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Of Consolidation and Canons
in a Heterogeneous Field Called
Digital and Public Humanities

Franz Fischer
Diego Mantoan

Barbara Tramelli
Universita Ca’ FoscariVenezia, Italia

Summary 1 Shifting Plans and Unexpected Outcomes in a Consolidating Domain. -
2 Promising Perspectives, Unravelling Complexity, and Serious Games.

1  Shifting Plans and Unexpected Outcomes
in a Consolidating Domain'

Back in the late days of 2019, when the possibility of a global pan-
demic was but an irrational thought, we had the privilege to ponder
whether the little world of humanists needed a new scholarly jour-
nal. Caught up in drafting strategies to meet international stand-
ards which sometimes risk taking the heart out of any editorial pro-
ject, our fears were that we might not intercept the true interests of
researchers who were operating in the field of digital and public hu-
manities for a decade or perhaps even more. Much to our surprise the
first call for abstracts we launched in Spring 2020 on the topic “Fu-
sions” received a warm welcome from the scholarly community, while
the first COVID wave was raging across the world (Fischer, Mantoan,
Tramelli 2020b). Indeed, many scholars seemed to be looking for a
place that definitively merged digital and public concerns without
taking the side of one single discipline in the humanities, but rath-

1 This introduction paper was mutually agreed on by the Authors who acted as edi-
tors of magazén'’s 2021 volume, divided in two issues, with the help of the journal’s ed-
itorial board.
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er spanning from philology to history, from art history to archaeolo-
gy, from cultural heritage to the GLAM sector. We made it our mis-
sion to turn magazén into an open platform collecting theoretical
debates, methodological reflections, and an analysis of case studies
ranging from textual to visual, and from material to ephemeral top-
ics in the humanities. Back then, we were convinced that digital and
public humanities were still evolving through ongoing fusions and
cross-pollinations of different disciplines, thus shaping the various
research approaches in the field (Fischer, Mantoan, Tramelli 2020a).
Encouraged by the response to our first call - and probably a little
overconfident about our organisational capabilities - we considered
relaunching a second call on the same subject matter to cover an-
other volume in due course. Upon receiving several dozen proposals,
however, an extraordinary thing happened that shifted our perspec-
tive on the selection of the chosen topic. As a matter of fact, schol-
ars responding to our second call showed an impressive awareness
of and self-understanding in what they were doing in the field of dig-
ital and public humanities. Their research work was far beyond the
concept of ‘fusion’, they were not necessarily searching for new cat-
egories or scientific vocabularies anymore, but had already adopt-
ed a range of resources and modes of research conduct as their own
(Drucker 2003). Hence, while we set forth to close the first two is-
sues of for our inaugural volume in 2020 reflecting on the struggles
in the field to find a truly theorised version of digital and public hu-
manities, we decided to shift our focus in 2021 towards the consoli-
dated research models already circulating in the international schol-
arly context (De Groot 2018). Truly, the term ‘consolidation’ suddenly
appeared as the perfect concept to describe what is happening today
in this particular research domain. Interestingly enough, both in so-
cial sciences and business studies this definition is used to identify
a specific kind of merger that occurs when two communities (for so-
ciologists) or two enterprises (for business scholars) integrate into
one another to form a new entity (Bennett 2020). Contrary to ‘fusion’,
which recalls the artificial melting of different chemical substances,
‘consolidation’ speaks of the necessary interaction and negotiation
between different interest groups, cultures or positions that are es-
sentially human. In fact, what emerges from the latter kind of merg-
er is a social, political or organisational construct that needs to find
a new balance between the different forces or stakeholders involved
(Svolik 2015). The result is not an entirely new substance with differ-
ent chemical properties, but rather an entity that maintains some as-
pects of both subjects that participated in its inception.
‘Consolidation’ seemed the perfect term to describe the kind of
scholarship that we were experiencing in the abstracts received and
then in the papers selected for the present volume. In a sense, this dis-
covery allowed us to see that the contributions gathered together in
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the following pages were effectively centred on creating a canon for
the given domain. It came as a natural consequence that we decided
to open this issue - and all upcoming ones - with a guest article by a
renowned scholar to help us to get rid of any disciplinary shyness and
finally set an authoritative tone as a platform for self-conscious dig-
ital and public humanists. For this reason, we are particularly hon-
oured and grateful to inaugurate this editorial novelty with an exclu-
sive guest paper by Thomas Cauvin, a foundational essay translated
into English for the first time. We hope this might be the sign that our
journal is becoming a crucial player in establishing the field of digi-
tal and public humanities for good, thus contributing to the interna-
tional debate with the kind of openness and curiosity that character-
ised the varied humanity hanging out at the public house during the
Venetian Republic (Tassini [1863] 1970, 364-5). The proverbial ma-
gazén is our aim, a place where everyone is invited to share, discuss,
proclaim, and participate in a communal quest to outline the future
of our daily research practice and consolidate a heterogeneous terri-
tory (Boerio [1856] 1971, 382).

2  Promising Perspectives, Unravelling Complexity,
and Serious Games

The authors chosen for the first issue of the present volume address
the concept of ‘consolidations’ from different perspectives and with
different methodological approaches, presenting to the reader a var-
ied and yet intertwined landscape.

The first contribution by Thomas Cauvin engages the reader in a
compelling methodological discussion on what public history is, an-
alysing challenges and perspectives of this ‘new field made of old
practices’, and ultimately embracing the reality that although “not
everybody can become a great historian, good public history can
come from anywhere” (27). The second paper by James H. Brusuelas
focuses on the process of editing texts that are ‘true-born virtual’
and on how to document the role of artificial intelligence in a criti-
cal edition of a virtually unwrapped papyrus scroll. He advocates a
new philological approach which combines methodologies from the
humanities and the sciences to ensure transparency and reproduc-
ibility in the study of machine predicted texts from hidden layers of
cultural heritage objects.

Julia Elicker and Pavol Hnila, in the third contribution of this is-
sue, analyse Digital Elevation Models (DEMs), which are widely em-
ployed in landscape archaeology, sharing their extraordinary work on
Mount Aragat in Armenia. They effectively underline the constraints
and challenges which they face using this technology, and they stress
the need for a constant quality check of topographic visualisations.

9
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In the fourth paper, Christian Wachter discusses the central top-
ic of digital publishing, stating at the beginning that open access pa-
pers, books, and blogging have become rooted in the DH and reflect “a
self-confident culture of open science” (103). He argues that DH need
publishing media that go beyond classic texts, which could be able to
encompass the complex nature of DH research by their own medial ap-
pearances. He therefore vigorously advocates the need for new pub-
lishing designs, in order to overcome the static order of texts and to
offer explorable media for the visualisation of data-driven research.

Coming towards the two final contributions, Samanta Mariotti in
her article talks about the immersive experience of serious games,
explaining the usefulness of these user-friendly tools in order to learn
cultural content (especially related to archaeological heritage) in an
active and engaging way. She argues that, to benefit from these in-
struments, the research requires different multidisciplinary cooper-
ations, and she proposes different hypotheses for the development of
these interactive games. Finally, in their contribution, Milena Corbel-
lini, Paola Italia, Valentina Pasqual and Roberta Priore present the
interdisciplinary digital edition of the Storia Fiorentina by Benedet-
to Varchi, in the context of the project VaSto. It constitutes an exam-
ple of a cooperative digital edition which benefited from the work of
specialists in various fields. The result is a platform that aims at be-
ing a knowledge-site, supporting various interactive functionalities
and tools to contextualise the text itself.

We truly hope that these six contributions will help readers to gain
an overall orientation about the advancements in a complex academ-
ic landscape, where data-driven and public-related research is gain-
ing traction within the context of Digital and Public Humanities as
a transdisciplinary field in its own right. We hope that they will find
practical examples and useful methodological discussions which will
help consolidate their own research in an open and yet well-estab-
lished theoretical framework.

Finally, as customary, we wish to express our acknowledgment to
all scholars and experts involved in the making of this volume: the
contributors, the many peer reviewers, all members of the editorial
board and the advisory board, as well as our publisher’s team. We
are glad this issue arrives at a time of relaxing boundaries in social
life and hope to be able soon to continue the discussions about the
issues raised in this volume in a physical environment and to restart
making digital and public humanities both on and offline.
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Let us be honest; despite recent developments in the field, public his-
tory remains largely unknown outside the circles of its practitioners.
If we explain that we practise, study or work with public history, our
interlocutors are likely to raise their eyebrows, confess their igno-
rance and ask for more details. Once we explain what we do and why
we practise public history, our interlocutors may easily find examples
of their own, or even acknowledge - if they work in the field - that
they have been working with public history without knowing it. The
rise in public history comes partly from its long-established practic-
es. Public history is built on an apparent paradox: it is a new field
based on old practices. And the fact that public history includes old
practices is also a sign of the times; it reflects a changing context in
the ways we preserve, research, interpret, study, communicate, use
and consume the past. One of the most visible changes, the rise and
use of the Internet, has revolutionised how people access and com-
municate knowledge. History is not immune to these profound chang-
es, nor should it be. Questions such as who owns the past, what role
historians play and who can call themselves historians are an inte-
gral part of the debates on public history. As the field of public histo-
ry is becoming increasingly international - see for instance the 2020
World Conference of Public History in Berlin, Germany - it seems
timely to question how, and if, one should define public history. This
article proposes an overview of the field, presenting its historiogra-
phy, the reasons for its success and some criticism.

1 Public History: A Field Full of Promise

The term public history has often been associated with the United
States, where it was first coined in the 1970s. The National Council
on Public History (NCPH) - the main organisation for public histo-
ry in the US - lists more than 200 programmes in the country.* The
number of programmes is such that some started to wonder if the
competition between them would become an issue (Weyeneth 2013).

Yet public history is not limited to the US or North America. Pub-
lic history projects, programmes and conferences exist in many Eu-
ropean countries and also in Brazil, Australia, New Zealand, Russia
and China. The International Federation for Public History (IFPH),
set up in 2011, aims to connect projects, professionals, students and

This article is the English translation of: “Campo nuevo, practicas viejas: promesas y
desafios de la historia publica”, published in Hispania Nova. Primera Revista de Histo-
ria Contempordnea, num. 1 extra, 2020, 7-51.

1 Seethe NCPH website, http://ncph.org/program-guide/. Unless otherwise noted,
all the webpages cited in the article have been accessed on 20 January 2021.
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other practitioners worldwide.? The IFPH’s Call for Presentation for
its 2018 annual conference in Sao Paulo, Brazil, attracted 54 individ-
ual papers and 15 panel submissions, with 92 authors from 26 coun-
tries around the world [fig. 1]. National public history associations
have also been set up in Brazil (Rede Brasileira de Histdria Publi-
ca), in Italy (Associazone Italiana di Public History, AIPH) and more
recently in Japan (/37U v b A MU —HFZELE), attesting to the devel-
opment of the field.* Publishers propose textbooks, collections of es-
says, handbooks and companions in English, Portuguese, Italian, Ger-
man, Polish, Chinese and Spanish (Cauvin 2016; Gardner, Hamilton
2017; Dean 2017; Mauad, De Almeida, and Santhiago 2016; Lucke,
Zundorf 2018). Peer-reviewed journals - still a ranking criterion for
research and publication - now specialise in public history too. The
Public Historian, Public History Review, International Public History,
and to some extent Public History Weekly, demonstrate that public
history has reached a level of academic recognition.*

While it is clear that public history is becoming increasingly in-
ternational, defining the field remains challenging and open to dis-
cussion. For instance, the website of the 2020 World Conference of
Public History does not provide a definition of public history. The IF-
PH itself only points out that international public history is “a field
in the historical sciences made up of professionals who undertake
historical work in a variety of public and private settings for differ-
ent kinds of audiences worldwide”.” The least we can say is that the
meaning is (purposefully) unclear.

2 See the IFPH website, https://ifph.hypotheses.org.

3 See the Rede Brasileira de Historia Publica (“Rede” - RBHP) website, http://his-
toriapublica.com.br, the AIPH website, https://aiph.hypotheses.org, and the web-
site for the Japanese association, https://public-history9.webnode.jp.

4 The Public Historian, https://tph.ucpress.edu; Public History Review, https://
www.uts.edu.au/public-history-review; International Public History, https://www.
degruyter.com/view/j/iph; Public History Weekly, https://public-history-week-
ly.degruyter.com.

5 See the IFPH website, https://ifph.hypotheses.org.
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Figurel Participantsatthe 2018 IFPH Conferencein Sao Paulo, Brazil (Lucchesi 2018)

2 Do We Need - or Want - a (Single) Definition
of Public History?

In his 2008 article “Defining Public History: Is It Possible? Is it Nec-
essary?”, Robert Weible pointed out that “For all the talk of public
history that we have been hearing for more than 25 years, it is a lit-
tle awkward that historians are still uncertain about what ‘public
history’ might actually mean. So perhaps it is fruitless to seek con-
sensus on a single definition” (Weible 2008). I would argue that much
more than a categorical, ultimate, single definition of public history,
what we need is international discussions, exchanges and collabora-
tion on what public history can become. Very much like the collabo-
rative aspect of public history, defining the field should include var-
ious understandings, practices and theories.
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2.1 Because Public History is not Like Pornography, “I Do not
Know It When | See It”: Reasons for Defining Public History

If we recognise that public history is a subfield of historical stud-
ies, then we can look at other historical fields for inspiration. For in-
stance, the Oral History Association proposes a definition of oral his-
tory as “a field of study and a method of gathering, preserving and
interpreting the voices and memories of people, communities, and
participants in past events”.® Even though oral history is more estab-
lished and more widespread than public history, this supports the
idea that we need a definition of the field.

The fact that public history is relatively unrecognised could also
provide momentum for a clearer definition. Based on the 2009 NCPH
survey undertaken among public history professionals, John Dichtl
and Robert Townsend wrote that “Public history is one of the least un-
derstood areas of professional practice in history because the major-
ity of public history jobs are outside of academia” (Dichtl, Townsend
2009). In the introduction to the 2018 keynote lecture at the NCPH
annual conference in Hartford, Connecticut, the mayor of the city
confessed that he had never heard of public history before. To pre-
pare his speech, he googled ‘public history’ and found the NCPH page
that compares public history to pornography, which was defined in
1964 by a United States Supreme Court Justice as “I know it when I
see it”.” The mayor confessed to a smiling audience that this defini-
tion did not really help him understand the field. If we follow this ex-
ample, people looking for public history could end up with this Goog-
le search result [fig. 2].®* The NCPH's definition and website, followed
by Wikipedia and Weible’s article, were the four first results of my
search. Although my location affected the results, they tend to show
specific North American views and definitions. What is at stake here
is not the validity of the NCPH’s definition, but rather the fact that
practitioners, scholars and students (especially outside the US) may
have different approaches that should be considered when propos-
ing international definitions of public history. The success and insti-
tutionalisation of public history in the United States can be seen as
an inspiration but there is a need for alternative international under-
standings of the field. The NCPH cannot be the unilateral authority
in defining international public history. I would strongly argue that
defining public history should be an international and collaborative

6 Oral History Association website, https://www.oralhistory.org/about/do-oral-
history/.

7 NCPH website, https://ncph.org/what-is-public-history/about-the-field/.

8 As geolocation matters for Google searches, I should clarify that I googled ‘public
history’ in Mozilla Firefox on 10 August 2019 in Colorado, USA.
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process in which the variety of voices and interpretations contrib-
utes to enriching the field. However, the task of defining public histo-
ry collaboratively and internationally is beset with many challenges.
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Public History i an action o approach that alows historical
kncwhodge to reach the public. Many historians spend time
conducting research and generating key findings about the
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@ Aot Fosteed i

Pubibc bistory s 8 brrsd rangs of actviies urderiakan by people

wih s tranng B daceirs of haleey wha 4 gaonrly
od 10 rmcal wrking cumic of SpSEITIG SCAJATC WRAGL Wikpsda

People also search for

National Council on Public History —_— . ke
Hepsfincph.om = - =
¥ Butding com pnmug e

mistory 12 work in b
s 7 Hatory Gender  Loca
Aot the Fiokd - Jobs - Public Histony - 2019 Anrvead Maeting frvi o

Public history - Wikipedia
ey ong » wiki ) Public_histary »

e alsing I the See results about

Dufiriton - Relatnd fiskds - Hetory - Ex Paioral Counsil o Public Hestory (Norgroft orpan.
Founded: 1680 E

Defining Public History: Is It Posaible? |s It Necessary? | Perspec. ..
i reh-2008 + def

‘What is Public History? We Have the Answer. - UVa-Wise

oW LTS f bt \ascpiy *

Figure2 Google Search result for ‘public history’, 10 August 2019

2.2 Problemsin Defining Public History

One challenge in defining public history comes from the breadth and
variety of practices involved [fig. 3]. This word cloud produced by Ani-
ta Lucchesi presents some of the many concepts, practices, tools and
issues in public history that arose during the 2018 conference of the
International Federation for Public History. This diversity challenges
any strict definition of the field. Defining public history creates ten-
sions. In 2007, the NCPH proposed that public history should be de-
fined as “a movement, methodology, and approach that promotes the
collaborative study and practice of history; its practitioners embrace
a mission to make their special insights accessible and useful to the
public” (Corbett, Miller 2007). This prompted strong criticism, with
Kathy Corbett and Dick Miller claiming that the statement assigned
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public historians the role of “missionaries” and denied “lay people a
creative role” (Corbett, Miller 2007). The criticisms can partly be at-
tributed to the role of the NCPH in the United States. The organisa-
tion was established in the 1970s in response to the variety and het-
erodoxy of historical practices outside academia. Although it initially
contested the idea that academic historians were missionaries bring-
ing knowledge to the public, when it attempted to propose a fixed def-
inition of the field in 2007, the NCPH somehow repeated the same
mistake in assigning a ‘mission’ to public history practitioners. The
challenge in defining public history is to balance the need to identi-
fy and frame the field while offering space for discussion, collabora-
tion and disagreement.

M EM n n v l I =
F | ' I ' !IJNIEEF —

IETII.II.:TIIII

o HISTORICAL FiEr cOMMEMORATION M5

=== POLITICS
=
et

Figure3 Word Cloud of Keywords of 2018 IFPH proposals, 2018 (Lucchesi 2018)

Moreover, national trends and historiography can make the task of
agreeing on an international definition of public history even more
problematic. There are debates about the translation of the term it-
self. For instance, while the English term ‘public history’ is often
translated in French (Histoire Publique), Portuguese (Brazil) (Historia
Ptiblica) or Dutch (Publieksgeschiedenis), the Italian Association for
Public History (AIPH, Associazione Italiana di Public History) and
some programmes in Germany keep the English expression.® In Ita-
ly, one argument for not translating public history was so that Italian

9 Seethe website of the German programme at Freie Universitdt Berlin, http://www.
fu-berlin.de/en/studium/studienangebot/master/public_history/index.html,
and the programme at the University of Amsterdam, http://www.uva.nl/en/disci-
plines/history/specialisations/public-history.html. For the programme in Par-
is, see http://www.u-pec.fr/pratiques/universite/formation/master-histoire-
parcours-histoire-publique-644604.kjsp.
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practices could be connected to broader international networks.*® As
Serge Noiret (president of the AIPH) explains, “individuals are open
to the field in Italy and have no problem at all in importing solutions
from other countries and readapting them locally”, whereas the term
storia pubblica would instead be understood as referring to the con-
troversial uses of the past.** Although public history is often trans-
lated in French, it raises some specific issues, as in French and some
other languages the term ‘public’ can indicate close links with the
state and its administration, partly because of the long history of the
welfare state in Europe. Public history may therefore be understood
as either state-sponsored history or even the history of the state ad-
ministration. Likewise, in post-colonial contexts, using a term that
is rooted in British and North American practice can raise tensions.

There is therefore a definite ambiguity about whether or not we
should define public history. I personally do not think it is neces-
sary - or even possible - to provide a strict one-size-fits-all definition
of the field that encompasses the multiple international approaches.
However, I do think it is necessary to create spaces to discuss what
public history can be and how it relates to local, national and the-
matic practices and theories of history.

3 Public His(tree): An Interconnected
and Collaborative System

Several definitions of public history have used metaphors. British his-
torian Ludmilla Jordanova pointed out that “public history must be
an umbrella term, one which, furthermore, brings together two con-
cepts ‘public’ and ‘history’ which are particularly slippery and diffi-
cult to define” (Jordanova 2000, 149). She presented the field as a way
to gather practices under a common name. More recently Italian his-
torian Marcello Ravveduto proposed travelling from land (academia)
to the archipelago of public history (Ravveduto 2017, 136). Using this
metaphor, Ravveduto posits that public history, much like an archipel-
ago, is made up of small islands (practices) that are distinct but close
to one another, connected by the sea. In a similar vein, Jennifer Dick-
ey has recently compared public history to a “big tent”, borrowing the
metaphor used for digital humanities (Dickey 2018; Pannapacker 2011).

Using metaphors to define public history has given rise to criti-
cism. Recently, Marko Demantowsky argued for instance that Jor-
danova’s use of the umbrella metaphor can be persuasive but lacks

10 Interview with Chiara Ottaviano (board member of the AIPH), Ravenna (Italy), 4
June 2017.

11 Interview with Serge Noiret (President of the AIPH), Florence (Italy), 28 July 2017.
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theoretical grounding and is therefore limited in defining public his-
tory. But metaphors can often provide useful insights into the devel-
opment of the field. They reflect a willingness to see public history
as a fragmented field united by a common understanding of the his-
torical process. These definitions depict public history as broaden-
ing the traditional historical process, “from land to archipelago”,
through specific practices. The focus on practices is also present in
the English Wikipedia definition: “Public history is a broad range of
activities undertaken by people with some training in the discipline
of history who are generally working outside of specialized academ-
ic settings [...] Because it incorporates a wide range of practices and
takes place in many different settings, public history proves resist-
ant to being precisely defined”.*? In all these definitions, the ques-
tion remains of how practices are connected - or to adopt Ravvedu-
to’s metaphor, which sea connects the archipelago.

3.1 From aTrunk to a Tree: Enlarging the Historical Process

Attempting to visualise public history has pros and cons; visualisa-
tions are limited in showing the complexity of the historical process.
The objective in presenting public history as a tree has no claim to be
exhaustive or to present a theory-rooted definition of the field but rath-
er to provoke discussion. Trees have often been used as symbols and
metaphors. Many genealogical associations and history departments
have used trees to show the connection between past (roots) and pre-
sent [fig. 4]. Such metaphors have elicited some criticism as well. Pro-
posing a natural element - a tree - as a metaphor of a human-based ac-
tivity can initially seem surprising. However, the point is to show public
history as a system of interconnected parts. The tree represents more
than just actors; it shows stages of a process. Others have criticised
the metaphor of the tree because it offers a linear and (overly) logi-
cal view, from roots to leaves, that does not leave space for ruptures,
conflicts or exchanges (Deleuze, Guattari 1987). While the tree image
may indeed be problematic for representations of kinship, transmission
and ethnic identity, it works well as a metaphor for complex intercon-
nected systems. For instance, Allan Johnson proposes explaining pa-
triarchy and gender systems through the metaphor of a tree (Johnson
2014). He uses the different parts of the tree (roots, trunk, branches
and leaves) to explain the articulation of the patriarchal system. Com-
paring public history to a tree argues that the field is based on inter-
connected actors - or thousands of hands as Raphael Samuel once de-
scribed it (Samuel 1994, 15).

12 Wikipedia, “Public history”: https://en.wikipedia.org/wiki/Public_history.
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Figure4 History Department logo, University of Louisiana at Lafayette, 2019

Rather than competing and conflicting relations between actors, the
tree is built upon a necessary interconnection between roots, trunk,
branches and leaves - see the dotted lines on the right of the tree
[fig. 5]. The tree is divided into four parts: the roots, the trunk, the
branches and the leaves. These parts are different but belong to an
overall system; they cannot exist without one another. While history
has traditionally been defined as the rigorous and critical interpre-
tation of primary sources (the trunk), public history is broader and
includes four parts. The roots represent the creation and preserva-
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tion of sources; the trunk is the analysis and interpretation of sourc-
es; the branches are the communication of those interpretations; and
the leaves are the multiple public uses of those interpretations. The
more the parts are connected, the richer and more coherent public
history becomes. The structure is not linear; uses (leaves) often in-
fluence what we deem important to collect and preserve (roots). The
Public His(tree) should not be seen as a purely linear process but
rather as an interconnected system.

Leaves
(Uses of History)

Social Media

Branches
(Communicating
History)

- B Participatory -~ ;
S Trunk Y
(Interpreting
INTERPRETATION History)
5 Oral Roots
Archives History (Creating
' - Managing
Sites Object: Buildings Digital- Sources)

born

Figure5 Public History Tree of Knowledge (Cauvin 2019)

Rooted in the Past: Public History as Creation and Preservation
of Sources

Public history goes beyond the simple interpretation of primary sourc-
es. It helps to create, record, manage and preserve sources. Public his-
tory includes archiving, managing collections in museums and other
repositories, preserving sites and historical buildings and digitising
sources. Creating, managing and preserving sources involves public-
oriented objectives that require historical skills - we need to ask if
the source is reliable and if it is relevant for our understanding of the
past. Without the creation and preservation of primary sources - in
the broadest sense, also including buildings, sites, objects, digital-born
archives such as emails, and interviews - historical interpretations
would not be possible. Roots and trunk are interconnected.
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Interpreting Sources, the Trunk of Public History

The trunk is perhaps the most visible part of the tree, and historical in-
terpretation is similarly what has long been considered as the main ac-
tivity of historians. Although some would set public history against ac-
ademic history, the two should not be considered as mutually exclusive.
In fact, historical research - an expression of academic scholarship - is
an important part of public history. Without initial research, public his-
tory would have no rigorous methodology for the critical analysis of
primary sources and no credentials to deal with the past. Public his-
tory has even encouraged particular research methodologies. For in-
stance, with the broadening of primary sources (the roots), historical
research is increasingly moving away from only using written sources
and is embracing visual, material, built and digital sources.

Communicating History: A System with Many Branches

Historians always have an audience, even if it is a niche of a few
experts. But public history encourages historians to communicate
to large, often non-academic audiences through multiple media,
or branches of the tree. In order to share historical interpretation
(trunk) with audiences, practitioners make use of a broad range of
communication tools including radio, books, exhibitions, journals,
tours, fiction, comics, and more recently digital and new media. A
willingness to communicate beyond academic peers and a consider-
ation for new modes of communication and how they affect content
are crucial for the development of the field. Communicating with var-
ious audiences forces historians to reflect upon their approach, mov-
ing away from a jargon and concept-oriented academic style to be-
come user-friendly and engaging.

A Tree with Many Leaves: Uses and Applications of History

Leaves provide trees with glucose through photosynthesis. The fact
that history is consumed - and used - in many different ways is not
new (De Groot 2008). History is used for many purposes, some of
which may include marketing, politics, education, identity, empow-
erment and simply fun. I would argue that the multiple uses and ap-
plications of history must be considered as an important part of pub-
lic history. One limit of this visualisation is the fact that many leaves
connect to each type of communication. Instead of single leaves, the
tree could have included areas with multiple uses for each type of
communication. However, for the sake of clarity, I decided to design
individual leaves. This does not mean that all uses and applications
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of history are valid and equally significant - there are many debat-
able political and marketing-related uses of history for instance -,
but it emphasises that practitioners cannot ignore how historical re-
search and interpretation are used, consumed and applied by vari-
ous public groups and individuals.

Trees have many leaves; history has many uses and applications.
Public history can therefore sometimes be referred to as applied
history. The latter term has been around for much longer - it was
proposed by historian Benjamin Shambaugh in 1909 to discuss how
history could inform present-day issues and policy (Conard 2013). Ap-
plying their skills to present-day issues, historians can work as con-
sultants for governments, agencies, cultural institutions or compa-
nies to create and manage archives, to manage historical sites or as
expert witnesses in trials (Delafontaine 2015). In North America and
the United Kingdom in particular, historians are called on to contrib-
ute to public policy, bringing their expertise to the interpretation of
past examples (Green 2016).

Visualising public history as an interconnected system also shows
that some sites and institutions, such as museums or archives (on the
left of the tree), belong to several parts. For instance, by creating col-
lections, producing interpretations and research and also producing
narratives - in particular through exhibitions -, as well as offering
the possibility of using and consuming the past - for instance in gift
shops -, museums demonstrate the richness of the public his(tree).
The ways in which people, groups and companies use and consume
history have barely been part of history discussions, but they should
be part of public history. David Thelen and Roy Rosenzweig show in
their study how audiences understand, make sense of, engage with
and use history (Thelen, Rosenzweig 2000). Public history practition-
ers need to consider how their narratives are used and consumed by
different audiences and therefore how they impact societies.

3.2 Collaboration, Shared Authority and Public History

While the roots, trunk, branches and leaves of the tree are clearly
connected, public history also encourages collaboration within each
stage. Public history is not only about working for the public; it is al-
so about working with the public. The public is not a passive audi-
ence; it can become an actor in the process. Conceptualised by Mi-
chael Frisch to describe the dual authority in oral history - narrator
and interviewer -, the notion of shared authority exemplifies how
public history invites historians to reconsider the participation of a
variety of actors in interpreting the past (Frisch 1990). The crucial
challenge is to balance public participation with rigorous and criti-
cal methodology at all stages of the process.
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When it comes to the roots of the tree, public participation can
help in collecting new sources to document the past. For instance,
I have organised several history harvests [fig. 6] in which scholars
and students work with local communities to document and collect
sources about a given topic. This is why the trunk of the tree is
composed of several intertwined channels that represent the par-
ticipatory and collaborative process. Historical interpretation - the
trunk - requires more complex skills and public participation can be-
come more challenging. However, some examples show how members
of the public can participate in analysing primary sources and identi-
fy sites, actors or materials.** Public participation in communicating
history is also quite widespread. Through the concept of “participa-
tory museums”, Nina Simon has demonstrated how public interaction
and public engagement can help visitors to become actors of know-
ledge production in museums (Simon 2010).

Figure6 Public history student collection of artefacts
about the history of beer in Colorado, United States, 2019

The collaborative approach of public history is part of a broader pro-
cess of democratisation of knowledge production that was encour-
aged by the rise of the Internet. Beginning in the early 2000s, the pro-
liferation of Web 2.0 technologies has allowed users to easily create,
edit and share content through crowdsourcing and citizen science

13 See forinstance Patrick Peccatte’s project, PhotoNormandie, https://www.flickr.
com/people/photosnormandie/.
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projects. With crowdsourcing and user-generated content, cultur-
al institutions and other public history projects have developed col-
laborative practices in which members of the public can upload and
share historical documents, contribute to the process of researching
collections and engage with primary sources to interpret the past.*
Such collaborative practices make public history highly engaging as
well as subject to criticism since they call for a new definition of the
role of historians.

3.3 “Not Everyone can Become a Great Artist, But a Great Artist
can Come from Anywhere” (Anton Ego, Ratatouille, 2007)

In the past,  have made no secret of my disdain for Chef Gusteau’s
famous motto: Anyone can cook. But I realize, only now do I truly
understand what he meant. Not everyone can become a great art-
ist, but a great artist can come from anywhere. (Bird 2007)

This quote from the blockbuster movie Ratatouille can be applied to the
development of public history. Not everyone can become a great histo-
rian, but good public history can come from anywhere. It also means
that one does not have to be an academic historian to practise public
history. Curators, archivists and other professionals can produce ex-
tremely useful collection-based research. Many historical narratives
are communicated and shared by non-academic historians. This does
not mean that academic historians are not necessary for public his-
tory, but they should not be the only actors involved in the process.
The metaphor of the tree posits that historical interpretation (the
trunk) is crucial but that it is not an end - or a beginning - in itself.
One can be an actor in the system without being a researcher or a
professional historian as long as one connects to other stages of the
process. For instance, YouTubers who communicate interpretations
of the past are actors of public history when they make use of sourc-
es (roots) and historical interpretations (trunk) provided by others.**
Through their communication, they also contribute to interpreting
the past. Communication is never a neutral process. Just like in a tree,
every stage - creating and preserving sources, interpreting sources,
communicating history, using and applying history - has a function
and is connected to the whole system. Public history practitioners
have to be aware of one another and accept collaboration. Develop-

14 See the Children of Lodz Ghetto project at the United States Holocaust Memori-
al Museum (Frankle 2013).

15 See forinstance NotaBene in France, https://www.youtube.com/channel/UCP46_
MXP_WG_auH88FnfS1A.
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ing public history helps to connect archivists, researchers, history
communicators, audiovisual producers and their audiences. There
can be no communication of history to large audiences without pre-
vious research and interpretation, but conversely, research without
audience-centred communication can lack public engagement. This
is why the development of public history is helping to foster aware-
ness and collaboration between various practitioners, even though
some practices have existed for a long time. Public history is the re-
sult of a collaboration between many different practitioners, not nec-
essarily professional or academic historians, who are identified by
their role, which might be curating objects, writing historical fiction
or preserving a historical house, for instance.

The question of whether or not public history can be done without
professional historians is therefore less relevant than the question
of how the different layers relate. Instead of asking whether or not
a practitioner is a historian, we should ask which stage of the public
history process they are engaging with and how it relates with oth-
ers. This is why I now tend to refrain from using the term ‘public his-
torian’ - broadly used within the NCPH - and prefer to use the term
‘practitioner’, as not all individuals involved in public history define
themselves as historians. I admit that this structure of public histo-
ry as an interconnected system may sound optimistic - ignoring con-
flicting practices, interpretations and uses of the past - but it aims to
connect the many long-divided practices of history.

Professionally trained historians should not feel disempowered by
this approach to public history. On the contrary, the collaborative
approach reasserts the need for academic and professional histori-
ans, but with different roles. Instead of acting as missionaries bring-
ing knowledge to passive audiences, professional historians could be
responsible for sharing methodological skills to study sources. Help-
ing to contextualise and interpret sources is one of the most useful
tasks that historians can bring to the field. Historians can partici-
pate in the construction of collaborative spaces for interpretation.
In 2006, Barbara Franco - President of the American Association for
State and Local History - pointed out that the “role of the historian
or scholar in civic dialogue must be focused on creating safe places
for disagreement rather than on documenting facts or achieving a
coherent thesis” (Franco 2006, 3). I agree, but I think that this is not
limited to civic dialogue and rather refers to public history at large.
Historians can connect the different stages and actors of public his-
tory, in other words they can become the sap that connects the roots,
the trunk, the branches and the leaves.
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4  The Rise of Public History: A Short Historiography

As historian Ian Tyrrell confesses, “scholars tend to see public his-
tory as something new” but “historians have long addressed public
issues” (Tyrrell 2005, 154). Tyrrell reveals an important misunder-
standing. Although the term ‘public history’ was first coined in the
US in the 1970s, the practices of ‘doing history in public’ go much
further back. Historian Paul Knevel asserts that “ever since the ac-
tivities of the Italian humanist historians of the fifteenth century,
Western historiography had had a public function” and he consid-
ers humanists like Bruni and Guicciardini as the first ‘modern’ Eu-
ropean public historians, using history to show their fellow burgh-
ers important civic duties and the merits of the city-state they were
living in (Knevel 2009, 7). The question is not whether or not these
humanists were (public) historians; the point is that there has clear-
ly been no lack of publicly-engaged scholars interacting with broad
audiences in the past.

Despite these much older examples, the professionalisation of his-
tory in the late 19th and early 20th centuries affected the relation-
ship between professional historians and their audiences. History
became a scientific and professional discipline for which academic
journals became the preferred vehicle of dissemination. Inspired by
German historian Leopold von Ranke, professional historians aimed
to produce factual historical narratives disconnected from present
considerations (Novick 1988, 43). Professional historians addressed
more and more specific audiences - their academic peers - and
moved away from popular writing styles. This specialisation lay the
groundwork for the ‘ivory tower’ that the founders of the public his-
tory movement were so keen to dismantle.

The rise of public history as a field in the 1970s was the result of
an international re-examination of history-making. As James Gard-
ner and Paula Hamilton rightly explain, “The history of public history
as a term and concept is told in the United States as an internal sto-
ry in which emissaries from the United States introduce it as a prac-
tice to the rest of the world. In fact, from the 1970s and 1980s many
western countries experienced similar expansion in professionali-
zation of heritage, expansion of history interpretation, and also the
oral history movement, the method that provided the most impetus
for broader community projects” (Gardner, Hamilton 2017, 4). It is in-
deed necessary to set the creation of the public history movement in
a broader, more international and comparative context.

Some historians developed new publicly-engaged practices in the
1960s and 1970s. In Britain, although the term public history was
not used until very recently, new approaches to public participation
emerged (Hoock 2010). Historian Raphael Samuel created the His-
tory Workshop at Ruskin College (an adult-education institution in
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Oxford, Britain, strongly rooted in trade unions). His approach came
from a “desire to lessen the authority of academic history and there-
by further a democratisation of the study and uses of history” (Jens-
en 2012, 46). In giving voice to under-represented social groups,
Samuel was, in terms of participatory process, more radical than
the public history movement that emerged in the United States in
the 1970s (Schwartz 1993). Comparing historical practices in the US
and in Britain, Tyrrell explains that “the British tradition facilitated
popular and working class recording of their own historical experi-
ences and involved important contributions to this process by trade
unions, workers’ education, and local history groups” (Tyrrell 2005,
157). Less based on radical history and activism, the movement in
the US is characterised by its capacity to institutionalise the field
through academic training.

Robert Kelley first coined the term public history at the Universi-
ty of California in Santa Barbara in the 1970s. A university professor,
environmental historian, consultant and expert witness on matters
related to water rights, Kelley wanted to redefine the history profes-
sion to include practical applications - and jobs - outside education.
He wrote that “public history refers to the employment of historians
and historical method outside of academia” (Kelley 1978, 16). Accord-
ing to Wesley G. Johnson, another founding member of the movement,
training up public historians was an answer to the isolation of aca-
demic historians. Johnson explained that “increasingly the academy,
rather than historical society or public arena, became the habitat of
the historian, who literally retreated into the proverbial ivory tow-
er” (Johnson 1978, 6). The public history movement in the US set out
to create new historians who would break free from the ‘ivory tow-
er’ in which academic historians had been working.

The roots of the movement were also very pragmatic. In a context
of global economic depression during the 1970s, universities experi-
enced a major employment crisis. Jobs in higher education fell dra-
matically. There were too many historians for too few jobs in academ-
ia. Public history appeared to be one possible solution to the crisis.
The vocational tropism of public history - proposing jobs outside ed-
ucation - matched this context of diversification in higher education.

The unity of the public history movement in the US can partly be
explained by the development of university training in the field. The
first postgraduate programme in public history opened at the Univer-
sity of California in Santa Barbara in 1976. Two years later, Wesley
Johnson launched the first issue of The Public Historian and organ-
ised several conferences about public history (Johnson 1999). Held
between 1978 and 1980, the conferences contributed to the creation
of the National Council on Public History (NCPH) in 1979. The new
association, the journal and the creation of university programmes
institutionalised public history as a specific field of study.
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While the institutionalisation of the field progressed in the US, the
concept of public history also resonated in other parts of the world,
although public history was often considered as an American model.
In 1984, French historian Henry Rousso speculated: “created in the
United States, public history is crossing the Atlantic. Is this the fu-
ture of history?” (Rousso 1984, 105). In Australia, Graeme Davison
later argued that public history was mostly informed by the Ameri-
can public history movement (Davison 1998).

Wesley G. Johnson, one of the founding members of the movement
in the United States, participated in several international events in
which he attempted to bridge various understandings and practices
of public history. From 1981 to 1983, he went on several internation-
al tours in Europe and Africa during which he listed different pro-
grammes that had public history components (Johnson 1984, 91, 95).
He met with some historians who were already accustomed to apply-
ing history to present-day issues. British historian Anthony Sutcliffe
met him in 1980 and immediately saw “the mutual, and understand-
able, sympathy between public history and urban history in North
America” (Sutcliffe 1984, 9; Stave 1983). Sutcliffe explained that he
“sensed a potentially constructive common interest between public
history and the discipline of economic and social history which, in
its distinctive British manifestations, already acknowledged some of
public history’s perspectives” (Sutcliffe 1984, 9). But despite this in-
itial convergence, public history practices in Europe did not really
materialise until the 2000s.

In 2009, some historians within the NCPH created a working group
to internationalise public history (Adamek 2010, 8). While the group
was formed within the NCPH, the goal was to go beyond North Amer-
ica. The group evolved into a committee and was formally named the
International Federation for Public History (IFPH) in 2010. Although
the IFPH initially involved some long-time advocates of public histo-
ry in the US like Arnita Jones and Jim Gardner, it slowly evolved into
a more international network of practitioners. Unlike the process of
internationalisation in the 1980s, which mostly attempted to spread
a specific approach from the US, the IFPH aims to connect differ-
ent local and national understandings of the field. The IFPH does not
propose a single definition of what public history is or should be. In-
stead, a recent project created a space for discussion in which prac-
titioners from all over the world can present their sometimes very
different views of the field. Since public history is based on collab-
oration, it makes a great deal of sense to apply this approach to de-
fining the field itself.

31

magazén e-ISSN  2724-3923
2,1,2021,13-44



Thomas Cauvin
New Field, Old Practices: Promises and Challenges of Public History

5  Public History Under Criticism

This overview of public history should not hide the many debates
within - and sometimes harsh criticisms of - the field. Public history
has always been a highly contentious field, and these criticisms can
help improve our understanding of the issues at stake. While some
of the criticisms are based on valid arguments, others demonstrate a
reluctance to reconsider the way history is done, performed, taught
or communicated. Some of these criticisms and possible responses
can be found below. Needless to say, I do not claim that this list is
exhaustive. Likewise, each criticism calls for a response developed
at length, which would be ill suited to the format of this article. In-
stead of providing clear-cut, definitive answers, I explore some op-
tions to further inform discussions.

5.1 “Thereis No Need for Public History”

Some scholars have claimed that there is no need for public history.
In a now-famous article published in 1981, Ronald Grele, albeit ac-
knowledging the need to engage and communicate with large audi-
ences, explained that “[i]t is probably obvious to point out that histo-
rians have always had a public. From its earliest times, the study of
history has been a public act” (Grele 1981, 41). He criticised the pro-
ponents of public history, claiming that they had forgotten that many
historians had long been working in cultural institutions, archives,
museums and historical societies. In his view, the creation of a public
history movement was partly the result of university-based historians
trying to reassert their control over existing local historical practices.

Grele’s assertion indeed raises important issues about how we de-
fine public history. Although the term public history was coined in
the 1970s, practices of ‘doing history in public’ had been around for
much longer, as seen above. In addition to early 20th-century exam-
ples of applied history, many other historians had been working in
cultural institutions or had been employed by governments and mil-
itary services. In the United Kingdom, the War Office, the Admiral-
ty and the Committee of Imperial Defence had “their own historical
sections before the First World War” (Offer 1984, 28). Historical sec-
tions were extended to other departments after WWII (Beck 2006).
Other historians worked in companies. In Germany, the Krupp Com-
pany developed internal archives as early as 1905 with the help of
historians. Likewise, historian William D. Overman became a per-
manent employee of the US-based Firestone Tire and Rubber Com-
pany in 1943 to “establish the first professionally staffed corporate
archive in the United States” (Conard 2013, 161). So the public histo-
ry movement did not invent the wheel; some of its practices already
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existed and should be included in the historiography of the field. But
despite the fact that public history is to some extent based on long-
held practices, the movement has served to connect these practices
and to enlarge the overall process of history.

Grele’s argument was recently used by Irish historian John Regan
to criticise the need for a specific field of public history. According to
Regan, “an assumption of public history’s advocates is that the pub-
lic does not engage with scholarship” and “in the Republic of Ireland,
there exists a healthy practice of disseminating historical knowledge
from the universities to general audiences”. He cites historians ap-
pearing on radio and television or writing for newspapers (Regan
2010, 268). The argument that we do not need a specific field because
history is already public resembles the argument of another Irish his-
torian, Gearéid O Tuathaigh, who claims that “this notion of an incom-
patibility between professional and public history (is) fundamentally
misconceived” (O Tuathaigh 2014). I agree that the strict opposition
between the supposedly well-demarcated public history and academ-
ic/professional history is problematic. Indeed, what would be the dis-
tinction between a public historian and a non-public historian? Going
back to the metaphor of a tree, academic scholarship is an integral
part of the process if connected to the other stages of public histo-
ry. John Regan’s vision of public history is, however, limited to com-
municating history to large audiences. It still represents a top-down
approach in which ‘experts’ bring knowledge to passive audiences,
with very little public collaboration or participation. What is more,
some skills are necessary to practise public history. Designing exhi-
bitions, making audiovisual productions and compiling and manag-
ing archives and collections are, for instance, some of the skills that
need to be learned to practise public history. We need public history
because it helps raise awareness of what it takes to research, inter-
pret, communicate and share historical knowledge.

5.2 “Public History is not History”

“Public history is not history, it is communication”. Another criticism
levelled at public history has addressed its alleged lack of historical
methodology. I was recently invited to discuss public history training
at a public history summer school in Belgrade, Serbia, with students
and historians from different parts of Europe.*¢ I presented the var-
ious skills that I want my public history students to acquire during
their training. During the discussion with participants, a clear line

16 Applied European Contemporary History website, http://aec-history.uni-je-
na.de/?timeline_post=2nd-summer-school.
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emerged between public history practitioners - archivists and cura-
tors, for instance - and some academics. For the latter, what I had
presented was not history but merely communication. They saw the
role of historians as primarily carrying out original research and be-
coming experts in a clearly defined subject area.

To be fair, in my talk I had not insisted on the historiography and
methodology training that my students also receive. However, those
criticisms mirror a broader view that public history is too focused on
communication and media. I disagree for several reasons. First, just
as public history is grounded - the roots and the trunk of the tree - in
primary sources and research, public history students receive train-
ing in research and historiography. But public history students also
learn skills to communicate history to large audiences and to collabo-
rate with various partners and public groups. In the same way that a
good researcher does not necessarily make a good teacher, a histori-
an is not necessarily equipped to practise public history. If historians
want to work in and with the public, they have to learn skills such as
how to curate and design historical exhibitions, write 150-word pan-
els or produce audiovisual projects. History is not communication,
but it can learn from communication. Jason Steinhauer thus created
a group of history communicators to raise awareness and discussion
about communication skills for historians. He explains that “[jJust as
the sciences have prepared a generation of scientists to be Science
Communicators, so too is history preparing History Communicators
to communicate new historical scholarship to non-experts in today’s
complex media environment”.*”

More challenging is the view that public history is not history but
rather a sort of memory production. During a seminar on museums
and public history held in Quito, Ecuador, one historian argued that
public history had more to do with group memories than profession-
al history:*® professional historians write history while communities
develop memories. This opposition between history and memory is
nothing new. It reflects the rise in memory studies over the past four
decades. Some historians, like David Lowenthal, have distinguished
between history and memories. In Lowenthal’s comparison, he sets
historians who “while realizing that the past can never be retrieved
unaltered [...] still strive for impartial, checkable accuracy, minimiz-
ing bias as inescapable but deplorable” against those - he does not
call them historians - who “see bias and error as normal and neces-

17 Jason Steinhauer’s personal website, https://www.jasonsteinhauer.com/his-
tory-communicators.
18 Universidad Andina Simon Bolivar, “Museos, historia publica, y politcas cul-

turales”, https://www.uasb.edu.ec/contenido?museos-historia-publica-y-po-
liticas-culturales.

34

magazén e-ISSN 2724-3923
2,1,2021,13-44


https://www.jasonsteinhauer.com/history-communicators
https://www.jasonsteinhauer.com/history-communicators
https://www.uasb.edu.ec/contenido?museos-historia-publica-y-politicas-culturales
https://www.uasb.edu.ec/contenido?museos-historia-publica-y-politicas-culturales

Thomas Cauvin
New Field, Old Practices: Promises and Challenges of Public History

sary” (Lowenthal 1997, 32). He claims that there is a multiplicity of
memories emanating from groups and individuals, and that it is the
task of historians to research those memories as case studies.

In Lowenthal’s view, public history would closely connected to
memories because it involves working with groups and communi-
ties. For example, I was working with local communities to study
the history of the legacy of immigration in Colorado. Working with
groups and communities can be challenging as it involves testimo-
nies, individual recollection and emotions such as pride and anger.
Peter Novick is critical of a version of public history that he defines
as seeking “to legitimize historical work designed for the purposes
of particularistic current constituencies”. This definition of public
history contrasts with what Novick presents as the “noble dream” of
“the universalist ethos of scholarship” (Novick 1988, 471-472, 510).
I would argue that, going back to the metaphor of the tree, public
history is not simply uncritically remembering the past; as James
Gardner stressed in his critique of radical trust, (public) history is
not mere opinion (Gardner 2010). Communication and uses of the
past - branches and leaves - are connected to primary sources and
their critical interpretation. Historians help public groups and com-
munities develop skills to use, interpret, contextualise and compare
evidence of the past. The role of trained historians is more than mere-
ly sharing their knowledge of the past; it involves sharing their skills
to interpret and understand the past.

According to the criticism outlined above, working with multiple
partners and public groups could lead to the fragmentation of the
narratives of the past, resulting in plural memories rather than a
single history. However, simply contrasting a plurality of memories
with a singular history is a naive presentation of the field that ignores
the many ‘history wars’ and debates when interpreting the past. Be-
sides, multiple perspectives do not necessarily mean a lack of crit-
ical rigour in developing views of the past. For instance, the Their
Past Your Future exhibition presented the Second World War from
the perspective of UK veterans through testimonies (Sayer 2019, 14).
But the exhibition, as a public history project, was not merely a col-
lection of uncritical memories. Testimonies were coupled with other
primary sources, footage and contextualisation. The project had the
benefit of showing specific interpretations of the war while connect-
ing them to a broader context and historical narratives. This balance
between several interpretations of the past and the broader context
is vital for public history as it shows how events may have a variety
of valid interpretations. Sarah Lloyd and Julie Moore have proposed
the concept of “sedimented histories” which can “hold different ac-
counts of the past alongside one another, accommodating both the
histories that people choose to live by and the histories that every-
one lives with” (Lloyd, Moore 2015).
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Public history can contribute to reconciling history and memory.
Its participatory practices provide a space for individual and collective
memories in the production of historical narratives. In 1996, histori-
an David Glassberg led a discussion on the links between public his-
tory and memory (Glassberg 1996). The discussion explored how indi-
vidual and collective memories can be part of public history projects.
For instance, it is common in historical preservation for members of lo-
cal communities to take part in discussions about what should be pre-
served, why and how. Public memories of sites help us discover new lay-
ers of interpretation and strengthen the authenticity of narratives. The
production of public understanding of the past is more complex than
a simple confrontation between history and memory. In his answer to
Glassberg’s article, Robert Archibald pointed out that “the new memory
research is especially important because it is audience-focused and rec-
ognizes that examining how humans receive information and construct
memory is critical to our work” (Archibald 1997, 64). Different public
uses and interpretations of the past are crucial to understanding how
audiences make ‘sense of history’, or as Glassberg put it, as evidence of
the intersection of the intimate and the historical (Glassberg 2001, 6).

5.3 Public History, Consultants and Clients

Because of its multiple connections with partners, public history has
also been criticised for being present-centred. Regan argues that
“Public histories popularize the past, but they are conditioned by
the needs of the present. They may want to win votes for the govern-
ment or loyalty for a cause, or just pay their way as commercial ven-
tures. Public histories pander to the expectations of mass audienc-
es, whereas historical research is more interested in the past for its
own sake” (Regan 2012). Although this opposition between multiple
public histories and a singular and objective historical research is
highly debatable, it raises important questions about ethical issues.

Criticising public history for being market-oriented is not new nor
specific to the field. There have been debates on how heritage man-
agement is influenced by marketing and commercialisation. Some
scholars have denounced the packaging of the past through herit-
age management (Baillie, Chatzoglou, Taha 2010). In 1996, Michael
Wallace criticised the ‘disneyfied’ history proposed at some museums
and historical sites in the US (Wallace 1996). He claimed that some
heritage projects proposed ‘edutainment’, a mix of education and en-
tertainment, to attract more audiences, to the detriment of historical
accuracy. The rise of entertainment as a policy driver for historical
and heritage sites has been deplored by some scholars because of its
commercialising of history. As Faye Sayer points out, “public histori-
ans have been accused of using the media and its techniques to sen-
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sationalize and romanticize the past in order to create an unrealis-
tic, yet publicly appealing, version of history” (Sayer 2019, 15). The
close links between public history and historical sites, museums and
other cultural institutions - sometimes for-profit companies - make
those criticisms important for ethical discussions.

Ethics and ethical practices are crucial for public history, espe-
cially when partners and clients have multiple non-educational objec-
tives, some of which may be profit-based. Discussions on ethics are
also important for historians who work as individual consultants iso-
lated from large structures such as universities, cultural institutions,
national parks or other public agencies. From the outset, historical
consulting - for instance the US-based firm Historical Research As-
sociates - has been closely associated with the NCPH.* In the early
1980s, Johnson noticed reluctance and criticism regarding the appli-
cation of history during his tours in Europe. He observed that German
students and scholars were sceptical about “historians working with
business corporations” and openly hostile “to the idea of historians
working with federal government agencies” (Johnson 1984, 90). Simi-
larly, Novick wondered whether consultants, under the pressure of their
clients, would focus merely on the historical records that “support the
case they were making, and [would do] their best to sweep under the
rug or trivialize discrepant findings” (Novick 1988, 514). Criticisms fo-
cused on the fact that historical narratives would become a product
and, like any product, would be sold for marketing or political purposes.

However, pressure and interference are not limited to consultants.
Fuelled by the recent upsurge in populism and political uses of the
past, every historian - including those working in universities - can
be affected by interference and pressure (Etges, Zumdorf, Machce-
wicz 2018). The founding members of the public history movement
in the US did not ignore ethical questions. Every article of the first
issue of The Public Historian mentioned ethical issues in public his-
tory.? The NCPH set up an Ethics Committee in the early 1980s that
led to the development of the first NCPH Ethical Guidelines in 1985
(Karamanski 1986). Theodore Karamanski led a round table on Eth-
ics and Public History and later published a collection of essays en-
titled Ethics and Public History in 1990 (Karamanski 1990). In 2007,
the NCPH updated its Code of Ethics and Professional Conduct, high-
lighting public historians’ responsibility towards the public, their
clients and employers, and towards the profession and colleagues.*

19 The NCPH provides specific resources for consultants: https://ncph.org/publi-
cations-resources/for-practitioners-and-consultants/.

20 The Public Historian, 1(1), 1978.

21 https://ncph.org/about/governance-committees/code-of-ethics-and-
professional-conduct/.
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While those resources are available to all historians, it is still es-
sential to engage in discussions about the role of historians and the
uses of history. Ethics are so crucial that they must be discussed and
practised in public history training. A recent proposal for an online
Master of Public History at the State University of New York proposes
an entire course on Ethics and Public History, an initiative that should
also be introduced in any public history training programme.** But
ethical issues remain challenging for two reasons. First, the broad
range of public history practices, formats and partnerships makes it
difficult to provide one single code of ethics for the whole field. Ide-
ally, codes of ethics from other related fields such as museums and
archives should also be consulted.?* Working for/with museums re-
quires a different set of ethics from historical preservation or audio-
visual production. Second, ethical practices may vary from one coun-
try to the other depending on laws and regulations. It is important for
the international public history movement to provide help, resourc-
es, guidelines and institutional support for historians working out-
side academia all around the world.

5.4 “Public History is a Set of Blind Practices”

Some historians have asked for more theoretical understanding of
public history. During an international workshop at the University
of Wroclaw, Poland, in March 2018, three experts in the field - Da-
vid Dean, Jerome de Groot and Cord Arendes - underlined the need
for more theorisation of the terms ‘public’ and ‘history’ and the links
between the two.?* De Groot points out in a forthcoming article that
“public history historiography has been driven by pedagogical mod-
els that privilege skills, ethics, and a ‘professional-based practice ap-
proach’. He goes on to say that “it remains the case that public his-
tory lacks a model for critical engagement with corporations, or a
flexible way of ‘reading’ their contribution to historical awareness”.*®

22 Although the Master is not available yet, more information can be found on the
website for the certificate in public history: https://www.esc.edu/graduate-stud-
jes/advanced-certificates/certificate-public-history/.

23 Forthe US, see for instance the American Alliances for Museums’ Code of Ethics,
https://www.aam-us.org/programs/ethics-standards-and-professional-prac-
tices/code-of-ethics-for-museums/, and the Society of American Archivists’ Core
Values Statement and Code of Ethics, https://www2.archivists.org/statements/
saa-core-values-statement-and-code-of-ethics.

24 Applied European Contemporary History, “The Public in Public and Applied Histo-
ry”, University of Wroclaw, March 2019, http://aec-history.uni-jena.de/.

25 Forthcoming article in The Public Historian. I am grateful to Jerome de Groot for
giving me access to his article.
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As early as 1984, while comparing practices in France and in the
US, Henry Rousso stressed that “pragmatism is not a French quali-
ty (or impairment)” - implying that historians in the US were - per-
haps too eagerly - driven by public practices (Rousso 1984, 114). In
his view, before any application of public history, French historians
would need to engage in major theoretical debates.

At first glance, a lack of theorisation is a fair criticism. Many pan-
els of public history conferences, at least in the US, are about ‘how to’
practice in the field.?® Public history teaching also focuses a great deal
on skills and practices. The NCPH confirmed this trend by recently un-
dertaking a survey of public history employers to list the main skills
that public history students need to find jobs (Scarpino, Vivian 2017).
However, this lack of theory is only partially true. Many university
training programmes on public history propose introductory courses
that discuss theories and approaches to the field. Public history cours-
es provide excellent opportunities to develop self-reflective practices
among historians and history students. I would also argue that the op-
posite, namely a lack of practices, can paradoxically challenge the de-
velopment of the field. Many academic historians are not used to prac-
tising history outside academic circles, and one initial reflex may be
to study - and not to practice - public history, focusing merely on the
theories of the field without engaging or collaborating with audienc-
es. Public history should not become a new form of memory studies in
which historians merely study representations of the past.

The need to balance theories and practices can help when discuss-
ing specific challenges in the field. We should develop and propose
new theories to accompany public collaboration, co-production and
shared authority. Although some books have been published recent-
ly, more discussion is needed on how to balance public participation
and rigorous critical methodology to interpret the past (Adair, Filene,
Koloski 2011). Working with several European partners, I have been
developing a collaborative research project to find new approaches
and theories on how to practise public history.?” We should not see
the ‘public’ as a singular notion, we should instead consider the many
‘publics’ - the variety of groups, actors and partners - that take part
in public history. While Michel-Rolph Trouillot proposed an excellent
interpretation of the power relations and agencies at stake in the cre-
ation and preservation of archives, other themes must also be debat-
ed (Trouillot 1997). In 2002, Jill Liddington proposed that public his-
tory should be connected with theoretical discussions on the public

26 See the NCPH website for the programmes of past conferences: https://ncph.org/.

27 Public History as the New Citizen Science of the Past, Luxembourg Centre for Con-
temporary and Digital History, https://www.c2dh.uni.lu/projects/public-history-
new-citizen-science-past-phacs
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sphere, popularised in 1962 by Jurgen Habermas (Liddington 2002,
89). Various questions may arise: How do we define and identify these
audiences and participants? Are practitioners collaborating with all
or only a few public groups? Should Holocaust deniers and racist or
fascist groups be part of the collaboration? If not, who decides, and
on what basis, with whom to collaborate? Are we only collaborating
with groups with whom we share values? If so, we need to discuss
our approaches to and definitions of audiences and participants and
their role in public history.

More theory also means some self-critical assessment. By com-
paring practices and approaches, international public history can
encourage self-reflection. For instance, public history tends to focus
on contemporary - especially 20th-century - history. Stefanie Sam-
ida, an archaeologist and media studies scholar, rightly argues that
limiting public history to a certain era may be one of its weaknesses
(Samida 2011). However, this is not true for every national context.
In Italy, the AIPH includes many examples of projects and actors con-
nected with antiquity and public archaeology.?®

It would be presumptuous to make hasty conclusions about a
field - public history - that is so recent and diverse. If anything, the
internationalisation of public history has demonstrated the exist-
ence of various approaches and understandings of the field. The mul-
tiple approaches pave the way for rich and complex debates about
broader uses, practices and theories of history. Some of those his-
tory practices were in existence long before the term public history
was coined, but the conception of public history as a field offers sev-
eral advantages. Comparing public history to a tree helps to present
the field as a system in which all parts - roots, trunk, branches and
leaves - are connected. Each part, and every player, of public his-
tory benefits from the whole system. The fact that primary sources
and critical methodology are at the basis of public history is particu-
larly important in a context of fake news, mistrust and disinforma-
tion, in which historians can bring expertise. Public history calls for
a general reappraisal of trained historians’ role. Developing public
history will involve trained historians sharing authority with other
actors and questioning how history is used and consumed by individ-
uals, communities, groups, institutions, agencies and governments.
Far from denying the role of historians, public history provides them
with new opportunities to engage and interact with the public. Rath-
er than merely giving lectures and providing truths about the past,

28 See also the conference Medievalism, Public History, and Academia: The Re-crea-
tion of Early Medieval Europe, c. 400-1000 (Malmo University, 26-28 September 2018),
https://exarc.net/history/call-papers-medievalism-public-history-and-ac-
ademia.
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historians can work on building collaborative spaces and projects in
which all actors can learn, practise and share skills to collect, an-
alyse, interpret and communicate history. If successful, the tree of
public history has the potential to contribute to the democratisation
of knowledge production while maintaining a critical and methodo-
logical understanding of the past.
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1  Editing with Al: Essential Methods First, Not Fantasy

Editing an ancient language with artificial intelligence. It sounds
like a scene in a science fiction movie. But before we get distracted
with any fanciful images of sitting at a computer terminal, or per-
haps just a screen in a post-keyboard world, and talking with an Al-
exa, Cortana, or Siri type of entity with expertise in ancient human
languages, let us step back and remember that we have been assist-
ed by computational resources for some time now. Regardless of the
language of a given manuscript, advanced imaging techniques and
image processing have been critical in the scholarly editing process.
In the fields of Classics and Greek and Latin Papyrology, which will
be the focus of this paper, that process produces the first edition of a
papyrus manuscript (the editio princeps), the subsequent versions as
papyri are constantly re-edited over time, and the collation of man-
uscripts in the critical edition of one work, such as Aeschylus’ Agam-
emnon. As a papyrologist, a basic example would be the use of mul-
tispectral imaging and software like Adobe Photoshop (or even just
Mac Preview) to enhance the contrast between the ink and the sub-
strate surface. Reconstruction of a text is thus often made possible
because the editor is viewing a spectral image of a manuscript pro-
duced by imaging it under incident light that has a wavelength of 940
nanometers, for example, and at various contrast settings within an
image viewing application. Yet when we read the editio princeps or
the critical edition, whether it is found in the Oxford Classical Texts
series, the Teubner series, or in a papyrus edition series like The Ox-
yrhynchus Papyri, documentation of the spectral bands used in the
editing process is not always added. The software applications used
to manipulate the images, let alone the contrast settings used, are
most definitely omitted. Put simply, documentation to reproduce the
conditions under which the text has been reconstructed, or seen, is
seldom, if at all, provided. No metadata. No scientific reproducibili-
ty. And while we have survived relatively well without providing such
metadata in our editions, the current situation requires change. The
introduction of machine learning and its ‘black box’ of prediction re-
quires adjustments in the methodology of constructing an edition.
Even more so, the process of virtually unwrapping and extracting text
from cultural heritage artefacts that cannot be opened - due to their
fragile state - requires a general re-assessment of how that extract-
ed text should be edited. After all, one cannot verify the text with
the human eye. This new kind of text, which I will refer to as born-

1 For comments and suggestions on earlier drafts, I give thanks to Seth Parker and
Dr. W. Brent Seales. The Andrew W. Mellon foundation must also be acknowledged for
providing research funding.
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virtual text, will only exist virtually and is the product of an artifi-
cial intelligence; although born-digital might be the expected term,
virtual seems more nuanced for a digital text that is not the product
of direct observation.

The purpose of this paper is both to start the discussion about
the editing of born-virtual text and to put forth some possible ways
of presenting such text in our editions. First things first, virtual un-
wrapping is real. A carbonized parchment scroll from En-Gedi was
virtually unwrapped by the Digital Restoration Initiative, which has
now evolved into EduceLab, at the University of Kentucky in 2016,
revealing an early copy of Leviticus (Seales et al. 2016). Moreover,
the technique is no longer considered a unique methodology, or a
concept that still must be developed. It is being applied by many re-
search groups.? Second, although iron gall ink so far tends to be fair-
ly visible in micro-CT scans, as in the case of En-Gedi, carbon ink is
not. Enter machine and/or deep learning and the prediction of the
presence of ink in tomography. To even see the text, the human eye
requires the aid of artificial intelligence; for the purposes of this pa-
per, we will use artificial intelligence (AI) as a generic term inclu-
sive of both machine and deep learning methods. Humanities schol-
ars must now embrace further a concept that their colleagues in the
sciences have been aware of for ages: scientific reproducibility. To
interrogate a scholar’s reconstruction of the text, one must be able
at any time to reproduce the initial findings or, at the very least, be
aware of what produced the output. To do so, means not simply know-
ing where to access the data, but, more importantly, being aware of
key aspects of metadata associated with the output of both the Al and
the algorithmic process involved. What was responsible for detecting
and enhancing the ink? Where is it located within the physical object
that cannot be opened? Accordingly, in current print and digital edi-
tion models we will need supplementary conventions to account for
this metadata. A reader would thus have the essential data that is a
traceback to the ‘what’, ‘where’, and ‘how’ regarding the born-vir-
tual text before them. That said, extracting text in 3D space - from
voxels rather than pixels - should also make us consider augment-
ing existing digital edition models. For example, we will likely need
to move beyond the level of ‘behind the scenes’ metadata markup,
JSON or XML files stored somewhere on a server or downloadable
via a website, and one image as the ‘canonical’ representation of the
object. To fully grasp the data which we are looking at - and subse-
quently making scholarly arguments based upon - one needs the full
context of this virtual birth, i.e. structured data. We will need ac-
cess to multiple image datasets and visualizations that facilitate the

2 E.g. Ziesche et al. 2020; Stromer et al. 2019; Liu et al. 2018; Bukreeva et al. 2016.
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comprehension of the digital provenance. Only then can we achieve
transparency. To explore these ideas and to put forth some possible
methods, I will now offer a few hypothetical scenarios based on cur-
rent research at EduceLab on the virtual unwrapping of carbonized
papyri from Herculaneum and the detection of carbon ink therein.

2  Herculaneum Papyri and Al

The problem of seeing carbon ink in tomography is well document-
ed, especially in the context of the carbonized papyri from Hercula-
neum (Parker et al. 2019). The ink and the papyrus substrate have
different densities; the chemistry is different. And so, one will often
hear how ink is, or should be, brighter in micro-CT, i.e. the density
of the ink should attenuate x-rays more than the density of the papy-
rus substrate. Great for iron gall ink, as it is generally visible to the
human eye in tomography. But the density of carbon ink just seems
to resist being ‘bright’ enough to appear. At one point the idea that
carbon ink is actually invisible in tomography even emerged (Gib-
son et al. 2018). That idea, however, has been proven to be inaccu-
rate (Parker et al. 2019). Still, the problem persists. How does one
make the carbon ink from an actual Herculaneum papyrus appear
in tomography? Well, this has also been done using Al. In 2019 Brent
Seales’ presentation at the Getty Museum included a video showing
how a Herculaneum fragment was used in an Al experiment to accu-
rately reveal a Greek character in a micro-CT scan. Using a 3D Con-
volutional Neural Network (3DCNN), our Al was trained on one half
of the visible layer of P.Herc.Paris Objet 59, while the other side was
reserved for evaluation and prediction. To the human eye, a carbon
ink Greek omega was made visible. It is not just the fact that virtual
unwrapping is real. The visualization of carbon ink in x-ray scans is
also becoming a reality, though much work remains to be done. And
even though iron gall ink is generally visible, we are also applying Al
to further enhance its signal in micro-CT for greater legibility (Ges-
sel et al. 2021). Al is indeed poised to become a persistent entity or
assistant in reading damaged manuscripts [figs 1a-b].
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Figurela P.Herc.Paris Objet59. Figure1b P.Herc.ParisObjet59.
A:fragment under natural light conditions B:a Greek Omegarevealed

inamicro-CT scanviaAl

The initial Al method created at EduceLab has been published (Park-
er et al. 2019). Without diving too deep into the science, to be repet-
itive, a summary of the approach is warranted here, especially to
convey the process to the general papyrological and digital human-
ities audiences. Morphology is the key term. Now, although this is
not the kind of morphology of which papyrologists might immediate-
ly think - inflection/conjugation of verbs, nouns etc. - there is a fun-
damental similarity: change in structure, albeit at the micro-level
this constitutes papyrus fibers vs papyrus fibers with ink. If the den-
sity of carbon ink will persist in not attenuating x-rays to be bright
enough for the human eye, then perhaps the morphological pattern
of ink on papyrus substrate is, or should be, a feature detectable and
thus learnable by the machine. After all, there is a physical change,
and thus a difference in structure between papyrus with no ink and
papyrus with ink; this is rather visible using an electron microscope
(Parker et al. 2019, 5). Thus far, this has been the basic logic upon
which we continue to refine and train our Al It thinks in terms of
ink and no ink features, not alphabets nor languages. Based on what
it has learned, it predicts the presence of ink and amplifies its signal
to be visible to the human eye [figs 2a-b].
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Figure2a Morphology.
A: papyrus with ink vs no ink
Papyrus is clear with an electronic
microscope

Figure2b Morphology.

B: the feature, the signal, we are
detectingis theink both
penetrating and resting on top
of a papyrus fiber

The process starts with Volume Cartographer (VC), a custom soft-
ware application developed at EduceLab for virtual unwrapping. Raw
micro-CT data (sinograms) undergo reconstruction and that data is
then rendered into a volume package that can be passed through VC.
Put very simply, the VC pipeline allows for the efficient segmentation
of volumetric image data (the slicing of the volume to isolate writing
surfaces) and the subsequent texturing, flattening, and generating
of 3D and even 2D images of those segments. Now, it is the textur-
ing process that is critical for our Al As the 3D mesh of a given seg-
ment is textured (the process of applying the visual details to a 3D
model - the point clouds that represent the structure - to give it def-
inition in terms of surface shape), a per-pixel map that stores all 3D
positions is generated. For any segment, areas or points from this
map are then selected and used to create sub-volumes that consti-
tute the input for our 3D CNN. These sub-volumes, oriented toward
the surface of the writing substrate, is where prediction will occur.
This is where the so-called ‘black box’ of Al exists, the point at which
something is purportedly seen or predicted based on prior training.
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Understanding how learning takes place determines how transpar-
ent this black box will be.

The greatest challenge in applying Al to visualize carbon ink in
Herculaneum papyri is a lack of training data. The most effective Al
is the one with extensive reference libraries. The more data to ref-
erence and from which to learn, the greater confidence in its ability
to predict. To prove the concept, we used a carbon phantom (a fab-
ricated facsimile) scanned at 12 microns. Training labels were made
by aligning and registering images containing the ground truth of
ink/no ink to the x-ray images in which it is not visible; with both x-
ray and conventional images, we thus know where the ink is, even if
we cannot see it in the former. Multiple sub-volumes, each with their
own label, were then used to successfully train a neural network. For
actual fragments, creating training labels is essentially the same pro-
cess. For evaluation, however, we have used a form of k-fold cross val-
idation in early experiments to validate the concept, especially since
we have limited training data. The writing surface is partitioned
spatially into k-regions of interest. These regions are used for train-
ing, with one reserved for evaluation, i.e. one region is the input up-
on which the network applies what it has learned and predicts ink/
no ink. Training runs on P.Herc.Paris Objet 59 demonstrate that this
morphological approach is working. Nevertheless, one caveat must
be pointed out: resolution. To detect this ink signal, that morpholog-
ical pattern of ink covering and penetrating the substrate surface,
a high resolution is required. Our current projection so far is that a
resolution of 3-5 microns is needed; yet this could change over time
as we learn more about the ink signal that we are detecting. The end
results are not only images documenting the blank x-ray scan and the
prediction of ink (thus a character), but also a photo-realistic rendi-
tion that offers a virtual facsimile of the manuscript as it would ap-
pear under natural light conditions to the human eye [figs 3a-b].
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Figure3a Carbonphantom.
A:from left to right: the x-ray scan,
the natural light view, the training label

Figure3b Carbonphantom.
B: from top to bottom: natural light, x-ray,
prediction (i.e. reconstruction),

the photo-realistic rendition

These ongoing experiments raise issues rarely, if at all, discussed.
How do we edit this text? In recent scanning of Herculaneum papyri
using X-ray phase-contrast tomography (XPCT), attempts have been
made. In Mocella et al. (2015) cropped images of XPCT data (P.Herc.
Paris. 1 fr. 101 and P.Herc.Paris. 4) were paired with basic tran-
scriptions of the Greek text purportedly seen, as well as individual-
ly cropped images constituting an entire Greek alphabet (2015). In
Bukreeva et al. (2016; 2017) we find the most extensive attempt to
pair cropped images of XPCT data (P.Herc. 375 and 495) with both
diplomatic and articulated transcriptions; the use of the typical edi-
torial conventions in these transcriptions, such as the underdot and
square brackets, indicate the application of papyrological method.
Now, I have no interest here in debating the reliability of the ink al-
legedly seen in these publications. There are lingering issues, es-
pecially regarding resolution, and the reality that it may not be ink
at all persists. Rather, I am interested in data that is missing in the
presentation of this text. Let us hypothetically say that all the text
published is, in fact, indicative of carbon ink. First, from where does
this text come? For example, P.Herc.Paris 1 fr. 101 is actually a mul-
ti-layer fragment removed from an intact scroll. Where was its orig-
inal location? Second, two lines are revealed from the hidden layer
(Mocella et al. 2015). Which layer? Moreover, which line is first in

52

magazén e-ISSN  2724-3923
2,1,2021,45-70



James H. Brusuelas
Scholarly Editing and Al: Machine Predicted Text and Herculaneum Papyri

succession? There is no indication. In Bukreeva et al. (2017) an im-
age of a layer virtually removed from P.Herc. 375 is provided. How-
ever, only a cropped, magnified image is later provided with anno-
tation indicating possible lines of Greek text. As for the text edited
and presented according to papyrological method, exiguous as it may
be, it is actually from P.Herc. 495. Again, where is this text coming
from? Finally, in Bukreeva et al. (2016) we find more cropped, close-
up images from P.Herc. 375 and 495, albeit with better papyrologi-
cal transcriptions. Whether P.Herc. 375 or 495, where is the text lo-
cated in relation to the overall structure of the intact scrolls? The
only indication is that the text comes from the inner part. Obvious-
ly, these are first attempts in the process to reveal the hidden ink.
Be that as it may, for confidence and trust, we must be more precise.

With virtual unwrapping and Al prediction and enhancement, we
cannot just pretend that we are looking at the usual 2D image, or even
the actual fragment, and whatever text is or is not visible under natural
light conditions. No, we cannot verify the text with our eyes at all. This
is a moment in which metadata associated with the virtual unwrap-
ping process and Al prediction becomes important. In the examples of
published text mentioned above, virtual unwrapping and/or segmen-
tation metadata is ignored. And while no Al was used in those exper-
iments, in our work at EduceLab we plan on incorporating metadata
in a JSON file during any application of Al, which will notably include
a Git Hash that references the specific code used and thus responsi-
ble for ink prediction; this is a part of the on-going development of our
AT work. This metadata is critical for scientific reproducibility. Nor-
mally this is just metadata stored on a server somewhere and (hope-
fully) accessible in some way. Yet due to the increasing role of virtu-
al unwrapping in digital restoration and the on-going developments
in the use of Al to virtually enhance text, some of this data should be
moved into the workflow of the humanities scholars who will edit this
born-virtual text. We are looking at a near future in which both multi-
ple versions of AI (multiple versions of code) and multiple scans might
be used to predict and to enhance text from one cultural heritage ob-
ject over time. Furthermore, the segmentation process in virtual un-
wrapping must be tracked for understanding the location of the text
and the virtual reconstruction of the physical object.

So, Al, segments, and sub-volumes. How does this affect the edit-
ing process? Intact scrolls from Herculaneum offer a good sandbox in
which to approach that question. For any intact scroll, the degree of
damage varies over the internal structure, potentially resulting in ran-
dom rather than consistent areas that are initially strong candidates
for virtual unwrapping. The odds are highly unlikely that we can start
at the beginning of the work and slowly unroll to reveal the text. More-
over, while some characters may be successfully amplified and made
visible on the first try, ambiguity due to damage and, of course, the
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random noise of ink smudges, ink drops, crossed out letters, severe-
ly faded ink, tears, holes etc. will likely persist and drive further im-
provement of the AI over time. The more noise, the more training and
improvement are needed. The Al will thus require an ever-evolving ref-
erence library as more training data is gathered to reduce noise that
appears as we start to see accurately within in a Herculaneum scroll.
Nevertheless, when our Al begins to detect, predict, and enhance ink,
the scholarly community will want the publication of that text to start
immediately, just as we saw above with the published XPCT data. Wait-
ing until an entire scroll is virtually unrolled is not a welcome strate-
gy at this point. Unfortunately, there is currently no indication of how
long the full process of segmentation to completion, i.e. an entire in-
tact scroll, will take; this is a massive optimization problem [figs 4ab].

Figure4a P.Herc.Paris3. A:vertical Y axis Figure4b P.Herc.Paris 3. B: circumference at 7.91 microns

Based on the current state of virtual unwrapping and ink enhance-
ment using Al let us now explore a few theoretical scenarios in which
we first present born-virtual text from an intact Herculaneum scroll
in our edition models. A papyrologist that sits down to produce the
editio princeps will need to document, at the very least, three attrib-
utes along with the expected metadata (e.g. publication/inventory
number, measurements, date etc.). We need a segment ID, a volume
ID, and even perhaps an Al ID [fig. 5].
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Figure5 SegmentofP.Herc.Paris3

In figure 5 we see a segment of P.Herc.Paris 3 scanned at 7.91 mi-
crons. This data stems from scanning sessions at Diamond Light Fa-
cility, UK, in 2019. If we recall the general description of our Al pro-
cess, multiple points across this segment will be selected to create
sub-volumes that will be the input for the 3D CNN. Within these
sub-volumes lies the ink signal that will be subsequently enhanced
for both visibility and legibility. Moreover, these sub-volumes are so
small (approximately 90 um x 90 um) that multiple sub-volumes are
used in the reconstruction of just one Greek character. As we be-
gin to see clearly successive lines of text based on multiple sub-vol-
umes, perhaps it is best to follow the standards implemented by Ob-
bink (1996, 99-103) and Janko (2000, 194-200) as we begin to edit
that text. This method is characterized by the utilization of facing
pages: 1) the diplomatic/articulated text, according to column struc-
ture, and a critical/testimonial apparatus on the left; 2) a modern lay-
out of the text with a translation and notes on the right. Focusing on
just the left facing portion, if we could now see text in this segment of
P.Herc.Paris 3, we could possibly add our three attributes as follows:

P.Herc.Paris 3 V# SG# Col.# Al#
Greek Text

Testimonia

Apparatus

(palaeographical/critical)

V# is the identifier for the volume scan which contains the ink sig-
nal. SG# is the identifier for the segment produced during virtual
unwrapping. Lastly, the AI# is the unique identifier of the AI model
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or code used in prediction. Now, it is important to understand that
this is just a theoretical approach at the moment. As work progress-
es, we might find ways to be more efficient and reduce the number of
identifiers required in an edition. The Al#, for example, is a part of
the metadata associated with the images (3D or 2D) produced. The
exact identification of the AI model could just remain there. Howev-
er, giving credit to the Al, or at least contemplating how we should
do this at this very early stage, is worth considering. Overall, it is
a mapping between text, segment, scan, Al, and the physical object
that should be borne in mind [fig. 6].

Volume

)

Text
Segment

Sub-volumes

D 5/ Figure6 Mapping
@ the volume, segment,

and sub-volumes to the text

The general logic of the mapping in figure 6 should seem straightfor-
ward. However, it could (or will) get more complicated. In the above
example we have a V# from P.Herc.Paris 3, a SG#, and text recon-
structed from the sub-volumes by an Al#. The SG# from P.Herc.Paris
3 is a partial layer that is near the core of the intact scroll. The sur-
face area is approximately 1 cm x 0.6 cm, and the scroll itself is ap-
proximately 6 cm in diameter and 18 cm in height. If we think about
the dimensions of the papyrus sheets glued together to make the
scroll, particularly the height, the segment is approximately 6 cm
in height and thus a small portion of the scroll’s, or a given papyrus
sheet’s, height. Clearly, we do not know the exact column height nor
size of the upper and lower margins. Nevertheless, it is accurate to
say that we only have a small portion of the text from one sheet. If
for one column of Greek text we have multiple segments, as a hypo-
thetical example, in the reconstruction of the born-virtual text, we
will need to annotate accordingly. We would have text that points to
more than one segment in our edited reconstruction.
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P.Herc.Paris3 V# Col.#, Al#
(SG#) Text (lines 1-10)

Testimonia

Apparatus

(palaeographical/critical) (SG#) Text (lines 11-20)

In order to know the correspondence between text and segments,
marginal annotation can be employed; this kind of annotation is not
unfamiliar in critical editions of works with a complex reconstruc-
tion based on both a mediaeval manuscript tradition and other wit-
nesses (e.g. texts that provide quotations of text missing in the man-
uscript tradition). In the above example, we see that two different
segments, containing twenty lines in sum, reconstruct one column.
Now, while that is not too complicated, what happens when we have
multiple scans, multiple segments unique to those scans, and multi-
ple versions of Al used in the reconstruction of one column over time?
Scans at different resolutions and further training to improve and
to change the AI are also very likely to occur. Marginal annotation
might indeed be necessary to convey how the text is reconstructed
from these critical elements, e.g. (V#, SG#, Al#).

Too many segments? Too many volumes? Too many Als? Exactly
how many segments and volumes? Will every drop of ink appear per-
fectly clear? We do not know yet. Obviously, keeping the number of
segments and volumes to a minimum would be ideal. Moreover, we
want our Al to completely reveal every drop of ink with ease. Yet in
the context of segmentation to completion some uncertainty remains.
However, while a large number of volumes, segments, and Al versions
seems cumbersome, this might not be a bad thing. That would indi-
cate the possible existence of areas of persistent ambiguity. These ar-
eas might constitute points in the scroll where internal damage does
not permit a clear virtual reconstruction by the Al, whether that is
because noise persists (further training is required), or the ink sig-
nal itself has been irreparably damaged in some fashion. Even with
AI, we could still have the ink traces with which all papyrologists are
very familiar. Humanities scholars would thus continue to apply their
skillsets to conjecture and to debate the reconstruction of a born-vir-
tual text. Virtually extracting text embedded in cultural heritage ar-
tefacts is indeed exciting, especially in the case of Herculaneum pa-
pyri. Yet papyrologists might see the possibility of being replaced by
an Al that is essentially recognizing and reconstructing Greek char-
acters, even though it does not think in terms of the Greek language
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or alphabet - yet.? Be that as it may, I envision a process where the
human papyrologist is still very much in the loop. In terribly dam-
aged cultural heritage objects, the human and the AI will work to-
gether to elucidate the text.

Now, one might still ask: why do we need to keep track of this
metadata, let alone include it in our editions? We need to keep in mind
that a sequence of segment IDs will not indicate the logical order of
the work. If we virtually unrolled a well-known work, like a copy of
Homer'’s Iliad, we would know our exact location based on the text
itself. But for unknown works and works only known by title or ran-
dom quotation this creates a slight problem in visualization. Without
any visible data, such as stichometric counting (line counting) or a
numbering of columns, the segment IDs are basically ‘puzzle pieces’
that we need to move around to reconstruct the proper order of the
work as it is slowly revealed. One way to mitigate this issue is to ex-
pand or ‘grow’ a segment over time to extract large areas of contin-
uous text. Still, this would not change the fact that we are likely to
‘grow’ multiple segments from different areas within a scroll. Note
also how this even makes assigning columns an alphabetic or numer-
ical sequence problematic. In the examples above, the Col.# is unique
to a segment ID. Whether we call it Col. I or Col. A, that ordinal se-
quence pertains only to that segment ID, not to an alphabetic or nu-
merical sequence of columns from the start to the end of a work. It is
perhaps ironic that we are, in a way, creating virtual fragments (the
segments) of a physically intact scroll in order to get to the text; in-
vasively or non-invasively, we cannot seem to stop fragmenting Her-
culaneum papyri. At any rate, visually keeping track of the location
of every segment within the physical object is critical [fig. 7].

3 Along with colleagues at Middle Tennessee State University, the University of Ten-
nessee at Knoxville, and the University of Minnesota Twin Cities, we have successful-
ly trained a few machine learning models to classify Greek characters in images of pa-
pyrus fragments. This was uniquely done using crowdsourced transcription data from
the Ancient Lives project (Williams et. al. 2014) as training data. Results to be pub-
lished soon.
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Figure7 Location of the segment of P.Herc.Paris 3in fig. 5

Although we have focused on the virtual extraction of text from in-
tact scrolls thus far, the concepts discussed also apply to the opened
Herculaneum fragments. P.Herc.Paris 1 fr. 101, which was a part of
the study of Mocella et al. (2015), is a multi-layered fragment physi-
cally removed from an intact scroll. With the text purportedly seen
in Mocella et al. (2015), again, we have two questions. Which lay-
er? Which line of text comes first? Just as in our hypothetical exam-
ples above, we can be more precise. Let us take P.Herc.Paris Objet
59 [figs 1a-b], an important subject in Seales’ 2019 talk at the Getty,
as another hypothetical example. This small fragment has a few lay-
ers with clear ink on the top and even some visible ink on the sec-
ond layer.

Let us hypothetically peel that first layer off to reveal the second
layer. Now, we can still use identifiers for the volume, segment (or in
this case layer), and the AI. On the top layer, just below the €, we can
see what might be a v in the second layer. Although two columns are
distinct on the top layer, we cannot assume another intercolumnium
in the second. So, in the example below, we simply present areas like-
ly containing text and the possible v, along with the volume ID, seg-
ment ID (or in this case we could call it a layer ID) and Al ID [fig. 8].
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&7

Figure8 VisibleinkinP.Herc.

Paris Objet 59
P.Herc.Paris Objet 59
Layer 1 V# SG# (Layer 2) Al#
Col. # Col. #
] Y Greek Text
le ® v
1v ) Greek Text

Even for Herculaneum fragments that are the result of human, phys-
ical intervention, nothing changes. These fragments too can benefit
from virtually unwrapping and Al ink prediction and enhancement.
Significant logistic challenges, nevertheless, remain for these frag-
ments. For all those stored in cornici in Naples (the trays in which
they are preserved), we cannot bring the synchrotron to them to ac-
quire the desired resolution. And even if we could bring them to the
synchrotron, is scanning even possible or safe due to the state of
their conservation (in the cornici)? While that logistic issue remains
a problem, we still have fragments like P.Herc.Paris Objet 59 and
P.Herc.Paris 1 fr. 101 that can benefit from virtual unwrapping and
Al ink prediction. In editing the born-virtual text from the hidden
layers of opened Herculaneum fragments, we still need to account
for the volumes, segments, and the Al involved.

Before moving to the final section of this paper, we should also
briefly address the use of born-virtual text in the critical editions of
Greek and Latin works, such as those found in the Teubner and Ox-
ford Classical Texts series. Even now papyri published in The Oxy-
rhynchus Papyri series continue to confirm or reject emendations
in critical editions, as well as offer new readings that are eventual-
ly printed in either the text itself or the critical apparatus. In collat-
ing manuscripts, the standard practice is to assign a papyrus a val-
ue in the sigla, which will then represent the papyrus in the critical
apparatus. In Diggle’s OCT edition of Euripides’ Medea, for example,
we find the following:
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> P.Oxy. 1370 fr. 1: uu. 20-6, 57-63 v p.C.

We see the expected publication series, publication number, loca-
tion data within the papyrus (fr. 1), location data within the work
(verse numbers), and the date of the papyrus (5th century CE). Do
we need to augment this? For specificity and clarity, yes. If hypo-
thetically our segment of P.Herc.Paris 3 contained quotations of Eu-
ripides’ Medea with variant or new readings, we should, at the very
least, see the following:

I1¥  P.Herc.Paris 3 V#, SG#, verse numbers, papyrus date

To have a simple and clear traceback, the volume and the segment
IDs are required. Remember, we do not know how long the process
of segmentation to completion will take. Accordingly, for one intact
scroll, we could see a progression of their segments published over
time; perhaps even their volumes too, if the object is scanned multi-
ple times. And for the specific text incorporated into the critical ap-
paratus or into the text of the critical edition itself, that volume and
segment ID constitute precise location data for the born-virtual text.
For papyrologists and philologists, this issue is not unlike the re-as-
signing and re-ordering of fragments in different editions over time,
in which a system of mapping illustrates the change in fragment iden-
tifiers/publication numbers.

Now, if the above example satisfies the necessary requirements
for the sigla of a critical edition, what about the critical apparatus?
The current standard is to place the Greek lemma (text) followed by
I1#, so that the reader knows that the text stems from a papyrus. But
does that constitute transparency? After all, whether a fragment with
multiple layers or an intact scroll, we cannot see the text in the phys-
ical object, nor can we see it in the x-ray image. The reading is there
because of the AI. One could perhaps argue that the AI ID should al-
so be included, since an artificial intelligence is responsible for the
text. Perhaps we should give it credit, e.g. Greek lemma IT#* AI*. Fur-
thermore, in the case an area of persistent ambiguity, if the Al only
reveals ink traces, an editor will reconstruct according to established
practices. We could, therefore, even find in a critical apparatus a list-
ing of Greek lemma IT* Al# editor’s name. Perhaps. Yet I will assume
the continued use of a lemma followed only by IT# will suffice for now.
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3  Challenges in Visualizing and Working
with Born-Virtual Text

So far, we have reviewed the process of virtual unwrapping, Al ink
prediction and enhancement, and how the resulting born-virtual text
might be presented in editions that conform to the methodologies of Pa-
pyrology and Classics. The 2D space of print publication has been the
tacit focus. What about digital editions? A careful reader will have no-
ticed one issue percolating in the discussion above: the amount of im-
age data inextricably tied to this born-virtual text. Furthermore, while
we have suggested simple ways to introduce essential metadata into
the critical editing workflow, there is so much more metadata associ-
ated with the generation of born-virtual text. The digital edition mod-
el might seem better suited in that context. But does this new kind of
text deserve its own unique environment for editing and publication?

Digital papyrology has been around for some time now, and its his-
tory and current trajectory has been well documented by Reggiani
(2017; 2018). For our purposes here, we will get straight to the point.
Any text extracted from an intact scroll or from the hidden layers of
Herculaneum fragments can be presented in a digital edition. The fun-
damental model is EpiDoc (TEI/XML) and the most critical resource
is Papyri.info, which implements the EpiDoc standard for documen-
tary papyri and allows for a robust search of the Greek text. For lit-
erary papyri, Papyri.info’s recent Digital Corpus of Literary Papyri
(DCLP) is now advancing digital editions for the kinds of text associ-
ated with Herculaneum (e.g. not documentary). Editions of Hercula-
neum fragments, in fact, already appear in the DCLP. And these texts
and editions are indicative of the scholarly work that is dependent on
a combination of the autopsy of the original fragment, the Oxford/Ne-
apolitan Disegni (hand drawn facsimiles made mostly at the time of
unrolling, or in some cases later), multispectral imaging conducted by
Brigham Young University, and the user interface of Papyri.info, which
allows for the creation of a digital edition for its platform. For bibliog-
raphy and images, links are provided to Chartes (chartes.it), an on-
line catalogue of Herculaneum papyri. Without a doubt, the virtually
extracted text from Herculaneum papyri will appear in the expect-
ed Epidoc standard, or a modified version of it. However, as we have
seen above, simply showing the born-virtual text within the parame-
ters of standard papyrological conventions is not enough. Whether in
print or in digital form, there are further data outputs and algorith-
mic metadata that should, if not must, accompany the text.

Let us start with the image data. At the end of the virtual unwrap-
ping and ink prediction and enhancement process, we have multiple
images. In 2D and 3D there are images of the whole object (intact
scroll or fragment) and of the segments from which the sub-volumes
are extracted. For the segments, the 2D images document the x-ray
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scan (no visible ink), the ink prediction (visible characters), and the
photo-realistic reconstruction (what the text would look like under
natural light conditions). As noted in the second section, in the pub-
lication of any segment/s, a visualization documenting the location
within the object is required for the ‘bigger picture’ view. So, for eve-
ry line of text revealed, a reader of the edited text should be able to
access the x-ray, the prediction, and the photo-realistic rendition im-
ages for that area of papyrus, as well as a visualization of its location
within the scroll/fragment. Again, here is the refrain. We do not yet
know how long segmentation to completion of an intact Herculane-
um scroll will take. In addition, although keeping the number of vol-
umes and segments to a minimum would be ideal, uncertainty also
remains in that context. Building an edition of the born-virtual text
from an entire, intact scroll will both take time and include an on-
going increase in associated image data [fig. 9].

Volume

Text Edition Location of Segment

Segment

Sub-volumes @
— g
\ For Area of Text

X-Ray Al Prediction Realistic 3D Model
Not Visible Visible Render

H—F—FE— )

Figure9 Relationships between data

Next, digital provenance is the only way to comprehend the full pro-
cess involved in generating born-virtual text. For virtual unwrapping,
this is a process of segmentation, texturing, flattening, and finally
merging and visualization (2D and 3D images); as already noted, with-
in this process, ink prediction and enhancement take place in the tex-
turing phase. In Chapman, Parker, Parsons, Seales (2021), EduceLab
presents its plan to use a METS container” to systematically document
the digital provenance of any digital surrogates or digital twins gen-
erated in our lab; an important point to remember is that, for dam-
aged cultural heritage objects, our digital versions are surrogates to

* Metadata Encoding Transmission Standard, http://www.loc.gov/standards/mets/.
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be used in lieu of an object that can no longer be physically handled
(with the exception of conservation). In the first instance, the 3D com-
pilation of P.Herc. 118, housed in the Bodleian Library of the Univer-
sity of Oxford, is presented as a test case (Chapman et al. 2021). The
3D compilations of all 12 pezzi (fragments) are created using 3D pho-
togrammetry, digitized versions of analog photos, multispectral and
hyperspectral images, and digitized versions of the Disegni. Through
complex processes such as segmentation, image stitching, and im-
age registration, the resulting 3D model is an unprecedented digi-
tal entity in which multiple, and formally separate, datasets are now
accessible in one ‘place’. Chapman et al. demonstrate how a METS
container, which can incorporate multiple schemata like Dublin Core
and MIX to track administrative, technical, and descriptive metada-
ta, offers an efficient means to document an entire digital provenance
chain, from image acquisition, whether starting with x-ray scanning
or photogrammetry, to the final 3D and 2D images that can include
Al predicted and enhanced text. Essentially an XML wrapper, METS
provides a familiar and easy to use human and machine-readable for-
mat. More importantly, EduceLab intends to repurpose the behavior
section (behaviorSec) of a METS container to document, to describe,
and ultimately to visualize complex algorithmic processes (7-10). Stop
for a moment and think about viewing a 3D model of an opened Her-
culaneum fragment, like P.Herc. 118, to which archival analog pho-
tos, multispectral images, and hyperspectral images have been reg-
istered, so that you can easily view any of those images at will in one
3D space. But at the same time, there is also a way for you not only to
visualize the image registration pipeline used, and thus ensure com-
prehension of all the fixed and moving parts (the 3D mesh and the
unique 2D images registered to it), but also to recreate that digital ob-
ject. Utilizing the METS behavior section, Chapman et al. lay out how
EduceLab envisions implementing graph visualizations and hands-
on scientific reproducibility to reveal how algorithmic processes like
registration, segmentation, and stitching work ‘under the hood’. As
an initial example, Seth Parker has released the Structured Metada-
ta Engine and Graph Objects Library,®* a C++ library for visualizing
dataflow pipelines. For one digital surrogate, whether it is a digital
object in 3D and/or 2D created through the process of photogramme-
try, scanning sessions at a synchrotron facility, or any available x-ray
imaging equipment, the combination of a canonical METS document
plus the visualizations of dataflow pipelines represents not only an
unprecedented account of the metadata involved, but also a signifi-
cant advance in accessibility and transparency in digital provenance.

5 SMEAGOL, https://gitlab.com/educelab/smeagol; https://zenodo.org/re-
cord/4298710#.YADKOMVKimE.
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To ensure trust in the generation of born-virtual text, much more is
needed than the typical editorial conventions applied in both current
print and digital formats. Put simply, the text itself is not enough. To
present it alone is nearly useless, in fact, since it is text that cannot
be verified by the human eye. In the case of Herculaneum, presenta-
tion of the text with the usual papyrological editorial conventions and
new conventions (like those suggested in the second section above)
must be inextricably linked to the variety of image and metadata
generated in the process of revealing that text. Ideally, we should be
able to see and to work with these relationships in one place. And
thus, one might see how the 2D space of print publication might not
be the best medium. A digital edition format, which allows 3D func-
tionality, is far better suited to see the relationships between edited
text, the 3D and 2D image data revealing its location in the object
and the reality of ink prediction, and the data visualizations repre-
senting the dataflow pipelines involved. This is scientific reproduc-
ibility and transparency at the level of working with the published
text and at the level of accessing the image data and metadata it-
self - preferably in live time.

Is there a current application, web or desktop based, to facilitate
these kinds of user interactions between born-virtual text, the im-
age data, and both the metadata and the graph visualizations of it,
let alone a digital environment for creating a digital edition with that
data and the additional editorial conventions required? No. In his
account of digital papyrology, Reggiani goes through many in great
detail, and he highlights a very important agenda in the creation of
digital edition platforms for papyri and similarly fragmented texts:
integrating the existing print/bibliographical resources (2017, 146-
59). In Vindolanda Tablets Online, Codex Sinaiticus, Derveni Papyrus
Online, and, but certainly not least, Papyri.info, we see digital texts
accompanied by digital translations, essential descriptive metadata
of the fragment, bibliographical sources, addenda and corrigenda,
and reference sections and/or commentary. In the context of visual
integration between digital text and image, in Anagnosis and Codex
Sinaiticus, in particular, visual alignment between a word in the dig-
ital text and the location of its sequence of characters in the image
of the manuscript is provided (151-9; Reggiani 2018, 63-74). Devot-
ed entirely to Herculaneum papyri, the Anagnosis Ul can facilitate
the ongoing process of editing the opened carbonized scrolls, as it
allows one immediately to anchor a transcription to the image of the
carbonized surface, in which contrast between black carbon ink and
black papyrus substrate is often wanting. Indeed, these platforms
have been a great success and are indispensable to the academic
community. But now we are facing something new. We are entering
a new phase in which text embedded or hidden in cultural heritage
objects can be extracted through complex algorithmic processes and
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artificial intelligence. Furthermore, we have also noted that the Als
used to predict and enhance ink will also likely be used to enhance
the legibility of visible but damaged ink in the typical papyrus frag-
ments we find in collections around the world. Where do we go to
work with this data? How do we work with this data?

To even begin to visualize these connections, one would need mul-
tiple and disconnected applications, such as Papyri.info, Adobe Pho-
toshop, Mac Preview, and Meshlab for 3D object files. Yet even with
them, none of these applications were designed to facilitate these
connections in a manageable space designed with the workflows of
editors and researchers in mind. Now, while the creation of new tools
and platforms can often receive pushback - why not concentrate ef-
forts on improving existing tools? - the process of virtual unwrap-
ping and the subsequent production of born-virtual text is a massive
step forward in the digital restoration of damaged cultural heritage
objects. And even though we often omit cultural heritage objects that
are not damaged in this discussion, these methods, for example, can
be used for the digital preservation of centuries old codices that just
should not be opened anymore; we are literally breaking their spines.
With this type of leap forward, a combination of improving existing
tools and building new ones, which can be integrated, is required.

What is the answer? What is the path forward? Without providing
one definitive answer at this time, let us say that we fundamentally
know how to approach the question. There are a few existing tools
that point in the right direction. For visualizing, annotating, and in-
teracting with 3D models, IIIF, the 3D Heritage Online Presenter
(3DHOP), and the Smithsonian Voyager are notable. 3DHOP allows
one to create interactive 3D models, at high resolutions, that can be
embedded in a standard web page.® The Smithsonian Voyager” is a
unique authoring tool that allows users to create visual presenta-
tions or ‘stories’ using 3D models. One can position them freely, ex-
port 2D versions, inspect the 3D mesh, and annotate the 3D object
with ‘articles’ or content to add critical context to the visualization.
For the cultural heritage community, these tools are very effective
in creating content or virtual exhibitions for both academic and gen-
eral audiences. The standards set forth by IIIF® allow one to set up a
data server that accepts IIIF API calls and to utilize predefined view-
ers that let you access data from multiple, disparate servers. For the
editing and presentation of the born-virtual text, in the context of
Greek and Latin Papyrology, Papyri.info and especially its DCLP are
foundational tools with proven methodologies for presenting digi-

6 https://www.3dhop.net/index.php.
7 https://smithsonian.github.io/dpo-voyager/introduction/.
8 https://iiif.io/.
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tal editions. However, the requirements for producing born-digital,
critical editions of literary and sub-literary papyri are still wanting.
From the ability to visualize the variety of marginalia (notably sym-
bols) present in literary and sub-literary papyri and the more cus-
tom methods of annotation, such as the combining asterisk and bold
font unique to Herculaneum papyri editions (to mark editorial cor-
rection of the Disegni and the placement of sovrapposti/sottoposti
respectively), to the visualization needs of the critical, testimonial,
and palaeographical apparatuses, much more development is need-
ed. Proteus is a project designed to fill in these gaps (Williams et al.
2015). The project began at the University of Oxford in 2015 and suc-
cessfully built a stable editor for creating born-digital, critical edi-
tions that included all the desired attributes: diplomatic and articu-
lated text, palaeographical, critical, and testimonial apparatuses, a
translation, and critical notes. Moreover, Proteus’ editor allows a us-
er to create these components without any hardcoding of the XML.
As one types, the XML and HTML are generated in live time. And, of
course, this editor is a part of a larger web application for present-
ing these editions online in a similar fashion to Papyri.info. Unfortu-
nately, due to funding the project’s development timeline has slowed
down considerably. Be that as it may, as of January 2021 Proteus has
been upgraded from Python 2.7 to 3 and is now undergoing prepa-
ration for a small beta test. In the end, we can thus see the compo-
nents we need across existing applications.

In thinking about the virtual unwrapping of Herculaneum papyri
and the virtual extraction of the text hidden inside, the ideal tool for
editing and interacting with the born-virtual text and the amount of
image data and metadata that accompanies its creation is likely to
be combination of what we see in 3DHOP, Smithsonian Voyager, Pa-
pyri.info, and Proteus. The papyrologist needs an editor that allows
them to create a critical edition that meets the requirements of lit-
erary and sub-literary papyri. Yet they also need, within that same
editorial interface, the ability to pair annotated (especially for text
location purposes) 2D and 3D image data, Al ink prediction meta-
data, and digital provenance metadata with the edited born-virtual
text itself. And for the readers of published born-virtual text, they
too will need a UI that allows them to interact with and understand
in a meaningful way the relationship between the text, image data,
and metadata. Without this functionality, at both the level of editing
and publishing editions for subsequent research, we will only pre-
tend to understand the text before us.
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4 Conclusion

Scholarly editing with Al It probably does not seem very exciting at
the moment. As we have seen in this paper, the topics of concern have
been metadata, images, and the editorial conventions used in Greek
and Latin Papyrology and Classics. Be that as it may, at this funda-
mental stage in the application of Al to reveal and to enhance text
in manuscripts, it is the perfect time to initiate conversations about
how we edit text produced by Al before the process becomes, per-
haps, even more complex. The basic conventions proposed here, for
carbon ink text embedded in Herculaneum papyri, are by no means
definitive solutions. They are simply ideas meant to encourage think-
ing and further discussion on the topic. And while digital editions
seem to be more appropriate, the 2D space of print could also still be
used. What is clear is that we cannot treat text extracted from Her-
culaneum papyri by Al and through virtual unwrapping in the same
fashion as the legible, and even illegible, ink in manuscripts and pa-
pyrus fragments that preserve a natural contrast between text and
substrate surface - even if spectral bands are required to see that
contrast. To do so, we will only pretend to understand the nature of
the text before us, and upon which we are making scholarly argu-
ments in research. To ensure trust in the born-virtual text before
us, we need to understand its virtual birth. We need to understand
the data, i.e. the structured data describing and visualizing the en-
tire process from start to finish. As for Al, identifying it and bring-
ing it into our editions may or may not be necessary at this time. It is
probably not the type of Al about which our science fiction induced
imaginations think and dream. It is an intelligence that makes pre-
dictions. But we cannot talk to it. We cannot interact with it. Still, it
represents the very beginning of the kinds of digital minds of which
Bostrom speaks (Bostrom, Shulman 2020). We must, then, begin to
think about how we represent Al, as a critical assistant, if not full
partner, in our work.
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1 Introduction®

Digital elevation models (DEMs) as approximate virtual representa-
tions of terrain have a wide range of applications in archaeology - for
visualizations, spatial analysis, predictive modelling etc. (cf. Conol-
ly, Lake 2006; Gillings, Haciguzeller, Lock 2020; Siart, Forbriger,
Bubenzer 2018 for an overview). Given different understandings of
‘terrain’, terminological distinctions are called for. Currently, DEM
is one of three terms used to describe representations of terrain sur-
faces through sets of heights. The other two terms, with which DEM
occasionally is confused and should therefore be delimited from, are
a Digital Surface Model (DSM) and a Digital Terrain Model (DTM).
While DSM generally designates surfaces that include trees, build-
ings, and other above-ground objects, the distinction between DTM
and DEM is not universally agreed on. DTM and DEM are sometimes
used as synonyms designating bare ground surface devoid of natu-
ral or human-made above-ground objects. Other times, DTM is the
general term for all elevation models and DEM reserved for bare
ground surface, or vice versa (Zhou 2017 as opposed to Hirt 2014).
In the past, a number of global models were named and distributed
as DEMs, although they correspond to DSMs in the terminology pre-
vailing today. For the purposes of this study, we use the DEM term
in its general sense - as any digital terrain model with elevation in-
formation. In our study area, the treeless and unbuilt character of
the landscape means that the terrain has, in most cases, only a sin-
gle surface which corresponds to the ground level.

Inrecent years, the increased availability of drones and the advanc-
es in multi-image photogrammetry have simplified the creation of de-
tailed DEMs. Elevation models based on low-altitude aerial imagery
are thus rapidly becoming a standard practice for smaller sites. For
large sites and for regional surveys the DEMs based on LIDAR-data
(Light detection and ranging) would be optimal, yet until this data be-
comes widely available, DEMs obtained with satellite remote sensing
methods continue to be the preferred choice. Their continental or glob-
al coverage and their availability at (mostly) no cost outweigh the dis-
advantage of their lower resolution. Indeed, for some applications on

1 We thank Prof. Dr. Alessandra Gilibert and Ca’ Foscari University of Venice for pur-
chasing the NEXTMap dataset used in this study. We are also grateful to our colleagues
from Yerevan - Dr. Arsen Bobokhyan for helping to organize the fieldwork, Dr. Smbat
Davtyan for information about topographic measurements and Dr. Shahen Shahinyan
for providing us with detailed information about his GPS measurements and the Arme-
nian quasi-geoid. Furthermore, Prof. Dr. Alessandra Gilibert, Michael Rummel, M.A.,
Stefan Biernath, Ausgr.-Ing. M.Sc., and two anonymous reviewers read the manuscript
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regional scale the lower resolution is not even a disadvantage, but rath-
er a desirable necessity. Moreover, the generation of DEMs from satel-
lite data is a dynamic field and in recent years high-resolution datasets
with 10m, 5m and even 1m resolution became commercially available
for selected areas.? It can be reasonably expected that in the near fu-
ture high-precision satellite-derived DEM datasets will reach global
coverage and gradually also become available for academic research.

All the current advantages have led us to consider global or con-
tinental DEMs for our studies in the Armenian high mountains. Ad-
ditionally, the treeless character of the studied terrain, which effec-
tively eliminates the danger of vegetation bias, and the relief, which
is not particularly rough, represent a setting well within the sat-
ellite remote sensing capabilities. We were therefore all the more
surprised when the first study, conducted by our colleague Norbert
Anselm from the Freie Universitat in Berlin (Anselm 2012), contra-
dicted our expectations and raised a serious issue about the appro-
priateness of satellite-derived DEMs for the Armenian mountains.

Using the ASTER dataset, Anselm calculated viewsheds of pre-
historic stone steles distributed in groups over the subalpine land-
scapes on the Mount Aragats and on the Gegham mountains in Ar-
menia. The size of his study areas varied, the largest among them
comprised approximately 460 km?. Though his obtained results of in-
tergroup visibility were encouraging, the intragroup visibility of in-
dividual steles did not match the observations from the field. In the
best-documented example, six steles studied at the site of Karmir Sar
are 130 to 580 m distant from each other and, when erected, are ex-
pected to have been all intervisible. The computer-based analysis of
their viewshed, instead of simply confirming the overall intervisibil-
ity of the steles, concluded that out of 30 possible visibility links only
three had an uninterrupted line of sight, the remaining 27 combina-
tions were classified as invisible (Anselm 2012, fig. 5.1). These con-
tradictions casted doubts on the plausibility of the entire analysis.
After double-checking all input data, the suspicion fell on the accu-
racy of the chosen DEM. Though it was evident from the beginning
that the vertical precision of ASTER is not particularly high, its ac-
curacy in terms of surface rendering was expected to be sufficient
for reaching consistent results in a viewshed analysis.?

Intrigued by this discrepancy between the empirical observation and
the results of computer-based analysis, we decided to follow up on the
accuracy issue from Anselm’s study. We were determined to reach two

2 https://store.intermap.com/.

3 ASTER was used for similar viewshed analyses in various landscapes before and
afterwards, e.g. Bongers, Arkush, Harrower 2012; Lambers, Sauerbier 2007; Triplett
2016; Dungan et al. 2018; Marsh, Schreiber 2015.
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objectives. First, to understand why ASTER failed to provide convinc-
ing results. Second, to find out whether other available DEMs based on
satellite remote sensing data did represent the local topography more
appropriately. It became imperative to assess the quality of available
DEMs and their suitability for our study area, before any other geo-
archaeological analysis and prediction modelling could be conducted.

2 Study Area and the Datasets

In general, our area of interest for geographical analysis covers the
south slope of Mount Aragats in Armenia [fig. 1] and comprises more
than 580 km?. For the comparative testing scope of this paper, we have
focused exclusively on a limited ca. 1.5 km? study area around the ar-
chaeological site Karmir Sar (also known as Tirinkatar), whose centroid
islocated at 40.42053° N, 44.14880° E (WGS 84 Datum). The median al-
titude value of the study area is 2850 m a.s.l. Its topography is character-
ized by a slightly concave high mountain meadow with two small water
streams and several small ponds, all placed on a wider mountain ridge
[fig.2]. The area belongs to the subalpine vegetation zone, is covered by
grass and devoid of any trees or shrubs. Two deep lateral valleys delim-
it it on the east and on the west. A steep, rocky uphill slope delimits it
on the north, and a gradual downhill slope on the south.

This study area at a super-local scale was chosen as a sample for
comparisons with DEMs derived from satellite data, because here
we had high-detail geodetic data at our disposal. They were of two
kinds: a set of 17 ground control points, and a detailed contour plan.
Both are used as our reference for assessing the quality of six widely
available satellite-derived DEMs with 30 m resolution (abbreviated
here as ALOS, ASTER, EU-DEM, NEXTMap, NASADEM, SRTM). Our
attempts to include two remaining global DEMs with 30 m resolution
were not successful. All model derivations of the TanDEM-X mission,*
which was operated by the German Aerospace Center, are subject to
German legislative regulations, according to which the tiles cover-
ing Armenia are treated as sensitive information and are not public-
ly available. For the second model, Elevation 30 (also known as Ref-
erence 30) based on SPOT-5 satellite data, we did not receive sample
data before the deadline for the submission of this paper.®

4 TanDEM-X distributed for academic purposes by German aerospace center with
a small administrative fee (https://tandemx-science.dlr.de/), WorldDEM 30 dis-
tributed commercially by Airbus Intelligence (www.intelligence-airbusds.com/ge-
ostore), GLO-30 distributed at no charge by the Copernicus programme of the Euro-
pean Union (www.copernicus.eu).

5 The dataset is available commercially with a minimum order area of 500 km? on
https://www.intelligence-airbusds.com/geostore/.
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on MountAragats, Armenia.
Map: J. Elicker; data: Natural
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Figure2 Karmir Sar.View of the central and lower part of the study area

from the northwest. Photo: M. Rummel

2.1 Ground Control Points (GCP)

The excavation project on Karmir Sar uses 17 fixed points that are
dispersed at different elevations over the site [fig. 3]. All points were
measured in 2018 by Dr. Shahen Shahiniyan with a Leica GS10/15
GNSS rover receiver in static mode (30 minutes per point), combined
with a Leica AR10/GR10 used as a reference station. Thanks to post-
processing with base data (RINEX), the coordinates in WGS84/UTM
38N reference system were obtained with accuracy to the millime-
ter. The elevation values were converted from the ellipsoidal WGS84
height to the Baltic 1977 orthometric height using a proprietary qua-
si-geoid of Armenia (a previous version of this quasi-geoid is de-
scribed in Margaryan 2014, the update by Shahinyan 2017 used in
our case was not yet published). For purposes of this study, we round-
ed the elevation values to two decimal places.
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Figure 3 Position of high-definition ground control points at the study area. Map: J. Elicker

2.2 Reference DEM (RefDEM)

Previous research has demonstrated that a DEM derived from ele-
vation contours of local topographic maps can be used as a reliable
mean to reduce errors of global DEMs (Szyputa 2019). Our reference
DEM, designated as RefDEM throughout this study, is derived from
the contour plan of the archaeological site Karmir Sar. The contour
plan, produced by geodesist Smbat Davtyan from Yerevan, has an in-
terval of one meter between individual contour lines and covers an
irregularly shaped area of circa 1.1 km?. Davtyan generated the con-
tours in AutoCAD® software® with standard settings of the create
contour lines algorithm from 1735 points measured with a laser total

6 AutoCAD® 2007 Autodesk, Inc., https://www.autodesk.com/.
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station in 2012. Thanks to the presence of a geodetic triangulation
point on site, it was possible to align the entire plan with the Arme-
nian state grid. At the time of the plan’s completion in 2012, the coor-
dinates were reported in the Gauss-Kriiger Zone 8 coordinate system
instead of Universal Transverse Mercator coordinate system used in
Armenia today. The contour plan was originally georeferenced with-
in the Pulkovo 1942 datum/Gauss-Kruger Zone 8 coordinate refer-
ence system (now deprecated) in order to obtain an overlap with lo-
cal topographical maps of the entire Aragats area.

For the purposes of this study, the georeferenced vector contour
plan was transformed into our RefDEM with a 25 m resolution. The
conversion was conducted with the GRASS implement v.to.rast.attrib-
ute” within the QGIS program? (factor 25 set as raster size for adapt-
ing to the other DEMs in the best way possible). In this way, no data
could be generated between the contour lines, so they were subse-
quently interpolated by the GRASS function r.surf.contour,® which
converted the previous patchy raster into a continuous DEM.

2.3 ALOS

The full name of this freely available DEM is ALOS Global Digital Sur-
face Model (DSM) ‘ALOS World 3D-30m’, abbreviated in AW3D30.*°
For our calculations, we have used its version 3.1 released in April
2020. ALOS is an acronym standing for Advanced Land Observing
Satellite, nicknamed ‘Daichi’ and operated from 2006 to 2011 by
the Japan Aerospace Exploration Agency. The ALOS elevation data-
set was produced primarily from the processed stereo pairs of the
PRISM (Panchromatic Remote-sensing Instrument for Stereo Map-
ping) optical instrument onboard the satellite (Tadono et al. 2016,
157-9). The spatial resolution of the originally developed 3D dataset
is approximately 5 m, but the freely distributed DEM was reduced to
a spatial resolution of approximately 30 m. In our study area, when

7 © 2003-2021 GRASS Development Team, GRASS GIS 7.6.2dev Reference Manu-
al (Authors: Original code: Michael Shapiro, U.S. Army Construction Engineering Re-
search Laboratory, GRASS 6.0 updates: Radim Blazek, ITC-irst, Trento, Italy, Stream
directions: Jaro Hofierka and Helena Mitasova, GRASS 6.3 code cleanup and label sup-
port: Brad Douglas), https://grass.osgeo.org/grass78/manuals/v.to.rast.html.

8 All basic calculations and visualizations have been conducted within the program
QGIS and its implemented functions, with the latest version at the given time: 2.18, 3.0
and 3.16 (QGIS.org, 2021. QGIS Geographic Information System. QGIS Association.
http://www.qgis.org).

9 © 2003-2021 GRASS Development Team, GRASS GIS 7.6.2dev Reference Manual
(Author: Chuck Ehlschlaeger, U.S. Army Construction Engineering Research Labora-
tory), https://grass.osgeo.org/grass78/manuals/r.surf.contour.html.

10 https://doi.org/10.5069/GI4MO2HB.
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using the projected WGS84/UTM38N coordinate reference system,
one cell along the longitude corresponds to 21.2 m, along the lati-
tude to 27.6 m.

The mask file (MSK extension) provided as a component of the
ALOS dataset is a useful tool to retrace the origin of elevation val-
ues for each individual cell. It attests that the vast majority of cells in
our study area was produced by the PRISM sensor of the ALOS sat-
ellite itself and their elevation was classified as valid (not distorted
by snow or clouds). The few void cells concentrated on the slope in
the northwest part of the study area were filled by using the SRTM1
V003 DEM [fig. 4]. The elevations in ALOS were converted from the el-
lipsoidal height, using the EGM96 geoid model (JAXA EORC 2020, 2).

427500 428000
ALOS 3.1 MSK

I ALOS 3.1
I SRTM 1V3
I ASTERV3

=]
=1
n
wy
—
<
<

!

WGS 84 UTM 38N (EPSG 32638)

Figure4 Voidfilled areas within the ALOS World 3D 3.1 version. Map: J. Elicker
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2.4 ASTER

ASTER stands for Advanced Spaceborne Thermal Emission and Re-
flection Radiometer and it was released jointly by The Ministry of
Economy, Trade, and Industry (METI) of Japan and the United States’
National Aeronautics and Space Administration (NASA).** For our cal-
culations we have used the Global Digital Elevation Model Version 3
(ASTER GDEM V3) released in August 2019. The original dataset was
created photogrammetrically from a compilation of cloud-free ASTER
stereopairs (DeWitt, Warner, Conley 2015, 182). ASTER GDEM V3
preferably used alternative DEMs to fill any voids before attempting
to close them by an interpolation (Abrams, Crippen, Fujisada 2020, 5).

To identify the source of any given elevation cell value, the AS-
TER GDEM V3 dataset includes a numerical raster file (NUM exten-
sion). Its content indicates the number and the origin of scenes (ste-
reo pairs) used to calculate the individual elevation values (Abrams et
al. 2020, 7-8, table 3). In terms of internal assessment of quality, be-
tween ten to fifteen scenes are deemed sufficient; beyond that num-
ber the elevation error diminishes only marginally (Gesch et al. 2016,
145-6, fig. 5). According to the NUM file, our study area does not con-
tain any voids filled with alternative DEMs; all cells were produced
with stacking of 18 up to 30 ASTER GDEM V3 scenes and according-
ly they not only fulfill, but also exceed the internal quality standards.

2.5 EU-DEM

The EU-DEM combines the advantages of both data acquisition tech-
niques used for satellite remote sensing - the optical stereoscopy
and radar interferometry.* It is a blend of SRTM1 V003 and ASTER
GDEM data, fused together by a weighted averaging approach and
improved through Russian topographic maps, a hydrology dataset,
proprietary high-precision elevation data and removal of artefacts
(Bashfield, Keim 2011). It should be noted that its source data does
not share the same level of detail - while the resolution of ASTER
GDEM is 30 m, the SRTM3 dataset only has a resolution of ca. 90 m;
the more precise SRTM1 dataset with 30m resolution was not free-
ly available at the time for areas outside the United States of Amer-
ica. EU-DEM is provided with 25 m resolution, yet it is not specified
in its documentation whether this improvement was achieved by sim-
ply upsampling the original lower-resolution datasets, or by enhanc-

11 https://doi.org/10.5067/ASTER/ASTGTM.003.

12 http://land.copernicus.eu/pan-european/satellite-derived-products/eu-
dem/eu-dem-vl1.1/view.
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ing them through proprietary high-precision data. For our analysis
we have used the EU-DEM V1.1 version, released in 2016.

2.6 NEXTMap

The full name of this model, produced by the Intermap company, is
NEXTMap World 30 DSM. Analogically to the EU-DEM, this model
too is a fusion of other freely available datasets, specifically SRTM3
v2.1, ASTER GDEM v2.0, GTOPO30 (for polar areas). All datasets
were void-filled, merged by a proprietary Intermap algorithm and
their elevations were corrected with high-resolution LIDAR data from
NASA'’s Ice, Cloud and Land Elevation Satellite (Intermap 2013). The
NEXTMap World 30DSM was marketed by Intermap as the “best-
available surface elevation data with a 30-meter ground sampling
distance” with a reliable and consistent global coverage (Intermap
2018). We have purchased the dataset for our area of interest in 2018,
but in the meantime it was replaced by its successor with a higher,
10 m resolution.** Though no versioning information has accompa-
nied our dataset, we assume that it was NEXTMap World 30 DSM
v2.0 released in 2013.**

2.7 SRTM

In contrast to the ASTER and ALOS DEMs, which are based on opti-
cal stereoscopy, the SRTM (Shuttle Radar Topography Mission) DEM
is based on the radar interferometry technique. The main advantage
of the radar interferometry is that its data quality does not depend
on light conditions. The interferometric synthetic aperture radar (In-
SAR) used by the mission has operated day and night, irrespective
of the cloud cover (Rabus et al. 2003, 242). In fact, though the SRTM
data covers nearly 80% of the earth’s land surface, they were collect-
ed within just 11 days - between 11th and 22nd February 2000 by
the Endeavour shuttle (Farr, Kobrick 2000; Farr et al. 2007). For our
analysis we have used SRTM1 Version 3 (also known as void-Filled
SRTM Plus, SRTM NASA V3 or SRTMGL1 V003), which has a reso-
lution of 1 arc-second (ca. 30 m) and had all of the previous voids
filled.*® It was released in 2013 (NASA JPL 2013). The ancillary NUM

13 https://store.intermap.com.

14 Only two versions are publicized in the archive of Intermap press releases at htt-
ps://www.intermap.com/pressreleases - the first version released in June 2012, the
second in August 2013.

15 https://doi.org/10.5066/F7PR7TFT.
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file provided with this SRTM dataset attests that our study area had
no voids filled with data from other sources. All its elevation values
were classified as coming from either two or three SRTM swaths (for
field coding cf. SRTM User Guide 2015).

2.8 NASADEM

NASADEM is a modernized version of the SRTM data. It was created
by reprocessing the original raw SRTM signal data with improved al-
gorithms, and by filling the voids with data from alternative sources
(Buckley et al. 2020, 1, 5). For our analysis we have used the NASA-
DEM Merged DEM Global 1 arc second Version 1 dataset, released in
February 2020.*¢ Its resolution in our area is ca. 30 m. The ancillary
NUM file provided with the NASADEM dataset attests that our study
area had no voids filled with data from alternative sources. Its eleva-
tion values were classified as coming from SRTM radar swaths - the
majority of cells from three swaths, with very few coming from just
two swaths (for coding see Buckley et al. 2020, table 2).

3  Assessment Methodology

We have used three approaches to assess the quality of tested DEMs
for geoarchaeological applications: a statistical comparison with
ground control points, a statistical comparison with a reference DEM,
and a visual assessment of the DEMs’ spatial structure (for a crit-
ical review of available assessment methods see Polidori, E1 Hage
2020). In this section we present the methods, the results are dis-
cussed in § 4.

3.1 Statistical Comparison with Ground Control Points

A common method of evaluating the quality of a DEM is to use a set
of ground control points (GCP) measured precisely, and to compare
their elevations with values at corresponding locations on the DEMs.
By calculating the Root Mean Square Error (RMSE) of these values it
is possible to statistically express the elevation discrepancies in me-
ters between any tested model and the reference dataset. Compar-
ing all tested models, the one with the lowermost RMSE value will
have the least difference to the reference dataset and should thus be
the one with the best vertical accuracy.

16 https://doi.org/10.5067/MEaSURES/NASADEM/NASADEM_HGT.001.
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RMSE became a standard for determining the accuracy of maps
(Ghilani 2017, 28) and it was frequently used by previous evalua-
tions of DEMs (cf. e.g. Saran et al. 2010, 110; Nsanziyera et al. 2018).
The advantage of the RMSE method is that, on one hand, the minus
and plus errors will not neutralize themselves, but will all get treat-
ed equally. On the other hand, the outliers will have a substantial ef-
fect on the result because their weight will be exponentiated by the
square function. The latter characteristic is a convenient method to
differentiate between the quality of DEMs, where even a single sub-
stantial outlier can cause serious difficulties during various land-
scape analyses.

For our comparison, we have used the points described in § 2.1 as
the reference dataset and computed the RMSE values (in meters) of
all tested DEMs with the following equation:

-: > |pEM,~GCP,f

RMSE =] =
1 n

where i is the ground control point number, n is the total number of
ground control points (in our case 17), GCP, is the elevation of the
ground control point, DEM, is the elevation value of the cell corre-
sponding to the position of the ground control point in the given DEM.

3.2 Statistical Comparison with the Reference DEM

While a statistical assessment with RMSE and GCPs offers a quick
and precise glimpse on the vertical accuracy of DEMs, it is limited to
a few cells that overlap with the position of GCPs, which can be mis-
leading. One or few outliers can be concentrated on a limited area,
on certain features, or on certain landscape types. The spatial dis-
tribution of errors thus plays an important role in recognizing error
patterns and accordingly, whenever possible, it is meaningful to en-
hance the assessment of DEMs’ quality over their entire area. This
can be achieved through comparisons with a reference DEM, which
is usually less precise than ground control points, yet it offers the
added benefit of being able to compare elevation cell values of the
entire models.

In order to enable comparisons between the tested DEMs and the
RefDEM, all available datasets needed to be adapted to matching pa-
rameters. We achieved this in two steps: in the first step, the RefDEM
with a 25 m resolution was generated from the vector contour plan of
the Karmir Sar site (see § 2.2) and in the second step, all raster im-
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ages from the tested DEMs have been adjusted to the same size - to
grant their correct overlay and correspondence of their cells. This
was conducted within the raster calculator inside QGIS, where each
model could be clipped to the exact same size as the RefDEM (rows:
47; columns: 57), resulting in matching position and size of all cells.*”

After adapting all datasets to matching parameters, the resulting
clipped rasters were used to calculate the difference of height val-
ues of each cell with the raster calculator: values of each individual-
ly tested DEM were subtracted from values of the RefDEM. The out-
come is either negative (RefDEM value is lower) or positive (RefDEM
value is higher). For better visualization, each cell was then classi-
fied by means of a specific color - depending on the absolute differ-
ence in height. The height differences were divided up into one-me-
ter steps, ranging between 9 and -9 m.

In addition, for the purpose of statistical evaluation, the values
(height difference in meters) of each model’s cells have been extract-
ed. This was achieved by creating sample points in the center of each
cell with the raster pixels to points algorithm in QGIS. In order to
avoid comparing distorted data from raster cells within the fringe
range of the RefDEM, the outer sample points were deleted within
a ‘buffer zone’ and not taken into consideration.*®* Subsequently, the
height difference values of each model’s cells have been extracted
by the point sampling tool from the centered vector points (n=1569).
These values were summarized within Excel and afterwards pro-
cessed with JMP software*® to determine summary statistics (median,
mean, minimum, maximum). Finally, the results were visualized as
histograms to provide a closer examination of the value distribution.

17 Previous attempts to cut the models based on a polygon showed an imperfect over-
lay of raster cells. This can be attributed to differing projections of the underlying raw
data, resulting in slight distortion of raster cells.

18 A polygon surrounding the vector contour lines was created with the implement-
ed tool concave hull (k-nearest neighbor).

19 Version JMP Statistics Pro 15 (SAS).
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3.3 Visual Assessment of the Spatial Structure

For some applications, a surface consistency and a reliable rendering
of terrain forms are more important than an absolute vertical accu-
racy, as long as an elevation offset is evenly distributed and not ran-
dom. These characteristics are referred to as a “shape and topolog-
ic quality” (Polidori, E1 Hage 2020, 3) or also known as a “relative”
or “geomorphological” accuracy (Szyputa 2019, 850). In order to as-
sess them, the previous two statistic evaluations should thus be en-
hanced by a visual assessment of the spatial structure. An addition-
al advantage of visual assessment is that it can also be done on each
DEM intrinsically, without the need for external supplementary data.
This is especially important for new field projects, where a conveni-
ent high-resolution reference dataset for comparisons rarely exists.

One of the easiest ways to gain a first impression of surface reg-
ularity, and even of the elevation difference regarding various mod-
els, is to make a cross-section. In our case, a cross section going from
northwest to southeast was created for each model with the terrain
profile tool of QGIS. After extracting the values (57 equally distribut-
ed points) along this selected line, they were visualized as line graphs
within JMP Statistics. However, this approach only gives a first im-
pression of the variation in terrain gradation for the selected mod-
els and, significantly, only in a restricted area.

A more comprehensive way to assess the spatial structure is to
meaningfully visualize all elevation values. To ensure direct, cross-
model visual comparison of elevation values and their distribution,
all raster images need to be shown with standardized settings. For
this purpose, the minimum and maximum values in the color style
were adjusted to match the range of values at the location of Karmir
Sar - with a minimum of 2840 m and a maximum of 2865 m a.s.l,,
following an elevation gain of one-meter steps. Simultaneously, the
contour lines that served as a base for producing our RefDEM were
put on top of each raster image to visualize the respective accord-
ance in terrain gradation.

An additional approach regarding the assessment of elevation val-
ues distribution and surface regularity was to depict the models as
shaded reliefs.?® Using this option, the quality of the data’s steadi-
ness and possible errors by depicting or not depicting certain land-
scape features become even more distinguishable.

20 Implemented hillshade tool in QGIS (GDAL) with standard settings and a chosen
z-factor of 0.00003.
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4 Results and Discussion

All three assessment methods revealed considerable differences in
the quality of the tested DEMs. However, it is interesting to note that
the deployed assessment methods did not produce identical quality
rankings, so a final combined assessment became necessary. We first
present the results individually for each method, before proceeding
to the combined assessment.

4.1 DEM Quality Assessment Based on Comparison
with Ground Control Points

All tested DEMs, including the RefDEM generated from the contour
plan, were compared with the GCP dataset using the methodology
described in § 3.1 (for the description of datasets see §§ 2.1-2.8). The
following Root Mean Square Errors (RMSE) have been calculated:

Table1l RMSEvalues of all tested DEMs when compared with the ground control
points dataset (GCP)

GCP A B [d D E F G H  RefDEM ALOS ASTER EU- NASADEM NEXTMap SRTM
no.  GCP  RefDEM ALOS ASTER EU-DEM NASADEM NEXTMap SRTM (A-B)*> (A-C)* (A-D)* DEM (A-F)2 (A-G)2  (A-H)
(A-E)
1 2848.06 2848.00 2851 2857  2847.81 2850 2849.04 2851  0.00  8.64 79.92  0.06 3.76 0.96 8.64
2 2848.40 2848.00 2851 2853  2847.34 2849 2849.00 2850 0.16 676 21.16 1.11 0.36 0.36 2.56
3 2851.30 2851.00 2854 2856  2851.06 2852 2852.00 2856  0.09 729 2209 0.6 0.49 049  22.09
4 2849.07 2849.00 2852 2853  2851.06 2850 2851.26 2851 0.0l  8.58 1543  3.94 0.86 4.79 3.72
5 2848.18 2848.33 2851 2848  2850.66 2851 285202 2851  0.02  7.95 0.03 6.13 7.95 14.75 7.95
6 2844.55 2844.00 2847 2848  2847.03 2847 2846.06 2846  0.30  6.00 1190 6.15 6.00 2.28 2.10
7 2849.87 2849.19 2853 2858  2850.09 2854 285142 2856  0.46  9.80 66.10  0.05 17.06 240  37.58
8 2847.86 2847.00 2850 2852  2849.08 2848 2848.13 2849 074 458 1714 148 0.02 0.07 1.30
9 2844.19 2844.00 2847 2851 2846.46 2846 2846.04 2847  0.04 790 4638 5.6 3.28 3.42 7.90
10 2842.63 2843.00 2846 2849  2845.19 2844 284362 2845  0.14 1136 40.58  6.56 1.88 0.98 5.62
11 285810 2856.00 2859 2862  2851.30 2857 285431 2858 441 081 1521 46.25 1.21 1436 0.01
12 2862.35 2861.50 2865 2870  2865.43 2862 2862.95 2864 072 7.02 5852  9.47 0.12 0.36 2.72
13 2853.30 2853.00 2856 2866  2856.17 2858 2856.54 2857  0.09 729 16129 8.23 22.09 10.50  13.69
14 285840 2858.00 2862 2861 285527 2859 2857.25 2860  0.16 12.96 676  9.81 0.36 1.32 2.56
15 2841.91 2842.00 2844 2842  2842.10 2841 284161 2842 0.0l 437 001 0.3 0.83 0.09 0.01
16 2871.04 2871.00 2869 2871  2859.98 2871 2869.04 2872 0.00 416 0.0 12229  0.00 4.00 0.92
17 2859.36 2859.00 2861 2863  2848.27 2854 285223 2856  0.13 269 13.25 123.07  28.73 50.84  11.29

Root Mean Square Error (‘Jli.‘_‘:..wu, m.:*) inmeters 0.66  2.64 582 454 2.36 2.57 2.77
T

The comparison of the RMSE values demonstrates that our RefDEM
has the lowest deviation from the high-precision GCP dataset. The
deviation value of 0.66 m is a very good result, considering the cre-
ation of the RefDEM from a base contour plan with one-meter equi-
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distance.* It is a statistical confirmation of the fact that the RefDEM,
which was produced from the most detailed dataset, comes closest
to the high-precision control points and is accordingly the best suit-
able base for comparisons requiring entire surfaces.??

The second-best result in terms of absolute vertical accuracy when
compared with the GCP is held by the NASADEM dataset: 2.36 m. The
RMSE values of ALOS, SRTM and NEXTMap came very close to each
other; they range between 2.57 and 2.77 m. Considerably worse are
the results for EU-DEM and ASTER, with values of 4.54 and 5.82 m,
respectively. While the ASTER error is due to a number of random-
ly dispersed deviations in magnitude of 5 to 7 m and a single devia-
tion in magnitude of almost 13 m, the substantial error of EU-DEM is
caused by three points with 7 to 11 m deviation (GCPs no. 11, 16, 17),
all of them close to the eastern limits of the contour plan. It looks as
if the terrain modelled by EU-DEM near the three points was already
sloping down towards the valley, though all the points are in reality
located on the ridge. We suspect that this reflects either an intrinsic
algorithm-based deformation of EU-DEM or a horizontal shift caused
by the EU-DEMs projection.

4.2 DEM Quality Assessment Based on Statistical Comparison
with the Reference DEM

Since its reliability and precision was confirmed by an assessment
based on ground control points, the RefDEM can be considered a
suitable base for visual and statistical comparisons with other DEMs
where entire surfaces are required. For evaluating the whole extent
of the study area, the deviation of height values from the RefDEM
was calculated for each cell of every tested DEM raster (following
the methodology described in § 3.2). The results were visualized in
two ways: as a comparison of difference-rasters showing the spatial
distribution of deviations [fig. 5], and as a histogram comparison of
height differences in relation to cell count [fig. 6]. Both visualization
types are interrelated and need to be mutually examined.

21 If it was not for a single outlier - the Ground Control Point no. 11 and its liminal
position on the edge of a steep slope between two raster cells - the RMSE value would
have been 0.50 m or better. This outlier is owed to the raster-creating algorithm that
interpolated a medium value in the chosen 25 m cell size in a challenging terrain. None-
theless, it is in the sense of the RMSE method to stress such deviations.

22 Since the GCP dataset is based on distinct and independent measuring method-
ology, the comparison with the RefDEM is legitimate and avoids circular reasoning.
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Figure5 Distribution of differencesin elevation between DEMs and the reference DEM
with marked sample points within the cell centers. Map: J. Elicker

In general, both visualizations of height differences show that the
majority of significant discrepancies lies within the negative range.**
This means the models in question depict higher elevation data than
the original terrain. In particular, the spatial visualization of devi-
ations allows several insights concerning the magnitudes of error
and distribution of error clusters. The ASTER data evidently shows
the largest area covered by highest deviations of -8 to <-9 m. In
this range, the NASADEM and SRTM values differ more occasional-
ly within smaller areas, which are irregularly distributed. The var-
iation of these models rather lies within a lower range from -7 to -4
m. In both cases, significant leaps in value are noticeable. Howev-
er, the NASADEM shows more spots ranging between 0 and -2 m of
height difference than the SRTM data. The ALOS model depicts rel-

23 It must be noted again that the areas outside the contour lines were ignored for
they have no correctly interpolated values and consequently cannot reflect a reliable
value in difference.
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atively widespread values between -1 to -4 m, while only limited ar-
eas show differences of -4 to -6 m or higher. The NEXTMap model as
well as the EU-DEM show widespread variations to a lesser extent
(mainly -2 to 2 m). Most of the higher difference values are still situ-
ated within a moderate scale and, in addition, more clustered in cer-
tain areas. Especially within the higher located areas in the north or
east one can still find extreme variation up to -9 m, though they on-
ly appear in single spots.

The second visualization enhances the first one by summarizing
the statistical evaluation of height differences Ifig. 6]. The histograms
show the number of cells on the y-axis while depicting the difference
of height in meters on the x-axis for each DEM. This way, one can per-
ceive how many cells are situated within a certain range or increment
of height difference (total number of included cells according to the
marked sample points in fig. 5: N = 1569). Summary statistics such
as minimum, maximum, mean and median are depicted on the right.
Ideally, a DEM of favorable quality would be expected to show a low
ranging spectrum, where the min. and max. values lie as close around
0 m of height difference as possible. Given a wider range, at least a
clustering of values around 0 m would be expected, leaving only oc-
casional cells within higher increments (negative or positive) so they
can be determined as outliers. In both cases, the mean and median val-
ue should be close to 0 m and not differ significantly from each other.

ALOS
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Figure 6 Distribution of differencesin elevation accordingto cell count. Chart: J. Elicker
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The ASTER data shows the most even distribution resulting in a flat-
tened ‘curve’ with a vaguely distinguishable peak. The median and
mean (-5.66 m and -5.68 m) are almost similar in value, but are also
the ones furthest away from the ideal 0 m. The values’ range is slight-
ly less scattered (min. -20 m; max. 9 m) than others, but the num-
ber of cells for each increment are more evenly distributed across
the spectrum. Therefore, higher differences e.g. between -10 to -12
m still comprise about 105 cells.

The deviation range of the ALOS model (min. -20 m; max. 16 m)
must be considered as extremely high. However, most values (812)
have height differences ranging between -2 and -4 m, leaving a re-
markable gap to neighboring increments. Higher increments (-6 to
-20 m and 4 to 18 m) entail only a small share of cells in total. Those
can be classified as outliers and do not heavily influence the overall
impression of this model. The median (-3 m) and mean (-2.4 m) differ
slightly, which is not ideal but an acceptable result, also regarding
the values themselves.

While the mean (-1.7 m) and median (-2 m) of the NASADEM are
slightly smaller and closer to each other compared to the ones of
ALOS, a difference regarding the range is evident (min. -10 m; max.
9 m). Compared to its predecessor SRTM, a slight improvement is vis-
ible regarding both the range (min. -11 m; max. 7 m) as well as me-
dian (-3 m) and mean (-2.5 m). In both cases, the number of cells is
rather clustered without many outliers, resulting in a less significant
peak and, consequently, a higher and more evenly distributed share
of cells within the increments. Nevertheless, the well rated range of
NASADEM is only exceeded by NEXTMap (min. -7.7 m; max. 7.7 m),
which reaches the best result in this regard. Also, in terms of medi-
an (-1.8 m) and mean (-1.6 m), the model comes out considerably well.

With a rather moderate range (min. -14.7 m; max. 16.1 m), the EU-
DEM shows the best results regarding median (-0.85 m) and mean (-0.8
m). Even so, the highest increments in height difference only include
minimal numbers of cells in total and can be classified as outliers. There-
fore, the significant number is situated between -6 to 6 m and, includ-
ing median and mean, this model shows the most favorable statistics.

4.3 Visual Assessment of DEMs’ Quality

For visual comparisons focusing mainly on terrain gradation, we used
a visualization with multi-color elevation rendering and a hillshade
visualization. In addition to these two separated comparisons be-
tween the RefDEM and the tested models, a cross section was used
to depict the differences of all models simultaneously within a select-
ed area (see § 3.3 for more details). Although all tested models were
compared to the RefDEM, these three visualization methods convey
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important autonomous insights into model quality and would allow
some primary assessment even without a reference dataset.

43.1 Visualization of Terrain Profiles with a Cross-Section

The cross section follows a northwest to southeast running line [fig. 71.
Its position was chosen with the aim of cutting through areas with
the highest topographic variability. Thanks to this visualization, all
tested DEMs can be compared in a single figure.

distanee in m

Figure 7 Differences of terrain gradation between the DEMs
from a cross section going northwest to southeast. Chart: J. Elicker

In this cross-section the volatile and inconsistent character of NAS-
ADEM, SRTM and ASTER is evident, though the former two at least
range in the vicinity of the RefDEM s height level. For the most part,
ASTER depicts by far the highest values throughout its whole course.
At the same time, all other models show a little more steadiness.
While the northwestern region (between 0 and 125 m in distance) is
very closely resembled by ALOS, NEXTMap, NASADEM and SRTM, a
significant difference of more than 10 m for the two remaining mod-
els is evident. Apart from this particular spot, EU-DEM generally fol-
lows the original landscape with differences of more than 5 m in cer-
tain areas. However, ALOS follows the original course most closely,
but with a consistent gap of a few meters. Within the already above-
mentioned plain area (between 250 to 625 m distance) the data sug-
gests - besides complete irregularity in cases of ASTER, NASADEM
and SRTM - higher elevations from 5 up to 15 m for all models.
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4.3.2 Visualization of the Terrain with Multi-Color Elevation
Rendering in Discrete 1-Meter Steps

Regarding the spatial visualization with multi-color elevation ren-
dering in discrete 1-meter steps, some differences between the open
data models are already obvious at first sight [fig. 8]. Especially the
ASTER dataset seems to contain an extremely irregular and volatile
distribution of values. No natural gradation whatsoever is recogniz-
able, and a correlation with the RefDEM is scarcely apparent, with
the exceptions of the higher regions within the north as well as the
eastern peak. Nonetheless, values higher than 2861 m are exten-
sively widespread, which does not correspond to reality. The NASA-
DEM is of only slightly better quality in this regard and shows only
small differences compared to SRTM. For both models, the values of
the cells follow a smoother gradation, though they still contain some
evident leaps. Nevertheless, the models only match the RefDEM in
limited areas and those values themselves are mostly much higher
than the original landscape. This is especially evident by looking at
the plain in the middle of the northern half (originally at a height be-
tween 2850 - 2851 m a.s.l.) and, again, the eastern peak.

<= 2841
2841 - 2842
2842 - 2843
| 1843. 2844
2844 . 1845

2845 - 1846
1846 - 2847
2847 - 1848

21848 - 2845
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Figure 8 Spatial visualization of surface regularity for the different DEMs in Karmir Sar. Map: J. Elicker
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Within the ALOS model, different topographic features are discern-
ible e.g., the two north-south depressions are indicated, and irreg-
ularities as well as volatile transitions are shown only occasionally.
The terrain is fairly coherent, particularly within the lower regions.
Nevertheless, the whole area generally seems to be depicted as high-
er than the RefDEM suggests the original terrain to be.

By far the best quality of all compared open data models is shown
by the EU-DEM. The terrain gradation is both clearly visible and
smooth, without any sudden or extreme leaps. Topographic features
are distinct and match the contour lines of the RefDEM more closely.
Even the eastern depression is clearly indicated in its entire length.
Only few differences remain in comparison to the natural terrain.
For instance, the plain is less discernible and the western depression
reaching from north to south is less pronounced than it should be.

The charged model NEXTMap World 30 is quite similar to the EU-
DEM, e.g. it also appears to misrepresent the plain and the western
depression. Only a few differences in quality between these two mod-
els can be pointed out. Especially, the accordance with the original
terrain is exceeded by the EU-DEM in some areas (like the eastern
depression). The general terrain gradation is comparable to the EU-
DEM, but with slightly higher values in total. Even though the quality
of both models seems to be comparably high, a small apparent differ-
ence to the RefDEM, and therefore to the original terrain, remains.

4.3.3 Visualization of the Models as Shaded Reliefs

Differences in terrain gradation become likewise visible when look-
ing at the visualization of the models as shaded reliefs [fig. 9]. This
hillshade view offers a more detailed impression regarding grada-
tion and continuity of the data. The volatile and unsteady character of
the ASTER, NASADEM and SRTM data stands out, while the remain-
ing ones occasionally show landscape features, which do not - or at
least not to the depicted extent - exist in reality: e.g. the distinctive
mound in the middle of the northern area (ALOS), or the extended
spaciousness of the easternmost peak (EU-DEM and NEXTMap). Nev-
ertheless, apart from the RefDEM, ALOS as well as EU-DEM show the
closest resemblance by depicting a generally flat and smoothly undu-
lating landscape. In this regard, the NEXTMap model depicts a more
irregular terrain than the previous visualization suggested. EU-DEM
shows some jittery effects that might be caused by algorithm smooth-
ing or reprojection issues.
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]

Figure9 DEMsdepicted asshaded reliefs as an additional approach
to examine surface continuity and pointoutirregularities. Map: J. Elicker

4.4 Combined Assessment

As already indicated in the introduction to this section, and corrob-
orated in its previous subsections, the various assessment methods
led to some differences in rankings. The assessment with GCP placed
NASADEM as the most accurate, followed by NEXTMap and ALOS.
According to the assessment with RefDEM the first place belongs to
EU-DEM, followed by NEXTMap and NASADEM. Finally, the visual
assessments revealed the following sequence: EU-DEM first, NEXT-
Map second, and ALOS third. What all rankings have in common is
the last position achieved by the ASTER model.

But which ranking is then most useful and which model can be rec-
ommended as the best? Evidently, each assessment method has its
advantages and limitations. The advantage of the assessment with
GCP lies in its high precision, yet it is limited by a reduced compar-
ison area. The assessment with a reference DEM uses complete ar-
eas for comparisons, yet it has lower precision and is not sufficient
for detecting surface flaws. The visual assessment does detect sur-
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face flaws, yet it does not quantify them. So, in order to understand
which DEMs do best represent a landscape, it is useful to combine
the advantages of all assessment methods. At the end, the result al-
so depends on the intended use of the models.

In consequence, the ASTER, NASADEM, and to a much lesser de-
gree also ALOS, demonstrate modelled surfaces that are uneven, dis-
torted and contain artifacts. This overrides some statistically good
results and limits the use of these models for geoarchaeological pur-
poses. In case of viewshed analyses, the randomness and the mag-
nitude of such irregularities effectively hinders the use of affected
DEMs as a reliable source. A similar conclusion applies for hydrolog-
ical applications, unless intended in a low resolution. Regarding the
NASADEM and SRTM, which are based on the same data, the more
recent NASADEM indeed obtained better results in every assessment
method for our study area. It is to be expected that NASADEM is go-
ing to replace SRTM in the near future.

For our studies on the open treeless subalpine landscape of Mount
Aragats, the combined assessment reveals that among all tested DEMs
the most suitable ones are the EU-DEM and NEXTMap. They are both
very similar in quality, and were produced with nearly identical meth-
odology, involving the proprietary algorithms of the Intergraph com-
pany (also by EU-DEM, cf. Bashfield, Keim 2011). Both EU-DEM and
NEXTMap 30 DSM are largely free of artifacts and are consequent-
ly more reliable and consistent, probably as a result of smoothing al-
gorithms, fusing with a lower resolution SRTM3 dataset (90 m), and
the removal of spikes. NEXTMap has markedly better mean eleva-
tion precision, while EU-DEM is slightly better in modelling the ter-
rain shapes. The main advantage of NEXTMap is its global coverage,
while the main advantage of EU-DEM is its availability at no cost.

4.5 Interpretations and Limitations

Our study area in high mountains is topographically very static, so
the temporal aspect of data collection does not play a crucial role.
However, there are two relevant, seasonally recurring patterns to
consider as exceptions. First, every winter season the study area is
covered by several meters of snow, so any data acquired remotely in
this period can be expected to be systematically higher than the actu-
al terrain. Second, seasonal pastoralists traditionally visit the study
area during the summer months, and they build their large tents in
the middle of it. Depending on the time of the data collection, there
could theoretically be differences of up to three or four meters in the
limited central area of the site where the tents temporarily stood.
The first recurring pattern could explain the thoroughly higher el-
evations in case of SRTM as well as NASADEM, and to a certain de-
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gree also EU-DEM and NEXTMap. All four models are based on (or
incorporate) data from the SRTM mission, which was collected in
February 2000, when our high-altitude study area was in the peak
of the winter season and must have been covered by several meters
of snow. To a certain degree, the presence of snow might be respon-
sible for the higher elevations of ALOS and ASTER, too. Though both
latter models were produced by stacking of image pairs acquired
over several years, their elevations resulted from averaging all val-
ues, presumably including the extreme winter ones. Snow surfaces
are notoriously difficult to model with optical photogrammetry due
to point alignment issues on homogeneous backgrounds.

Concerning the second recurring pattern, we examined the op-
tion that some of the irregularities in ASTER and ALOS might have
been caused by seasonal pastoralist activities. However, we conclud-
ed that this is not necessarily the case, as the irregularities in the
models do not concentrate exclusively on the central area, which is
being recurrently used by the pastoralists. The irregularities thus
must have been caused by other conditions.

What might these conditions have been? Irregularities in form of
spikes are typical for models based on optical stereoscopy and are like-
ly caused by point mismatches in the image pairs; they occur locally
as jumps between two adjacent pixels (Honickel 1999; Karkee, Stew-
ard, Aziz 2008, 294). A number of similar errors like ‘bumps’, ‘pits’,
‘mole-runs’, other geometric artifacts, and grainy anomalies (‘noise’)
have been reported for previous versions of ASTER, especially for ar-
eas with insufficient image coverage, persistent clouds or suspected
abundant snow cover (ASTER GDEM Validation Team 2009, 22-6; 2011,
18). Yet, irregular artifacts evidently persist even in the newest, third
ASTER version and in spite of sufficient imagery coverage (see §§ 2.4
and 4.3). We can only speculate about the reasons - insufficient light
conditions, differences between periods with and without snow cov-
er, reflection from the water surface of the small ponds, and missing
contrast in times with snow cover are among the most likely options.

Radar interferometry avoids some of the errors typical for optical
stereoscopy (cloud errors, snow and water reflection errors, insuffi-
cient light contrast), yet this technique is susceptible to other errors,
some of which also produce geometric artefacts or voids (failings
under high terrain steepness or rapid change in surface roughness,
specular reflection errors of water areas, deserts and other surfaces
that reflect too little microwave energy, radar shadows, radar corre-
lation and phase-unwrapping errors).?* This seems to be confirmed
in our case, where the visualizations of SRTM and NASADEM also
displayed various artifacts.

24 Rodriguez, Morris, Belz 2006; Karkee, Steward, Aziz 2008, 294; Yang, Meng, Zhang 2011.

96

magazén e-ISSN 2724-3923
2,1,2021,71-102



Pavol Hnila, Julia Elicker
Quality Assessment of Digital Elevation Models in a Treeless High-Mountainous Landscape

At last, an additional option to explain the generally higher ele-
vations of all DEMs based on satellite remote sensing methods in
our study area should be discussed. It is a possible systematic off-
set caused by using different geoids for transformation between the
ellipsoidal and the orthometric heights. Our ground control points
were transformed using the proprietary high-precision quasi-geoid
of Armenia, which yields values nearly identical to the heights used
in local topographic maps and to our RefDEM. The satellite mod-
els, on the other hand, were transformed with either EGM96 (Earth
gravitational model from 1996 used for ALOS, ASTER, NEXTMap,
NASADEM, SRTM) or EGG08 (European gravimetric geoid/quasi-
geoid from 2008 used for EU-DEM). A quick test for a trigonomet-
ric geodetic point in Tirinkatar (= our GCP no. 17 with an ellipsoidal
height = 2883.939 m) revealed that its height recorded in the Arme-
nian cadaster office is 2859.20 m, in topographic maps it is 2859.10
m;** transformed with the quasi-geoid of Armenia it is 2859.36 m,
while transformed with EGM96 it is 2861.03.2¢ We could not find out
the exact transformation value with EGGO08, but a transformation
with similar EGM2008 (Earth Gravitational Model from 2008, rec-
ommended for areas outside continental Europe) yielded an eleva-
tion value of 2860.02 m.?” This implies that if all elevation datasets
were transformed to the same vertical reference system, the ob-
served difference between the height values of our tested DEMs and
the RefDEM could be lowered by up to 2 m, thus making most data-
sets derived from satellite data comparable to the RefDEM in terms
of absolute elevations (see table 1). We did not execute these trans-
formations because we were interested in assessing the quality of
DEMs in the form in which they are distributed. However, if the ex-
pected improvement in accuracy were confirmed, it would be a re-
markable result, partly improving the impression that the vertical
accuracy of the freely available global DEMs is their grave limitation
(Schumann, Bates 2018).

5 Conclusions

Regarding the first objective formulated in the introduction sec-
tion - to understand why ASTER failed to provide convincing results
in the first landscape study (Anselm 2012) - we have reached the
following conclusion. The visual assessment provided evidence that

25 Soviet military map K-38-125-V in 1:50 000 scale from 1974.
26 Calculated online at https://geographiclib.sourceforge.io/cgi-bin/GeoidEval.

27 Recommendation from INSPIRE 2013: VI, 75. The value calculated online at htt-
ps://geographiclib.sourceforge.io/cgi-bin/GeoidEval.
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ASTER’s modelled surface of our study area is covered by abrupt
and random spikes between neighboring cells of up to 10 m in mag-
nitude. We identify these spikes as the cause of misleading results
encountered during the visibility analysis of prehistoric stone ste-
les in Karmir Sar. Any higher spike occurring between two steles, or
even a lower spike positioned close to the observer or the observed
point, inevitably interrupts the computed line of sight and the visi-
bility analysis returns a negative result. Since the spikes do not ex-
ist in the real world, they distort the digital elevation model and fal-
sify analyses based on it.

Regarding our second objective - to find out whether other avail-
able DEMs based on satellite remote sensing data did represent the
local topography more appropriately - we report a positive result.
According to all our assessment classifications, the ASTER DEM fin-
ished with the worst scores in our study area and all other tested
DEMs did better, some of them considerably. The best result in terms
of vertical accuracy was assessed by the NASADEM (RMSE of 2.36 m
against 5.82 m in case of ASTER), yet NASADEM also suffers, though
to a smaller extent than ASTER, from random spikes. When consid-
ering the surface regularity and accuracy, the best results were ob-
tained for EU-DEM and NEXTMap, whose surfaces were algorithmi-
cally smoothed and, as a consequence, are more reliable.®

To conclude, we would like to express a warning and a recommen-
dation. A warning against the uncritical use of our (and any other) re-
sults for choosing the best available DEM, even in study areas with
supposedly comparable landscape and vegetation characteristics.
Instead, we strongly recommend assessing the suitability of availa-
ble DEMs for every study area separately, with an assessment strat-
egy calibrated for the needs of the intended analysis. This may sound
self-evident, but it is rarely done for archaeological projects. In the
absence of precise reference datasets against which the DEMs could
be checked, we recommend choosing a small area (1-2 km?), zooming
in to distinctly visualize all of its pixels and then visually assessing
whether it corresponds with the expectations (see § 3.3). Preferably,
it should be an area that can be compared to one’s own empirical ex-
perience, or - if the evaluator has no prior first-hand knowledge of
the landscape - some area known to be largely even or flat.

28 E.g., the visibility analysis of the steles leads in case of using NEXTMap to 18, in
case of EU-DEM to 24, in case of refDEM to 26 positive results out of 30 possible com-
binations (in contrast to 3 positive results in case of ASTER, cf. Introduction).
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Abbreviation list

ALOS ALOS World3D30m 3.1

a.s.l above sea level

ASTER ASTERGDEMV3

DEM Digital Elevation Model

DSM Digital Surface Model

DTM Digital Terrain Model

EU-DEM EU-DEMV 1.1

EGM96 Earth Gravitational Model

GCP Ground Control Points

LIDAR Light Detection and Ranging

MSK mask file extension for ALOS

NASADEM NASA Merged DEM Global 1 arc second Version 1
NEXTMap NEXTMap World 30 DSM

RefDEM Reference DEM derived from high precision points for Karmir Sar
RINEX Receiver Independent Exchange Format

RMSE Root Mean Square Error

SRTM Shuttle Radar Topography Mission 1V003

WGS World Geodetic System
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Abstract Whenwetalkabout characteristics of Digital Humanities (DH), digital publish-
ing certainly is a prominent domain to mention. Open access papers and books, blogging,
collaborative writing, and digital editions have become deeply rooted in the DH, reflecting
a self-confident culture of Open Science. The rational constitution of our writings, how-
ever, has received far less attention: How can we design digital publications that mirror
epistemological implications of DH methods and the composition of our arguments and
narratives better than current publishing formats? In this paper, | argue that the DH need
formats that exceed traditional texts and their rather linear design. Digital publishing that
provides (meta) data or remarks on applied methods as mere supplements would not be
enough, too. Those elements are integral parts of a scholarly demonstration and they
should be presented as such. They must be visible as constituents of our sense-making.
We need media that depict the complex nature of data-driven research. Interlinked and
multimodal digital publishing seems to lead in the right direction. | elaborate on this mat-
ter from a theoretical point of view by building on research on hypertext. | will also point
to first successful attempts of implementation. Refining these approaches promises to
facilitate the presentation of intricate sense-making in the DH.

Keywords Digital publishing. Hypertext. Visualization. Multimodality. Structure of ar-
guments and narratives.

Summary 1 Introduction: the Challenge of Communicating Complex Findings. -2
Hypertext: An Extended Form of Writing. - 2.1 Overrated or Overinterpreted? The
Rise and Demise of Hypertext Research.-2.2 Reason for Revision: Representing
Arguments and Narratives. - 3 Beyond Traditional Hypertext: Multi-linear, Multimodal
Publishing. - 3.1 Multiple Hypertext Paths: Complexity Must be Structured. - 3.2 How It
can be Done: Forms of Implementation. - 4 Summary and Outlook: Towards Multi-linear
and Multimodal Publishing.
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