regard it as irrelevant to my work and its 

existence is indifferent to me [Inferred Metadata Requirements: Target audience/Designated 

communities]. 

 

Interestingly, nonetheless, it is up to the digital preservationists to examine the evolution of 

archaeological virtual reconstructions through the years [Inferred Metadata Requirements: 

Historical context of the digital artefact – Date of creation/The sources from which the virtual 
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reconstruction was informed/Features of the 3D scene/Publication history/Format]. That is 

something that has scientific value for the digital preservation community [Inferred Metadata 

Requirements: Target audience/Designated communities]. Additionally, it could be used as an 

indicator of the progress of the field of digital preservation [Inferred Metadata Requirements: 

Historical context of the digital artefact – Preservation actions/Preferred digital preservation 

strategy]. Although I am not against preserving the abovementioned archaeological virtual 

reconstructions, I stand firm in my opinion that they are worthless for a traditional 

archaeological survey [Inferred Metadata Requirements: Target audience/Purpose of creation]. 

 

Finally, I would be interested to know how the interpretation of a monument through the years 

could be preserved [Inferred Metadata Requirements: Contextual information/Complex digital 

object’s linked data, Alternative reconstructions]. 

 

Nevertheless, the academic archaeologist did not see any value in the supplied virtual 

reconstructions for his ‘designated community’ (Section 2.2). However, this is because of an 

identified lack of metadata. The missing data (although inferred) was consistent with the other 

participants’ suggestions for what is required (Sections 4.3.3.1-4.3.3.3). Besides the basic types 

of metadata, such as descriptive metadata, it seems that the aesthetic value of a 3D object is 

another important factor in shaping the perception of an archaeological monument.  

 

The missing contextual information of a digital artefact also appeared to affect the 

interpretation of a monument into a virtual reconstruction. As it was suggested here (Section 

2.5), contextual information, such as the geographical location of a monument, can be included 

into the 3D file itself, e.g. in the form of a georeferenced 3D model. This could be tracked over 

time, and when combined with new findings might lead to alternative reconstructions. 

 

Although very much a subjective topic, the interpretation of an archaeological monument at 

the moment of its virtual reconstruction should potentially expand the relevant metadata fields 

that need to be recorded. This shows how the available digital documentation (archaeological 

metadata and virtual reconstruction paradata) along with the final artefact/visualisation itself 

(the version released after the completion of an archaeological research project), affects the 

perception of the monument at any given time. As with the archivist (4.3.3.2), the value of a 

virtual reconstruction is in the surrounding context, not just the 3D object itself. Thus, the 

academic archaeologist, in his negative view of the provided examples, confirms that it is 

necessary to have a preservation strategy, rather than a storage strategy (Section 4.1). 
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As the provided archaeological virtual reconstructions did not really have much context, it 

seems that they have lost their values as digital archaeological objects. However, they might 

still have some cultural or social significance but only if they are preserved correctly. As it was 

previously discussed (Section 3.2), effective digital preservation is entirely dependent on the 

selected strategy of any given memory institution. 

 

Thus, in addition to a preservation strategy, it is clear that this strategy should be based on 

keeping the digital objects in as ‘original’ a format as possible, to preserve their cultural 

significance of that digital age, as well as the archaeological information that they contain. 

Nonetheless, due to the very small but rich sample in this study, these conclusions could not 

be definitive but indicative, illustrating through additional detail the working assumptions of 

the digital repositories presented in Section 4.2. 

4.4 Aggregated Results from the Experts’ Surveys 

It seems that, in some cases, the metadata deposited with the ADS may also include aspects of 

paradata (Section 2.5), in terms of how the data was generated. But it became clear that the 

ADS, in line with the OAIS standard, does not accept proprietary file formats, such as .max, 

for preservation which results in the loss of these types of files. Therefore, it can easily be seen 

that the ADS does not commonly preserve complex digital objects, i.e. archaeological virtual 

reconstructions, since they are not regularly deposited with them. As it appears, the submitted 

3D files are only final artefacts/visualisations of the archaeological virtual reconstructions but 

the original/raw data is then not preserved, which is counter to the suggestions of other 

stakeholders (Sections 4.3.3.1-4.3.3.4). 

As opposed to the ADS, the DANS can accept complex digital objects but it might be difficult 

for an archaeologist to know how to judge, or argue for, a specific deposition format. The 

DANS usually migrates the archaeological datasets in its collection to newer formats since the 

deposited datasets mostly consisted of textual and tabular data which are static digital objects, 

and the content is largely independent of the file format. Again, this might be considered less 

than ideal from a cultural significance perspective, as it loses the historical context in which 

the virtual reconstruction was created. 

On the other hand, the DRI stores (proprietary) formats that are not accepted by other, 

exclusively archaeological, digital repositories, assisting in examining the evolution of the 

archaeological virtual reconstructions through the years, i.e. their social context. This is 

something that definitely has scientific value for the digital preservation community.  However, 
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the DRI still does not have a metadata/paradata framework for 3D objects, which means that 

some of the context could be lost as the organisation focuses on storage, rather than 

preservation.  

It is clear from the returned questionnaires (Section 4.2.3) that many ‘memory workers’ do not 

have the necessary technical expertise to collect, understand, and make use of the required 

metadata/paradata for providing access to dynamic digital objects through emulation.   

 

For instance, librarians are usually oriented towards collecting various types of metadata 

around deposited digital objects, but mostly for facilitating data retrieval. They are not 

necessarily focused on gathering metadata required for the reproducibility and transparency 

(Section 2.5) of costly and time-consuming multidisciplinary research processes, i.e. paradata. 

This is another indication of the significance of registering the paradata, i.e. virtual 

reconstruction paradata (Section 1.2.1), suggested in this thesis. This further shows that the 

focus is not on the importance of the digital file but the history that it represents. 

 

This, in turn, is indicative of the important requirement for the preservation of the contextual 

information (spatial and temporal) around a 3D object, what the digital preservation community 

calls ‘significant properties’ (Section 2.3), in order to render the object understandable. 

However, what is still missing is information about the context of the creative design process 

(Section 1.2.2) of any given 3D archaeological object. 

 

It is interesting to note, that the archaeologists’ focus is on how the technology was used to 

render the physical environment/object into a digital form, and the decisions that were made 

during that. This is in sharp relief to digital archaeological repositories, which did not see this 

as a major consideration.  

The aesthetic value of a 3D object, along with other types of metadata, such as descriptive 

metadata, is an important factor in shaping the perception of an archaeological monument. The 

contextual information of a digital artefact, or lack thereof, can also affect the perception of a 

monument. As it was previously suggested (Section 2.5), contextual information, such as the 

geographical location of a monument, can be included into the 3D file itself, e.g. in the form 

of a georeferenced 3D model. 

Although very much a subjective topic, the perception of an archaeological monument at the 

moment of its virtual reconstruction could potentially expand the relevant metadata fields. This 
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shows how the available digital documentation (archaeological metadata and virtual 

reconstruction paradata) along with the final artefact/visualisation itself (the version released 

after the completion of an archaeological research project), affects the perception of the 

monument at any given time.  

 

Change in the perception of a monument can occur due to the discovery of new information, 

as well as the technological progress in the field of 3D graphics, without the latter being a major 

factor on its own. This means that a single 3D reconstruction can be significantly altered just 

by including more information based on new archaeological findings, e.g. the Antikythera 

Mechanism (Freeth et al. 2021), without this being necessarily combined with state-of-the-art 

3D graphics techniques. 

 

This also raises another question about the quality of the rendering of the final output. Up to 

this point, this thesis has not assessed whether the emulation strategy itself provides a high 

enough rendering fidelity of the original digital object to support the expected use of the 

preserved object. Thus, in order to further evaluate whether the proposed emulation strategy 

can be used hereafter as a component of the long-term preservation of archaeological virtual 

reconstructions, its practical rendering abilities (rather than a theoretical 100% accuracy) need 

to also be assessed.



                                                                                                                                                                   Chapter 5 

96 

 

5 Evaluating the Rendering Fidelity of Cloud-based Emulation 

Platforms 

5.1 Introduction  

The rendering abilities of the proposed emulation strategy need to be assessed to determine 

whether it can be used, from now onwards, as a component of the long-term preservation of 

archaeological virtual reconstructions. This needs to focus on both the final visualisation (e.g. 

video flythrough) and also whether information is lost in emulation of the final artefact’s 

development files (e.g. final virtual reconstruction model). It should be noted that the other 

components, i.e. static digital objects such as a .pdf, are supported by existing defined standards 

(Section 2.3) and so do not need to be tested as part of the recommended cloud-based emulation 

strategy (Section 3.4) for hybrid digital objects. 

 

To do this, sample datasets of existing obsolete hybrid digital objects were used to design 

appropriate rendering case studies (Section 5.2.1). They then were rendered via state-of-the-art 

emulation platforms, i.e. the bwFLA and EMiL platforms (Section 5.3), to evaluate the 

effectiveness of cloud-based emulation for accessing and exporting obsolete digital research 

outputs (Section 5.2.1.2). The results showed that for these specific types of hybrid digital 

objects, cloud-based emulation could be a key component of the preservation of an 

archaeological virtual reconstruction project (Section 5.3). 

5.2 The Empirical Research Study Design 

This research programme follows a deductive approach starting with an assumption (Section 

3.4) that will eventually be empirically tested (Section 5.3) to confirm or reject (Section 5.4) 

the initial suggestion. 

Empirical research is used to answer questions by observing experiences in the real world. 

Some of the essential factors when choosing an empirical research design are the following: 

1. The purpose of the empirical study (i.e. evaluation of the practical against the 

theoretical accuracy of cloud-based emulation for hybrid digital objects). 

2. The supporting theories and relevant literature (Section 5.2). 

3. The data processed into a format suitable for analysis (i.e. the use of screenshots in 

Section 5.3) (Rechert, Gates, Cochrane & Anderson, 2021). 

4. The criteria for interpreting the findings (Table 5.5). 
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Multiple examples (herein called the rendering case studies) offer the necessary comparative 

insights for the topic under investigation, through the “closeness to the phenomenon under 

investigation” (Trott, 2012).  For this empirical study, that would be the different types of 

archaeological virtual reconstruction projects that could be considered obsolete. 

In an effort to assess the practical against the theoretical accuracy of cloud-based emulation for 

hybrid digital objects, three collective rendering case studies pertaining to different types of 

archaeological virtual reconstruction projects (research sources, recorded metadata/paradata, 

final outputs) are conducted (Section. 5.3.1). As collective rendering case studies involve 

multiple instrumental examples for the refinement of a theory, the importance of identifying 

and selecting the appropriate rendering case studies is pivotal in generalising (Rennie & Smyth, 

2015).  

It should be noted that the rendering case studies focused on obsolete datasets that are now 

either impossible to access using modern software (Section 5.3.1.1), or they need to be 

migrated to newer formats with unknown implications (Sections 5.3.1.2-5.3.1.3). The 

following screenshots (Figs. 5.1-5.4) showcase what a user will see if trying to open these 

obsolete files in 3ds Max 2021. 

 

Figure 5.1: Obsolete file message: Migration required 

The obsolete data format warning (Figure 5.1) shows that the data will be migrated 

automatically but does not explain how, so this is problematic for some ‘actors’ of the chain of 

custody. In some other instances, though, it is simply not viable to use the file (Figs. 5.2-5.4). 
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Figure 5.2: Unsupported rendering settings of the original version 

 

Figure 5.3: Error message in 3ds Max 2021 

 

Figure 5.4: The selected 3D scene cannot be accessed 

With the type of research methodology chosen, the combination of more than two rendering 

case studies ensured that all the aspects of the rendering fidelity of cloud-based emulation 

(Table 5.3) were covered. This was previously investigated during a research pilot by the Yale 

University Library (Owens, 2014), the KEEP research project (Ciuffreda, Dobreva, Anderson, 

Delve & Konstantelos, 2012; Delve, Ciuffreda & Anderson, 2010), and a research study by the 
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LIMA media art platform (Van Doren & Michaan, 2016). However, these evaluation efforts 

focused on digital art and computer games. Therefore, their recommended evaluation checklists 

need to be expanded with new criteria stemming from the previous conducted surveys (Chapter 

4), thus grounding it in the context of this research programme. 

In seeking to generalise from a limited sample area, care needs to be taken to be analytical 

rather than descriptive (Section 5.3). Hence, the discussion of the rendering case studies’ results 

(Section 5.4) could be used by future researchers to contrast, compare, interpret, as well as 

offer a good link to further action (Section 6.3). Alternatively, the rendering case studies could 

have been carried out locally but that would not have been benefitted from the advantages 

(Section 3.2.4) of deploying virtual machines, which run emulators on the cloud. 

5.2.1 Materials and Apparatus 

5.2.1.1 Evaluating Emulation Platforms 

Emulation platforms are frameworks that host third party emulators, e.g. QEMU-KVM and 

VirtualBox, facilitating the automated selection of optimal ViewPaths for specific objects. 

There are a number of platforms that meet the user requirements discussed in Section 4.4, 

including the KEEP, bwFLA and EMiL emulation platforms. However, the nature of the KEEP 

Emulation Framework was conceptual, and as such it could not be tested in practice. 

While the bwFLA cloud-based emulation platform has previously been tested for interactive 

artworks and other types of data, such as textual and financial, this thesis offers an evaluation 

of the bwFLA, and the EMiL cloud-based Emulation Frameworks, for the first time, against 

archaeological virtual reconstructions. Previous research (Ciuffreda, Dobreva, Anderson, 

Delve & Konstantelos, 2012; Delve, Ciuffreda & Anderson, 2010; Owens, 2014; Van Doren 

& Michaan, 2016) identified checklists of items to be considered when preserving obsolete 

CD-ROM artworks (in bwFLA) and computer games (in KEEP). This current research 

endeavours to identify the most effective preservation strategy for archaeological virtual 

reconstructions (Section 1.3), which would eventually become part of the standard solution 

(Section 3.4) for the preservation of digital archaeological data. Archaeologists would need an 

easily understandable final checklist (Section 5.4.1) so that they could submit their site records, 

e.g. virtual reconstructions, in formats suitable for preservation. 

5.2.1.2 Sample Datasets 

To assess the performance of an emulator, a sample of obsolete archaeological virtual 

reconstructions was needed to be used for ingestion into the emulation platform. The sample 
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datasets for evaluating the selected emulation platforms were provided by Drew Baker, former 

Senior Research Fellow at the King’s College London (KCL) and are research outputs of the 

King’s Visualisation Lab (KVL); now absorbed into the King’s Digital Lab. The nature of the 

archaeological datasets deposited with a digital repository could fall under one or more of the 

following categories, which can be related to the ‘actors’ involved in the production and 

‘consumption’ of a virtual reconstruction (Section 2.5): 

1) Original data (generated by archaeologists/used by 3D creatives)  

Laser scan point clouds are not contained in the provided datasets as the work of the KVL was 

mostly focused on creating virtual reconstructions of sites that no longer exist or have been 

significantly modified from the standing structures. Original data are limited as they are mostly 

based on ‘book work’ (which is outside of the scope of this evaluation as these static digital 

objects, such as a .pdf, are supported by existing defined standards). There were however some 

DWG format files of surveys included. 

2) Intermediate data (generated by archaeologists and 3D creatives) 

There are no real stratigraphic data as the KVL were dealing with things that do not necessarily 

exist in the present time, i.e. ruins. ‘Hard archaeology’ records everything as it destroys the 

layers. ‘Soft archaeology’ records everything as it creates the virtual reconstruction (although 

this is the first thing that usually gets cut from the budget on any archaeological research project 

as it is not seen as important as people still focus on the final output). For the KVL the ‘draft’ 

versions of the builds (3D models), which would show the creative design process would be 

considered intermediate data. 

3) Final artefacts (generated by 3D creatives) 

Final artefacts are normally the last build in a project (although occasionally there would be 

multiple final artefacts based on the final output requirements). The completed 3D models 

contained in the sample datasets are in 3ds Max format (the main software used by the KVL) 

and should link to all the ancillary files necessary to open the build. Many of these would have 

been completed in older versions of 3ds Max and have probably not been refreshed to the latest 

version (although 3ds Max is very good at backwards compatibility). It is also likely that some 

ancillary files, most likely textures, would become ‘unlinked’ as the topology of the network 
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has been broken with the closure of the KVL. It is also possible to use the final artefacts to 

generate ‘final visualisations’, e.g. render a .max file, if those have not been preserved. 

4) Final visualisations (generated by 3D creatives/used by the public and future researchers) 

Final outputs from these rendering case studies include QuickTime VR, VRML, TurnTool and 

Unity 3D (including the Unity project). Some of these might not work (QTVR is now defunct) 

or only work on specific set ups (TurnTool only works on Internet Explorer). 

5.2.1.3 Hardware Apparatus for Rendering Case Studies 

The rendering case studies were conducted on a Dell XPS (Table 5.1) with an AG Neovo 

(2003) F-417 (response time: 3 ms) (17”) provided by the University of Portsmouth (UoP). 

Table 5.1: Workstation PC used for emulation 

Desktop configuration Technical specifications 

Windows edition Windows 7 (compatibility mode) Enterprise Service Pack 1 

System: Manufacturer UoP 

Model Windows 7 - UoP Build Version 2.3 

Processor Intel ® Core ™ 2 Quad CPU Q6600 @ 2.40 GHz 2.40 GHz 

Installed memory (RAM) 6.00 GB 

System type 64-bit Operating System 

Pen and Touch No Pen or Touch Input is available for this display 

Display adapters 
NVIDIA GeForce GTX 280 (Microsoft Corporation - 

WDDM v1.1) 

Generic PnP monitor LCD AG Neovo F-417 

Internet connection Wired (Ethernet) Network Connection/Speed: 1.0 Gbps 

Web browser Mozilla Firefox 

Original software version 3ds Max 7 

 

In order to compare the emulation environment to ‘the original form’, the original development 

environment was set up on a ‘contemporary laptop’. This included the appropriate versions of 

2002 operating system, original software etc. The ‘original’ environment was run on an HP 

EliteBook 8460p (Table 5.2) provided by the UoP. 
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Table 5.2: Workstation laptop used for 3D rendering 

Laptop configuration Technical specifications 

System 
Microsoft Windows XP Professional Version 2002 

Service Pack 3 

Manufactured and supported by 
UoP ACS XP7 Intel ® Core ™ i5-2520M CPU @ 2.50 

GHz 773 MHz, 2.98 GB of RAM 

Display adapters 
Novell ZENworks Remote Management Driver 

Radeon HD 6470M 

Original software version 3ds Max 7 

 

5.2.1.4 Installation of the Emulation Environment  

The first step, after consulting the instructions in the demonstration guide provided by the 

University of Freiburg (2015), was to install 3ds Max 7 (32-bit) using QEMU-KVM on 

Windows XP (32-bit) (Figure 5.5). 

 

Figure 5.5: The newly installed disk image ready to run on QEMU-KVM 

Then, a single file (.max) was uploaded from a local computer and wrapped as a FLOPPY. 

However, FLOPPY with Windows XP (3ds Max 7) was not booting. Per definition, a CD-

ROM is a read-only medium (not writeable). Hence, there was nothing to export. Therefore, 

the only option left was the DISK directory. 

The ViewPath now looked like the following: QEMU-KVM (emulator) – 3ds Max 7 (32-bit) 

(rendering application) – Inject the .max file from DISK (ingest process). Nevertheless, once 

inside the emulated environment, it was discovered that the injection was not successful. That 
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was because the Windows XP installation was not optimised, and the virtual machine (VM) 

was hosted on a rather weak CPU cluster. 

Thus, the demo version of the EMiL workflow (an upgraded version of the bwFLA demo) was 

used as an alternative. This decision did not come without its drawbacks, since not all the new 

features were ported at that time. Due to that reason, the installation process of the desired 

emulation environment, i.e. ingest the .iso image of 3ds Max 7, needed to be repeated. Another 

technical issue was the lack of sufficient virtual memory for rendering the largest (44.6 MB) 

of the three hybrid digital objects (Figure 5.6). 

 

Figure 5.6: Error message: Low virtual memory in Windows XP 

At least 1 GB of RAM is required for this kind of process, while originally only 128 MB were 

available within the virtual CPU of QEMU-KVM. Thanks to the assistance of Dr Klaus Rechert 

(Research Project Manager at the University of Freiburg) that issue was timely resolved. 

The EMiL Emulation Framework certainly offered a better working Windows XP than the 

bwFLA EaaS. As was the case with the bwFLA demo, VirtualBox support was dropped, and 

therefore testing Windows XP running on QEMU-KVM was the remaining option. The testing 
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platform used was a temporary installation (for research purposes only) of the German version 

of Windows XP with 3ds Max 7 installed, and a functional DISK attachment.  

One of the main concepts of the bwFLA EaaS is to separate environments from objects, so the 

user may have a small number of environments suitable to render a large number of objects. 

The advantage of the EMiL Emulation Framework over the bwFLA EaaS is the automatic 

identification of a suitable environment. In this way, the ingest process is deemed redundant. 

5.2.1.5 Rendering Properties 

The hardware (Section 5.2.1.3) can be used to render the final artefacts from the gathered 

rendering case studies materials (Section 5.2.1.2). However, to evaluate the quality of the 

rendered objects, evaluation criteria (the rendering properties) for archaeological virtual 

reconstructions need to be defined and applied either to the emulator or application used.  

The ingest workflows of the bwFLA and EMiL Emulation Frameworks essentially define 

rendering properties for a digital art collection and offers multiple options to render an object. 

The rendering properties of software-based artistic creations and archaeological 3D models are 

both dependent on the metadata required to be preserved for a given visualisation. Artistic and 

scientific creativity might often convey different messages, though indeed could have been 

implemented on the same platforms and applications. Previous evaluations of the bwFLA and 

KEEP Emulation Frameworks for obsolete CD-ROM artworks and computer games 

respectively (Ciuffreda, Dobreva, Anderson, Delve & Konstantelos, 2012; Delve, Ciuffreda & 

Anderson, 2010; Owens, 2014; Van Doren & Michaan, 2016) used a checklist of which eleven 

criteria (Table 5.3) are relevant to archaeological virtual reconstructions. 

Table 5.3: Amalgamated evaluation criteria checklist for complex digital objects (adapted from Ciuffreda, Dobreva, 
Anderson, Delve & Konstantelos, 2012; Delve, Ciuffreda & Anderson, 2010; Owens, 2014; Van Doren & Michaan, 2016) 

Criterion Defined 

Renderability colour fidelity 

Original form flattening 

Relationships between multiple objects assemblies 

Attribute data associated with the 3D model properties/materials 

Views of the 3D model  camera/hide/show etc. 

Relationships between data and the 3D model animation, visual response 

Interactivity 
mouse and keyboard input/ 

low latency 
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Messages error 

Audio sound effects 

Interaction aspects of the original GUI 
export/print/save options/ 

edit commands 

Menu help 

 

This research applies the concept of rendering properties to 3ds Max 7 (Table 5.1). These were 

used here to define a procedure to explore each aspect, in detail, in order to confirm their 

applicability and determine if other categories were needed (Table 5.5). 

5.3 Procedure and Results of the Rendering Case Studies 

In evaluating obsolete archaeological virtual reconstructions rendered via an emulator, hosted 

within the bwFLA and EMiL EaaS, the steps in the manual needed to be followed. The 

rendering fidelity of emulation can be validated by comparing snapshots of an original object 

to its emulated counterpart (Dappert, 2013). In order to do this, the appropriate obsolete virtual 

reconstructions needed to be selected, and access to their original platform, i.e. hardware, 

operating system, and software applications, needed to be provided (Section 5.2.1). 

5.3.1 Rendering Case Studies 

5.3.1.1 The Bouleuterion in Arriasos, Turkey (an example of book work) 

The Bouleuterion in Arriasos (or Kretopolis) of Pisidia is a rectangular building dating in the 

1st century BC. It includes a square assembly hall where the stone seats are arranged in a curve, 

and an oblong anteroom, which communicated with the main hall through three doors. This 

particular architectural type created in Asia Minor and combines architectural characteristics 

of the hypostyle halls and the theatre (Dawson & Kamara, 2006). The combination of the hall 

with the auditorium, which rises all around, gave a monumental character to the architecture of 

the Bouleuterion. Internally the walls were covered with marble and adorned with paintings. 

Statues of gods, personifications of the Demos and democracy as well as portraits of eminent 

citizens completed its interior decoration. As regards its external appearance, it had two floors 

and was elaborately decorated, while windows or light holes at high levels lighted the interior. 

Its capacity should have been somewhere between 200 and 1500 people (ibid.).  

It should be noted that this information was not included with the sample dataset. The dataset 

of the Bouleuterion in Arriasos was just a collection of files used within the THEATRON 

project (King’s Digital Lab, n.d.a): 
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• Online heritage project: THEATRON 

• Duration: 1998-2001 

• Funded by the European Commission (EC) 

• Coordinator of the project: University of Warwick 

• Creator/Researcher: Drew Baker (one of the founding members and former Senior 

Research Fellow of the now defunct KVL) 

• IP: The now defunct KVL at the KCL 

These details recorded with the dataset focus on the project description, but do not consider 

any details of the original sources’ materials, original investigator etc. Thus, they do not support 

the chain of custody (Section 2.5). 

A general model of a classical building. The output was a .wrl (v2.0 utf8) file and images (now 

lost). Interestingly, the .max file hangs on opening so it is probably corrupt. Data types in this 

set include: 

• Original data: N/A 

• Intermediate data: 27 digital images used for texture mapping (.gif, .jpg, .png, .tga, .tif) 

• Final artefact:  1 3D (wire-frame) model (.max) created in 2000 

• Final visualisations: 2 files specifying details about 3D interactive vector graphics (.wrl, 

.txt) 

This information was stored with the dataset as a .txt file, but no other metadata or paradata 

(Section 4.3.3) was recorded. The licence of the selected version of 3ds Max, i.e. 7, provided 

by the University of Portsmouth (UoP) has been expired for more than ten years. Consequently, 

the virtual representations of data generated during the 1990s in Arriasos can be officially 

considered obsolete, as well as ‘endangered’ or ‘critically endangered’.  

The process followed in arriving at extraction of the rendered .max file from the emulated 

environment was the following: Firstly, the .max file was ingested into the emulated 

environment (Figs. 5.7-5.8). 
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Figure 5.7: Inject the .max file from DISK (ingest process) 

 

 Figure 5.8: 3D scene file of the Bouleuterion at Arriasos uploaded from a local computer is available within the 
emulated environment 

Secondly, the .max file was rendered via QEMU-KVM on the computer platform for which it 

was originally designed, i.e. Windows XP (Figs. 5.9-5.11). 
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 Figure 5.9: Render 3D scene file of the Bouleuterion at Arriasos, uploaded from a local computer 

Figure 5.9 has elements 'consistently' coloured (by layer, i.e. first floor, windows etc.). The 

colour coding is consistent but it represents the order of the geometry (different layers in 3ds 

Max) rather than the archaeological decisions during the creative design process (virtual 

reconstruction paradata), as suggested in Section 2.5.  It does show though, that development 

files (such as a .max file) could be used to provide embedded paradata directly through the 

emulation interface. 

 

Figure 5.10: Configuring the rendering options 
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 Figure 5.11: Rendering in progress 

Thirdly, it would be a good idea to shut down the virtual machine (VM) before downloading 

the extracted object. Otherwise, the file system (FS) on the second disk might be unclean and/or 

the file not written completely. As we could not be in a position to know exactly when Windows 

synchronises the file operations, it would be better to shut down Windows XP and then stop 

and download (Figs. 5.12-5.13). 

 

Figure 5.12: Click stop and proceed to export files 
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Figure 5.13: QEMU-KVM has been shut down 

Fourthly, and last, all data from disk E: are available as a .zip file ready to download (Figure 

5.14). 

 

Figure 5.14: Download and unzip folder 

 

5.3.1.2 The House of Marcus Lucretius Fronto (an example of mixed book work and 

fieldwork) 

Region V, Insula (tenement) 4 lies along the southern edge of Region V, on the north side of 

the Via di Nola. The insula contains mainly domestic properties, with small shops and bars 

interspersed along Via di Nola. Among the houses in the insula are the House of the Flamen, 

the House of Fabius Secundus and the House of Marcus Samellius Modestus. The most 

interesting property, however, is the House of Marcus Lucretius Fronto (Allison, 2004). 

The house is one of the most refined examples of the small domus from the imperial age, with 

spectacular paintings in the late third and fourth style. Much of the house remains in a good 

state of preservation. Electoral inscriptions found on the façade during the excavations suggest 

that the name of the owner is Marcus Lucretius Fronto, a cultured man, who set out for a 

brilliant political career. The 463 m2-building consists of fifteen rooms, a square atrium which 

has a central impluvium with mosaic flooring as well as a tablinum (Figure 5.15).  
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Figure 5.15: Photograph of the atrium of the House of Marcus Lucretius Fronto (Pompeiisites, n.d.) 

On the west side of the impluvium (Appendix C – Glossary of archaeological terms) is a 

rectangular marble table with four lion’s feet that was already broken at the time of excavation 

(Figure 5.16).  

 

Figure 5.16: Photograph of the rectangular marble table with four lion's feet (Zimmermann, 2003) 

It was crushed by the collapse of the roof during the Vesuvian eruption that destroyed the city 

in 79 AD (ibid.). 

All the above information was not included with the sample dataset. The dataset of the House 

of Marcus Lucretius Fronto dataset was just a collection of files used within the Skenographia 

Project (King’s Digital Lab, n.d.b):  
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• Project: The Skenographia Project: Investigating Roman Wall Paintings through 

Digital Visualisation 

• Duration: 2002-2003 (first stage) 

• Funded by the Leverhulme Trust 

• Creator/Researcher: Drew Baker (former Senior Research Fellow of the now defunct 

KVL) 

• IP: The now defunct KVL at the KCL 

These details recorded with the dataset focus on the project description, but do not consider 

any details of the original sources’ materials, original investigator etc. Thus, they do not support 

the chain of custody (Section 2.5). 

V.4.a Pompeii. Casa di Marco Lucrezio Frontone or House of Marcus Lucretius Fronto. A 

visualisation based off book work and some fieldwork notes. Final output as TurnTool, images 

and a series of .qtvrs. Data types in this set include: 

• Original data: 394 digital images of the interior and exterior spaces of the House of 

Marcus Lucretius Fronto (.jpg, .bmp) 

• Intermediate data: 13 files illustrating the creation process (.psd, .bmp, .jpg, .xls, .doc, 

.tif), 100 digital images used for texture mapping (.psd, .bmp, .gif, .jpg, .mpeg, .avi) 

• Final artefacts: 12 3D models (.max) created between 2003-2005 (textured 3D models 

of the house interior) 

• Final visualisations: 29 rendered images (.jpg, .tif), 34 files specifying details about 3D 

interactive vector graphics (.html, .gif, .jpg, .tnt), 21 files associated with 360-degree 

virtual tours of the different rooms of the House of Marcus Lucretius Fronto (.mov, 

.jpg, .bmp, .psd) 

This information was stored with the dataset as a .txt file, but no other metadata or paradata 

(Section 4.3.3) was recorded. The licence of the selected version of 3ds Max, i.e. 7, provided 

by the University of Portsmouth (UoP) has been expired for more than ten years. Consequently, 

the virtual representations of data generated during the excavation seasons of the 2000s in 

Pompeii can be officially considered obsolete, as well as ‘endangered’ or ‘critically 

endangered’. 
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The process followed in arriving at extraction of the rendered .max file from the emulated 

environment was the following: Firstly, the .max file was ingested into the emulated 

environment (Figs. 5.17-5.18). 

  

Figure 5.17: Inject the .max file from DISK (ingest process) 

 

 Figure 5.18: 3D scene file of the House of Marcus Lucretius Fronto uploaded from a local computer is available within 
the emulated environment 

Secondly, the .max file was rendered via QEMU-KVM on the computer platform for which it 

was originally designed, i.e. Windows XP (Figs. 5.19-5.20). 
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 Figure 5.19: Render 3D scene file of the House of Marcus Lucretius Fronto, uploaded from a local computer 

 

 Figure 5.20: The rendered frame window 
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Thirdly, it would be a good idea to shut down the VM before downloading the extracted object. 

Otherwise, the FS on the second disk might be unclean and/or the file not written completely. 

As we could not be in a position to know exactly when Windows synchronises the file 

operations, it would be better to shut down Windows XP and then stop and download (Figs. 

5.21-5.22). 

 

Figure 5.21: Click stop and proceed to export files 

 

Figure 5.22: QEMU-KVM has been shut down 

Fourthly, and last, all data from disk E: are available as a .zip file ready to download (Figure 

5.23). 
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Figure 5.23: Download and unzip folder 

 

5.3.1.3 The Large Theatre in Pompeii (an example of book work) 

The Large Theatre in Pompeii was built into a natural hill in the 2nd century BC. The theatre 

was the place where performances of comedies and tragedies were held. The Large Theatre 

was used mainly for pantomimes, popular (usually vulgar) plays, and one-act plays (Rollinson, 

n.d.). It had a capacity of 5000 spectators. The seating of the theatre was divided into three 

sections (Figure 5.24).  

 

Figure 5.24: View from upper seating (Pompeii, n.d.) 

The cavea, the large outer area containing seats for spectators; the orchestra, the small semi-

circular portion enclosed by the cavea with an entrance on both side and the stage, facing the 

orchestra and the cavea. The latter was in turn divided into three sections. The lower most 

section, the ima, was reserved for senators, magistrates, and other important people. The middle 

section, the media, sat the middle class and the top, the summa, was reserved for the plebs. 

Regarding the rectangular stage, it was built to represent the front of a palace entered by three 
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doors and adorned with columns and niches for statues. No scenery was used – an actor would 

announce to the audience where the scene was set (ibid.). 

The above information was not included in the sample dataset. The sample dataset of the Large 

Theatre at Pompeii dataset was just a collection of files used within the Skenographia Project 

(King’s Digital Lab, n.d.b):  

• Project: The Skenographia Project: Investigating Roman Wall Paintings through 

Digital Visualisation 

• Duration: 2002-2003 (first stage) 

• Funded by the Leverhulme Trust 

• Creator/Researcher: Drew Baker (former Senior Research Fellow of the now defunct 

KVL) 

• IP: The now defunct KVL at the KCL 

These details recorded with the dataset focus on the project description, but do not consider 

any details of the original sources’ materials, original investigator etc. Thus, they do not support 

the chain of custody (Section 2.5). 

An early model of the Large Theatre at Pompeii. The output was a simple interactive file single 

TurnTool. 

• Original data: N/A 

• Intermediate data: N/A 

• Final artefact: 1 3D model (.max) created in 2004 (greyscale 3D interpretation of fresco 

design)  

• Final visualisations: 3 files associated with a 360-degree virtual tour of the Large 

Theatre at Pompeii (.tnt, .jpg, .html) 

This information was stored with the dataset as a .txt file, but no other metadata or paradata 

(Section 4.3.3) was recorded. The licence of the selected version of 3ds Max, i.e. 7, provided 

by the University of Portsmouth (UoP) has been expired for more than ten years. Consequently, 

the virtual representations of data generated during the excavation seasons of the 2000s in 

Pompeii can be officially considered obsolete, as well as ‘endangered’ or ‘critically 

endangered’. 
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The process followed in arriving at extraction of the rendered .max file from the emulated 

environment was the following: Firstly, the .max file was ingested into the emulated 

environment (Figs. 5.25-5.26). 

 

Figure 5.25: Inject the .max file from DISK (ingest process) 

 

Figure 5.26: 3D scene file of the Large Theatre at Pompeii uploaded from a local computer is available within the 
emulated environment 
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Secondly, the .max file was rendered via QEMU-KVM on the computer platform for which it 

was originally designed, i.e. Windows XP (Figs. 5.27-5.28). 

 

Figure 5.27: Render 3D scene file of the Large Theatre at Pompeii, uploaded from a local computer 

 

Figure 5.28: The rendered frame window 
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Thirdly, it would be a good idea to shut down the VM before downloading the extracted object. 

Otherwise, the FS on the second disk might be unclean and/or the file not written completely. 

As we could not be in a position to know exactly when Windows synchronises the file 

operations, it would be better to shut down Windows XP and then stop and download (Figs. 

5.29-5.30). 

 

Figure 5.29: Click stop and proceed to export files 

 

Figure 5.30: QEMU-KVM has been shut down 

Fourthly, and last, all data from disk E: are available as a .zip file ready to download (Figure 

5.31). 
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Figure 5.31: Download and unzip folder 

 

5.4 Discussion of the Rendering Case Studies’ Results 

In determining the most effective preservation strategy for archaeological virtual 

reconstructions (Section 3.4) a consistent framework for preservation practice (Section 2.5) 

needed to be defined. The rendering case studies (Section 5.3.1) were approached with this 

framework in mind. As the screenshots from Section 5.3 show, the outcome of the rendering 

case studies is very positive. When rendered outside the emulated environment, the 3D scene 

files were identical to the extracted objects from the EMiL EaaS. Each of the applied evaluation 

criteria (Table 5.3), where applicable, was met without any associated problems. Through the 

rendering case studies in Section 5.3.1, it was demonstrated that cloud-based emulation could 

be employed as part of an effective preservation strategy (access and export) for obsolete 

virtual reconstructions from the archaeology domain. 

The digital preservation community is now provided with a checklist for evaluating cloud-

based emulation that could assist in developing a separate framework for preservation-ready 

objects, for the broader field of the preservation of digital archaeological data (without virtual 

reconstructions) (Section 6.3). 

Nevertheless, there were some aspects of an archaeological virtual reconstruction, namely 

virtual reconstruction paradata and chain of custody, which were not fully supported in these 

obsolete archaeological virtual reconstructions. For instance, Figure 5.9 has elements 

'consistently' coloured (by layer, i.e. first floor, windows etc.). The colour coding is consistent 

but it represents the order of the geometry (different layers in 3ds Max) rather than the 

archaeological decisions during the creative design process (virtual reconstruction paradata), 

as suggested in Section 2.5.  It does show though, that development files (such as a .max file) 

could be used to provide embedded paradata directly through the emulation interface. In 

addition, the projects’ details (Sections 5.3.1.1-5.3.1.3) record metadata for each individual 

virtual reconstruction project but do not extend the chain of custody back to the archaeological 
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investigation (either data or the original investigator). Thus, the current evaluation criteria 

checklist (Table 5.3) needed to be expanded with two new categories, i.e. chain of custody and 

virtual reconstruction paradata (Table 5.5). 

 

It is confirmed here that the minimum set of preserved virtual reconstruction data could be one 

final rendering along with additional supporting information, such as written documents and 

3D files including alternative views, which describes the decisions and the alternatives that 

could have been produced. Ideally, the majority of this information would be stored inside the 

final archaeological virtual reconstruction in the form of 3D scene management, e.g. naming 

and visibility options of 3D objects (Section 2.5). 

5.4.1 Emulation Framework for Virtual Reconstructions – Evaluation Criteria 

When assessing a complex digital object for preservation, a framework is required to determine 

if the target is complete enough for preservation, e.g. does its data offset the financial cost of 

preservation (Section 3.1). Previous evaluations of Emulation Frameworks for obsolete CD-

ROM artworks and computer games suggested checklists of items to be considered when 

preserving complex digital objects (Ciuffreda, Dobreva, Anderson, Delve & Konstantelos, 

2012; Delve, Ciuffreda & Anderson, 2010; Owens, 2014; Van Doren & Michaan, 2016). 

Combining the existing suggestions for evaluation checklists of Emulation Frameworks 

together (Table 5.3) resulted in a simple list that includes the following criteria (included here 

for ease): 

Table 5.4: Amalgamated evaluation criteria checklist for complex digital objects (adapted from Ciuffreda, Dobreva, 
Anderson, Delve & Konstantelos, 2012; Delve, Ciuffreda & Anderson, 2010; Owens, 2014; Van Doren & Michaan, 2016) 

Criterion Defined 

Renderability colour fidelity 

Original form flattening 

Relationships between multiple objects assemblies 

Attribute data associated with the 3D model properties/materials 

Views of the 3D model  camera/hide/show etc. 

Relationships between data and the 3D model animation, visual response 

Interactivity 
mouse and keyboard input/ 

low latency 

Messages error 

Audio sound effects 
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Interaction aspects of the original GUI 
export/print/save options/ 

edit commands 

Menu help 

 

However, this thesis redefines some of those categories (Table 5.4) for archaeological virtual 

reconstructions (Table 5.5) based on the non-supported aspects of the selected obsolete 

archaeological virtual reconstructions. Thus, in order to effectively preserve virtual 

reconstructions, the prior synthesised evaluation checklists should be redefined and augmented 

with additional categories as below (Table 5.5): 

Table 5.5: Proposed evaluation criteria checklist for archaeological virtual reconstructions 

Criterion 
Redefined [R]/ 

Unchanged [U]/New category[N] 

Renderability R1 

Original form R2 

Relationships between multiple objects R3 

Attribute data associated with the 3D model U1 

Views of the 3D model  R4 

Relationships between data and the 3D model U2 

Interactivity U3 

Messages U4 

Audio U5 

Interaction aspects of the original GUI U6 

Menu U7 

Chain of custody N1 

Minimum set of preserved virtual reconstruction data N2 

Virtual reconstruction paradata N3 

  

R1: Archaeology is more than realism. Users need to identify which parts of the 3D model are 

based on scientific evidence and which are hypothetical. Thus, within virtual reconstruction 

files, visual (e.g. Green for Archaeology, Yellow for Documents, Red for Conjecture etc.) and 

naming conventions (e.g. wall01_Archaeology, wall01_Document, 

wall01_Conjecture_AuthorName etc.) will be useful for recording the archaeological decisions 
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during the creative design process. This will also allow the designated communities, e.g. the 

archaeological, historical and digital preservation communities, to appraise the available 

information.  

R2: When the original file is saved in an open format (Section 6.2.3), something that 

automatically makes it a preservation-ready object, its rendering in the original environment 

for which it was designed, through emulation, is conveniently supported (when this becomes 

obsolete). While emulation allows the original look (colours, shapes and typefaces) and feel 

(buttons, boxes, and menus) of an object to be preserved (Section 3.2.3), using open formats 

during the creative design process allows effective and cost-efficient digital preservation 

strategies to be adopted. Archaeological virtual reconstructions require an approach that 

considers the form and content of each individual 3D model. 

R3: Archaeological virtual reconstructions’ linked data, such as development and other 

ancillary files (e.g. textures), might be missing because, for example, the topology of the 

network has been broken or there was no original provision for keeping it. A virtual 

reconstruction’s linked data, such as the geographical location of a monument, can be included 

into the 3D file itself, e.g. in the form of a georeferenced 3D model. This could be tracked over 

time, and when combined with new findings might lead to alternative reconstructions.  

U1: Attribute data associated with the 3D model (e.g. properties/materials) 

R4: 3D scene management, i.e. automated selection (hiding and unhiding) of 3D objects with 

different levels of uncertainty, should be offered through alternative reconstructions in order 

for an effective representation of the creative design process to be achieved. 

U2: Relationships between data and the 3D model (animation, visual response) 

U3: Interactivity (mouse and keyboard input, low latency) 

U4: (Error) messages 

U5: Audio (sound effects) 

U6: Interaction aspects of the original GUI (e.g. export, print, save options, edit commands) 

U7: Help menu 
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N1: The chain of custody for archaeological virtual reconstructions should extend not back to 

the point at which ‘the data’ is deposited (including any subsequent preservation actions), but 

through to the point at which ‘the archaeology’ is recorded (a change from physical to digital) 

through the process to change it to ‘the data’ (virtual reconstruction) by the 3D creatives. 

 

N2: The original data should be maintained alongside full documentation of the creative design 

process, ideally ‘also’ included in the 3D production files themselves, because that may have 

greater long-term reuse potential than the final produced output of an archaeological research 

project. Thus, both the scientific validity and reproducibility of the research processes involved 

in a project can be supported. 

 

N3: Virtual reconstruction paradata, as a form of metadata which records the creative design 

process, is particularly important for supporting the scientific transparency of an archaeological 

virtual reconstruction. For a virtual reconstruction to be valid, both its archaeological paradata 

and virtual reconstruction paradata needs to be associated. 

 

Thus, this framework provides a practical starting point (Section 6.3) for memory institutions 

to make decisions about the long-term preservation of hybrid digital objects, such as 

archaeological virtual reconstructions, submitted to their collections. It is clear from the 

theoretical contributions in this thesis (Sections 1.4.1-1.4.4) that some objects might have an 

importance above that initially perceived, when considering just the final archaeological virtual 

reconstruction. Each hybrid digital object, e.g. archaeological virtual reconstruction, does not 

have to address all the proposed criteria in order to be archived, but the framework provides an 

understanding of what will be preserved, and perhaps an opportunity at ingest to check with 

the depositor whether any additional missing metadata/paradata or ancillary files are available. 

It also becomes clear that in redefining the ‘criteria’, existing obsolete hybrid digital objects 

would not address many aspects of them. However, it is not suggested that existing metadata 

registries are erased, but that perhaps the checklist can be used to highlight the deficiency in 

this data which may affect the usefulness and subsequent knowledge drawn from them. It is 

apparent that more work would need to be completed in order to develop this into a standard 

for digital preservation.



                                                                                                                                                                   Chapter 6 

126 

 

6 Conclusions  

6.1 Thesis’ Summary 

In use in archaeology there is a wide range of surveying techniques including 3D modelling, 

laser scanning, rectified photography, panoramic imaging, and photogrammetry. They can 

offer great accuracy fast, but they also produce large data files, which require expensive and 

sophisticated hardware and software in order to view and post-process them. Depending on the 

size of the archaeological site that needs to be surveyed, a large amount of data can be produced 

and data of different types, e.g. .obj (meshes), .jpg (photographs), .ptx (registered point clouds), 

.avi and .mov (film/flythrough). Archaeologists need to deposit this type of data in ‘trusted’ 

digital repositories where files are securely preserved, curated, and made permanently 

accessible. 

Digital repositories dedicated to the archaeological sector, such as the Research Data Centre 

for Archaeology and Ancient Studies in Germany (IANUS), have hosted and promoted 

standards and guidelines for best practice in the creation, description, preservation and use of 

archaeological information, so much for the benefit of the archaeological as the wider research 

community. They highlight the metadata required to record these processes, i.e. aims and 

objectives of the archaeological research project (Niven, 2011a), and the datasets produced at 

different stages that can be selected for archiving. For example, the 2013 Guide to Good 

Practice entitled Caring for Digital Data in Archaeology, produced collaboratively between 

the Archaeology Data Service (ADS) and Digital Antiquity, along with the Standard and Guide 

to Best Practice for Archaeological Archiving in Europe (Perrin et al. 2014) can be applied to 

all the stages of the archaeological process, from planning to curation of the end product. 

Nevertheless, the abovementioned standards and guidelines tend to focus on technical 

environment metadata, i.e. a description of a given 3D object’s file format as well as the 

software applications, operating system and hardware needed to make the 3D object usable. 

They thus miss information about the creative design process. As a result, they omit the virtual 

reconstruction paradata needed to be stored. Moreover, there is a large volume of digital 

archaeological outputs (hybrid digital objects) dating from around the beginning of the 21st 

century that are already becoming obsolete because of the recurrent technological changes, e.g. 

discontinuation of a specific software versions, especially operating systems (Jeffrey, 2012; 
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Lindlar et al. 2014). These hybrid digital objects are usually deliverables of research projects 

investigating archaeological remains through virtual representation, notwithstanding their 

associated context. There is a pressing need for digital preservation standards that can include 

those as well as digital archaeological outputs that are currently being produced. 

As it was previously discussed (Section 1.3), hybrid digital objects are 3D objects that contain 

more than just a creative artefact and also have scientific metadata and virtual reconstruction 

paradata attached to them. As a result, not only can we not determine a definitive digital 

preservation strategy for archaeological data, but we also need to discover which one, or even 

combination of them, applies better to digital objects under the risk of obsolescence (Anderson, 

Delve, Pinchbeck & Alemu, 2009). Therefore, there is a need to focus on near-obsolete virtual 

reconstructions for which, at worst, there is no provision of preservation. 

However, just having access to a stored digital file, e.g. archaeological virtual reconstruction, 

without its accompanying metadata/paradata is not enough. Hence, effective digital 

preservation occurs only when the provision of access to an obsolete digital file is 

complemented by the required metadata/paradata to understand what it represents (Lavoie & 

Gartner, 2013) and how it was created, respectively. In the case of virtual reconstructions, 

information about the creative design process is required to support the scientific authenticity 

as well as the repeatability of, often, particularly expensive, and difficult to reproduce 

proprietary processes (Mitcham, 2012), i.e. only repeatable within a specific software package, 

with access to the archeological decisions made at that specific time. 

This thesis therefore investigates the following question: “What would be an effective strategy 

for the preservation of archaeological virtual reconstructions, as hybrid digital objects?” 

The investigation started with a brief historical review of the development of virtual 

archaeology using landmark examples of the 1980s and 1990s (Section 2.1), such as the Old 

Minster in Winchester and the Frauenkirche in Dresden. The potential and the challenges of 

virtual archaeology regarding the long-term preservation of its past and current outcomes were 

then discussed. Designated communities (Section 4.3.3) interested in hybrid digital objects 

were described along with the metadata required for their long-term accessibility. The Open 

Archival Information System (OAIS) reference model (Section 2.2), and the Preservation 

Metadata Implementation Strategies (PREMIS) data dictionary (Section 2.3) provided a 

comprehensive basis for better understanding preservation in its broadest sense. Additionally, 

optimal preservation file formats (Section 2.5) for an archaeological research project’s 
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documentary archive (focusing on records in digital form), based on previous relevant 

recommendations, e.g. the Personal Archives Accessible in Digital Media (PARADIGM) 

research project, were identified. 

This showed that digital preservation metadata standards (Section 2.3) should be in accordance 

with the principles of the International Council on Monuments and Sites (ICOMOS). The 

Cultural Virtual Reality Organisation (CVRO) had previously suggested a set of visual 

conventions that indicate uncertainty in their ‘CVR philology’ (Frischer, Niccolucci, Ryan & 

Barcelo, 2002). This could be used in an ICOMOS setting, to indicate the various types of data 

on which the virtual reconstruction is based.  Thus, the CVRO’s technical standard deals with 

the accuracy and authenticity of the data and metadata pertaining to an archaeological virtual 

reconstruction. 

 

Typically, archaeological virtual reconstructions (Section 2.1) have used these established 

visual conventions during production, such as blurring, transparency and false colouring, to 

depict those parts of the 3D models with uncertain features (Koller et al. 2009).  However, this 

is an important element of paradata that needs to be preserved for all archaeological research 

projects, as it could be missing from the final published virtual reconstruction. There are 

proposed visual conventions including non-photorealistic (sketch-like) rendering to represent 

the types of uncertainty in archaeological virtual reconstructions (Strothotte et al. 1999) that 

would be evident in the final artefact/visualisation. This might preserve some of the paradata 

pertaining to uncertainty, but it is not an established standard and thus not all virtual 

reconstructions contain this paradata. Further, it only preserves the elements that are uncertain, 

and not the archaeological decisions about the creative design process. 

 

Typically, though, the final published version represents the archaeological site as photo-

realistically (homogeneously) as possible.  Hence, one aspect of paradata (the level of degree 

of uncertainty of any given archaeological element and the archaeological decisions used in the 

creative design process) is only being preserved in the original production files, not the final 

artefacts or visualisations produced at the end of an archaeological research project. 

Consequently, the most likely file to be preserved is also the one that has the least information 

about how a certain virtual reconstruction was created. 

 

Therefore, it was suggested that alternative interpretations should be preserved as part of the 

required paradata accompanying a specific final artefact (Section 1.2.2). Having alternative 
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renderings might resolve the issues of uncertainty in the final artefact although it was 

acknowledged that it is unlikely that multiple versions would be created or used in any public 

setting. Moreover, these multiple versions would have financial and time resource implications 

(Section 3.1). 

 

It may also not be practical in the context of small-scale archaeological research projects due 

to the lack of digital preservation capacity building, especially as they would not be ‘used’ in 

any published context. This suggested the importance of considering the designated community 

(Section 4.3.3) for each final research output, including the alternative reconstructions, as well 

as the responsibility of different roles for the effective preservation of different aspects of an 

archaeological research project’s digital record (Section 2.5). 

 

None of the above suggestions are explicit in the preservation metadata standards, although 

some are implicit in the archaeological reconstruction standards. Hence, it was suggested here 

(Section 2.5), that if this is extended to digital preservation, it becomes imperative to maintain 

the original data alongside full documentation of the creative design process, ideally included 

in the 3D production files themselves, because that may have greater long-term reuse potential 

than the final produced output of an archaeological research project. 

 

This all together will help users to identify which parts of the 3D model are based on scientific 

evidence and which are hypothetical. In addition, within virtual reconstruction files, visual (e.g. 

Green for Archaeology, Yellow for Documents, Red for Conjecture etc.) and naming 

conventions (e.g. wall01_Archaeology, wall01_Document, wall01_Conjecture_AuthorName 

etc.) are useful for recording the archaeological decisions during the creative design process of 

a virtual reconstruction. This allows the designated communities, e.g. the archaeological, 

historical and digital preservation communities, to appraise the available information. A 

preserved archaeological virtual reconstruction, with this data attached may be more valuable 

as an example of ‘historical knowledge’ rather than as an example of archaeological evidence.  

 

However, the de facto standard for preservation metadata (the PREMIS data dictionary) only 

partly defines virtual reconstruction paradata. Since it would be beyond the remit of any 

individual or community to define these standards, an expert survey of archaeologists and 

digital preservationists as well as digital archiving entities was used (Chapter 4) to help 

determine the different perspectives and requirements for preservation metadata, or at least the 

key areas that would need to be considered by a larger preservation standards effort. 
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Whatever the outcome of that, ideally the majority of this information could be stored inside 

the final artefact in the form of 3D scene management, e.g. naming and visibility options of 3D 

objects. Nevertheless, it would be advisable to also keep any existing additional documentation 

explaining how the multidisciplinary research project team reached their decisions during the 

creative design process, including alternative reconstructions. It was also discussed here 

(Section 2.2) that a virtual reconstruction paradata database, similar to the Trustworthy Online 

Technical Environment Metadata (TOTEM) registry (Konstantelos, Delve & Anderson, 2012), 

could be developed to store all relevant information separately, offering the designated 

communities more flexibility in its management, i.e. access and reuse of the digitally preserved 

information for further research and development.   

However, there was still the question of how the final stored virtual reconstruction itself will 

be retrieved and displayed at a later date, in a manner that will preserve the creative decisions 

contain therein (Chapter 3). 

Chapter 3 described the traditional digital preservation strategies, starting with perhaps the 

most resource-intensive strategy of hardware preservation (Section 3.2.1) and concluding with 

a hybrid approach (Section 3.2.4). The latter leverages the two most prevalent strategies 

(migration and emulation – Sections 3.2.2-3.2.3) for providing long-term access to complex 

digital objects, e.g. computer games. It then discussed each individual preservation strategy’s 

suitability for hybrid digital objects (Section 1.2.2). Through this sorting process, emulation 

alone was identified as a strong nominee for the ‘default’ preservation strategy of 

archaeological virtual reconstructions (Section 3.3). Furthermore, the costs (Section 3.2.3) and 

legal issues (Section 3.2.3.1) associated with emulation were discussed to contextualise the 

effectiveness of emulation-based research projects (Section 3.3). This chapter then culminated 

in a suggestion that cloud-based emulation (Section 3.4), specifically, should be the preferred 

preservation strategy for all archaeological virtual reconstructions, for both functional and 

financial reasons. 

 

By emulating the original environment for which a 3D model was made, emulation allows the 

better part of its original look (colours, shapes and typefaces) and feel (buttons, boxes, and 

menus) to be preserved (Section 3.2.3). Archaeological virtual reconstructions require an 

approach that considers the form and content of each individual 3D model. Since individual 

study of every archaeological virtual reconstruction is time-consuming and impractical, there 

is a growing demand for easy, ready-to-use emulators. Acknowledging this need, cloud-based 
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Emulation-as-a-Service (EaaS) preservation frameworks, e.g. the bwFLA EaaS preservation 

workflow, were developed. Currently, EaaS is the most advanced emulation service on the 

market, and it simplifies and systematises the sustainable preservation of, and accessibility to, 

virtual heritage material. 

 

Therefore, based on the type of digital objects in need of preservation (Chapter 2), the initial 

and long-term costs of digital preservation activity (Section 3.1), and the requirements of 

relevant digital preservation strategies (Section 3.2), the hybrid approach (combination of 

emulation with virtualisation) gained ground against the other three approaches in the 

consideration of the ‘default’ digital preservation strategy of archaeological virtual 

reconstructions. Thus, this thesis from Chapter 3 onwards dealt mainly with the digital 

preservation strategy of emulation provided as a service on the cloud, using an underlying 

virtualisation layer as its basis. This is technically a hybrid approach, but was referred to as 

cloud-based emulation. 

This ‘general’ hybrid approach may be costly, difficult, time-consuming, relatively resource 

intensive, and tedious (Ciuffreda et al. 2009; Cochrane, Rechert, Anderson, Meyerson & Gates, 

2019), but once set-up and running it offers several practical advantages over the rest of the 

discussed digital preservation strategies. The latter, in combination with the long-term financial 

benefits (noticeable limitation of recurring costs and digital preservation activities) of a cloud-

based infrastructure, turn it into a much more financially viable solution than it was originally 

conceived. However, what was not known was how this suggested digital preservation strategy 

might work for archaeology, and so a set of user requirements needed to be gathered first. 

In order to be able to evaluate the fidelity of the emulation of hybrid digital objects, such as 

archaeological virtual reconstructions, besides the technical environment metadata necessary 

for selecting the appropriate ViewPath (Section 3.3.2.2), discipline-specific metadata and 

paradata are also required.   

 

Thus, Chapter 4 considered, via a survey, the current preservation practices (including use of 

emulation) of digital archaeological repositories (Section 4.2.3). The goal of the survey was to 

discover possible common trends, as well as to assess the deployment of Emulation 

Frameworks in current working environments. This analysis highlighted the complete lack of 

preservation of any archaeological 3D model consistent with current best preservation practice 
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(basic uncontextualised storage only) and showed the need for further work on defining such a 

preservation framework for archaeological virtual reconstructions.  

 

This lack of emulation and preservation of archaeological virtual reconstructions defined the 

context for further investigation that required the contribution of the representatives of the 

designated communities, i.e. archaeologists, archivist, librarian, and academic archaeologist, 

to understand why this was the case. There could be two main reasons for this: The lack of a 

theoretical framework, i.e. metadata/paradata, or a lack of technical infrastructures.    

 

Thus, a follow-up set of semi-structured interviews (Section 4.3.2) was needed to address the 

current context of the work that archivists and cultural heritage professionals do, as well as 

many of the challenges they face. This assessed the current metadata/paradata infrastructure 

and determined where to expand existing metadata registries pertinent to complex digital 

objects. The derived results put forth a list of recommended preservation criteria that was used 

to define requirements for the preservation of archaeological virtual reconstructions. 

 

Based on the requirements of the targeted communities (Section 4.3.3), an investigation was 

led into selected Emulation Frameworks (Chapter 5). That study used existing ‘stored 

archaeological virtual reconstructions’ (Section 5.1) to evaluate current emulation platforms, 

and to determine if they support the requirements as defined after the semi-structured 

interviews. 

 

Hence, in order to determine whether existing obsolete objects could currently be supported by 

the proposed emulation strategy, sample datasets of the case studies were rendered via state-

of-the-art emulation platforms, e.g. the bwFLA and EMiL platforms, to evaluate the 

effectiveness of cloud-based emulation for accessing and exporting obsolete digital research 

outputs (Chapter 5). 

 

Chapter 5 detailed the design, procedure and results of the rendering case studies. To determine 

whether the proposed preservation strategy for archaeological virtual reconstructions (Section 

3.4) was effective in practice, the framework for preservation practice (Section 2.5) needed to 

be investigated. The rendering case studies (Section 5.3.1) were approached with this 

framework in mind. As the screenshots from Section 5.3 showed, the outcome of the rendering 

case studies was very positive: Each of the applied evaluation criteria (Section 5.2.1.5), where 

applicable, was met without any associated problems. Through the case studies (Section 5.3.1) 
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it was demonstrated that cloud-based emulation could be employed to effectively form part of 

the preservation strategy (access and export) for obsolete virtual reconstructions from the 

archaeology domain. 

Nevertheless, there were some aspects of an archaeological virtual reconstruction, namely 

virtual reconstruction paradata and chain of custody, which were not fully supported in these 

obsolete archaeological virtual reconstructions. For instance, the colour coding (Section 

5.3.1.1) was consistent but it represented the order of the geometry (different layers in 3ds 

Max) rather than the archaeological decisions during the creative design process (virtual 

reconstruction paradata), as suggested in Section 2.5. It does show though, that development 

files (such as a .max file) could be used to provide embedded paradata directly through the 

emulation interface. In addition, the projects’ details (Sections 5.3.1.1-5.3.1.3) recorded 

metadata for each individual virtual reconstruction project but did not extend the chain of 

custody back to the archaeological investigation (either data or the original investigator). Thus, 

the applied evaluation criteria checklist (Section 5.2.1.5) needed to be expanded with two new 

categories, i.e. chain of custody and virtual reconstruction paradata (Section 5.4.1). 

 

A recommendation was also made of the minimum set of preserved virtual reconstruction data 

(Section 5.4.1). This was suggested as one final rendering along with additional supporting 

information, such as written documents and 3D files including alternative views, which 

describes the decisions and the alternatives that could have been produced. Ideally, the majority 

of this information would be stored inside the final archaeological virtual reconstruction in the 

form of 3D scene management, e.g. naming and visibility options of 3D objects. 

 

Together all these categories formed a framework for memory institutions to make decisions 

about the long-term preservation of hybrid digital objects, such as archaeological virtual 

reconstructions, submitted to their collections. It became clear from the theoretical 

contributions in this thesis (Sections 1.4.1-1.4.4) that some objects might have an importance 

above that initially perceived, when considering just the final archaeological virtual 

reconstruction. Each hybrid digital object, e.g. archaeological virtual reconstruction, does not 

have to address all the proposed criteria in order to be archived, but the framework provides an 

understanding of what will be preserved, and perhaps an opportunity at ingest to check with 

the depositor whether any additional missing metadata/paradata or ancillary files are available. 
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It also became clear that in redefining the ‘criteria’, existing obsolete hybrid digital objects 

would not address many aspects of them. However, it is not suggested that existing metadata 

registries are erased, but that perhaps the checklist can be used to highlight the deficiency in 

this data which may affect the usefulness and subsequent knowledge drawn from them. It is 

apparent that more work would need to be completed (Section 6.4) in order to develop this into 

a standard for digital preservation. 

6.2 Contributions to Knowledge 

6.2.1 Contributions to Digital Preservation Theory 

In addressing and forming the research question (Section 1.3), this thesis made several 

contributions to knowledge in the theory of preservation of complex 3D objects related to 

virtual reconstructions in the field of archaeology (Chapter 2). The first contribution was, in 

the process of defining the research question, the recognition that within complex 3D objects 

there is a newly defined category of hybrid digital objects that must include the creative design 

process, as well as the evidence from the scientific studies on which it is based (Section 1.2.2). 

This is a blend of the previously defined categories of (1) software-based art, and gaming 

environments and virtual worlds along with (2) scientific simulations and visualisations, which 

had been kept as discreet categories. This was important for this thesis as it is in this new 

category that archaeological virtual reconstructions are situated. 

The second contribution was the specification of the creative design process’ metadata, as 

opposed to archaeological research metadata, which is termed virtual reconstruction paradata 

(Section 1.2.1), i.e. a record of the creative design process of a virtual reconstruction. It is 

associated with the archaeological paradata, i.e. a record of the archaeological process, but is 

also significant for the scientific transparency of the resulting hybrid digital objects. With the 

classification of virtual representations, and especially virtual reconstructions, into the wider 

category of complex digital objects it became easier to understand the nature of those digital 

objects, as well as the requirements for their preservation. 

A surprising contribution to this area was the dual role a virtual reconstruction could play in 

the future. A preserved archaeological virtual reconstruction, together with its virtual 

reconstruction paradata, may be valuable as a historic document in its own right rather than as 

an example of archaeological evidence (Section 2.5). For instance, virtual reconstructions 

document not just the original archaeological context, but also the current cultural 

understanding of those, as well as the state of technology used to investigate it (thus preserving 
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the limitations of knowledge as well). Hence, a further contribution to knowledge was that this 

historic context should also be recognised as an important aspect in the preservation strategy. 

6.2.2 Contributions to Preservation of Virtual Reconstructions 

Another contribution made during this thesis is the recognition that 3D creatives, e.g. computer 

modelers, should be considered part of the ‘preservation system’ (Section 2.2). It was suggested 

that the creative design process should be part of the chain of custody as all roles together 

(Section 2.5) form the interlinked chain of custody from the original data generation, via 

application in the virtual reconstruction process, through to preservation of the final 

archaeological virtual reconstruction. The concept of chain of custody for virtual 

reconstructions should thus extend back not just to the point at which ‘the data’ is deposited 

(Moore, 2009), including its possible subsequent changes, but from the point at which ‘the 

archaeology’ is recorded (a change from physical to digital) through the process to change it to 

‘the data’ (virtual reconstruction) by the 3D creatives, then onto preservation (and any 

subsequent changes from then). This is important as it preserves how the knowledge has been 

generated, adapted, and applied during the creative design process (Section 6.2.1), and not just 

the names used to identify archaeologists and digital preservationists which is the currently 

defined metadata. 

A second contribution to knowledge in this area was the suggestion that explicit and implicit 

decisions, based on the data, should be recorded in the 3D reconstruction files (metadata is 

generally stored separately from data). This embedded paradata preserves the chain of custody 

from the archaeologists and historians throughout the creative design process, and forms part 

of the final virtual reconstruction paradata (Section 6.2.1) along with other digital 

documentation of an archaeological research project (Section 2.5). It was further suggested 

(Section 2.5) that this could be evidenced in the 3D object naming conventions and indicated 

in the 3D scene, e.g. by colour coding decisions or extrapolations as other visual conventions.   

The full definition of this paradata framework was beyond the scope of this work (Section 6.4). 

In order to support the chain of custody, virtual reconstruction paradata, technical environment 

metadata, as well as the original look-and-feel of an archaeological virtual reconstruction need 

to be preserved within the limitations of current technology and financial constraints (Section 

3.4). This thesis, therefore, suggested that cloud-based emulation should be the ‘default’ 

strategy for preservation in the field of archaeological virtual reconstructions, as opposed to 

the more frequently used migration approach (Section 3.2.2). This seemingly simple suggestion 
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is a contribution to knowledge because this thesis has shown that this is the only strategy that 

supports the extended aspects of this virtual reconstruction paradata, e.g. the context of the 

creative design process. This therefore unequivocally addresses the research question (Section 

1.3). 

In investigating existing virtual reconstruction data from different completed research projects 

(Section 5.1), the thesis recommended distinct preservation intervention points (PIPs) pertinent 

to different ‘actors’ (Section 2.5). Again, this relates to the chain of custody (and preservation 

at all points of the chain), and would require (1) the original (e.g. laser scan point clouds) and 

intermediate data (e.g. stratigraphic data) from the archaeologists, (2) the final artefact (e.g. 

virtual reconstruction paradata and development files) from the 3D creatives, and (3) the final 

visualisation (e.g. film/flythrough, VR) released to the public. Obviously, all this preservation 

process requires predefined standards (Section 6.2.3). 

6.2.3 Preservation Framework for an Archaeological Project’s Digital Record  

An additional contribution to knowledge is the need for ‘agreed in advance’ standards for the 

different data types and research processes involved in an archaeological research project, as 

well as the supporting documentation. For instance, the client’s specification (commission of 

archaeological work) and recording of the archaeological methodology, amongst other things, 

are prerequisites for preservation-ready objects. Sourcing this level of technical information 

during an archaeological research project could save digital preservationists time and effort, 

and hence cost, after the project has concluded. 

 

A separate contribution was the recommendation of the minimum viable preservation product. 

This should be one final rendering along with additional supporting information, such as 

written documents and 3D files including alternative views, which describes the decisions and 

the alternatives that could have been produced. Ideally, the majority of this information would 

be stored inside the final archaeological virtual reconstruction (Section 6.2.2) in the form of 

3D scene management, e.g. naming and visibility options of 3D objects. 

 
Table 6.1: A framework for the preservation of archaeological virtual reconstructions 

Data types of an archaeological virtual reconstruction Open preservation file formats 

3D vector graphics (.wrl/.tnt/.gif) .x3d/.dae/.u3d 

Texture map and Reference images (.bmp/.jpg/.tga) .png/.tif 
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3D point clouds (.ptx/.lgs) .e57/.las 

3D models (.max/.dwg) .x3d/.obj/.u3d 

Rendered images (.jpg) .png/.tif 

Video (.mov/.avi) .mxf/.mkv/.mp4 

Creative design process (.psd/.xls/.doc) .tif/.csv/.ods/.pdf./.xml/.txt 

 

Table 6.2: A framework for the preservation of an archaeological research project’s digital record 

Data types of a documentary archive (digital form) Open preservation file formats 

Spreadsheets (.xls) .csv/.ods 

Databases (.mdb/.dbf/.mdf) .siard/.dbml/.json 

Text (.doc) .pdf/.xml./odt/.txt 

3D vector graphics (.wrl/.tnt/.gif) .x3d/.dae/.u3d 

Texture map and Reference images (.bmp/.jpg/.tga) .png/.tif 

3D point clouds (.ptx/.lgs) .e57/.las 

3D models (.max/.dwg/.cgr) .x3d/.obj/.u3d 

Rendered images (.jpg) .png/.tif 

Video (.mov/.avi) .mxf/.mkv/.mp4 

Creative design process (.psd/.xls/.doc) .tif/.csv/.ods/.pdf./.xml/.txt 

 

In Chapter 2 a meta-synthesis was conducted of the various recommended file formats for data 

types pertaining to archaeological virtual reconstructions (Table 6.1), and, more broadly, to an 

archaeological research project’s digital record (Table 6.2). This thesis contributed to 

knowledge by suggesting the use of open formats during the creative design process rather than 

the use of proprietary formats, which are later converted (migrated or normalised) to open 

formats. The latter can result in losing important features of the original data. By using open 

formats, the 3D creatives are assured that the data included will be preserved in the format in 

which it was originally created (preservation-ready objects). This thesis further contributed to 

knowledge by specifying the equivalent open formats that could be used for data types needed 

in an archaeological virtual reconstruction’s creation and preservation (Table 6.1). It 
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additionally contributed to knowledge by specifying the equivalent open formats for the 

broader digital record of an archaeological project (Table 6.2). This is important as it 

documents the data types on which an archaeological virtual reconstruction was based, the 

context in which it was developed, and partially forms the paradata for the creative design 

process. This supports the preservation of the cultural context in which an archaeological 

virtual reconstruction was developed (Section 6.2.1). 

6.2.4 Emulation Framework for Virtual Reconstructions – Evaluation Criteria 

When assessing a complex digital object for preservation, a framework is required to determine 

if the target is complete enough for preservation, e.g. does its data offset the financial cost of 

preservation (Section 3.1). Previous evaluations of Emulation Frameworks for obsolete CD-

ROM artwork and computer games suggested checklists of items to be considered when 

preserving complex digital objects (Ciuffreda, Dobreva, Anderson, Delve & Konstantelos, 

2012; Delve, Ciuffreda & Anderson, 2010; Owens, 2014; Van Doren & Michaan, 2016). 

Combining the existing suggestions for evaluation checklists of Emulation Frameworks 

together resulted in a simple list (Table 5.4). 

However, the contribution in this thesis is to redefine some of these categories for 

archaeological virtual reconstructions based on the contributions to preservation theory and 

practice as defined above (Sections 6.2.1-6.2.3). Thus, in order to effectively preserve virtual 

reconstructions, the prior synthesised evaluation checklists should be redefined and augmented 

with additional categories: 

Table 6.3: Proposed evaluation criteria checklist for archaeological virtual reconstructions 

Criterion 
Redefined [R]/ 

Unchanged [U]/New category[N] 

Renderability R1 

Original form R2 

Relationships between multiple objects R3 

Attribute data associated with the 3D model U1 

Views of the 3D model  R4 

Relationships between data and the 3D model U2 

Interactivity U3 

Messages U4 

Audio U5 
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Interaction aspects of the original GUI U6 

Menu U7 

Chain of custody N1 

Minimum set of preserved virtual reconstruction data N2 

Virtual reconstruction paradata N3 

  

R1: Archaeology is more than realism. Users need to identify which parts of the 3D model are 

based on scientific evidence and which are hypothetical. Thus, within virtual reconstruction 

files, visual (e.g. Green for Archaeology, Yellow for Documents, Red for Conjecture etc.) and 

naming conventions (e.g. wall01_Archaeology, wall01_Document, 

wall01_Conjecture_AuthorName etc.) will be useful for recording the archaeological decisions 

during the creative design process. This will also allow the designated communities, e.g. the 

archaeological, historical and digital preservation communities, to appraise the available 

information. 

R2: When the original file is saved in an open format (Section 6.2.3), something that 

automatically makes it a preservation-ready object, its rendering in the original environment 

for which it was designed, through emulation, is conveniently supported (when this becomes 

obsolete). While emulation allows the original look (colours, shapes and typefaces) and feel 

(buttons, boxes, and menus) of an object to be preserved (Section 3.2.3), using open formats 

during the creative design process allows effective and cost-efficient digital preservation 

strategies to be adopted. Archaeological virtual reconstructions require an approach that 

considers the form and content of each individual 3D model. 

R3: Archaeological virtual reconstructions’ linked data, such as development and other 

ancillary files (e.g. textures), might be missing because, for example, the topology of the 

network has been broken or there was no original provision for keeping it. A virtual 

reconstruction’s linked data, such as the geographical location of a monument, can be included 

into the 3D file itself, e.g. in the form of a georeferenced 3D model. This could be tracked over 

time, and when combined with new findings might lead to alternative reconstructions.  

U1: Attribute data associated with the 3D model (e.g. properties/materials) 
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R4: 3D scene management, i.e. automated selection (hiding and unhiding) of 3D objects with 

different levels of uncertainty, should be offered through alternative reconstructions in order 

for an effective representation of the creative design process to be achieved. 

U2: Relationships between data and the 3D model (animation, visual response) 

U3: Interactivity (mouse and keyboard input, low latency) 

U4: (Error) messages 

U5: Audio (sound effects) 

U6: Interaction aspects of the original GUI (e.g. export, print, save options, edit commands) 

U7: Help menu 

N1: The chain of custody for archaeological virtual reconstructions should extend not back to 

the point at which ‘the data’ is deposited (including any subsequent preservation actions), but 

through to the point at which ‘the archaeology’ is recorded (a change from physical to digital) 

through the process to change it to ‘the data’ (virtual reconstruction) by the 3D creatives. 

 

N2: The original data should be maintained alongside full documentation of the creative design 

process, ideally ‘also’ included in the 3D production files themselves, because that may have 

greater long-term reuse potential than the final produced output of an archaeological research 

project. Thus, both the scientific validity and reproducibility of the research processes involved 

in a project can be supported. 

 

N3: Virtual reconstruction paradata, as a form of metadata which records the creative design 

process, is particularly important for supporting the scientific transparency of an archaeological 

virtual reconstruction. For a virtual reconstruction to be valid, both its archaeological paradata 

and virtual reconstruction paradata needs to be associated. 

 

Thus, this framework provides a practical starting point (Section 6.4) for memory institutions 

to make decisions about the long-term preservation of hybrid digital objects, such as 

archaeological virtual reconstructions, submitted to their collections. It is clear from the 

theoretical contributions in this thesis (Sections 6.2.1-6.2.4) that some objects might have an 

importance above that initially perceived, when considering just the final archaeological virtual 

reconstruction. Each hybrid digital object, e.g. archaeological virtual reconstruction, does not 
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have to address all the proposed criteria in order to be archived, but the framework provides an 

understanding of what will be preserved, and perhaps an opportunity at ingest to check with 

the depositor whether any additional missing metadata/paradata or ancillary files are available. 

It also becomes clear that in redefining the ‘criteria’, existing obsolete hybrid digital objects 

would not address many aspects of them. However, it is not suggested that existing metadata 

registries are erased, but that perhaps the checklist can be used to highlight the deficiency in 

this data which may affect the usefulness and subsequent knowledge drawn from them. It is 

apparent that more work would need to be completed in order to develop this into a standard 

for digital preservation. 

6.3 Research Generalisability and Limitations of the Results 

It should be noted that the recommended preservation framework (Tables 1.1-1.3) could also 

be applied to more critical situations beyond the confines of this study, such as digital forensics 

(WMG, 2019). In this case, the original data, e.g. laser scan point clouds, is used to create 

virtual reconstructions of crime scenes. Since crime scenes contain evidence that is crucial to 

criminal investigation, failing to thoroughly record the virtual reconstruction paradata, for 

instance, could result in false accusations. 

The applicability of the recommended preservation framework could also be extended to the 

virtual reconstruction of traffic systems (Wilkie, Sewall, Li & Lin, 2015), as well as accurate 

scanning and measurement of listed buildings (Historic England, 2018). However, the 

limitations of this research, e.g. the small but rich sample of the surveys, constitute it a practical 

starting point towards a potential standard in the field of preservation of hybrid digital objects 

(a blend of artistic and scientific creativity) rather than a definitive preservation framework. 

6.4 Future Work 

Virtual reconstruction paradata with, and within, the 3D files suggests that more work is needed 

on archaeological virtual reconstructions’ linked data (Section 4.3.3.4). This thesis suggested 

(Section 2.2) that a virtual reconstruction paradata database, similar to the Trustworthy Online 

Technical Environment Metadata (TOTEM) registry (Konstantelos, Delve & Anderson, 2012), 

could be developed to store all relevant information separately, offering the designated 

communities more flexibility in its management, i.e. access and reuse of the digitally preserved 

information for further research and development. A start on what that might include was 

generated through the dialogue with the representatives of different designated communities 
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(Section 4.3.3). However, this would need to be expanded and verified before it could be used, 

because that was beyond the scope of this thesis. 

Despite the remarkable efforts of the hobbyist emulation community (Newman, 2016), 

specifically focused on vintage games, to tackle the complexity of current systems the 

archaeological community still needs to shift towards preservation-ready objects (Gladney, 

2008) rather than counting on digital preservationists (Section 2.5). However, it is possible that 

this specification (Table 6.2) could be extended and developed as a separate framework for 

preservation-ready objects, for the broader field of the preservation of digital archaeological 

data (without virtual reconstructions). This was beyond the scope of this thesis but would be 

interesting to explore in future work. 

Another area in which further research is required is the licenses of already obsolete software 

to be used later in the context of the existing preserved software. Along with the promotion of 

an almost exclusive use of open formats for future preservation, open licensing for preservation 

purposes (Section 3.2.3.1) also needs to be established for obsolete versions of already in 

existence software. Thus, future work needs to be done to define contracts with software 

suppliers, or work with digital preservationists to lobby for specific kind of open licensing 

under certain terms and conditions both at a national and international level. 

 

This thesis is inspired by the importance of preserving this specific aspect of virtual heritage 

for posterity. The research endeavours to identify a ‘best practice’ approach which will 

eventually become part of the standard solution for everyone involved in preservation of digital 

archaeological data, which could be defined in the future.  

For example, the final checklist for evaluating cloud-based emulation platforms (Section 5.2.2) 

can also be easily adjusted for archaeologists and 3D creatives (Section 6.2.4) so that it forms 

a ‘roadmap’ for submitting their site records, e.g. virtual reconstructions, in formats suitable 

for preservation (as this checklist will be used by digital preservationists to evaluate the cloud-

based emulation platforms on which they will be rendered). The usability of this checklist needs 

to be considered in the future for both these user communities, but was beyond the scope here.  

The popularity, technical innovation, cultural significance, and visual qualities are all valid 

assessment criteria for collecting and preserving virtual reconstructions (Section 4.3.3). For the 

long-term preservation of the digital record of an archaeological research project, digital 

preservation strategies need to be implemented and documented. The recommended 
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preservation framework (Tables 6.1-6.3) could be used as a basis for standards for 

archaeological virtual reconstructions, but these still need further development, ratification, 

and testing in real working environments. 

6.5 Final Comment 

Many people are currently working on the preservation of complex digital objects from 

different professional perspectives, but there does not seem to be a unified structure that is 

drawing together all the numerous threads around preserving archaeological virtual 

reconstructions.  

This thesis showed that archaeological virtual reconstructions are a blend of artistic and 

scientific creativity. These ‘hybrid digital objects’ require delicate care in order to be preserved 

effectively in the long term. Thus, when considering a virtual reconstruction project, the chain 

of custody of the data needs to be started ‘in the ground’, i.e. by the archaeologist. Every 

subsequent creative decision (usually the focus when digital art or games are made) needs to 

be recorded as they change the original data into interpretation. To do this, some practical 

aspects were considered, e.g. could these types of digital objects be emulated, what sort of file 

formats would be needed etc. In addressing these issues, this thesis presents a foundation 

(preservation and emulation frameworks) for how those various sectors fit together. This will 

hopefully act as an inspiration for this field to proceed in a unified way, so that the universal 

cultural heritage is not lost through technological attrition.
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Appendix A 

List of Digital Preservation Research Projects 

Since Kuny’s talk at the 63rd conference of the International Federation of Library Associations 

and Institutions (IFLA), several digital preservation guidelines, policies and best practices have 

developed, and numerous digital repositories emerged, such as the Digital Archiving and 

Networked Services (DANS) in the Netherlands, the Archaeology Data Service (ADS) in the 

UK, the Digital Curation Unit (DCU) in Greece, and the Digital Repository of Ireland (DRI) 

in Ireland. There have also been numerous organisations dedicated to the advancement of the 

discipline, such as the Digital preservation Coalition (DPC), the Digital Curation Centre 

(DCC), the Netherlands Coalition for Digital preservation (NCDD), and the Open Preservation 

Foundation (OPF), formerly known as Open Planets Foundation. The European Commission 

(EC), in its turn, has funded digital preservation research activities mainly via the sixth (2002-

2006), seventh (2007-2013), and eighth (2014-2020) Framework Programmes (FPs). Table 7.1 

contains a non-exhaustive list of EC-funded projects. 

 
Table 7.1: EC-funded projects pertinent to virtual heritage and emulation (https://cordis.europa.eu/) 

Project Acronym Duration FP 

CHIRON 2004-2008 6 

EPOCH 2004-2008 6 

CASPAR 2006-2009 6 

VENUS 2006-2009 6 

PLANETS 2006-2010 6 

SHAMAN 2007-2011 7 

3D-COFORM 2008-2012 7 

KEEP 2009-2012 7 

CARARE 2010-2013 CIP 

ENSURE 2011-2014 7 

SCAPE 2011-2014 7 

V-MusT.NET 2011-2015 7 

TIMBUS 2011-2014 7 

3D-ICONS 2012-2015 CIP 

file:///C:/Users/stevensb/AppData/Local/Temp/(https:/cordis.europa.eu/)
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4C 2013-2015 7 

Europeana Cloud 2013-2016 CIP 

ARIADNE 2013-2017 7 

PERICLES 2013-2017 7 

LoCloud 2013-2016 CIP 

PREFORMA 2014-2017 7 

E-ARK 2014-2017 CIP 

 

More specifically, at an EU member state-level, the German Research Foundation (DFG) 

jointly with the appropriate state bodies have supported research programmes, such as the 

Emulation of Multimedia Objects in Libraries (EMiL) research project. Similar research 

incentives have been hosted by, amongst other EU members, the Dutch; Austrian; Swedish and 

Belgian states (Table 7.2). 

Table 7.2: EU member states-funded projects regarding digital preservation and emulation 
(https://www.jiscmail.ac.uk/) 

Project Acronym (Country) Duration 

NESTOR (Germany) 2003-2009 

Dioscuri (Netherlands) 2005-2007 

bwFLA (Germany) 2011-2013 

IANUS (Germany) 2011-2017 

Benchmark DP (Austria) 2012-2016 

ARKDIS (Sweden) 2013-2017 

Resurrection Lab (Belgium) 2014 

EMiL (Germany) 2014-2016 

 

On the other hand, the UK has financed research projects concerning the preservation of virtual 

heritage through the JISC (Table 7.3). 

Table 7.3: JISC-funded projects concerning the preservation of virtual heritage (https://www.jisc.ac.uk/) 

Project Acronym Duration 

CEDARS 1998-2002 

CAMiLEON (in association with the NSF) 1999-2002 

PARADIGM 2005-2007 

file:///C:/Users/stevensb/AppData/Local/Temp/(https:/www.jiscmail.ac.uk/)
file:///C:/Users/stevensb/AppData/Local/Temp/(https:/www.jisc.ac.uk/)
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PRESERV1&2 2005-2009 

INSPECT 2007-2009 

KRDS1&2 2008-2011 

KeepIt 2009-2010 

Future Proofing: Enabling Practical 

Preservation of Born-Digital Records 

2011-2012 

POCOS 2011-2012 

SPRUCE 2011-2013 

Filling the Digital preservation Gap 2015-2016 
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Appendix B  

The Research Questionnaire  
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Appendix C  

Glossary of Archaeological Terms 
 

Table 7.1: Archaeological terms (AD79eruption, n.d.; Berry, 2011; Dawson & Kamara, 2006) 

Term Definition 

 

Atrium 

The main hall of a traditional Roman house. 

It could be completely roofed or have an 

opening in the middle of its roof and a water 

tank in the floor beneath. 

Bouleuterion Council house. An assembly hall for 

magistrates or members of the council. 

 

Cavea 

Ima, media, and summa – Lower, middle, 

and upper sections of tiered seating in a 

theatre or amphitheatre. 

 

Fourth Style 

From the end of the reign of Nero until 68 

AD, this style of fresco was referred to as the 

‘ornamental style’ and was marked by a taste 

for architectural vistas. 

 

Impluvium 

A water tank in the floor of an atrium that 

has, above it, an opening in the middle of its 

roof. 

 

Tablinum 

The central room at the end of the atrium of 

a Roman house, originally the master 

bedroom, later used for storing records. 

 

 

 

 

Third Style 

Third Style paintings are characterised by 

ornate frameworks of pseudo-architectural 

elements, such as columns, which enclose 

central panel paintings. These central panels 

often depict mythological scenes, and in the 

House of Marcus Lucretius Fronto, there are 

panels illustrating stories such as that of 

Narcissus, Theseus in the Labyrinth, and the 

love between Mars and Venus. 
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Appendix D   

The Research Questionnaire Responses (in chronological order) 

Archaeology Data Service – Kieron Niven 

 
 

 
 

 

Questionnaire 

 

Panagiotis Papageorgiou 

School of Creative Technologies, University of Portsmouth 

 

Dear all, 

I am a doctoral student at the University of Portsmouth with Dr Janet Delve, Prof David 

Anderson, and Dr Vaughan Powell. My PhD is on the use of emulation for archaeological data, 

e.g. visualisations, simulations, 3D laser scans, and 3D models. 

Through this questionnaire I am trying to establish a realistic time frame for my research, and 

also achieve a representative sample of testing material. The research endeavours to identify a 

‘best practice’ approach which will eventually become part of the standard solution for 

everyone involved in preservation of digital archaeological data.  

Guidelines and test results coming from this work would be of great benefit to the 

archaeological community, and would contribute knowledge to other research communities, 

specifically those interested in similar data types/3D visualisations. The results will be securely 

stored and only be used for the purposes of this research. 
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Data is deposited by a wide range of archaeological researchers/professionals from 

both academic and commercial projects. 

1996 

In reference to 3D datasets, we aim to take a wide range of data from throughout the 

project depending on how the data was collected and the processing pipeline that has 

been followed. Where possible we aim to collect metadata detailing the steps/stages 

resulting in each intermediate dataset. The approach that we follow, for example in 

relation to laser scan data, is detailed in our Guides to Good Practice (i.e. 

http://guides.archaeologydataservice.ac.uk/g2gp/LaserScan_1-1). 

I would be extremely grateful if you could answer all of the following questions, either in a 

Skype interview or by email. In case you choose to reply via Skype, could you please give me 

your permission to record the conversation for the purposes of the research? Thank you in 

advance for your valuable time.  

Kind regards, 

Panagiotis Papageorgiou 

This study has been given a conditional favourable opinion by CCI Faculty Ethics Committee 

– Ref. No FO:03/15 – 0092.  

 

1) Who are the main data suppliers to the Research Data Centre (RDC) over its lifetime? 

 

 

 

2) When was the online catalogue of the RDC launched? 

 

3) What is the nature of the materials deposited with the RDC? Please tick all that apply. 

Original data (e.g. laser scan point clouds)    

Intermediate data (e.g. stratigraphic 3D models)   

Final artefacts (e.g. actual models)   

Visualisations produced at the end (e.g. video flythroughs of 3D models)   

Additional comments: 

 

 

 

http://guides.archaeologydataservice.ac.uk/g2gp/LaserScan_1-1
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In line with the OAIS model, we support a different range of formats for ingest, 

preservation, and dissemination. 

Original (ingest) format is always stored and never changed although the ingest format 

may not be the original format e.g. we do not accept 3DSMAX files for ingest and so 

would ask these to be deposited in another more suitable format. In certain cases, the 

ingest format may also be the same format that is used for preservation. 

As above, the ingest format may be a normalised format depending on how the data 

was originally collected or created. 

4) What kind of datasets does the RDC support? 

Open-access     

Proprietary    

 3D data    

 3D models     

Limited number of formats    

Other:    

 

 

 

5) In what format does the RDC keep its ingested files? Please tick all that apply. 

Original format     

Preservation format    

Please give details:  

 

 

 

Normalised format     

Please give details: 
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As discussed above, we request specific formats for ingest and then, where needed 

migrate these to preservation and dissemination formats. In some cases, depending on 

what the depositor has sent, these may all be the same file format (e.g. ASCII .txt for 

raw point clouds) or three different formats. 

Maintains the look-and-feel of the original software. Ease of access. 

Ongoing process compared to file normalisation and migration. Possible ongoing 

increase in costs and need for expertise to deal with continually aging systems. 

No. 

6) What is the main Digital Preservation technique employed by the RDC? 

Migration     

Migration on request    

Emulation    

Emulation as a service    

Please comment: 

 

 

 

 

7) From your perspective, what are the strengths and weaknesses of emulation as an open-

access service over the Internet (i.e. Cloud-based emulation)? 

Strengths: 

 

Weaknesses: 

 

 

 

8) Has the RDC ever changed its practice of Digital Preservation? If so, when did that happen? 
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We have an in-house data structure for documenting and storing files and metadata. In 

most cases, where the standard is not used natively, this maps to the standards 

mentioned above. 

 

9) What metadata standards does the RDC use? 

Open Archival Information System (OAIS)    

Preservation Metadata Implementation Strategies (PREMIS)   

Dublin Core Metadata Initiative (DCMI)   

Metadata Encoding and Transmission Standard (METS)   

Metadata Object Description Schema (MODS)   

Long-term preservation Metadata for Electronic Resources (LMER)   

Other    

Please specify: 

 

 

 

10) Which Persistent Identifiers does the RDC use for the data stored in its collection? 

Digital Object Identifier (DOI)    

Digital Author Identifier (DAI)   

Uniform Resource Name (URN)   

Archival Resource Key (ARK)   

Persistent Uniform Resource Locator (PURL)   

Handle    

Other    

Please specify: 
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Oracle DB and UNIX. Other software (e.g. DROID) has been introduced but has not 

been in use since the beginning. 

Most common: PDF, JPG, DOC, XLS 

Rare: PTM, other 3D formats. 

Yes. https://assessment.datasealofapproval.org/assessment_36/seal/html/ 

 

11) What are the common computer platforms and software used to preserve digital data since 

the beginning of the RDC? 

 

 

 

12) What are the a) most common and b) rare file formats the RDC has been dealing with since 

its inception? Please give details: 

 

 

 

 

13) Is the RDC a verified ‘trusted’ digital repository? If yes, please give details of the 

accreditation: 

 

 

14) What kind of digital archive is the RDC?  

Open-access    

Closed    

Restricted    

‘Dark’    

Proprietary    

Other:    

 

 

https://assessment.datasealofapproval.org/assessment_36/seal/html/
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http://archaeologydataservice.ac.uk/advice/termsOfUseAndAccess 

15) What is the access policy of the RDC regarding born-digital material? 

 

Should you have any further questions or concerns, please feel free to contact me or the first 

supervisor at the following email addresses: panagiotis.papageorgiou@port.ac.uk and 

janet.delve@port.ac.uk. 

Thank you for participating! 

 

Data Archived and Networked Services – Rene Van Horik & Valentijn Gilissen 

 

 
 

 

Questionnaire 

 

Panagiotis Papageorgiou 

School of Creative Technologies, University of Portsmouth 

 

Dear all, 

I am a doctoral student at the University of Portsmouth with Dr Janet Delve, Prof David 

Anderson, and Dr Vaughan Powell. My PhD is on the use of emulation for archaeological data, 

e.g. visualisations, simulations, 3D laser scans, and 3D models. 

Through this questionnaire I am trying to establish a realistic time frame for my research, and 

also achieve a representative sample of testing material. The research endeavours to identify a 

‘best practice’ approach which will eventually become part of the standard solution for 

everyone involved in preservation of digital archaeological data.  

http://archaeologydataservice.ac.uk/advice/termsOfUseAndAccess
mailto:panagiotis.papageorgiou@port.ac.uk
mailto:janet.delve@port.ac.uk
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We consider DANS and its services as the Research Data Centre. The main services 

are: EASY (Trusted repository for research data) http://easy.dans.knaw.nl, NARCIS 

(Dutch research information portal) http://www.narcis.nl, Dutch Dataverse (Virtual 

Research Environment) http://www.dataverse.nl and NBN resolver 

http://persistent-identifier.nl. DANS is partner of “Research Data Netherlands” 

(http://www.researchdata.nl/en/. 

Data suppliers (= depositors of data sets in EASY system): researchers from various 

scientific disciplines. The majority of the  content of the archive are datasets from 

the social, behavioural and socio-cultural sciences and the humanities, including a 

large collection of archaeological datasets. 

DANS has specific expertise in the aforementioned disciplines. The archive is open 

to data deposits from all sources, but datasets from bèta/exact sciences may be 

referred to other international repositories or ingested in cooperation with the 

technical universities. 

DANS holds the Dutch legal deposit for archelogical data: EDNA (eDepot 

Nederlandse Archeologie). 

Guidelines and test results coming from this work would be of great benefit to the 

archaeological community, and would contribute knowledge to other research communities, 

specifically those interested in similar data types/3D visualisations. The results will be securely 

stored and only be used for the purposes of this research.  

I would be extremely grateful if you could answer all of the following questions, either in a 

Skype interview or by email. In case you choose to reply via Skype, could you please give me 

your permission to record the conversation for the purposes of the research? Thank you in 

advance for your valuable time.  

Kind regards, 

Panagiotis Papageorgiou 

This study has been given a conditional favourable opinion by CCI Faculty Ethics Committee 

– Ref. No FO:03/15 – 0092.  

 

1) Who are the main data suppliers to the Research Data Centre (RDC) over its lifetime? 

 

 

 

 

 

 

 

 

 

 

 

 

http://easy.dans.knaw.nl/
http://www.narcis.nl/
http://www.dataverse.nl/
http://persistent-identifier.nl/
http://www.researchdata.nl/en/
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DANS was established in 2005 but has predecessors dating back to 1964. The first 

version of the EASY on-line archiving system was launched in 2007. 

DANS primarily aims to archive (static) final research datasets. Datasets may 

include original data or additional visualisations. For storage and interchange 

of intermediate data, DANS manages the Dataverse network 

(https://dataverse.nl). 

Concerning 3D. We do only have a very few datasets.  

See: http://www.persistent-identifier.nl/?identifier=urn:nbn:nl:ui:13-2p03-et. 

(or search for “dynamic drawings” in EASY). A link is created to an external 

site that processes the 3D files (created in “Unity 3D”). We did not find a 3D 

file format that can be considered as durable (well documented, open, non-

proprietary, etc.) (we are open for suggestions). 

2) When was the online catalogue of the RDC launched? 

 

 

 

3) What is the nature of the materials deposited with the RDC? Please tick all that apply. 

Original data (e.g. laser scan point clouds)    

Intermediate data (e.g. stratigraphic 3D models)   

Final artefacts (e.g. actual models)   

Visualisations produced at the end (e.g. video flythroughs of 3D models)   

Additional comments: 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://dataverse.nl/
http://www.persistent-identifier.nl/?identifier=urn:nbn:nl:ui:13-2p03-et
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DANS promotes Open Access to research data but understands that this is not 

always possible (hence the slogan ‘open if possible, protected if necessary’). 

Likewise, DANS has a Preferred Formats policy, which aims for the 

preservation of file formats in which DANS has the most confidence of their 

suitability for long-term preservation and accessibility. Preferred Formats will 

be automatically accepted into the archive. There is a list of ‘acceptable 

formats’, which will usually be accepted, although alternative formats may be 

considered. For all other formats, a depositor needs to contact DANS to discuss 

preservation issues. If there are no other options, non-preferred formats may be 

archived instead. 

 

4) What kind of datasets does the RDC support? 

Open-access     

Proprietary    

 3D data    

 3D models     

Limited number of formats    

Other:    
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Ingested files are kept in its original format and (if relevant) in a preferred format 

(that is considered as durable). 

If any changes are applied to the dataset after submission (e.g. conversion from ingest 

format to preferred format), these will be made to a copy of the dataset. The original 

submission will always remain archived. If files are migrated to a preservation 

format, the preservation format will usually be made available to users, whereas the 

original formats will not be made accessible. 

It may also be that original data contains privacy-sensitive information, in which case 

anonymised files are made available instead. 

Normalised format = Preferred format 

Migration is executed for different data formats conform protocol. Based on research 

DANS maintains a list of preferred file formats it considers as durable. If applicable: 

Data sets deposited at DANS are migrated to this preferred format. (the migration is 

carried out with a copy of the original file). 

5) In what format does the RDC keep its ingested files? Please tick all that apply. 

Original format     

Preservation format    

Please give details:  

 

 

 

 

 

 

 

Normalised format     

Please give details: 

 

 

6) What is the main Digital Preservation technique employed by the RDC? 

Migration     

Migration on request    

Emulation    

Emulation as a service    

Please comment: 
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Emulation is relevant for software systems. (Whereas migration is relevant for data 

files). Development of emulators is costly. Emulated systems have a lot of 

dependencies (Operating system, hardware, etc.) that threats the long-term usability. 

Currently we do not provide digital archiving services for systems/software, because 

it is difficult/costly to guarantee long term access to software/systems. (Whereas for 

long-term access to datasets is much easier). 

 

The migration/conversion strategy is not changed. (This strategy is used from the 

beginning, also by the predesessors of DANS. E.g. migration / conversion of punch-

cards to data files (e.g. CSV) in the 1970s) 

What did change in the course of time are the “migration paths” as new, durable 

file format came into existence. 

-A protocol for the migration of a specific file format may change because of 

technical developments, improvements, issues with earlier migration techniques, 

… Should such changes apply, version documentation is kept accordingly. 

-The EDNA archaeological project at DANS started with migration procedures 

from 2005 onwards. Until recent years it was not a standard procedure for dataset 

processing within other disciplines. 

7) From your perspective, what are the strengths and weaknesses of emulation as an open-

access service over the Internet (i.e. Cloud-based emulation)? 

Strengths: 

 

 

 

 

 

Weaknesses: 

 

 

8) Has the RDC ever changed its practice of Digital Preservation? If so, when did that happen? 
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(OAIS is a reference model and we use terminology from this model (e.g. designated 

community, submission information package, etc.) 

EASY makes use of Qualified Dublin Core. 

It is possible to add file-specific metadata to datasets; this metadata can be viewed 

using the ‘View details’ button with the dataset file browser. The file-specific metadata 

is not completely standardised but uses fields derived from the Data Documentation 

Initiative (DDI). 

9) What metadata standards does the RDC use? 

Open Archival Information System (OAIS)    

Preservation Metadata Implementation Strategies (PREMIS)   

Dublin Core Metadata Initiative (DCMI)   

Metadata Encoding and Transmission Standard (METS)   

Metadata Object Description Schema (MODS)   

Long-term preservation Metadata for Electronic Resources (LMER)   

Other    

Please specify: 
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The DAI can optionally be entered within the (Dublin Core) metadata fields for 

Creator or Contributor. 

Each dataset will be assigned an URN upon submission. 

DANS developed and maintaines the Dutch URN resolver.  

Most employees at DANS use Macintosh OSX platforms. A large number of 

(archaeological) datasets have however been processed on a Windows 7 HP system. 

Typical processing software includes Adobe CS; Microsoft Office; ArcGIS; MapInfo; 

AutoCAD; ‘Any’ software for A/V material. 

10) Which Persistent Identifiers does the RDC use for the data stored in its collection? 

Digital Object Identifier (DOI)    

Digital Author Identifier (DAI)   

Uniform Resource Name (URN)   

Archival Resource Key (ARK)   

Persistent Uniform Resource Locator (PURL)   

Handle    

Other    

Please specify: 

 

 

 

 

 

11) What are the common computer platforms and software used to preserve digital data since 

the beginning of the RDC? 
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Most common: PDF (all sorts of versions including PDF/A); JPEG and TIFF images; 

Text (plain; XML and HTML). Common: Microsoft Office (Word, Excel, Access); 

ArcGIS Shapefiles and MapInfo TAB files; AutoCAD DWG and DXF files; Statistical 

data (SPSS .por; SAS transport; STATA dta); dBase DBF. Less common: other 

document formats such as RTF and other image formats such as GIF and PNG; A/V 

material (audio asked for in WAVE, video asked for as MPEG, MP4, AVI or MOV); 

Vector Images (AI; EPS); GML; MapInfo MIF and MID; GeoTIFF and TIFF world 

file; Raster GIS file. Rare formats include 3D data (several datasets with Unity 3D 

data); old WordPerfect and WordStar document files; different A/V formats than those 

mentioned above and certain types of Raster GIS files. 

Yes, EASY is accredited with the Data Seal of Approval. 

https://assessment.datasealofapproval.org/assessment_101/seal/html/ 

12) What are the a) most common and b) rare file formats the RDC has been dealing with since 

its inception? Please give details: 

 

 

 

 

 

 

 

 

 

13) Is the RDC a verified ‘trusted’ digital repository? If yes, please give details of the 

accreditation: 

 

 

  

Currently DANS is assessing the NESTOR criteria and will apply for auditing. 

NESTOR is a German initiative. 

 

 

 

 

 

 

https://assessment.datasealofapproval.org/assessment_101/seal/html/
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We are a network organisation. Working together with a lot of partners. We use the 

term “FrontOffice – BackOffice” often. We develop and maintain national back office 

service to be used by several partners, e.g. Universities. These universities are the front 

offices. These services are increasingly used by university libraries. We are involved 

via Research Data Netherlands (RDNL) to promote this vision. E.g. by the course 

“Essentials4DataSupport” (http://www.researchdata.nl/en/activities/course/) aimed at 

“data professionals”. 

 

There is no difference in policy if data is born-digital or not. The same preservation 

policy applies to all datasets: 

http://www.dans.knaw.nl/sites/default/files/file/EASY/20140220%20Preservation%2

0Policy%20v1_0.pdf 

Regarding the access policy: the access rights settings are chosen by the depositor and 

selected from the options: ‘Open Access’; ‘Open Access for registered EASY users’; 

‘Restricted Access to a user group’; ‘Restricted Access: access after granted 

permission request only’. Additionally, an embargo of up to two years may be placed 

on the data files: files will not be accessible at all during an embargo period. Access 

restrictions are only applied to data files: the metadata of a dataset is always published 

under Open Access. 

Users are required to agree to the terms of the DANS General Conditions of Use. 

14) What kind of digital archive is the RDC?  

Open-access    

Closed    

Restricted    

‘Dark’    

Proprietary    

Other:    

 

 

 

 

 

 

15) What is the access policy of the RDC regarding born-digital material? 

 

 

 

 

 

 

 

 

 

 

http://www.researchdata.nl/en/activities/course/
http://www.dans.knaw.nl/sites/default/files/file/EASY/20140220%20Preservation%20Policy%20v1_0.pdf
http://www.dans.knaw.nl/sites/default/files/file/EASY/20140220%20Preservation%20Policy%20v1_0.pdf


                                                                                                                                                                Appendices                                                                          

191 

Should you have any further questions or concerns, please feel free to contact me or the first 

supervisor at the following email addresses: panagiotis.papageorgiou@port.ac.uk and 

janet.delve@port.ac.uk. 

Thank you for participating! 

 

Digital Curation Unit – Panos Constantopoulos 

 

 
 

 

Questionnaire 

 

Panagiotis Papageorgiou 

School of Creative Technologies, University of Portsmouth 

 

Dear all, 

I am a doctoral student at the University of Portsmouth with Dr Janet Delve, Prof David 

Anderson, and Dr Vaughan Powell. My PhD is on the use of emulation for archaeological data, 

e.g. visualisations, simulations, 3D laser scans, and 3D models. 

Through this questionnaire I am trying to establish a realistic time frame for my research, and 

also achieve a representative sample of testing material. The research endeavours to identify a 

‘best practice’ approach which will eventually become part of the standard solution for 

everyone involved in preservation of digital archaeological data.  

Guidelines and test results coming from this work would be of great benefit to the 

archaeological community, and would contribute knowledge to other research communities, 

mailto:panagiotis.papageorgiou@port.ac.uk
mailto:janet.delve@port.ac.uk
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specifically those interested in similar data types/3D visualisations. The results will be securely 

stored and only be used for the purposes of this research.  

I would be extremely grateful if you could answer all of the following questions, either in a 

Skype interview or by email. In case you choose to reply via Skype, could you please give me 

your permission to record the conversation for the purposes of the research? Thank you in 

advance for your valuable time.  

Kind regards, 

Panagiotis Papageorgiou 

This study has been given a conditional favourable opinion by CCI Faculty Ethics Committee 

– Ref. No FO:03/15 – 0092.  

 

1) Who are the main data suppliers to the Research Data Centre (RDC) over its lifetime? 

 

 

 

2) When was the online catalogue of the RDC launched? 

 

 

3) What is the nature of the materials deposited with the RDC? Please tick all that apply. 

Additional comments: 

 

 

 

 

 

The main data suppliers are partners from the projects CARARE, 3D-ICONS, LoCloud 

and ARIADNE. 

The online catalogue was launched in 2011. 

Original data (e.g. laser scan point clouds)     

Intermediate data (e.g. stratigraphic 3D models)    

Final artefacts (e.g. actual models)    

Visualisations produced at the end (e.g. video flythroughs of 3D models)    
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4) What kind of datasets does the RDC support? 

Open-access     

Proprietary    

 3D data    

 3D models     

Limited number of formats    

Other:  

 

 

5) In what format does the RDC keep its ingested files? Please tick all that apply. 

Original format    X 

Preservation format   X 

Please give details:  

 

Normalised format     

Please give details: 

 

 

 

 

 

 

 

The preservation format is based on PREMIS. 

The normalised format refers to EDM schemas (Europeana Data Model) which is the 

common schema for all partners. 
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6) What is the main Digital Preservation technique employed by the RDC? 

Migration     

Migration on request    

Emulation    

Emulation as a service    

Please comment: 

 

 

7) From your perspective, what are the strengths and weaknesses of emulation as an open-

access service over the Internet (i.e. Cloud-based emulation)? 

Strengths: 

 

  

 

Weaknesses: 

 

 

8) Has the RDC ever changed its practice of Digital Preservation? If so, when did that happen? 

 

 

 

 

 

Emulation provides access to deprecated computer systems, gives access to certain 

digital artefacts or complete environments more effectively, preventing the user from 

copying material or analysing it in an unwanted way. 

Less scalability, waste of compute resources 

No, the practice of Digital Preservation has not been changed. 
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9) What metadata standards does the RDC use? 

Open Archival Information System (OAIS)     

Preservation Metadata Implementation Strategies (PREMIS)    

Dublin Core Metadata Initiative (DCMI)    

Metadata Encoding and Transmission Standard (METS)    

Metadata Object Description Schema (MODS)    

Long-term preservation Metadata for Electronic Resources (LMER)    

Other    

Please specify: 

 

 

10) Which Persistent Identifiers does the RDC use for the data stored in its collection? 

Digital Object Identifier (DOI)     

Digital Author Identifier (DAI)    

Uniform Resource Name (URN)    

Archival Resource Key (ARK)    

Persistent Uniform Resource Locator (PURL)    

Handle    

Other 

Please specify: 
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11) What are the common computer platforms and software used to preserve digital data since 

the beginning of the RDC? 

 

 

12) What are the a) most common and b) rare file formats the RDC has been dealing with since 

its inception? Please give details: 

 

  

 

 

 

13) Is the RDC a verified ‘trusted’ digital repository? If yes, please give details of the 

accreditation: 

 

 

14) What kind of digital archive is the RDC?  

Open-access    

Closed    

Restricted    

‘Dark’    

Proprietary    

Other:    

 

 

Fedora Commons 

The most common file formats are: 

OAI_DC, CARARE, CARARE 2.0., EDM, ESE 

The rare file formats are: 

LIDO, EAD. 

No 
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15) What is the access policy of the RDC regarding born-digital material? 

 

 

Should you have any further questions or concerns, please feel free to contact me or the first 

supervisor at the following email addresses: panagiotis.papageorgiou@port.ac.uk and 

janet.delve@port.ac.uk. 

Thank you for participating! 

 

Digital Repository of Ireland – Rebecca Grant 

 

 
 

 

Questionnaire 

 

Panagiotis Papageorgiou 

School of Creative Technologies, University of Portsmouth 

 

Dear all, 

I am a doctoral student at the University of Portsmouth with Dr Janet Delve, Prof David 

Anderson, and Dr Vaughan Powell. My PhD is on the use of emulation for archaeological data, 

e.g. visualisations, simulations, 3D laser scans, and 3D models. 

Through this questionnaire I am trying to establish a realistic time frame for my research, and 

also achieve a representative sample of testing material. The research endeavours to identify a 

N/A. 

mailto:panagiotis.papageorgiou@port.ac.uk
mailto:janet.delve@port.ac.uk
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Our stakeholders come from the humanities and social science domains in Ireland. 

These include libraries, archives, museums, galleries, universities, other research 

centres etc. We have a stakeholder advisory group which represents some of the 

organisations who we hope will supply us with data in the future, you can see the list 

of members here: http://www.dri.ie/stakeholder-advisory-group. 

The Repository has not launched yet, it will launch publicly at the DPASSH 

conference on June 25-26th 2015, http://dpassh.dri.ie/. 

‘best practice’ approach which will eventually become part of the standard solution for 

everyone involved in preservation of digital archaeological data.  

Guidelines and test results coming from this work would be of great benefit to the 

archaeological community, and would contribute knowledge to other research communities, 

specifically those interested in similar data types/3D visualisations. The results will be securely 

stored and only be used for the purposes of this research.  

I would be extremely grateful if you could answer all of the following questions, either in a 

Skype interview or by email. In case you choose to reply via Skype, could you please give me 

your permission to record the conversation for the purposes of the research? Thank you in 

advance for your valuable time.  

Kind regards, 

Panagiotis Papageorgiou 

This study has been given a conditional favourable opinion by CCI Faculty Ethics Committee 

– Ref. No FO:03/15 – 0092.  

 

1) Who are the main data suppliers to the Research Data Centre (RDC) over its lifetime? 

 

 

 

 

 

2) When was the online catalogue of the RDC launched? 

 

 

 

 

http://www.dri.ie/stakeholder-advisory-group
http://dpassh.dri.ie/
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The Repository can support the ingestion of all file formats and we do not have a 

policy of excluding certain types of material (unless they are defamatory etc.). We do 

not only serve the archaeological domain so our recommended formats are more 

generic (e.g. jpeg, TIFF, PDF). Any of the materials mentioned above can be ingested, 

preserved and downloaded by researchers, but the Repository will not be able to render 

the surrogates in the user interface. 

We have not launched publicly yet so we have not had any deposits of the types of 

material listed above. 

We do not limit the ingestion of content according to rights/licence/format, as long as 

the depositor is uploading them legally and they fall within our collection policy 

(currently in draft but it is broad). We make recommendations on file formats and 

support the application of open licences, but we do not exclude data which falls outside 

of these recommendations. 

3) What is the nature of the materials deposited with the RDC? Please tick all that apply. 

Original data (e.g. laser scan point clouds) X 

Intermediate data (e.g. stratigraphic 3D models) X 

Final artefacts (e.g. actual models) X 

Visualisations produced at the end (e.g. video flythroughs of 3D models) X  

Additional comments: 

 

 

 

 

 

 

 

4) What kind of datasets does the RDC support? 

Open-access     

Proprietary    

 3D data    

 3D models     

Limited number of formats    

Other:   X 
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The preservation file (AIP) is preserved in its original format, but the depositor can 

choose to generate a surrogate file with a lower resolution, smaller file size etc. We 

recommend that depositors ingest their files in a preservation format (e.g. XML, TIFF, 

WAV rather than .doc, jpeg, MP3) but we do not exclude content on this basis. 

 

 

5) In what format does the RDC keep its ingested files? Please tick all that apply. 

Original format   X 

Preservation format    

Please give details:  

 

 

 

Normalised format     

Please give details: 

 

 

6) What is the main Digital Preservation technique employed by the RDC? 

Migration   X 

Migration on request    

Emulation    

Emulation as a service    

Please comment: 
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No, but we have not launched yet so it has not yet become an issue for the Repository. 

EAD – Encoded Archival Description 

MARC XML 

7) From your perspective, what are the strengths and weaknesses of emulation as an open-

access service over the Internet (i.e. Cloud-based emulation)? 

Strengths: 

 

Weaknesses: 

 

 

8) Has the RDC ever changed its practice of Digital Preservation? If so, when did that happen? 

 

 

9) What metadata standards does the RDC use? 

Open Archival Information System (OAIS) X 

Preservation Metadata Implementation Strategies (PREMIS) X 

Dublin Core Metadata Initiative (DCMI) X 

Metadata Encoding and Transmission Standard (METS)   

Metadata Object Description Schema (MODS) X 

Long-term preservation Metadata for Electronic Resources (LMER)   

Other   X 

Please specify: 
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If you are referring to the software the Repository is built on, it is Hydra-Fedora and 

uses SOLR and Blacklight for indexing and search. 

We have only ingested test collections to date, but the most common file formats are 

likely to be JPEG and PDF based on the current Repository holdings. 

 

10) Which Persistent Identifiers does the RDC use for the data stored in its collection? 

Digital Object Identifier (DOI)   X 

Digital Author Identifier (DAI)   

Uniform Resource Name (URN)   

Archival Resource Key (ARK)   

Persistent Uniform Resource Locator (PURL)   

Handle    

Other    

Please specify: 

 

 

11) What are the common computer platforms and software used to preserve digital data since 

the beginning of the RDC? 

 

 

 

 

12) What are the a) most common and b) rare file formats the RDC has been dealing with since 

its inception? Please give details: 
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Not yet as the Repository has not been launched, but we will be applying for the Data 

Seal of Approval and the Repository has been developed with this in mind. 

The Repository allows public access/Open Access/dark archiving. As we hold content 

from the Humanities (likely to be covered by copyright) and the Social Sciences (likely 

to have data protection concerns) we must allow depositors to publish their content as 

All Rights Reserved rather than licensed as Open Access if that is appropriate; and we 

must allow them to restrict data or apply an embargo if necessary. 

Born digital material is not treated any differently to digitised material in our policies, 

and it is up to the depositor themselves to set access permissions for the content. 

13) Is the RDC a verified ‘trusted’ digital repository? If yes, please give details of the 

accreditation: 

 

 

 

14) What kind of digital archive is the RDC?  

Open-access   x 

Closed   X 

Restricted x 

‘Dark’    

Proprietary    

Other:    

 

 

 

 

15) What is the access policy of the RDC regarding born-digital material? 

 

 

Should you have any further questions or concerns, please feel free to contact me or the first 

supervisor at the following email addresses: panagiotis.papageorgiou@port.ac.uk and 

janet.delve@port.ac.uk. 

Thank you for participating! 

 

mailto:panagiotis.papageorgiou@port.ac.uk
mailto:janet.delve@port.ac.uk
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Appendix E   

Research Ethics Review Checklist 
 

 

 

 

FORM UPR16 

Please include this completed form as an appendix to your thesis (see the 

Postgraduate Research Student Handbook for more information). 

 

 

 

 

 

 

 

Postgraduate Research Student (PGRS) Information 

 

 

Student ID: 

 

706648 

 

PGRS Name: 

 

 

Panagiotis Papageorgiou 

 

Department: 

 

 

School of Creative 

Technologies 

 

First Supervisor: 

 

Dr Brett Stevens 

 

Start Date:  

(or progression date for Prof Doc students) 

 

 

01/02/2013 

 

Study Mode and Route: 

 

Part-time 

 

Full-time 

  

 

 

 

 

 

MPhil  

 

PhD 

 

 

 

 

 

 

 

MD 

 

Professional Doctorate 
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Title of Thesis: 

 

 

The Effective Preservation of Archaeological Virtual Reconstructions 

 

 

 

Thesis Word Count:  

(excluding ancillary data) 

 

 

44381 

 

 

 

If you are unsure about any of the following, please contact the local representative on your Faculty Ethics Committee 

for advice.  Please note that it is your responsibility to follow the University’s Ethics Policy and any relevant University, 

academic or professional guidelines in the conduct of your study 

Although the Ethics Committee may have given your study a favourable opinion, the final responsibility for the ethical 

conduct of this work lies with the researcher(s). 

 

 

 

UKRIO Finished Research Checklist: 

(If you would like to know more about the checklist, please see your Faculty or Departmental Ethics Committee rep or see the online 

version of the full checklist at: http://www.ukrio.org/what-we-do/code-of-practice-for-research/) 

 

 

a) Have all of your research and findings been reported accurately, honestly and 
within a reasonable time frame? 

 

 

YES 

NO    

 

 

 

 

 

b) Have all contributions to knowledge been acknowledged? 
 

 

YES 

NO    

 

 

 

 

 

c) Have you complied with all agreements relating to intellectual property, publication 
and authorship? 

 

YES 

NO    

 

 

 

 

 

d) Has your research data been retained in a secure and accessible form and will it 
remain so for the required duration?  

 

YES 

NO    

 

 

 

 

http://www.ukrio.org/what-we-do/code-of-practice-for-research/
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e) Does your research comply with all legal, ethical, and contractual requirements? 

 

 

YES 

NO    

 

 

 

 

      

 

Candidate Statement: 

 

 

I have considered the ethical dimensions of the above named research project, and have successfully 

obtained the necessary ethical approval(s) 

 

 

Ethical review number(s) from Faculty Ethics Committee (or from 

NRES/SCREC): 

 

 

FO:03/15 - 0092 

 

If you have not submitted your work for ethical review, and/or you have answered ‘No’ to one or more of 

questions a) to e), please explain below why this is so: 

 

 

      

 

 

 

Signed (PGRS): 

 

 

 

 

 

Date: 17/01/2022 

 

 

 

 


