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This book presents some of the outcomes of interdisciplinary research and
debates conducted by the participants in the international network, Colour and
Space in Cultural Heritage (COSCH) between 2012 and 2016. The book adds to
a large body of literature on the applications of digital technologies to the study
and preservation of cultural heritage. So why was another book on the subject
needed? In this introduction the rationale for the book, its scope, and methodo-
logy are explained.

Cultural Heritage

After a certain period of time, human cultural activities and their products acquire
the status of cultural heritage. The International Council on Monuments and Sites
(ICOMOS 2002, 21) defines cultural heritage broadly as “an expression of the ways
of living developed by a community and passed on from generation to generation.”
Some standard definitions of cultural heritage, both tangible and intangible, in the
context of 3D documentation, have been collated by the consortium, 3D-COFORM
(Arnold et al. 2009, 16-19).

No single book can cover the variety and richness of cultural heritage, or the
methods of its documentation. The limitations are inevitable. The COSCH network
limited its interests to material objects of the cultural heritage of Europe, some of
which are covered in this book. The objects and sites come from different periods
and bear witness to different cultures. They vary in scale and materials, significance
and value. They include an ancient Greek vase, the Karabournaki kantharos (chap-
ter 2); Roman silver coins, the denarii of Faustina the Elder (chapter 3); painted
wall decoration of the medieval French chateau of Germolles (chapter 4); a fortress
overlooking Sarajevo, steeped in the multicultural, turbulent history of Bosnia
(chapter 5); a medieval wooden shipwreck, known as a cog, lifted from a river bed
in Germany (chapter 7); and a variety of historic objects housed by the National
Museum of Romanian History, Bucharest, including icons, illuminated manuscripts,
and pottery (chapter 6). Other works of world art and architecture, as significant

I Major research projects in this area are often better known through their acronyms than
full names, some of which tend to be very long and when used in a sentence distract from
the main argument. The acronyms used by the authors can be found, spelled out, in Selected
Bibliography, p. 277, see also Acronyms and Abbreviations, p. xxvii.
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as the ancient, rock-cut statues of Buddha in the Bamiyan Valley in Afghanistan,
demolished by the Taliban in 2001, are mentioned in the second part of the book.
This small selection is representative of other art, crafts, and architecture, in vari-
ous states of preservation and restoration that can be found in situ or housed in
museums.

COSCH was established to enhance and promote specialist applications of
optical technologies to the spatial and spectral recording of material cultural
heritage. The research processes and some digital outputs of such applications
(both digitally born and digitized) represent cultural heritage in its own right
and require effective digital preservation. The significance of digital heritage has
been recognized by UNESCO (2003b). Museum collections, archives, and other
heritage organizations, motivated to some extent by a growing public demand, are
under pressure to digitize their holdings. Yet we need to remember that only a
small proportion of world cultural heritage has been digitized. The automation of
digitization is seen as a way forward (Karaszewski et al. 2014), but not without
concerns over the quality achieved by fast and uniform machine processes applied
to unique objects. Issues of long-term digital preservation are also common. As
noted in chapter 7, the long-term maintenance and access to digital tools and
resources remain problematic, constituting a major barrier to the wider adoption
of digital research methodologies. Only a fraction of digital assets thus created
since the 1980s continue to be wanted, accessible, and usable. Technical solutions
to digital obsolescence are available, but there are other reasons for neglect of elec-
tronic resources created in the past. The 3D computer model of the Old Minster
in Winchester, created by archaeologists of the site in collaboration with IBM
Research UK in the mid-1980s (3DVisA, 2006) exemplifies how research methods
and outcomes that were cutting-edge in their day have fallen behind current
expectations of digital, interdisciplinary scholarship. The model nonetheless rep-
resents an important step in the history of digital scholarly collaborations and is
worthy of inclusion in a museum of computing or a museum of virtual archaeology.

Colour

Those new to the name, Colour and Space in Cultural Heritage, will read into this
phrase a preconceived understanding of colour and space. Both concepts are so
familiar to the experience of cultural heritage and life in general, that an explana-
tion may seem redundant. An understanding of the concepts will, however, differ
from one reader to another, so much so that a common understanding must not
be assumed.

Colour “is the child of light, the source of all life on earth” (Delamare and
Guineau 2000, 13). Johann Wolfgang von Goethe (1810) believed that colour is a
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level of darkness. He disputed Isaac Newton’s (1704) discovery of the spectrum—
the rainbow of colours of visible light after it passed through a prism. Newton’s
drawing of what he termed the “crucial experiment” (Newton 2010) shows sun-
light refracted into five constituent colours, as he could not quite decide upon
their number. The diagram, in black ink on paper, is a lasting, graphic record of his
discovery process. Although since dismissed by modern science, Goethe’s intuitive
and poetic ideas about science and psychology of colour have continued to influ-
ence cultural theories. Since the earliest known cave paintings, artists have had a
very special relationship with colour, not only physical, even tactile, but primarily
spiritual. Our visual response to colour is emotional.

Colour in the arts is associated with pigments used to make paint, and dyes to
colour textiles, but also with musical analogies to tint, tone, and hue, and further
to chromatic harmony. From the quantifiable measures of the physical properties
of colour to the significance of colour as an indicator of race, the range of pos-
sible references to cultural heritage is endless. The power of colour is forcefully
expressed in the painting Potent Fields (2002, British Museum, London) by the
South-African artist, Karel Nel, in which two planes, one in white ochre and the
other in dark red ochre, refer to the separateness (apartheid) of colour. This
powerful reading is only apparent to the informed beholder. Artwork detached
from its message and context risks being meaningless. One must recognize that
no documentation of a material object is ever complete unless its historical, social
and phenomenological, spiritual and symbolic aspects are also studied. Conser-
vation and heritage science are also capable of bringing back some of the lost
meaning. Discolouration of paint or varnish over time, for example, influences
the perceived meaning of art, as the well-known painting by Rembrandt van Rijn,
showing a militia group portrait in daylight, continues to be popularly called Night
Watch (1642, Rijksmuseum, Amsterdam).

Colour and Space in Cultural Heritage was led by the Technical University of
Applied Science in Mainz, the COSCH Action grant holder. COSCH participants met
in many different places in Europe, also in Mainz, which is famous for being the
birthplace of Johannes Gutenberg and an apt place to deliberate the progress in
documentation and reproduction technologies. For those who love the exuber-
ance of colour in art, St. Stephen’s church in Mainz is a perfect destination. The
stained-glass windows there were designed by the ninety-year-old Marc Chagall,
who was, according to Picasso, the only painter (after Matisse) to understand
colour. “When Matisse dies,” Picasso is known to have said, “Chagall will be the
only painter left who understands what colour really is.”> The colour scheme is

2 Francoise Gilot and Carlton Lake, Life with Picasso (London: Virago, 1990), 265.
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predominantly cobalt blue with vivid accents of red, black, and yellow, ever chang-
ing in the daylight. The glowing effect is spiritual, even heavenly for some. What
influences the artist’s choice of paint or draws the viewer to particular colours
may be investigated from aesthetic, psychological and many other perspectives.
While recognizing this, the COSCH network’s research into this area, however,
has primarily been scientific with a focus on the capture of the intensity of radia-
tion reflected at each wavelength from each point on a coloured surface (see, for
example, Casini et al. 2015; Nascimento et al. 2017).

When in the early 2000s the Corpus Vitrearum Medii Aevi embarked upon
digitization of medieval stained-glass that have survived in Great Britain (www.
cvma.ac.uk), it surprised everyone how well the luminous effect of digital images
displayed on a monitor screen, then glass, simulated the viewing of actual
stained-glass windows. This was a visible, positive point of digitization. The pro-
cess had many critics. Digitization in those days mainly involved scanning slides
(particularly in teaching collections), negatives, and photographic prints. The
laboriousness and exorbitantly high costs were of concern. A blank CD-ROM, then
a popular portable data storage medium, retailed at approximately £12/$18 each
in 1998, and could hold no more than 650MB of read-only data. Various major
technical issues involved in the processing and storing of digital data, their pre-
sentation and dissemination have since been resolved. Importantly, the direct
digitization of the artefact, without the intermediary of a photographic surrogate,
is now not only possible, but commonplace. Although amateur photographers
rarely control the quality of the photographs they take, tending to rely on factory
colour settings of the device, professionals carefully set up the lighting and cali-
brate the hardware, and not only manage, but also measure colour at all stages of
the photographic and imaging processes, from capture through to application.

The importance of colour accuracy in art and heritage studies cannot be over-
estimated. It is perhaps surprising that black-and-white prints still prevail in many
art books, even those on painting and colour studies. The popular book, Art of
Seeing by John Berger, frequently reprinted by Penguin, may serve as an example.
The superior quality of print reproduction of art, that has become available since
the 1990s, is a result of years of research into colorimetric imaging. Notable inter-
national research projects in this area included VASARI (mentioned in chapter 8),
MARC and MARC II, and CRISASTEL, carried out by major European information
technology companies in association with museums and conservation institutes
from 1989 through the 2000s. Prototype scanners enabling direct digitization of a
painting, without the intermediary of photographic material, were developed and
implemented at the Doerner Institute in Munich, the National Gallery in London,
and the Uffizi Gallery in Florence. Another lasting effect of these historic imag-
ing developments is the service known as Print-on-Demand, offered by some
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museums to visitors and online: customers can order a superior quality print, on
canvas-textured paper, of a painting of their choice. CRISASTEL also pioneered the
transmission of large image files over a network, today taken for granted. Black-
and-white photography is art in itself, but one can only be pleased that greyscale
prints, so common in the past, no longer predominate in newly created visual
records.

There is more to colour than meets the eye. The colour that is invisible to the
human eye is a subject of aesthetic theories of art that explores the effect of mental
“after-images” that we can see, with the eyes closed, having previously stared at
the sun or another light source. Wtadystaw Strzeminski’s abstract An After-image
of Light. A Lady at the Window (ca. 1948, Museum of Art, £.6dz) evidences such an
artistic exploration. COSCH’s scope of scientific research into colour extended to
spectral imaging techniques and devices in the visible (380-750nm), near infrared
(750-1000nm), and infrared (1000-2500nm) ranges. “The combination of digital
imaging with spectroscopy has expanded point-based, or one-dimensional (1D)
spectroscopic techniques. Imaging spectroscopy provides the ability to distinguish
and map the spatial distribution of materials over an entire object, extract reflec-
tance spectra for the identification of materials, calculate colour, enhance and
reveal underdrawings, detect changes in composition, and identify damage and
past conservation treatments” (p. 142). A group of scientists and other research-
ers within the COSCH network carried out a Round Robin Test (RRT), discussed in
chapter 8, to assess the current diversity of systems and methodologies, aiming at
more standardization and quality control.

Space

“Colour is all,” believed Chagall. “When colour is right, form is right.”® This artistic
observation points towards one of the most pertinent relationships in the arts and
in our experience of the external world, that between colour and form. The COSCH
network’s understanding of space was predominantly scientific. In the context of
COSCH research interests, space is synonymous with the three-dimensionality
of material objects: the geometry of the object, including architecture and other
physical structures. Therefore, space in this book is primarily considered as
measurable, geometrical properties of material objects, and a subject of 3D optical
metrology. Geographical terrain, or phenomenological experiences of space, or

3 Citation after Chagall “Colour Is Everything,” Spring exh., William Weston Gallery, London,
16 April 2015, http://www.williamweston.co.uk/exhibitions/items/133 (accessed 15 Oct-
ober 2016).
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anthropological approaches to a place, all of which are relevant to cultural heri-
tage, were outside the scientific objectives of COSCH research, although they had
to be addressed, if only marginally, in the context of 3D historical visualization
(COSCH Working Group 5). Time, inherent to the experience of space, is consid-
ered in the same context, and referred to, for convenience, as the 4D presentation
of cultural heritage (chapter 5). A dedicated COSCH working group was pre-
occupied with spatial object documentation: the methods and instruments for
the acquisition and processing of 3D data. Photogrammetry, 3D laser scanning
and total station surveying, structured light scanning and Structure from Motion
are amongst 3D sensing techniques employed in COSCH studies, covered in the
chapters that follow. Historical visualization of cultural heritage was generally
seen as a by-product of 3D data acquisition and processing. Arts and humanities
scholars and the general public are likely to evaluate visualization, based on its
appearance and realism of rendering, rather than its geometry. The characteris-
tics of these and other methods are explained and discussed; ample exemplars of
applications to cultural heritage are provided, with further references to signifi-
cant non-COSCH projects and literature. One should bear in mind that Euclidean
space and linear time, both deeply rooted in Western cultures, are amongst other
possible concepts of past cultures.

Science and Technology

The relationships between science, technology, and cultural heritage, described
as “inexorable” (Rogerio-Candelera 2014, xi) have been widely researched
(MacDonald 2006; Barber and Mills 2011; Stanco etal. 2011). The COSCH network
was established as a trans-domain COST Action (TD 1201) in Materials, Physical,
and Nanosciences. Participating scientists and engineers included experts in
material sciences, conservation, chemistry and physics, photonics, imaging and a
range of other fields in computer science. The participation of humanities scholars
and other non-scientists in a network dedicated to materials, physical, and nano-
sciences is an unusual feature.

The material and technology used in the making of an artefact determines
its formal characteristics, as well as aesthetic qualities and its value. One of the
COSCH working groups focused on the conservation science of the surfaces of
material objects. The case study described in chapter 4 concerns the examination
of art materials that led to their identification, supporting the dating and attri-
bution of the work, namely medieval wall paintings rediscovered under modern
plasters. Art materials and techniques may also, albeit not necessarily, determine
the cultural and artistic significance of the work (both are subject to fashion and
other fluctuating, subjective factors), providing insights into the technical history
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of cultural heritage. Outdoor Impressionist painting, characterized by impasto,
would not have been possible without the invention of quick drying oil paint. Le
Corbusier’s architecture would be very different without reinforced concrete.
Technology affects the preservation, conservation, study, and communication of
material culture.

Long before the digital era technology was being applied in the conservation
of art and architecture to great, albeit occasionally disastrous effect (chapter 4).
For example, microscopic analysis of pigments and dendrology helped the
authentication and dating of paintings on wooden panels; and the application
of photogrammetry to architecture was applied, among others, in the rebuilding
of the Castle Howard in Yorkshire, England, after it was partly damaged by fire
in 1940 (Thompson 1962). Accurate dimensions for restoration were calculated
from available old photographic prints that had been taken with no photo-
grammetry in mind.

An important area of COSCH research has implications for all computer-based
activities, namely algorithms. Invisible to most users, algorithms determine the
effectiveness of applications of digital technology. Much work, led by a dedicated
working group, was carried out to offer guidance in this difficult area. The prob-
lem of calibration, for example, is much greater than mentioned above. “The main
problem with calibration accuracy is that it is both device dependent and appli-
cation dependent. Thus, the calibration process used for a laser scanning system
may differ from the calibration processes used for point-based spatial record-
ing, spatial fringe projection, spatial photogrammetry or tactile measurement”
(Trémeau and Murphy 2016, 2).

Good understanding of algorithms that support optical recording and exami-
nation of material objects was fundamental to the correct representation of the
relevant know-how. So in the COSCH Knowledge Representation (COSCHX®),
described in chapter 9, “The COSCH Algorithm Selection Module (COSCHASM)
has been defined formally to represent several processing chains used in Cultural
Heritage as a hierarchy of algorithms to denote the types (from acquisition to
visualization), properties (e.g., accuracy) and inter-relationships (e.g., between
parametric factors) of algorithms used for a given task (e.g., 3D reconstruction
of a Greek vase in the Kantharos case study exemplar). The main specificity of
the COSCHASM is that it is aimed at end-users (who are non-experts in computer
vision) in order to help them to find/select the best sequence of algorithms cor-
responding to their application” (Trémeau and Murphy 2016, 8).

As with other areas of study, digital technology has exponentially enhanced
and expanded applications, while raising new issues. Digital data captured for one
particular purpose may be reused for another. However, the advantages of apply-
ing digital technology to the examination and documentation of material culture

XXXiX
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cannot be taken for granted. The benefits need to be evidenced. Technical inno-
vation must acknowledge earlier relevant research and be sympathetic to those
traditional research methods that continue to be effective. A combination of dif-
ferent research methods enhances the critical evaluation of the chosen approach,
often bringing a better understanding of the data under investigation and,
ultimately, new insights into the subject of study. Chapter 4 demonstrates the
significance of archival research conducted concurrently with a technical inves-
tigation of historic wall paintings. The virtual reconstruction of a fragmented
ancient vase, covered in chapter 2, would be futile unless based on archaeological
knowledge and earlier comparative studies of Greek pottery, including those com-
municated through text and hand drawings.

The limitations of digital technologies and related know-how need to be
communicated to stimulate further research and this is one of the aims of this
book. Another aim is a transparent account of areas prone to errors, including
the failures of our research, to prevent others from repeating the same mistakes
and take research forward. The aim of integrating spatial and spectral instru-
ments and software, currently used independently, and to enhance the fusion of
heterogeneous data, remains an ambitious and difficult goal. Many issues within
individual technologies remain. Two studies in particular, those of silver coins and
the Round Robin Test, described in chapters 3 and 8 respectively, applied a range
of recording and analytical technologies to the same objects in order to compare
and evaluate how results depend on a particular setup or operator. A number of
problems were encountered due to: differences between instruments, software,
and algorithms; the heterogeneity of captured data and file formats that can be
generated and the profusion of standards and different claims to best practice. As
pointed out in chapter 1,

One should not underestimate the importance of describing and docu-
menting well the used measurement methods and procedures, as these
contribute to the determination and understanding of the overall quality
of the measurement results and, at the same time, to a better analysis and
interpretation of the measurand—the cultural heritage object in context—
in this case. . .. “repeatability” measures the variation in measurements
taken by a single instrument or operator under the same conditions
(including same location, instrument, operator, procedure) and repeti-
tion over a short period of time, “reproducibility” measures the variation
in measurements under a reproducibility set of conditions (e.g., different
location, instrument, operator, procedure). Put simply, it measures the
ability to replicate the results of others. (p. 6)
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The COSCH network was primarily preoccupied with applied optical technologies.
This book makes clear the connection between technology and its application(s).
In the second, strictly technical part of the book, selected technologies employed
in COSCH case studies are explained in the wider context of international research,
with additional examples and suggestions for further reading. The explanations
are aimed at both specialist and non-specialist readers. Each entry consists of
a definition which introduces the basic principle of the technology or method,
followed by a more detailed, specialist description and selected examples of
significant projects.

Methodology

Conference papers exploring the relationships between cultural heritage and
technology constitute a considerable part of the literature in this area. Published
relatively quickly, conference proceedings are indispensable sources for the latest
innovation. Significant collections of diverse practice-based academic papers have
been published in book format (Rogerio-Candelera 2014; loannides and Quak
2014; Stylianidis and Remondino 2016). Such collections, broadly responding to a
generic theme in cultural heritage and technology, are not necessarily consistent in
approach and research methodology. The collection of papers in this book is deli-
berately different. The chapters present the outcomes of carefully designed COSCH
case studies dealing strictly with applications of optical technologies, spatial and
spectral, to the study of material cultural heritage. In 2012 COSCH issued a call for
proposals for case studies that would adhere to the scientific and interdisciplinary
objectives of the Action. The call was issued with relevant methodological advice
and references to standard literature on case study research.

Discussions held during the course of the COSCH Action showed that it is quite
common to confuse a case study with use case or an exemplar application. A case
study and use case are not synonymous with an exemplar (typically of a particular
practice or project). Case studies and use cases are both forms of detailed empiri-
cal research into a particular situation and behaviour. Both require data collection
and data analysis. To demonstrate the reliability of a case study, or use case, it
is necessary to demonstrate that the operations can be repeated with the same
results. Should one expect the same accuracy from instrumentation of comparable
specification, irrespectively of how and where the recording took place? Is the
human operator an affecting factor? COSCH case studies have demonstrated that
this is far from being straightforward. The COSCH Round Robin Test (chapter 8)
served as an experiment conducted in multiple laboratories to understand better
the factors that affect the results of imaging spectroscopy techniques, applied
to the same artefacts, in particular the differences in the instrumentation and
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data acquisition methods, and their effects on the accuracy and reliability of the
acquired data. The COSCH case study of historic silver coins (chapter 3) involved
experimenting with various spatial recording and analytical technologies, applied
to the same test coins, in order to compare the quality of the acquired data.

In applied technical research a use case is a method in software and systems
engineering. It seeks to establish how a human or machine system is able to
achieve an objective specified a priori. Case study research combines quantitative
and qualitative methods with the emphasis on human participants, and is more
common in social sciences. It also seeks to determine how one condition leads to
another (internal validity), but only for explanatory or causal studies. The other
types of case study research, descriptive or exploratory, may be designed differ-
ently, but should equally demonstrate “external validity, i.e. define the domain to
which a study’s findings can be generalized” (Yin 2014, 46). Bearing in mind the
interdisciplinary complexity of research into cultural heritage, the choice of case
study methodology offered the required flexibility, without jeopardizing the integ-
rity of individual disciplines and without curtailing innovation. Importantly, six
types of sources that may be used in case study research include the evidence of
the physical object, which is critical to the COSCH research covered in this volume.
The reader will be able to judge the quality of response to the COSCH call for case
studies, and the level of success in adopting this approach while seeking coher-
ence in intellectual complexity and technological diversity. When dealing with this
challenge human limitations and financial restrictions played a part. They were
manifest in planning, organization, and delivery of tasks in the course of what was
generally voluntary work.

Knowledge through Documentation

Documentation is the key concern that connects all the contributions to this book.
Documentation is “The already existing stock of information. As an activity, it
stands for the systematic collection and archiving of records in order to preserve
them for future reference. It can be said: Today’s recording is tomorrow’s docu-
mentation.” According to the same source, recording “is in a broad sense, . . . the
acquisition of new information deriving from all activities on a heritage asset,
including heritage recording, research and investigation, conservation, use and
management, and maintenance and monitoring” (Letellier et al. 2007, iv).
Although not a subject of systematic and comprehensive study by COSCH, the
formats, standards, and management of documentation were relevant to many
COSCH projects. The Roman coin case study (chapter 3) sought to establish connec-
tion between historic and current museum documentation practice and heritage
science, looking specifically at the relationships between a standard museum
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object record, technical metadata (such as 3D measurements, results of chemical
and elemental analyses), and iconographic records other than 2D photographs.
Documentation, both the process of and its outcomes, was variably understood by
COSCH researchers as: digitization/recording/surveying/measuring of a historic
material object of cultural significance. All these terms were used interchangeably,
prompting a need for in-depth, critical discussion of terminologies used by the
COSCH interdisciplinary community, and generally in cultural heritage research
(see chapter 1). The clarity of discrete disciplinary differences was essential for
effective communication (see chapter 10).

Technical documentation that employs scientific methods of recording and
analysis may be produced independently of historical and other cultural knowl-
edge about the object. A basic responsibility of the museum, and other custodians
of cultural heritage, is to keep records of every object in their care, even if the object
is obscure to scholars and likely to remain in store awaiting study. This critical legal
and conservation objective continues to be met predominantly through photo-
graphy, manual measurements, and notes. The benefit of applying advanced optical
recording technologies to cultural heritage is best manifested when—apart from
recording the object’s appearance and condition—the process also serves critical
investigation with the potential of bringing about new insights into the interpreta-
tion of the object: its authenticity, provenance, historical use, and transformation.
Comprehensive object documentation consists of technical records based on
scientific information, alongside all other available records (visual, textual, audio,
and in other formats) of the object, pertaining to its material and immaterial
aspects, past and present. “It is the cultural heritage question one wishes to answer
that determines the key properties that need to be documented [or recorded]
and described in any given situation for a given cultural heritage object,” state the
authors of chapter 1 (p. 5). COSCH researchers were broadly in agreement that the
best method of documentation may only be chosen based on the specific, object-
related questions. Choosing the provider of the appropriate technology requires
some level of familiarity with the technical options possible, and sustainability of
outcomes, a familiarity which the object custodians may not have.

As part of its aim to foster applications of optical technologies for the docu-
mentation of material cultural heritage, the COSCH network sought to structure
relevant information about applications, methods, and instruments. Based on
information science and semantic technologies, a formal representation of this
specialist interdisciplinary knowledge was discussed, designed, and implemented
through a dedicated online platform, COSCH®® (see chapter 9 and http://cosch.
info/coschkr-treeview). The responsiveness of the ontology to ever progressing
knowledge—scientific, technical, and cultural—proved to be a true intellectual
challenge. The design and development of the COSCHX® was one of the areas of
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COSCH research that required a good understanding of conservation and scholarly
documentation practices; good enough to be able to determine how advanced
spatial and spectral technologies may effectively support cultural heritage profes-
sionals and scholars in their practice.

Art and science are forms of knowledge. A few glimpses into the aesthetic
thought and practice of a single artist, Chagall for example, suffice to confirm the
complicated, multidimensional nature of colour and space. Some dimensions
cannot be measured. Owing to this complexity, optical technologies can only offer
a part-solution to comprehensive object documentation. However, the significance
of this contribution cannot be stressed enough. Recording yields data which,
through processing and interpretation, bring about information that is required
to acquire new knowledge. The realization of the significance of interpretative
processes for the advancement of knowledge results in the necessity to record not
only the process of recording, as advocated above, but the entire research pro-
cess. Therefore paradata, recorded alongside metadata, are critical to scholarship,
even more so to those digital scholarly processes which progress from one step to
another without leaving behind visible traces of how one has arrived at the result.
Paradata and other forms of scholia are necessary to ensure the transparency of
the process, to enable its repetition and revision (Bentkowska-Kafel et al. 2012).

The WinSOM software, designed for the solid modelling of Winchester Old
Minster, cost several times more than the funding of the COSCH network which,
some thirty years later, has facilitated the studies of some 240 international
researchers over four years. Applications of cutting-edge technology may be
worth the great effort and investment even if they are eventually superseded by
better solutions. The contributors to this book make persuasive arguments about
the long-term, cognitive benefit of the digital documentation of cultural heritage,
the value of which is independent of the technology that enabled new insights
into the subject of study. We hope that our readers, specialists and non-specialists
alike, find the chapters herein, which are representative of our work, valuable for
developing and recording their own digitization projects and that they spark new
research questions for the cultural heritage community.

The companion website with additional material, some interactive and in 3D,
can be found at https://coschbook.wordpress.com.
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