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ABSTRACT:

The workgroup for Digital Reconstruction of the Digital Humanities in the German-speaking area association (Digital Humanities im
deutschsprachigen Raum e.V.) was founded in 2014 as cross-disciplinary scientific society dealing with all aspects of digital
reconstruction of cultural heritage and currently involves more than 40 German researchers. Moreover, the workgroup is dedicated to
synchronise and foster methodological research for these topics. As one preliminary result a memorandum was created to name
urgent research challenges and prospects in a condensed way and assemble a research agenda which could propose demands for
further research and development activities within the next years. The version presented within this paper was originally created as a
contribution to the so-called agenda development process initiated by the German Federal Ministry of Education and Research
(BMBF) in 2014 and has been amended during a joint meeting of the digital reconstruction workgroup in November 2014,

1. INTRODUCTION

For more than 3 decades, digital 3D reconstructions of cultural
heritage objects have been carried out on many projects. As an
overall consequence, challenges have changed significantly
during this time and many new research demands for further
methodological, technical and practical development have
emerged. Our main interest is to identify urgent research
challenges and prospects and assemble a research agenda which
could propose demands for further research and development
activities within the next years.

The first version of this research agenda was originally created
as a contribution to the so-called agenda development process
initiated by the German Federal Ministry of Education and
Research (BMBF) in 2014. It was aimed at identifying
upcoming research topics and funding needs especially from the
point of view of a German community dealing with digital
reconstruction (Arbeitsgruppe Digitale Rekonstruktion des
Digital Humanities im deutschsprachigen Raum e.V., 2014). It
contained contributions submitted by 13 researchers from
different disciplinary backgrounds and perspectives on digital
reconstruction. This process was initiated by a paper which was
circulated in summer 2014. In addition, different outcomes
from a joint meeting of the digital reconstruction workgroup in
November 2014 (Grellert et al., 2015), which focused on a
state-of-the-art analysis, were included in an amended version.
They are presented in this paper. Even if the research agenda
was created by a German scholarly community focusing on
German perspectives, many of the topics addressed may also be
relevant to an international community.

1.1 Classification of digital reconstruction

Computer-based, i.e. digital 3D reconstructions have
increasingly become more important for sustaining
conservation, research and broad accessibility of cultural
heritage as knowledge carriers, research tools and means of

representation. Concerning digital reconstruction, the focus is
put on the creation of a spatial, temporal and semantic virtual
model. Main differences refer to the kind of object of
assessment in terms of material and immaterial objects (e.g.
usages or digital data). Furthermore, in regard to the question of
how to proceed, the difference between the reconstruction of
objects which are no longer existent or which have never been
realised (e.g. the current status of plans which have never been
realised) and the digitalisation of objects which are still existent
is essential (De Francesco and D’Andrea, 2008). While a
digitalisation describes the technological transfer of an object to
a digital sat (e.g. by means of a semi-automatic modelling with
the help of laser scans or photogrammetric technology), a digital
reconstruction process includes the necessity for human
interpretation of data.

1.2 State-of-the-art

In practice, concerning establishment, digital reconstructions
have been commonly used both in the academic and
commercial field. Currently, digital reconstructions are mainly
carried out in one single context in relation to specific usages by
interdisciplinary workgroups and by using expert technologies.
Especially in regard to this background, it has turned out to be
difficult that there are so many standards and guidelines as well
as rules for dealing with historical contents (Beacham et al.,
2006; Bendicho, 2011; Kiouss et al., 2011; Pfarr, 2009; Suril et
al., 2003) which have only been of limited practical relevance
(Kuroczynski et al., 2014; Mdunster and Kohler, 2012). In
contrast, the concept of metadata used as an approach to classify
and describe historical information has been established to a
large extent. Even if in the meantime one of this schemas has
gained a certain popularity with CIDOC-CRM (Doerr, 2003) as
reference ontology (in terms of a generic concept of knowledge
structure) in archaeology and museology, existing standards of
metadata and their implementation are considered as being
highly heterogeneous (Felicetti and Lorenzini, 2011; Ronzino et
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al., 2011; Ronzino et al., 2013). Current approaches on
sustainable documentation of the creative process of digital
reconstructions have not yet been sufficiently established in
practice (Bentkowska-Kafel et al., 2012) despite diverse and
innovative concepts (Niccolucci, 2012; Pfarr-Harfst, 2011). An
international science community has been shaped by actors
from Southern Europe, Great Britain and the US. It mainly
comprises perspectives on archaeology and cultural heritage
conservation (European Commission, 2011; Foni et al., 2010;
Munster et al., in print). A multiplicity of actors from science,
economy and education deal with the topic of digital
reconstruction in the German-speaking area. Established panels
have not yet been set up and a national as well as international
networks required for a scientific discourse across disciplines
and usages have not yet been established (Pfarr-Harfst, in

print).
1.3 Actors and funding environment in Germany

A German research environment on digital humanities to which
also belongs digital reconstruction of cultural heritage is
traditionally strongly affected by dealing with texts and images.
However, national priorities on dealing with cultural heritage
focus on the development and museal presentations of
collections. In contrast, topics of digital 3D reconstructions of
cultural heritage have been much less institutionally anchored.
Even if many professors out of several disciplines put their
work and research focus on the field of digital reconstructions,
in Germany no professorship or academic institute is
specifically arranged to address these topics in particular yet. A
circle of actors is characterised by small workgroups or
individual actors. However, they come - as exemplified in
Figure 1 by the members of the digital reconstruction
workgroup of the Digital Humanities in the German-speaking
area association (Digital Humanities im deutschsprachigen
Raum e.V.) - from a multiplicity of different institutions and all

academic career stages.
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Figure 1 — Institutions of the members of the digital reconstruction
workgroup of the Digital Humanities in the German-speaking area
association (Digital Humanities im deutschsprachigen Raum e.V.).

Up to now, digital reconstruction projects carried out in
Germany have been funded by a heterogeneous field of funding
institutions and funding objectives. This includes regional and

local funding schemes and research funding on a national level.
With a German national funding environment in mind, the
German Federal Ministry of Education and Research has lately
addressed the assessment of humanities-related questions by
means of digital tools (“"eHumanities”) and the scientific
preparation of collections ("The language of objects"). Funded
by the German Federal Ministry of Education and Research, a
current project is being carried out to assess the space-related
placing of inscriptions. Furthermore, the structure of a virtual
research environment used for web-based documentation and
demonstration of semantic 3D datasets of destroyed architecture
in Eastern Prussia (Kuroczynski et al., submitted paper) have
been assessed thanks to the funding of the Leibnitz Association.
The documentation and visualisation of archaeological contents
have been examined with the help of the German Research
Foundation (DFG).2 On a European level, the Reflective 6 & 7
advertisements carried out in the scope of the Horizon
Programme 2020 address questions asking for comprehensive
standards and formats used for cultural-historical information.®
Similar to guidelines issued for previous ICT programmes, this
advertisement mainly aims at the development of technology. In
contrast, EU funds used for a creative Europe focus on specific
cases of usage.* It has only restrictively been taken into
consideration that digital reconstructions are complex socio-
technical usages which in the meantime have been widely used
in the academic environment and museums, media studies and
tourism with the help of a current funding environment. For
this reason, a number of funding needs exceeding a pure
technological development or single usages have come up.

2. PROPOSITIONS AND IDEAS ON RELEVANT
TOPICS AND QUESTIONS

A number of current tasks of digital humanities in the German-
speaking area were described in the scope of a discussion paper
issued by the management board of the Digital Humanities in
the German-speaking area association and published at the
annual conference 2014 (Vorstand des Verbandes Digital
Humanities im deutschsprachigen Raum, 2014). In addition, a
number of specific challenges have emerged in the context of
digital reconstruction.

2.1 Assessment of the scope of digital reconstruction

Digital reconstructions do not just use technologies available in
the field of information technology used for the development of
humanities-related questions but they additionally incorporate a
multiplicity of different disciplinary perspectives and contexts
of usage. Besides archaeology and different tasks of cultural
heritage conservation as main focuses of European funding,
specific scenarios of art and architectural history, cultural
studies, monument preservation, historical building research and
museology are relevant to the German research environment
(Burwitz et al., 2012; Riedel et al., 2011). Connected to this is
the need to record and systematise research and usage
approaches of digital reconstruction and related properties,
potentials and fields of usage (Pfarr-Harfst, 2013). In addition to

! Inschriften im Bezugssystem des Raumes.
http://www.spatialhumanities.de/ibr/startseite.html (12.1.2015).

2 OpenInfRA - Ein webbasiertes Informationssystem zur Dokumentation
und Publikation arché&ologischer Forschungsprojekte.
http://www.tu-cottbus.de/projekte/de/openinfra/ (12.1.2015).

8 Reflective societies: Cultural Heritage and European Identities.
http://ec.europa.eu/research/participants/portal/desktop/en/opportuni
ties/h2020/calls/h2020-reflective-7-2014.html (12.1.2015).

* Creative Europe Program. http:/ec.europa.eu/programmes/creative-
europe/index_en.htm (12.1.2015).
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the documentation of spatial-related knowledge (as spatial
humanities domain), they include the description of historical
objects, the research of historical preparation processes (e.g.
historical approaches and craftsmen approaches of planning),
contextualisation and assessment of the consistency of sources,
classification of objects and subsequent establishment of
thesauri and the identification of archetypal characteristics (e.g.
craftsmen specifications). Moreover, different usages exist
beyond a reference made to concrete historical objects, such as
the exploration of a scope with the help of architectural systems
and approaches of procedural modelling of hypothetical
buildings which are to be erected (Havemann and Wagener, in
print; Ling et al.,, 2007). The recording of good practice
examples as well as research and development projects refer to
tasks which have to be taken up in a research agenda as was
developed for cultural heritage (Arnold and Geser, 2008)
research and archaeology (Gibbons, 2012).

2.2 Digital reconstruction between research and practical
usage

Unlike hardly any other field of digital humanities, digital
reconstructions are a cross-sectional area between research and
practical use. Respectively, in addition to questions of research
and science, there are diverse usages beyond the academic one -
e.g. in the context of teaching, museal presentation, virtual
tourism, cultural heritage management or popular media
(Grellert, 2007; Kuroczynski, 2012; Miinster, 2011). Therefore,
transfer and exchange between research and practical use is
essential, e.g. concerning used technologies, standards and
schemas, strategies and quality standards. Furthermore, an
assessment of practice-oriented aspects beyond questions of
humanities, such as creativity conducive to learning, usability
or sustainable business models.

2.3 Establishing virtual models and visual results as topics
of scientific discourse

Other than in text-related disciplines, knowledge is mainly
gained by the creation of a virtual model and its digital, in most
cases, visual demonstration in the case of digital reconstruction.
Moreover, contributions of different authors and a multiplicity
of intuitive decisions are included in such media which are
based on know-how (Minster and Prechtel, 2014). So far, both
an academic culture and concrete mechanisms have not yet
been established to make digital models and generated
images scientifically linkable and able to discuss. This
includes questions on the access and evaluation of models and
images to make authorship transparent as well as references
between reconstruction and (explainable) fundamental
knowledge such as sources. This also comprises the capacity to
quote parts or areas in models and images and the modification
of such media by others. In addition to a number of technical
requirements described in the following paragraph, the
development of approaches on the documentation of processes
and their results and the capacity of making a model logic
transparent are derived (Ginther, 2001; Hoppe, 2001) - e.g.
within the meaning of comprehensive reference ontologies and
custom-designed domain ontologies (Hauck and Kuroczynski,
2014; Homann, 2011; Ronzino, 2015).

2.4 Securing sustainability

It can be seen that in most cases new technologies and trends
have quickly been picked up in single projects carried out on

digital reconstruction (Minster et al., in print). However, they
have just been made transparent mainly via publications issued
for a (professional) public in academic contexts. In addition to
the aspects of interoperability and long-term availability of
datasets, competencies and procedure models to improve
accessibility and sustainability of the assessment and mapping
of the projects carried out on digital reconstructions of all
provenances and the inclusion of established actors, such as
libraries, commercial platforms or research infrastructures are
essential in making information in this regard available.

2.5 Establishing digital infrastructures for

reconstructions

digital

Beyond buildings, originals of important archaeological objects
or objects of art history such as finds or sculptures are often
detached from their original context (e.g. in collections,
museums etc.). Thus, they can only be assessed, analysed and
evaluated spatially in an isolated way. In contrast, virtual
objects can not only be re-contextualised by taking into
consideration a different probability of the reconstruction
hypothesis but also with references between single objects in
mind (Laufer et al., 2011; Lengyel and Toulouse, 2011b, c).l
They can be linked in a differentiated way to (source) materials
and information on projects (Raspe and Schelbert, 2009). For a
long time, the focus of a multiplicity of European projects (e.g.
EPOCH, 3D COFORM, CARARE, 3D ICONS) has been put
on the recording and storage of historical sources of different
kinds, digital research artefacts and results as well as allocated
metadata, paradata and contextual data (D’Andrea and Fernie,
2013). However, especially in the German-speaking area,
requirements put on digital reconstruction have only been
reflected insufficiently beyond archaeology and architectural
history (Drewello et al., 2010) in research infrastructures.?
Despite its name, the DARIAH Geobrowser and the Europeana
4D interface are mainly aimed at a two-dimensional mapping of
objects. Specific requirements of digital reconstructions are
mainly the space- and time-related classification and
identification of created digital models and related (source)
materials (e.g. by means of word-wide valid unified resource
identifiers) and their relationships. Moreover, digital
reconstructions have been developed by using a multiplicity of
different technologies from domains such as GIS, VR, CAD and
BIM or CityEngines which are only a little compatible (Minster
and Prechtel, 2014). They are not convertible without loss.
Related tasks are likewise assessment, development and
spreading of technologies and strategies on interoperability
of data - e.g. on conversion without loss or on data exchange in
proprietary formats. Furthermore, with linkage in mind, data
viewers which are easy to operate have been used for the
illustration of 3D datasets. Therefore, there are special
requirements in regard to interactivity and simulation quality of
materiality and weathering. Furthermore, tools and mechanisms
for semantic annotation and modification of existing
reconstructions, for the inclusion of alternative hypotheses or
for versioning are required. According to the complex
requirements the Semantic Web and WebGL technologies seem
to be highly promising. Research on and implementation of
documentation and visualisation standards within the

! Berliner Skulpturennetzwerk.
http://de.wikipedia.org/wiki/Berliner_Skulpturennetzwerk
(12.1.2015).

2 JANUS - Forschungsdatenzentrum Archéologie &
Altertumswissenschaften. http://www.dainst.org/de/project/ianus-
forschungsdatenzentrum-arch%C3%Ad4ologie-
altertumswissenschaften?ft=all (12.1.2015).
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community of digital hypothetical 3D reconstruction is a
prerequisite. Using above-mentioned open source technologies
for web-based description and publishing of the 3D content, in
particular developing a domain related ontology (OWL DL),
storing the whole process chain and results in a human- and
machine-readable schema (XML-Format), linkage with existing
controlled vocabularies and authority files (e.g. Getty AAT,
etc.), establishing a Graph Database (RDF-Triple-Store) with a
SPARQL Endpoint, provides new quality comprehensibility and
sustainability within Linked (Open) Data infrastructure
(Kuroczynski et al., 2015).

2.6 Developing of competencies in dealing with images and
digital reconstruction

Especially in the humanistic approach, affinity and competence
regarding digital research methods have only been little
developed (Albrecht, 2013). Similar to digital humanities
altogether (Vorstand des Verbandes Digital Humanities im
deutschsprachigen Raum, 2014), method-related development
of knowledge and competencies of researchers and users in
practice (e.g. curators) concerning a production, evaluation and
usage of digital reconstructions pose a main challenge (Krdéber
and Minster, 2014). Thus, scientific findings in archaeology
and construction research are in most cases incomplete. The
level of accurateness of knowledge extends from authentic finds
to scientific hypotheses, which can also be contradictory. Beside
a gradual difference between secure and insecure
reconstruction, there is also a coexistence of different
alternatives. It is a special strength of virtual models to take up
this lack of definition and to be able to make it available in form
of special visualisations on scientific discussions and mediation
(Grellert and Haas, in print; Lengyel and Toulouse, 2011a, c,
2013). Connected with it is the challenge posed on users to
develop the competence of methods and usage for dealing
with synthetically produced images and models in both
scientific and popular contexts. This includes a conscience
concerning tentativeness, the nature of the hypotheses of
incorporated knowledge and an evaluation competence in
regard to fields of usage and production processes.

2.7 Assessment of digital reconstructions as socio-technical
systems

So far, topics related to digital reconstruction have mainly
emerged in the German research and funding environment with
technological development and a specific reference to objects in
mind. In contrast, widely excluded has been an examination of
socio-technical aspects. In addition to the needs already
described, research and development of suitable workflows
and strategies wused for the creation of digital
reconstructions is a main task. In addition to ideas on the
organisation of working processes and on interdisciplinary
communication and co-operation (Minster, 2013) given by the
innovation and project management, innovative approaches
such as agile development methods of information technology
(Baldwin and Flaten, 2012), have promised added values in
practice and in science.

2.8 Establishing digital reconstruction in the German
digital humanities area

Currently, the landscape of digital reconstruction in Germany
includes a multiplicity of actors from different backgrounds. So
far, they have been insufficiently linked and organised. Hence,

the need of joint platforms for an exchange and the
establishment of digital reconstruction in the canon of digital
humanities as well as the necessity of support of networking
activities have been derived. While single references to topics
of digital reconstruction such as museology and archaeology
have been taken up by panels and workgroups anchored in these
fields, structures and institutions of a scientific and practical
development have been missing in the German-speaking area.
In this regard, a first step is the workgroup for digital
Reconstruction of the Digital Humanities in the German-
speaking area association founded in 2014.*

3. CONCLUSION

While the usage of digital reconstruction techniques in the
context of cultural heritage has been widely explored by
prototypic projects and methodological perspectives, current
challenges aim at a research and development of sustainable and
practicable approaches to access wider scientific communities
(and to establish and ensure scholarly standards in this domain)
and audiences as well as to enhance interoperability. This
includes aspects such as widely interoperable documentation
and classification strategies and schemes, an overarching
systematisation and cataloguing of projects and the creation of
objects as well as strategies and technologies for an exchange
between different technological domains and approaches of
usage. Moreover, digital reconstructions are socio-technical
systems embedded in complex usage scenarios. Due to these
reasons, it is crucial to determine research and usage scenarios
as well as additional values of digital reconstruction and
identify best practice cases. Thus, an identification of both, user
and non-user-needs and motivations as well as the education
and competency development of researchers, producers and
recipients are essential. In addition, the research for and usage
of digital reconstruction technologies have to be established and
positioned as an important field of usage within a digital
humanities scientific community, digital infrastructures as well
as within a funding community.
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