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Preface
The present volume started as an idea in 2020 in response to our experience as 
researchers and lecturers of Digital Archaeology at Leiden University. In this role, 
we often face the promises of Digital Archaeology, such as technological progress, 
the data explosion and an increasing demand by students and employers, but also 
its impasses, such as theoretical unease, practical constraints and doubts about 
its role in the wider discipline. The emerging Artificial Intelligence (AI) paradigm 
is exemplary; is the AI paradigm already over-promising, or are we barely 
unearthing the capabilities of AI-assisted archaeology? It is rather early to have a 
clear answer to this question, but our collective experience can be telling. In this 
framework, we tackle a series of digital tools and methodologies in this volume, 
such as agent-based modelling or archaeogaming. The final list is by no means 
exhaustive, but we believe it still highlights the astonishing speed of “excitement” 
and “disappointment” in the scholarship. Our intention was to offer room for 
critical reflections on these ambiguous aspects that characterize our field, even if 
only from a biased Leiden perspective. We are grateful to the editorial team of APL 
for embracing our idea, for dedicating a volume of their book series to it and for 
offering their support in numerous ways.

This volume would not exist without the enthusiasm of its authors. We are 
grateful for their inspiring contributions, stimulating discussions and their patience 
during the overly long editorial process. In our interaction with the authors we 
were faced with exciting articles about topics that had not occurred to us, but also 
with articles that sadly could not be realized for various reasons. In this sense the 
editorial process mirrored the promises and impasses that this volume is about.

We also want to thank the many reviewers who provided critical and insightful 
feedback, the language editors who prevented a number of Dutchism and other 
isms from slipping through, and the editorial staff at Sidestone Press who turned 
our manuscript into a beautiful book. It is our hope that the combined efforts of all 
these people will result in an inspiring read.

Tuna Kalaycı
Karsten Lambers
Victor Klinkenberg
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Introduction: Leiden Perspectives on 
Digital Archaeology

Karsten Lambers

1 Digital archaeology
What is ‘digital archaeology’? As lecturers of digital archaeology at Leiden 
University, we should probably be able to provide a succinct definition. Yet it is 
a notoriously broad, vague and ambiguous concept, something archaeologists 
seem to be so fond of – think of often used concepts such as ‘culture’, ‘interaction’ 
or ‘landscape’ that are hard to define yet undoubtedly productive.1 In the case 
of digital archaeology, both the concept and the term have been a matter of 
considerable debate (Huggett 2013, Tanasi 2020).

On the one hand, ‘digital archaeology’ seems redundant, as today all 
archaeology is digital to some degree. Even the most basic fieldwork is usually 
undertaken with the assistance of digital technology, e.g., in the form of surveying 
devices, spreadsheets or photographs. In this sense there is no doubt that ‘we are all 
digital archaeologists’ (Morgan and Eve 2012, 523; emphasis in original). Speaking 
of photography, it is a good example of how quickly perceptions can change when 
innovation becomes mainstream. What used to be called ‘digital photography’ 
when it was introduced more than two decades ago is now simply known as 
‘photography’. Is the same happening with digital archaeology?

Apparently not, because, on the other hand, digital archaeology is an expanding 
field (Tanasi 2020). Numbers of students and faculty positions are on the rise, 
conferences and publications on the subject abound, and there is an active inter
national community of researchers and practitioners of digital archaeology. Clearly, 
‘digital archaeology’ is an attractive concept that holds many promises for those 
who engage in it – including students who choose it as their specialization, as we 
will see later on.

Yet, these promises are not always fulfilled. Over the past decades, digital 
archaeology has embraced many emerging digital technologies and methods in 
the hope of making archaeological research into the human past easier, quicker 
or better in a number of ways, e.g., by making it more efficient, thorough, robust, 
comprehensive, transparent, quantifiable, reproducible, open, inclusive, or many 
other things. Often, the uptake of such technologies and methods goes through 
a hype cycle in which, after an initial trigger, a ‘peak of inflated expectations’ 
is followed by a ‘trough of disillusionment’ before hopefully ascending a ‘slope 
of enlightenment’ to reach a ‘plateau of productivity’ (Fenn and Raskino 2008). 
In archaeology, probably the most prominent digital technology that has gone 

1	 None of these common concepts is defined in Archaeology – The Key Concepts 
(Renfrew and Bahn 2005), although some of them are referred to under 
other headings.

https://doi.org/10.59641/f48820ir
mailto:k.lambers%40arch.leidenuniv.nl?subject=
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through such a cycle is GIS. After an initial hype 
in the 1980/90s, some rather shallow early GIS 
applications were rightfully questioned before much 
more solid, theoretically well-founded and genuinely 
archaeological approaches to spatial analysis and 
data management in GIS were developed that today 
are part and parcel of the archaeologist’s toolbox 
(Howey and Brouwer Burg 2017; Verhagen 2018).

Despite its ups and downs, the history of 
archaeological GIS applications is probably a best-case 
scenario. Many other digital technologies and methods 
in archaeology have not yet reached the plateau of 
productivity, with varying prospects if they ever will, 
and a few of them are discussed in this volume. So 
apart from promises, digital archaeology is also full of 
(potential) impasses.

2 Promises and impasses
This is why we chose the topic of this edited volume. 
‘Digital Archaeology: Promises and Impasses’ brings 
together essays that reflect on the use of digital 
technologies and methods in archaeological research 
and heritage management as practical tools and as 
heuristic and epistemological devices. It offers a range 
of insights into a somewhat underrated aspect of 
those approaches, namely their unfulfilled promises, 
underachievements and limitations. We feel that 
such aspects are important for critical, responsible 
and appropriate use and the further enhancement 
of digital technologies and methods. Although we 
have no data to back this up, our impression is that 
publications in our field – as in other fields – tend to 
be skewed towards positive results and success stories, 
of which undoubtedly there are many. So our own 
Analecta Praehistorica Leidensia (APL) series offers 
a welcome opportunity to give room to more critical 
perspectives and reflections.

Following the tradition of edited volumes in the 
APL series, we invited current and former members 
of the scientific staff of the Faculty of Archaeology of 
Leiden University to contribute perspectives from their 
own research. Many of them followed our internal call 
in spite of their numerous other commitments, and 
some of them invited external colleagues as co-authors. 
All papers were peer-reviewed by external experts. 
We are immensely grateful for the commitment of all 
these authors and reviewers. Other colleagues were 
unable to contribute to this volume at the time of the 
call for perfectly good reasons, e.g., because they had 
to defend their Ph.D. theses in digital archaeology 
(Brandsen 2022; Verschoof-van der Vaart 2022). Due 
to these constraints, this volume cannot claim to 

represent the full breadth and depth of research in 
digital archaeology at our faculty, nor much less so 
beyond. Still, we hope that it offers valuable insights.

In order to put the contributions from our faculty in 
a broader perspective, we invited Rachel Opitz to reflect 
on them in a concluding chapter, and we are extremely 
grateful that she accepted. Her impressive track record 
in research in digital archaeology, her long-standing 
experience as Senior Lecturer in Spatial Archaeology 
at the University of Glasgow and her former function 
as chair of the Scientific Committee of CAA (Computer 
Applications and Quantitative Methods in Archaeology) 
put her in a unique position to contextualize and discuss 
the contributions by our authors.

3 This volume
The following chapters describe uses of digital 
technologies and methods at different steps of the 
workflow of archaeological research, ranging from 
data collection in the field to data processing and 
analysis, and to archiving, re-use and dissemination. 
All the digital approaches discussed are clearly 
past their initial hype or did not live up to the high 
expectations with which they were initially received. 
Often, further testing, development, standardization, 
and/or critical reflection are required before a given 
approach can be broadly applied in a productive and 
meaningful way. To which degree this will happen is 
not always clear, but in their insightful discussions, the 
authors attempt to point out ways to move forward.

Across the following chapters, the authors 
offer a range of different perspectives on the topic 
of the volume, i.e., on promises and impasses of 
digital archaeology. Some of them discuss practical, 
methodological, or philosophical implications of the use 
of digital technologies and methods in archaeological 
research, and many of their insights apply beyond the 
specific approach that they discuss. Others are concerned 
with the archaeological community’s limited uptake 
of promising methods and possible reasons for it. A 
recurring theme is obstacles or constraints encountered 
in the application of digital approaches. These can be 
technical, financial or regulatory in nature, but often 
they are rather related to limited education or training 
on the part of the (intended) users. Clearly, digital skills 
and computational literacy are not yet as pervasive in the 
archaeological community as many digital archaeologists 
may think or wish, and this is perhaps one of the main 
reasons why promises of digital archaeology remain 
unfulfilled or are even misguided. From a different 
perspective, this finding is confirmed by our students at 
Leiden University.
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4 Students’ perspectives
In keeping with the editorial policy stated above, our 
internal call was directed at research and teaching staff 
at our faculty, but we value our students’ perspectives on 
digital archaeology just as much. As future practitioners, 
they will be responsible for how digital archaeology is 
shaped in the future. Therefore, we use the opportunity 
offered by this introductory chapter to review the 
perspectives of Leiden students of (digital) archaeology 
based on empirical and anecdotal data. Doing so, we are 
aware that these perspectives are not necessarily shared 
by (digital) archaeology students elsewhere.

Thanks to the pioneering efforts of Hans 
Kamermans and later, Milco Wansleeben and others, 
digital archaeology – though originally not under that 
label – has been deeply engrained in our education 
programmes since the mid-1980s (Kamermans 1987). 
Today, starting at the undergraduate level, each year 
the new BA students (2022: >120) take compulsory 
courses in ‘Exploratory Data Analysis’ (first year) and 
‘GIS’ (second year). This is complemented by optional 
specialization courses in the second and third years 
(e.g., on Predictive Modelling or Programming).

On the graduate level, in 2016 Digital Archaeology 
was added as the fifth specialization track to the 
MSc programme ‘Archaeological Science’, the 
other four tracks being Material Culture Studies, 
Osteoarchaeology, Archaeobotany and Archaeozoology. 
Within this programme, the digital archaeology track 
quickly gained popularity and has produced 23 MSc 
graduates so far (as of summer 2022), among 
them 15 international students. In addition, more than 
a dozen MSc students are currently working on their 
theses in digital archaeology.

These students and graduates provide fresh views on 
digital archaeology that are rather shaped by personal 
perspectives than by the ongoing academic debate. 
Reviewing their applications, talking to them in class 
and discussing their choices of thesis topics gives us 
valuable insights into their motivations and expectations, 
which we try to summarize in the following. Many 
(international) students found our MSc programme by 
specifically searching for the term ‘digital archaeology’ 
on the internet. A clear and easy-to-understand label is 
thus important for the visibility of our programme. The 
abovementioned debate about the concept and the term 
notwithstanding, ‘digital archaeology’ is a strong brand 
that enables us to reach our target group.

Two reasons for choosing digital archaeology clearly 
stand out from our students’ feedback: 1) ‘It is the 
future of archaeology’ and 2) ‘It will help me find a job’. 

Optimistic as they are, both statements nicely reflect 
the promises that digital archaeology holds, the first 
one regarding the academic discipline as a whole, the 
second one the personal prospects of its practitioners. 
From a student’s perspective, is there any indication 
that digital archaeology can keep its promises?

4.1 Students’ career prospects
Starting with the prospects on the labour market, 
we know from around a dozen of our digital 
archaeology MSc graduates what kind of jobs they 
found afterwards. About half of them remained in 
archaeology, some of them pursuing a Ph.D., others 
working as researchers or managers for academic 
institutions or heritage agencies. The other half 
started jobs outside of archaeology in a diversity of 
fields, ranging from community services to surveying 
and from data analytics to finance. In spite of this 
variety, a common feature is that many graduates 
cite skills acquired during their digital archaeology 
studies as instrumental in finding their jobs, especially 
Information and Communication Technology (ICT) 
skills such as data management, GIS, modelling, or 
coding. GIS skills in particular seem to be a valuable 
asset in the labour market well beyond archaeology.

The importance of ICT skills was also an aspect 
of polls among archaeology graduates in the 
Netherlands about their job situation that we cite 
here for context. Femke Tomas, archaeologist and 
education officer at Saxion University of Applied 
Science (Deventer) is currently analysing data from 
two surveys among Leiden and Saxion graduates for 
her Ph.D. research about labour market perspectives 
of archaeology students. She kindly agreed to share 
some partial results here.

The Leiden survey covered graduates from all 
our archaeology programmes (BA to Ph.D. level) 
between 2008 and 2018, while the more recent Saxion 
survey covered graduates from their only archaeology 
programme (BSc) between 2011 and 2021 (table 1). 
While the two polls differed in terms of target group, 
design and scope, both tried to determine, among other 
aspects, the importance of ICT skills for archaeology 
graduates. Note that this covers all archaeology 
graduates, whether they specialized in digital 
archaeology or not.

Of the 657 employed Leiden graduates, 73 or 11.1% 
worked in ICT-related jobs, 0.6% within archaeology 
and 10.5% elsewhere. So within archaeology, at the 
time of the poll, the importance of ICT skills seems 
limited, although they may play a secondary role in 
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Table 1: Partial results from polls among a) graduates from Leiden University archaeology programmes, 2008-2018, n=657 
(employed), and b) graduates from Saxion University of Applied Science archaeology programme, 2011-2021, n=164 (employed). 
While employing different categories, both polls aimed at determining the job situation of former archaeology students of either 
institution after graduation and the role of ICT skills. Data courtesy of Femke Tomas, Saxion University of Applied Science, Deventer.

a) Leiden Archaeology Graduates (BA-MA/MSc-RMA/RMSc-Ph.D.), 
2008-2018

Number of alumni: 955, out of which employed: 657

Field Number in ICT Percentage in ICT

Academia 185   28.2%  

Archaeology 209 4 31.8% 0.6%

Other 263 69 40.0% 10.5%

Total 657 73 100.0% 11.1%

b) Saxion Archaeology Graduates (BSc), 2011-2021

Number of alumni: 222, out of which employed: 164

Field Number in ICT Percentage in ICT

Archaeology 84 4 51.2% 2.4%

Related 40 19 24.4% 11.6%

Non-related 40 8 24.4% 4.9%

Total 164 31 100.0% 18.9%

non-ICT jobs as well. Beyond archaeology, ICT skills are 
more important, accounting for a quarter of the jobs.

A few years later, of the 164 employed Saxion BSc 
graduates, 31 or 18.9% worked in ICT jobs, more than 
half of them (14.0%) in archaeology or related fields. 
This seems to indicate the growing importance of ICT 
skills within archaeology.

Seeing these numbers in conjunction with the 
anecdotal feedback from recent Leiden digital 
archaeology graduates cited above, it seems clear that 
ICT skills acquired in archaeology programmes are 
today a valuable asset in the labour market. While not 
a decisive factor, their importance has grown over 
time. However, many (digital) archaeology graduates 
find jobs outside of archaeology, often intentionally 
due to better working conditions in other sectors 
(Femke Tomas, pers. comm. 2022). So, while the 
expectation of finding a job is met, those jobs are not 
necessarily in archaeology.

4.2 Students’ thesis topics
Another line of evidence is provided by the thesis topics 
that our digital archaeology students choose. MSc theses 
in digital archaeology usually have a methodological 
focus. As per the requirements of our MSc programme, 
the students develop their thesis topics themselves 
based on their own interests and skills, within the 
framework of our regulations but otherwise only 
constrained by the availability of data and tools. While 
the areas of our own expertise, which certainly do not 
cover the entire field of digital archaeology, might be 
considered another constraint, we have so far been able 
to accommodate almost all thesis topics proposed by our 
students. These topics can thus serve as an indication of 
the student’s preferences.

Until the time of writing in the summer of 2022, 
23 theses in digital archaeology were completed at 
least to the level of a full draft. On average, four theses 
were completed each year, with a dip in 2021 due to the 
Covid-19 pandemic compensated for in 2022. The thesis 
topics can be broadly categorized into six sub-fields of 
digital archaeology (figure 1), with most theses spanning 
multiple sub-fields. Although once again the sample is 
small, certain trends are evident.

With slight variations, four sub-fields of digital 
archaeology are more or less constantly present 
among the students’ choices. These include GIS / 
Spatial Analysis, 3D Modelling / Virtual Reality, Remote 
Sensing / Image Analysis, and Data Management / 
Open Science. Most people would probably agree 
that these sub-fields have formed the stable core of 
digital archaeology over the past decades, perhaps 
with noteworthy recent additions such as the growing 
importance of Open Science or the convergence of the 
first two topics in 3D GIS. In this sense, our students’ 
choices seem to be in line with the mainstream of 
our field. This may also be true for minor shifts over 
time, such as recently a slight decrease in GIS / Spatial 
Analysis and 3D Modelling / Virtual Reality and a slight 
increase in Remote Sensing / Image Analysis and Data 
Management / Open Science.

While it remains to be seen if these subtle trends 
stabilize, two other sub-fields of digital archaeology 
have clearly gained popularity in recent years, namely 
Agent-based Modelling and Machine Learning. This 
trend is noteworthy as these sub-fields are more 
narrowly defined in methodological terms than the 
other four, although their range of applications is at 
least as broad. Thesis research in these sub-fields is also 
more ambitious in the sense that students usually have 
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no prior skills (e.g., modelling, coding) when entering 
our MSc programme, contrary to the abovementioned 
four sub-fields of which some basic concepts are usually 
taught at the undergraduate level. It seems that more 
and more students deem the required learning effort 
worthwhile and are willing to take on this challenge. 
This indicates that our students have a keen sense of the 
opportunities afforded by these advanced fields.

Absent from this overview are two further sub-
fields of digital archaeology, though for different 
reasons. One of them is Quantitative Data Analysis 
/ Statistics. Rather than a real absence, this is a 
classification problem, as virtually all theses in digital 
archaeology include quantitative data analysis at 
varying degrees, some more explorative, others 
more analytical. Yet few theses focus on these 
methods, which is why they did not receive their 
own category here. In fact, the use of quantitative 
and statistical methods is a common feature of all 
theses across the five tracks of our MSc programme in 
Archaeological Science.

The other absent sub-field of digital archaeology 
is Archaeogaming. While there are no completed MSc 
theses in this sub-field yet, it is safe to assume that this 
will change soon, considering how Archaeogaming 
recently gained popularity among our students.2 Many 

2	 Not the least thanks to the activities of the Leiden-based 
VALUE Foundation (https://value-foundation.org/).

of our students are active or even passionate gamers 
and as such are quick to grasp the potential of games 
for simulating the past in an interactive, immersive 
and fun way and for engaging audiences that might be 
difficult to reach through more traditional channels.

4.3 Students’ essays
The choice of the thesis topic is relevant for the second 
of the abovementioned promises of digital archaeology, 
namely the prospects of our students in the labour 
market after graduation. The overview so far may 
seem to indicate that our students are purely skill 
and job oriented. But in fact, their main motivation 
to choose digital archaeology is rather related to the 
first promise mentioned above, namely that it is the 
future of archaeology. Beyond their personal situation, 
students are very much interested in current trends 
within our field, but also beyond, trends in academia 
and in society at large.

A valuable source for students’ interest in these 
matters are the final assignments of our digital 
archaeology specialization course in the MSc 
programme. In this course, offered once each academic 
year, we discuss the nature and future of digital 
archaeology with the students and ask them to write an 
essay about this topic. There are two reasons for doing 
so. One is the ongoing scholarly debate about digital 
archaeology (see above), of which our graduate students 
should be aware and on which they should reflect. The 
other reason is that their opinions on this topic matter. 

Figure 1: Sub-fields of digital archaeology that best capture the methodological focus chosen by students of the Digital 
Archaeology track of the MSc programme Archaeological Science at the Faculty of Archaeology, Leiden University, 
from 2017 to 2022. Number of theses: 23. Multiple sub-fields per thesis possible and common. All theses available in Leiden 
University’s Student Repository at https://studenttheses.universiteitleiden.nl/. Graph: K. Lambers.

https://value-foundation.org/
https://studenttheses.universiteitleiden.nl/
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The students choose digital archaeology for a reason, 
and many of them even come to Leiden from abroad for 
doing so. So their perspectives can shed light on what 
digital archaeology is or potentially can be.

From these essays, it becomes clear that the 
students are keenly aware of current trends in our 
field.3 The most pervasive of them is digitalization, 
something that students experience not just in 
archaeology but in their daily lives. As digital natives, 
they do not question this trend but regard it as a 
given. That is an important difference for many 
digital immigrants, ourselves included (Visser et al. 
2016). The students experience what digitalization 
means for the way we inquire about the human past 
(see e.g., archaeogaming, above). In their courses, 
internships and thesis research they experience the 
huge potential of digital data, tools and methods, but 
just as often they face constraints such as those things 
not being openly available. Among our students, 
restricted access is widely regarded as a detrimental 
and outdated concept that should be overcome, the 
sooner the better. Most students embrace and support 
the principles of open science fervently, perhaps more 
so than some of their teachers.

In this context, students are quite aware of the data 
deluge that archaeology is facing (Bevan 2015), maybe 
more so in the archaeological sciences that (re-)use lots 
of digital data from the environmental sciences than in 
other fields of archaeology. While digital archaeology 
students are willing to take on this challenge, they 
feel that archaeology as a discipline is inadequately 
equipped and prepared for doing so. Consequently, 
they expect and demand more formal education and 
training in data management, data science and general 
computational literacy. They do not want to lag behind 
the trend but get ahead of it in order to give it shape and 
direction. In this sense, they want to be much more than 
technicians, in line with Llobera’s (2011) vision.

At the same time, the students are aware of the 
ethical challenges that digital archaeology faces or 
even causes. The ‘digital divide’ is not just an abstract 
concept for them, but something they experience first-
hand, e.g., when doing digitally assisted archaeological 
fieldwork in different sociocultural environments. This 

3	 Due to regulatory reasons, it is not possible to cite those 
written assignments here. Which is unfortunate, as they 
are inspiring and rewarding to read, and the students’ 
valuable contributions to this chapter through their 
essays and other feedback are gratefully acknowledged.

makes many students reflect on for instance power 
hierarchies, inclusiveness or the need to decolonize 
archaeological practice, and they seek meaningful 
ways to address these topics in their own research and 
practice. But there are also ethical challenges posed 
by the nature of certain digital technologies, e.g., the 
lack of transparency of how certain data or results 
are generated, as exemplified by general-purpose 
LiDAR data or the black box problem of deep learning. 
Here again, students understand the problem and are 
willing to take on the challenge, but expect to be better 
prepared, educated and trained.

All in all, we see a lot of clarity, sincerity and 
foresight in the way our students view digital 
archaeology and its role in the wider discipline. It is thus 
perhaps unsurprising that few of them are appreciative 
of the academic ‘anxiety discourse’ as diagnosed by 
Huggett (2013), which they tend to consider as detached, 
unproductive and moot (and they are not shy of saying 
so in their essays). They are generally more interested 
in what they consider practical solutions to problems 
that they experience. In this sense, they firmly believe 
that digital archaeology can keep its promises, provided 
more is done to facilitate this, especially through 
education and training.

5 Concluding / opening remarks
The present volume reviews promises and impasses 
of digital archaeology based on research and teaching 
experience at our faculty. As such, it is a small and 
biased contribution to the ongoing debate about 
digital scholarship in archaeology (e.g., Huggett et al. 
2018). The following chapters provide insights into the 
limitations of certain digital technologies and methods, 
but also productive and reflective ways of dealing 
with them. In this sense, we hope that they also help 
to better understand where these approaches stand in 
the hype cycle, if at all.

Zooming out from specific problems, it is clear 
that digital archaeology is still an attractive field that 
holds many promises for those who engage in it. The 
following chapters written by current practitioners, but 
even more so the perspectives of future practitioners 
cited above showcase what is required to keep those 
promises and to avoid impasses. The current generation 
of students demands loud and clear that we step up 
our game of education and training in digital skills and 
computational literacy, not just to enhance their career 
perspectives but also to future-proof archaeology.

We invite our readers to keep this challenge in 
mind when enjoying the following chapters.
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1 Introduction
“We are all digital archaeologists” (Morgan and Eve 2012, 523, emphasis in original). 
The digitalization of archaeological practice has indeed been more visible in 
recent years1. Even on a day with little computation needs, we work on a variety of 
scholarly tasks. Typing in a word processor, sharing files in the cloud, browsing an 
online atlas, sending e-mails, and teaching on platforms are only to name a few.

Yet, as early as the 50’s, Gardin was asking, “[c]an one resolve-or partially 
resolve […] difficulties by the construction of standard categories that are relatively 
culture-free and by the use of mechanical aids such as systems of punch-card 
indices?” (1958, 335). This is the age-old categorisation problem, though we are 
(seemingly) less coerced by the ‘culture-free’ -ness doctrine. In 1962, “the use of 
computers in anthropology” symposium was organized (Hymes 1963). In 1973, 
the first conference on Computer Applications in Archaeology (CAA) brought 
together the pioneers. By the 1980s, colleagues were already experimenting with 
the first modern remote sensor technologies (Custer et al. 1986). The Center for the 
Study of Architecture published the CSA Newsletter on early digital technologies 
in 1988… moving fast-forward to the current day; one can access high-performance 
computing (HPC) over the internet, a power probably unimaginable to achieve not 
so long ago. We admittedly provide a simple-linear historical narrative hereby. 
However, a more detailed and inclusive history would have probably still pointed 
at early digital archaeologists -less visible and fewer in number than today; in 
the 21st century we are finally all digital (Morgan and Eve 2012).

As we make digital transformations, current computational advancements 
are increasingly promising that we can -once again- push the envelope using 
cutting-edge tools and technologies and move beyond state of the art. The most 
recent innovation, Artificial Intelligence (AI), is now famously called “the new 

1	 We acknowledge that computation is a new signifier as analogue computation has 
been known to the archaeologist for some time (e.g., Antikythera mechanism – 
2nd century BC, or al-Jazari’s classic automatons – 12th century CE). Computers 
predate the digital, and can be even biological. Women were called “computers” 
(Light 1999), setting the stage for modern-day routines and algorithms as they 
laboriously performed computation by hand. As we cruise our way in the complex 
socio-technical history, we use the terms computation and digital interchangeably. 
Overall, we consider “digital archaeology” an umbrella term that encompasses 
everyday-life activities. To us, “computational archaeology” suggests codes, 
simulations, GIS models, machine learning, or many similar techniques, which 
require more training and experimentation with digital computers.

https://doi.org/10.59641/f48820ir
mailto:t.kaylaci%40arch.leidenuniv.nl?subject=
mailto:piraye.haciguzeller%40uantwerpen.be?subject=
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electricity” (Lynch 2017). AI changes the way people 
compute; it is a move away from theory building and 
modelling and is a step towards a data-driven reading 
of the world. While the current artificial intelligence 
boom is everywhere, from law to medicine and 
from archaeology to astronomy, the innovation2 has 
been making periodic appearances in the academic 
landscape since the 1970s. Each burst was followed 
by an AI winter (Floridi 2020). What is probably 
new is the AI-based prediction and classification 
of everyday life. So, there are already voices that 
call for algorithmic silence and to decomputerize 
(Penn 2021). These voices demand special attention, 
especially since they are accompanied by influential 
statements as: “[w]e thought knowledge was about 
finding the order hidden in the chaos. We thought 
it was about simplifying the world. It looks like we 
were wrong. Knowing the world may require giving 
up on understanding it” (Weinberger 2017); it is a 
statement that is at odds with our scientific practice 
(Mazzocchi 2015).

We hope that true digitalization facilitates mutual 
interaction between the agents of knowledge. Many 
would probably agree that digital co-creation is 
promising (Giaccardi 2012; Simon 2011). Digital can 
potentially empower people to explore and understand 
their past. Moreover, cheaper computation promises 
to reach broader audiences. In the meantime, free 
applications and online platforms (e.g., Google Earth) 
facilitate and organize work. The promise accompanies 
a growing optimism in technological advancements 
and faith in absolute digital futures/twins. However, 
we are also aware that our digital relationships and 
relationships with the digital are ever-complex and 
growing in time. And as the digital world grows, we 
collectively produce and witness broken promises.

There is tremendous value in and through 
digital, and as “digital archaeologists” we welcome 
the progressive digitalization of our archaeological 
discipline. However, as the authors, we also observe 
that a digital promise may not always satisfy to the 
expectations of the digital practitioner. We explore 
this condition through a critical reading of digital 
metaphors and myths. We suggest that through these 
two concepts, we can also understand how and why 

2	 For a critique of the term, see Edgerton (2011). For 
instance, he asks why we consider 21st-century electric 
cars innovative if around 20% of motor taxis were 
already electric between 1907 and 1918 (2007: 9).

(false) promises and (avoidable) impasses are brought 
about. Specifically, in the following we also try to 
understand how digital influences/transforms our 
understanding of archaeological collaboration and 
labour. We suggest studying metaphors, myths, and 
transformations might offer some hints for tackling 
failed promises. We aim to situate ourselves in a 
sandbox (Politopoulos and Mol, this volume) where 
we build and unbuild things. Yet, our aim is not to 
offer an alternative framework to digital archaeology 
but highlight some of the influential agencies related 
to the production of archaeological knowledge.

2 (Digital) metaphors and myths
Forming, using, and forgetting metaphors and myths 
are fundamental human traits. Metaphors help us 
understand one concept through understanding 
another (Lakoff and Johnson 2008; Massey and 
Ehrensberger-Dow 2017). And, simply put, a myth is a 
network of ideas without necessarily imposing truth 
or falseness (Christensen and Cornelissen 2015). As 
they explain much about us, metaphors and myths are 
subject to countless inquiries through scholarly work.

The metaphor has more visibility in linguistics, 
but as archaeologists, we can still focus on the 
metaphorical instead of the semiotic nature of material 
culture (Coward and Gamble 2010, 48). Metaphors also 
shape epistemologies. One of the richest examples of 
a metaphor is the map (Smith 2007). At the end of the 
day, “[s]pace is fundamental in any exercise of power” 
(Foucault 1984, 252), and maps facilitate authorship. 
Metaphors also help archaeologists transfer ideas from 
other disciplines, as in “the use of the evolutionary 
metaphor” (Bamforth 2002, 435). Archaeology can be 
a metaphor itself: “[i]n face of the incompleteness of 
my analytic results, I had no choice but to follow the 
example of those discoverers whose good fortune it 
is to bring to the light of day after their long burial 
the priceless though mutilated relics of antiquity…
like a conscientious archaeologist, I have not omitted 
to mention in each case where the authentic parts 
end and my constructions begin.” Freud (1953, 
12). Metaphor shapes the digital world. The user 
commands the flow of electronic signals on the 
desktop. Our desktop has files, notepads, folders, recycle 
bins, etc. Metaphors are also part of internet 
terminology; web, portal, and gateway are only a few.

We now move on to the myths. In and through 
archaeology, we may make myths more visible 
or challenge them by, for instance, exploring 
Indo-European origins (Mallory 1992), revealing 
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uniformized pasts (Olsen 1986), scrutinizing existing 
narratives (Hall 1984), or disentangling the state’s 
role in these narratives (Fowler 1987). The list is 
long, so we fast-forward again and point at the 
resurgence of older myths in the new scientific era. 
Ancient DNA analysis, a promising tool, is now also 
a myth-maker (Hakenbeck 2019; Wolinsky 2019) 
and it now influences the narratives of politicians 
(Hamilakis 2017; Netanyahu 2019) and the public 
(Broodman 2017).

Not surprisingly, myths are also part of the 
digital world. We claim through myths and myth-
making the digital finds place in our lives. Realizing 
how digital myths are shaping the world many 
colleagues have been studying many aspects of the 
phenomenon in different scholarly, socio-economic 
and geographic contexts and helping us to build 
informed digital futures (e.g., Alzouma 2005; de Saint 
Lauren 2018; Jennings and Zeitner 2003; Kirschner and 
De Bruyckere; Webster 2017; Ziewitz 2016).

The digital usually arrives with a narrative 
suggestive of particular understandings and readings of 
the world. So, we hope to challenge some fundamental 
assumptions we make about the digital archaeology 
as well. To start our inquiry, we first explore two 
examples (the cloud metaphor and the myth of digital 
inclusivity) in their general and archaeological contexts. 
We consider archaeology broadly, including research, 
education, field practice, museum studies, heritage and 
the like. We selected these examples opportunistically 
and based on our interests. It should be possible to 
identify and explore other examples.

2.1 The Cloud Metaphor
Cloud computation involves distributing digital tasks 
over (a network of) large data centres equipped with 
high-processing computers. Mainly determined by 
the infrastructure needs, a cloud can be as large as a 
warehouse. Users connect to the cloud and perform 
online tasks, ranging from scientific computation to 
email communication. Depending on the amount and 
frequency of demand by users, computation resources 
can be scaled up and down, “creating the illusion of 
infinite resources available at any time” (González-
Martínez et al. 2015, 132). Motivated at least by the 
idea of infinite computation, clouds promise access to 
digital platforms, software, and data storage space at 
lower costs. After all, the invisible hand of competition 
benefits all (see Zernik 2019).

Khmelevsky and Voytenko (2010, 1) identify three 
major trends in cloud computing:

•	 Virtualization (the separation of apps/software 
from hardware)

•	 Utility computing (metered use of hardware)
•	 Software provisioning (on-demand use of software)

Aligned with these trends, we are gradually moving 
away from high-performing personal computers and 
local servers for our scientific needs; it is now possible 
to command a virtual machine and perform complex 
tasks in the cloud using a rudimentary computational 
device with a reliable internet connection. In 
particular, technologists, scientists and policymakers 
are expecting 5G will bring massive changes to 
cloud computing as experts claim ultra-fast data 
transmission will -once again- revolutionize3 network 
and communication technologies.

Cloud experts almost always communicate 
with the rest through graphical representations of 
the metaphor. To the common eye, data icons, app 
symbols, digital services and other Internet of Things 
(IoT) objects surround the cloud (figure 1). These 
representations imply cloud computing is flexible 
and always open to changes. Therefore, the metaphor 
carries the image of scalability but sustains a sense 
of distance; it is beyond one’s reach. The digital 
metaphor starts obscuring the material even at this 
very representation stage. We are interested in this 
metaphorization for two main archaeological reasons. 
First, we want to understand the digital entity (e.g., 
a row in a spreadsheet, an e-mail, a 3D scan of an 
object, a pre-trained deep learning model, etc.) as a 
sociotechnical object and explore the producers of its 
possibility, such as “infrastructures, assemblages, and 
political economies” (Philip et al. 2012, 10). Second, 
we want to highlight the materiality of clouds and 
opportunistically plot archaeologists’ interaction with 
the cloud so that the cloud is closer to reach. 

It is simply because cloud computation relies on 
physical infrastructure. Consequently, the cloud is 
an infrastructure. It is made of advanced computing 

3	 https://www.ibm.com/industries/telecom-media- 
entertainment/resources/5g-revolution/

	 The frequency of these revolutions is astonishing 
-to our reading their pace exceeds and dilutes the 
meaning of the word. In scientific framework, 
for instance, the discovery of penicillin was 
revolutionary as it shifted the perception of death in 
human societies. It is not clear how and why the 5G 
revolution is different from the 4G revolution.

https://www.ibm.com/industries/telecom-media-entertainment/resources/5g-revolution/
https://www.ibm.com/industries/telecom-media-entertainment/resources/5g-revolution/
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machines stacked side by side and on top of each 
other, sometimes kilometres-long fibre-optic cables, a 
reliable electricity grid, cooling machinery, and a strong 
building (even former World War bunkers and military-
grade underground facilities4) to house everything. The 
cloud is the name of a physical meshwork, junctions 
being the data centres. Through the material visibility 
of a warehouse, “cloudfrastructures alert us to multiple 
layers of carefully produced and guarded invisibilities” 
(Furlong 2021, 191). And, in the invisibilities, we attempt 
to highlight power structures/agencies embedded in 
infrastructures and their building processes (Rodgers 
and O’Neill 2012), but mainly in the context of 
archaeology and heritage studies.

To begin with, working in the cloud gives a sense 
of decentralization. However, cloud computing 
does not exhibit signs of deterritorialization on 
actual geography. Rather, it presents a model of 
reterritorialization (Amoore 2018, 8). Large data 
centres mainly owned by the big-tech companies 
cluster in geographies that provide access to energy, 
tax incentives, water sources, and suitable digital 
infrastructure. The infrastructure sits in certain 
locations since stable data flow also requires stable 
political geographies. The recent plea for energy 
efficiency and carbon footprint reductions also 

4	 https://datacentremagazine.com/data-centres/top-10- 
underground-data-centres.

influenced tech companies to locate their warehouses 
in countries with a tradition of building green energy 
infrastructures, such as Denmark (Maguire and Ross 
Winthereik 2021) while making use of colder climates. 
These high-performing cloud machines require 
periodic upgrades to keep up with the number and 
amplitude of digital requests, at the cost of giving 
a sense of infinite resources. So, electronic waste is 
building up (Lepawsky 2015). It is no surprise then 
that the centralization of computing is a geo-political 
process (Roguski 2020).

2.2 Cloud Computing in Higher Education and 
Archaeological Research
The cloud paradigm/metaphor is consequential all 
across the board, including education and research. 
For instance, open-source software has a conflicted 
relationship with the cloud (CYOP n.d.; Ramel 2021; 
Tunguz 2021). It is not certain how cloud computing 
will merge with the open-source / open-access 
paradigm. Archaeology, being a “financially-poor” 
discipline, widely benefited from the open source. 
On a broader scale, archaeologists have been making 
significant progress in open science, notably in 
digital data. While significant experience is being 
accumulated, it is still unknown how platformization 
and cloud computing will affect the future of 
collaborative archaeological knowledge production.

To begin with, archaeologists use the cloud in 
various ways, such as performance computing (e.g., 
Rubio-Campillo 2015) or fieldwork (e.g., Matsui et al. 
2012). Heritage studies in general, but museums 
in particular, are leading the path in cloud-based 
solutions (e.g., Vecchio et al. 2015; Yang et al. 2020 
). Constructing digital 3D objects and performing 
photogrammetric solutions in the cloud are notable 
examples of the new computing paradigm (e.g., 
Kersten and Lindstaedt 2012). Public engagement can 
also happen in the cloud (e.g., Lambers et al. 2019). 
Citizen science projects, such as Zooniverse, are built 
over a cloud platform, in this instance, Microsoft’s 
Azurecloud computing service.

Museums are of particular interest. Digitalization 
of material culture and generation of massive amounts 
of data now requires high-tech solutions; big data 
requirements are pushing the operational capabilities 
of institutions (Pesce et al. 2019, 1884). To satisfy 
digital needs, museums should either improve their 
infrastructures through machinery purchases and 
technical staff hires, or collaborate with new partners. 
With their scalable cloudfrastructures, big tech offers 

Figure 1: A common graphical depiction of cloud computing. 
The concepts/icons surrounding the cloud may change in 
number or arrangement, but the computing is clouded.

https://datacentremagazine.com/data-centres/top-10-underground-data-centres
https://datacentremagazine.com/data-centres/top-10-underground-data-centres


21T. Kalaycı and P. Hacıgüzeller – Metaphors, Myths, and Transformations in Digital Archaeology

services and solutions -museums as the content creators. 
In collaboration with Google, some prominent museums 
(e.g., Musée d’Orsay in Paris, British Museum in London, 
Rijksmuseum in Amsterdam, and Acropolis Museum in 
Athens) have set up online interactive museum visits and 
object interaction displays thanks to cloud technologies.

Universities and research institutes also use 
cloud solutions by the big-tech (Khmelevsky and 
Voytenko 2010; Al‐Busaidi 2012). Higher education 
profits from cloud computing at different levels. For 
instance, now it is common in higher education to rely 
on Microsoft’s Office 365 or Google Enterprise Apps 
for Education as they provide convenient and familiar 
ways of communication as many of us use these 
products in our everyday life (when exactly have we 
all become digital archaeologists?). Google Earth, for 
instance, greatly changed the way we teach, learn, and 
present archaeology. A wide variety of free or pay-as-
you-go e-learning services (such as Coursera, Udemy, 
etc.) offer Massive Open Online Courses (MOOCs) 
challenging, shaping, or influencing how archaeology 
tutors interact with students -especially as educators 
have to handle an increasing number of students. 
Archaeology takes part in these platforms5 and as such 
students greatly benefit from cloud applications.

Emerging collaborations between the corporate 
world and education should not come as a surprise 
since cloud computation offers multi-sided marketing 
strategies. A while back ago, Google in cooperation with 
IBM, established strong ties with universities to fulfil 
our daily digital needs (Lohr 2007); a market has been 
created. And overall, archaeology increasingly relies on 
cloud solutions and computation. But, should we not 
also explore what cloud is covering/veiling/hindering 
as we develop more ethical, non-exclusionary and 
scientific digital approaches to archaeology?

We try to provide a brief answer to our rhetorical 
question above. Our two examples below are by no 
means exhaustive. But our hope is that our subjective 
look at the cloud metaphor can provide seeds for future 
critical studies. For instance, as we mentioned above 
many citizen science projects, including archaeology 

5	 Some notable examples: https://www.coursera.org/
learn/palatine-hill-archaeology-history, by Sapienza – 
Università di Roma in Italy; https://www.coursera.org/
learn/truthinourbones-osteoarchaeology-archaeology, 
by Universiteit Leiden in the Netherlands; 
https://www.coursera.org/learn/wonders-ancient-egypt, 
by University of Pennsylvania.

projects, run on Microsoft Azure cloud computing 
system. It is the same platform that provides service 
to the US military (Lockheed Martin 2022; Microsoft 
n.d.). So, we speculate the terms civilian and military 
amalgamate in the cloud, especially in the age of big 
data (see Dunne and Sköns 2011). In this particular 
case, it is not clear to us if the know-how acquired in 
the civilian sector is not used in the military cloud, and 
vice versa. To date, we were not able to identify an 
online Microsoft user agreement that could provide an 
answer. If we shift our attention to heritage computing 
we see an equally problematic area. To us it is clear that 
the necessity to outsource the (digital) curation in the 
cloud adds further complexity to heritage stakeholder 
relations. The visitor of the museum is also the user of 
the platform. And while large and famous museums add 
more to their fame, smaller and local museums already 
struggling with budget shortages must also go digital to 
retain their visibility. The artefact in the museum is now 
a sociotechnical object that is not static but part of the 
capitalization process that is always in motion. So, the 
cloud is a perfect metaphor to guise profit-driven value 
creation, also in archaeology. It is also in the cloud that 
labour is transformed, as we are facing a renewed value 
system (see the section on Transformations).

2.3 The Myth of Inclusivity
We begin with a standard definition of inclusivity. 
While the term has variable meanings -as there can 
be no fully inclusive definition- a dictionary definition 
holds for the reasons it is being used here. According to 
the Oxford English Dictionary, inclusivity is “[t]he fact 
or quality of being inclusive; (now) esp. the practice 
or policy of not excluding any person on the grounds 
of race, gender, religion, age, disability, etc.” As many 
can agree, inclusivity is introducing a new norm in 
research, practice, and teaching in archaeology.

And thanks to digital technologies, more inclusive 
archaeology is possible more than ever. Co-creation, 
participation, and democratization are now viable 
options in archaeological knowledge production. For 
instance, citizen science is an emerging tool, promising 
to merge the gap between citizens and our ivory 
towers. It is also now apparent that citizen science can 
be beneficial to many, spanning ranges from children 
(Makuch and Aczel 2020) to the elderly (Barrie et al. 
2019). But who participates in citizen-science projects? 
We rephrase to emphasize and set our agenda: who are 
these citizens we, the archaeologists, are collaborating 
with? Through these projects do we risk empowering a 
group of citizens over others?

https://www.coursera.org/learn/palatine-hill-archaeology-history
https://www.coursera.org/learn/palatine-hill-archaeology-history
https://www.coursera.org/learn/truthinourbones-osteoarchaeology-archaeology
https://www.coursera.org/learn/truthinourbones-osteoarchaeology-archaeology
https://www.coursera.org/learn/wonders-ancient-egypt
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At this moment we pause and claim that the way 
digitalization works contributes, and considerably, 
to the social divide in many forms and ways. In 
the current setup, people with more/better access 
to digital skills will gain further privileges in 
society (Ragnedda 2020, 40-3). The digital divide is 
dynamic in the sense that differential access, use, 
and capitalization of internet and communication 
technologies (ICT) is generating new forms of poverty 
while bolstering existing inequalities (Wessels 2013, 
18). Digitalization of services benefits many, but 
not all; people with better access to ICT have higher 
participation in the current governance models or are 
naturally better aware of digital public engagement 
projects. People with limited access to ICT are 
further excluded from decision-making (Sanders and 
Scanlon 2021, 131).

Digitalization excludes three levels 
(Ragnedda 2020; van Dijk 2013). At the first level, 
the individual/group does not have the means for 
connecting to the digital world. Broadband internet 
is one of the key requirements for digitalization. 
Globally, 40% of the world’s population is excluded 
from the online world in one way or the other. 
Material conditions of digitalization are still a 
concern even in fully connected and developed 
regions of the world (van Deursen and van Dijk 2019).

At the second level, the digital divide lies in the 
lack of information and skills for using ICT. The second 
level divide is intrinsically related to other existing 
forms of inequalities (Ragnedda 2020, 46). It is true 
that the digital divide between men and women is 
almost closed in some countries, but remains high 
in developing countries and “the reason why fewer 
women access and use ICT is a direct result of their 
unfavourable conditions concerning employment, 
education and income” (Hilbert 2011, 479). ICT 
pertains to other forms of inequalities in the developed 
world as well. Women use ICT in lesser frequency 
(Wasserman and Richmond‐Abbott 2005), lower 
intensity (Hargittai 2010) and with less peripheral 
diversity (van Deursen and van Dijk 2019).

At the third level, Scheerder et al. (2017) and Wei 
et al. (2011) identify the digital divide as the lack of 
capacity of a person/group to transform or transfer 
between digital and other capital types. “The position 
held in the social hierarchy not only influences how 
individuals access and use ICTs but – being the field in 
which the seeds of digital experience are sown – also 
determines the concrete benefits individuals receive 
from the use of ICTs.” (Ragnedda 2020, 49). That is, 

underprivileged individuals and groups are further 
punished for not being fully integrated into the digital 
realm as they lack the means for the transformation/
transfer of digital capital into other tangible and 
intangible capital. As people build and promote citizen-
science projects, to what extent do they pause and 
explore -beforehand- at least some of the concerns 
above? Are archaeologists interested in citizen science 
or citizen data (Purdam 2014)?

2.4 Digital Inclusivity in Archaeology
There is notable scholarly work contributing to 
digital inclusivity, especially in the heritage domain 
(e.g., Simon 2011; van der Hoeven 2020). Familiar to 
almost all of us, Geographic Information Systems (GIS) 
is one of the major digital realms where inclusive 
approaches are critically discussed. Participatory 
GIS projects, for instance, offer more inclusive 
research (see Dunn (2007) for a general review and 
see Larrain and McCall (2019) for a representative 
archaeological and historical application). Despite 
successful attempts, Elwood, for instance, warns us 
participatory approaches also “introduce new tensions 
and paradoxes into GIS” (2006, 697).

Digital inclusivity in emerging crowdsourcing 
approaches is a concern in information sciences (e.g., 
Estellés-Arolas and González-Ladrón-de-Guevara 2012). 
Crowdsourcing has notable use cases in geographic 
(See et al. 2016) or qualitative analysis (Mathews et al. 
2018). Archaeologists also conducted notable projects 
using citizen-science approaches (e.g., Jennings et al. 
2017; Lambers et al. 2019). Crowdsourcing may involve 
active data generation by participants. However, it is 
also possible that citizens produce information about 
heritage in their social media activities, eventually 
generating a massive online resource. Using this 
‘passive’ pool of information researchers can conduct 
media analysis on a micro/local scale (e.g., Wight 2020) 
or can ‘mine’ macro/large-scale data (e.g., Rashid and 
Qasha 2022; Riva et al. 2019). Finally, community-
involved participatory and inclusive projects, 
methods, and theories are now more visible, such as 
archaeogaming (Politopoulos and Mol, this volume).

Despite some key challenges, such as lack of 
expertise, resources and priorities, geographical 
dispersion, and community (dis)connection (Harkema 
and Salt 2017), digital co-creation is still promising an 
inclusive production of archaeological and heritage 
knowledge through active participation of the public. 
In notable examples where there is direct participation, 
researchers made use of digital worlds to better 
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understand how people value historic urban landscapes 
(van der Hoeven 2020), enhanced museum curations 
and created more inclusive and dynamic histories 
(Cook and Hill 2019) or developed artefact databases 
for a better engagement of the local community with 
fieldwork practices (Moser et al. 2020). Another example 
comes from Çatalhöyük. Morgan (2009) addresses 
virtual worlds and discusses their potential for better 
communication with non-expert audiences. Morgan 
and Eve further challenge us for more “ubiquitous, 
reflexive, open and participatory archaeology on both 
the institutional and the individual level” (2012). But if 
we are ‘all’ digital archaeologists what is the state-of-the-
art in true emancipatory archaeology?

In other non-direct/non-voluntary, but still 
collaborative approaches, scholars can make use of 
existing data procured by the public. For instance, Grün 
et al. (2004) successfully performed a photogrammetric 
reconstruction of the now-destroyed Buddhas of 
Bamiyan, Afghanistan using already available images 
on the internet. Similar passive approaches are 
becoming more visible in the analysis of social media 
relevant to our discipline (e.g., Rashid and Qasha 2022). 
It must be remembered that scraping social media 
data for heritage analysis has bottlenecks. Twitter, 
for instance, provides a biased sample unless the user 
opts-in for a costly Firehose API (Morstatter et al. 2013).

In contested landscapes, the hope lies in the 
adoption of scholarly work by local communities 
so that one can “move beyond data-sharing” 
(Hammer et al. 2018, 142). The same reality casts a 
dark shadow on efforts in preserving the Afghan 
cultural heritage through participatory activities (e.g., 
Constantinidis 2016), and digital tools of archaeology 
fail to support peace and identity-building efforts 
(Dupree 2002). Archaeologists can play major roles 
in assisting politically torn countries to manage 
their heritage. However, digital work in contested 
landscapes often has to face the analogue reality, as in 
the case of the heritage of Afghanistan. The promise of 
the digital dissolves rather rapidly with realpolitik. The 
promise has geography and is not valid globally.

We shift our focus to Wikipedia as it is known to be 
a reliable fully open resource, for instance, in higher 
education (Chen 2010). Rosenzweig (2006) asks if history 
can be open-source and scrutinizes Wikipedia as an 
open-access tool. In particular, Marwick and Smith 
(2021) systematically investigate the representation 
of UNESCO World Heritage cultural sites on this 
platform. They identify places in the Global North 
that are over-represented. In contrast, heritage sites 

in South American countries are underrepresented, 
and inclusivity is the worst for African countries. 
Furthermore, Wiki articles receive edits mainly from 
the core Anglosphere countries (UK, USA, Australia, 
and Canada), suggesting the continuation of (digital) 
domination over knowledge production. A generic 
predictor for a Wikipedia editor is a young male 
with good Internet skills and a high frequency of use 
(Hargittai and Shaw 2015). So, we ask how inclusive 
Wikipedia’s information generation is. For us, the 
digital provides ample opportunities for doing inclusive 
education, knowledge generation, and its dissemination. 
On the other hand, we also acknowledge that true 
inclusivity is possible only when the issues are tackled 
in everyday analogue life. Otherwise, it is certain that 
the digital will fail another promise, and inclusivity will 
remain a myth.

3 Transformations of collaboration and 
labour
So far, our focus has been on metaphors and 
myths. We explored cloud computation to highlight 
how metaphors can veil critical parts of digital 
transformation in our discipline. And we discussed 
how digital inclusivity could quickly become a myth 
as digitalisation continually broadcasts an image of 
successful change; providing a critical reading of 
digital transformation in archaeology has been our 
primary concern6. Now we attempt to flesh it out 
further by focusing on a single example: collaboration, 
and how collaboration is changing due to digital 
praxis. The metaphor is appropriate here since it is in 
the cloud, that archaeologists often collaborate with 
each other. And with digitalisation, many argue that 
“[s]ocial media, mobile apps, and teleconferencing 
platforms allowed for inclusive collaboration” 
(Dewhurst et al. 2014, 467). To understand the true 
nature of digital collaboration, we can turn our 
critical attention to the ways in which archaeologists 
(and humanities scholars in general) collaborate. We 
argue that archaeological scholarship needs further 
reflections to challenge the misplaced optimism on 
collaboration; and how it is -in fact- deeply rooted in 
digital labour processes.

Collaborative efforts are taking an increasingly 
large and more explicit position within archaeology 

6	 It is also possible to reverse our workflow and ask 
about the role of “archaeology and archaeological 
information in the digital society” (Huvila 2018).
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(and related domains, such as digital humanities 
and digital heritage) as the field continues to digitize 
(e.g., Bonacchi and Petersson 2017; Brown 2016; 
Griffin and Hayler 2018; Kemman 2019; Wright and 
Richards 2018). However, both in archaeology and 
related domains critical reflection on the relationship 
between (academic) collaboration and human labour 
processes is rare. Among the few cases are the 
conclusions drawn by Nowviskie (2011, 171). She points 
out that the role of digital humanities practitioners 
outside of the ranks of tenured and tenure-track faculty 
is systematically overlooked in digital humanities 
research. Related, Mann (2019, 269) observes powerfully 
that “collaboration, as it is typically practiced [within 
digital humanities], risks shutting graduate students 
out of the very scholarship they laboured to produce”. 
According to Mann (2019, 269) this paradoxical situation 
comes about since graduate students are often treated 
as employees in digital collaborative projects with 
their labour power being commodified. In archaeology, 
Perry and Beale (2015) focus on the use of digital social 
media and how such media can be too easily considered 
collaborative and, as such, unquestionably progressive. 
They highlight that unjustifiably affirmative 
discourse used to re-present digital participation (e.g., 
crowdsourcing, blogging) in archaeology and heritage 
results often in free labour (in the form of voluntary 
work) and the risk of exploitation.

For more than a decade, a strong link has been 
in the making between the concept of collaboration 
and that of infrastructure. Specifically, the term 
“infrastructure” started to hype in the 2000s onwards 
within the European Research Area (Hallonsten 2020), 
when various “assemblages” started to be referred 
to as infrastructures. In that context affordance of 
collaborative research started to be presented as a 
positive asset for these infrastructures. Arguably, 
this successful marriage helped both concepts, 
namely collaboration and infrastructure, to dodge 
critical reflection: collaborative digital research 
infrastructures have been presented as an alluring 
technological innovation, a new way of doing things, 
and a type of progress. They were praised to promote 
communication, multivocality, openness, dialogue, 
and sharing as well as a diffused model of authority 
and authorship; and, of course, inclusiveness. They 
have been argued to bring about reliable and visible 
research results while enabling the aggregation of 
big and distributed data sets (Edmond 2015, 62-3; 
McCarty 2012). These data sets are usually hosted in 
the cloud, providing further means for being visible 

while implying an invisible (physical) infrastructure. 
The European Collaborative Cloud for Cultural 
Heritage with an intended budget of 110 million euros 
until 2025 from Horizon Europe is the next major 
initiative of the European Union in this direction. The 
cloud would “foster cooperation and co-creation among 
cultural, creative and technology sectors and will help 
safeguard European cultural treasures through a digital 
infrastructure” (ERRIN 2023).

One question that so far escaped empirical 
attention is whether these statements about 
collaboration (and cooperation and co-creation) 
and digital research infrastructures are always 
accurate – or accurate at all. If they are only 
conditionally accurate, we need to ask ourselves 
under which conditions collaborative digital research 
infrastructures are as progressive as they are 
described to be. Put differently, how and, perhaps 
more aptly, when and for whom collaborative digital 
research infrastructures are different, new and 
“better” in comparison to their counterparts with an 
accentuated corporate and commercial logic such as 
Elsevier and JSTOR (James 2020)?

To unpack these questions, on top of physical 
infrastructures one also needs to come to terms with the 
“human dimension” of digital research infrastructures 
and their highly relational nature. In our opinion, 
understanding them as “technologies” in the Marxist 
sense of the word provides a framework. Geographer 
David Harvey (2018, 9) provides the following definition 
of the term technology: “For Marx, the question of 
technology looms large as it does in almost all forms 
of economic analysis. Marx’s definition is broad and 
all-encompassing. Technology does not only refer 
to the machines and tools and energy systems put 
in motion (the hardware as it were). It also includes 
organisational forms (divisions of labour, structures 
of cooperation, corporate forms, etc.) and the software 
of control systems, time and motion studies, just-in-
time production systems, artificial intelligence and 
the like.” Cloud technology, for instance, is a prime 
example. The cloud is not only an ever-expandable 
and powerful but out-of-reach metaphoric space, but 
it is also made of massive machines, cooling systems 
and relevant infrastructure, wires, etc. At the same 
time, the cloud is not merely machines but it comprises 
an assemblage of socio-technical objects that are the 
material manifestations of particular intentions and 
thus, have human and material consequences, ranging 
from environmental (Monserrate 2022) to privacy and 
security (Xiao and Xiao 2013).
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Some definitions of digital infrastructures match 
well with the Marxist definition of technology 
presented here (e.g., Anderson 2013; Crane et al. 
2009; Brown and Greengrass 2010, 1; Benardou et al. 
2018, 3). This convergence happens precisely when 
“social factors” – that is, different forms of human 
organisation and cooperation – get acknowledged as 
crucial constitutive elements of digital infrastructures. 
In other words, approaching digital research 
infrastructures requires treatment of software, 
hardware and “the social” (e.g., scholarly practices, 
user needs, institutional traditions, human labour) as 
on equal footing, if not inseparable.

A quick etymological investigation is quite 
revealing. The Concise Oxford Dictionary of English 
Etymology ties the word with Latin “collabōrāre. 
f. COL- + labor LABOUR.” Col- is assimilated from 
com- meaning together. In other words, as people 
collaborate, they labour together. So, we naturally ask: 
could any digital infrastructure still qualify as being 
collaborative when we consider not a select group, 
but all agents involved? We draw particular attention 
to the labour of graduate students and post-doctoral 
scholars discussed above, who often find themselves 
in precarious labour appropriation that co-exists with 
the ideas of and hopes of collaborative knowledge 
production. Another concern that requires attention 
here regards the hardware and “the social”. That is, 
what about the human labour involved in producing 
material components that comprise collaborative 
digital research infrastructures? It is a known (but 
surprisingly under-discussed) fact that materials 
involved in building and using these infrastructures 
(such as those that make up computers, mobile phones, 
tablets, network cables, servers, docking stations, 
and laptop bags) are almost always produced out-of-
sight. How genuinely collaborative can the so-called 
”collaborative research infrastructures” be when the 
very hardware that they are built with threatens the 
well-being of humans that were involved in their 
production process (e.g., Fuchs 2013, 155-180)?

4 Conclusion
We realize our readers will see us painting a rather 
dark picture of the current state of digital archaeology. 
Practising archaeology for the sake of practising 
archaeology is a privileged position. And, as the 
authors, we acknowledge our privilege of being based 
in two Benelux countries in tenure(-track) positions. 
Our everyday life experiences show us that the 
optimism of digitalization does not chip away from 

imbalanced power dynamics within our discipline. 
A genuinely inclusive practice, research, teaching, 
communication, dissemination, and outreach are 
bounded by impasses that are usually -but not always- 
out of our control. For that, we will keep practising 
(digital) archaeology and carry optimism for the 
future. Yet our concern has always been the uncritical 
adoption and use of digital theories, tools and 
methodologies. As information and communication 
technologies advance, archaeologists arguably tend 
to constantly push the envelope using cutting-edge 
tools and technologies to move beyond state-of-the-art 
collectively. In this chapter, we paused and generated 
a series of questions: where do archaeologists push the 
envelope? Have archaeologists depleted their existing 
computational resources in the current affairs of the 
state-of-the-art so that they have to be constantly on 
the move, or are they mainly influenced by the socio-
technical climate of the data-driven era? Who are 
the primary drivers of this era, and who benefits the 
most from the new state-of-the-art? Can archaeologists 
reimagine and reconfigure how they do things so that 
our digital advancement does not harm the material 
life of others? To put it speculatively and bluntly, is 
digital archaeology creating a new form of colonialist 
practice, albeit remotely?

In this chapter, we also argued -despite the 
broadcasted image-, current digital technologies only 
appear to be decentralizing and deterritorializing. 
In the new connected territories, the winner takes it 
all (Pesce et al. 2019, 1885). Metaphors are hiding the 
material bases of the digital, further contributing to the 
invisibility of the disenfranchised. The privileged are 
also alienating from their labour; as people labour to 
make use of a “free” product they contribute to its value 
with their working hours (Fuchs 2014, 131). In other 
words, labour relations have become more invisible in 
the metaphoric cloud as people contribute to the myth 
of a free product.

It appears that the digital divide will remain unless 
divides in the world are tackled. In some cases, emerging 
digital tools and approaches consolidate existing biases 
even though they claim to bring machine objectivity as 
a remedy for human subjectivity (Hacıgüzeller, Taylor 
and Perry 2021). Especially, it is not clear if new promises 
made through big data, machine learning, and other 
automation practices can indeed help archaeologists to 
practice more inclusive and collaborative archaeology 
at the same time. Yet, our optimism lies in the possibility 
of other digitalities to invent. We will dig more into this 
sandbox. And as we play, we hope to:
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•	 Emphasize power relations that are naturally 
embedded in the digital. This begs the creation 
of a social theory of digital (van Dijk 2013; 
Ossewaarde 2019; Roth 2019).

•	 Highlight digital inequalities. Current literature 
suggests, digital and other forms of inequalities 
go hand in hand. The social theory of digital 
archaeology can directly address these inequalities 
in all necessary forms, including data activism 
(Thompson 2020).

•	 Recognize the digital divide as a human rights and 
social justice issue (Sanders and Scanlon 2021).

We wrap up with the latest digital promise. As we (re-)
enter the era of artificial intelligence and dream of digital 
twins/minds, the idea of a holodeck rises again. Our 
old Universal Turing Machine is now truly a “universal 
fantasy machine” (Murray 1997, 17). So, we ask a final 
question: whose fantasy is this that we are living in?
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1 Introduction
Around 15 years ago, a problem in Dutch archaeology started to become 
more and more apparent. Owing to the new Malta legislation, the number of 
archaeological fieldwork projects being conducted by commercial archaeology 
units in the Netherlands rose precipitously. The units were obliged to deposit 
their finds and documentation at the designated archaeological depot in the 
province or municipality within two years after finishing a project. Many of these 
units operated nationally and were confronted with a wide variety of rules and 
regulations connected to this deposit process. For each and every depot, they were 
required to provide different documents. Attempts in the early 2000s to promote the 
use of a single data management system at all depots had failed (Boogert 2006, 26; 
Taayke 2003). An exploratory study (Sueur et al. 2008) suggested the introduction 
of a single standardised XML data exchange format for the intermediate collection 
of data about the items delivered by any archaeology unit to any depot. This 
delivery slip (‘pakbon’), also known as the SIKB0102 protocol, was introduced in 
around 2011 but was not widely adopted for a long time following its introduction. 
Only a few early adopters among the commercial units had prepared their 
excavation management software for the export of an XML exchange document.

From a relatively recent report, “Verder graven in depots” 
(Erfgoedinspectie 2018, 28):

“Wat betreft de pakbon geldt hetzelfde als bij de provinciale depots: er worden 
vrijwel geen pakbonnen aangeleverd. En er is slechts één gemeentelijk depot dat 
de pakbon kan inlezen. Veel gemeentelijke depotbeheerders zien geen meerwaarde 
in de pakbon voor het eigen depot. Degenen die sympathiek staan tegenover 
het oorspronkelijke idee van één standaard voor aanlevering van vondsten en 
documentatie, vinden dat de uitwerking daarvan in de huidige vorm niet voldoet. 
Enkele depots stellen desalniettemin het leveren van een pakbon verplicht, maar 
hebben daarbij ervaren dat slechts weinig bedrijven een pakbon (kunnen) leveren.”.

“For the municipalities, the situation with the digital exchange protocol is 
more or less the same as with the provinces: these are hardly ever used. Only 
one municipality depot is capable of importing the SIKB0102 document. Many 
managers from the municipality depots don’t feel the digital delivery slip offers 
additional value for their organization. Some embrace the original idea of having 
one standard document for the delivery of finds and documentation, but consider 
the implementation in its current form inadequate. Although a few depots have 
made the protocol compulsory, experience has shown that only a few commercial 
units are able to provide it.”

https://doi.org/10.59641/f48820ir
mailto:m.wansleeben%40arch.leidenuniv.nl?subject=
mailto:wlaan70%40gmail.com?subject=
mailto:r.m.visser%40saxion.nl?subject=


34 ANALECTA PRAEHISTORICA LEIDENSIA 51

This situation changed quickly after the province of 
Noord-Brabant (Provinciaal Depot Bodemvondsten) 
took the initiative to develop software that could 
read the SIKB0102 protocol, in a collaborative effort 
with a number of provincial archaeological depots 
(Meffert 2018). From that moment onwards, the supply 
and demand for this digital data exchange increased, 
and depots made its use compulsory for new projects. 
Unfortunately, many commercial units have since 
struggled with the implementation, encountering 
many practical obstacles and troublesome 
discussions with the provincial depots. The technical 
implementation of the SIKB0102 protocol turns out to 
be so complicated that many ‘average’ archaeologists 
are dropping out. This illustrates a huge technological 
gap between the ‘whiz kids’ in the SIKB0102 technical 
committee and the archaeologists performing the 
actual work at archaeological research projects and at 
the depots. Many archaeologists consider the exchange 
format to be a black box, are unable to understand the 
content and cannot solve the problems that arise in the 
process of depositing finds and documentation.

Archol BV is one of the commercial 
archaeological units in the Netherlands that was an 
early adopter of this data exchange protocol. Over 
the years, several versions of the protocol have been 
implemented in its excavation registration system, 
which is based on Microsoft Access. Other Dutch 
archaeological organizations regularly ask Archol 
for assistance in the use and implementation of the 
SIKB0102 protocol. Based on these experiences, this 
article tries to answer a few questions:

•	 Were there any mistakes made during the 
introduction of SIKB0102?

•	 What is the exact nature of the problem(s)?
•	 What are possible solutions?
•	 Which components are still needed in order to make 

the pakbon a success?

2 KNA and SIKB0102
Dutch archaeology has seen some major changes 
since the Malta treaty was introduced (1992) and 
implemented (2006) in the Netherlands through 
what has been referred to since 2015 as the 
‘Erfgoedwet’ (integral cultural heritage law). Today, 
many (semi-)commercial, governmental, and public 
organizations are involved in heritage management. 
These organizations are involved in a wide range 
of tasks, from providing advice to municipalities, 
undertaking process management, heritage mapping, 

surveying, conducting excavations, carrying out 
material analysis, and engaging in knowledge 
dissemination. In order to maintain minimal quality 
requirements, a set of protocols has been agreed 
upon for each of the steps in the heritage trajectory. 
These requirements are laid out in the quality 
standard for Dutch archaeology (KNA: Kwaliteitsnorm 
Nederlandse Archeologie). These protocols specify 
tasks, documents, and personnel for archaeological 
research both on land and under water. In addition, 
organizations that perform excavations or any other 
type of research that destroys the soil archive must 
be certified and registered. These protocols are 
maintained by the Dutch archaeological community 
and are updated every few years (version 4.1 is 
currently in force). A foundation for quality 
assurance in soil management (SIKB: Stichting 
Infrastructuur Kwaliteitsborging Bodembeheer) 
organizes the workflow and maintains and publishes 
these standards and protocols on its website (www.
sikb.nl/archeologie).

The protocol 4004 (Excavations on Land) also 
includes the required steps for depositing the finds, 
samples, and documentation at the end of the 
archaeological process (OS17). Within the Netherlands, 
there is an agreement that archaeologists will 
publish their results within two years after finishing 
the fieldwork, although this is not always possible, 
especially when it comes to large-scale excavations. 
During the pre-publication period, the archaeological 
objects and (digital and analogue) documentation will 
remain stored at the excavating organization. After the 
results are published, the objects and documents are to 
be transferred to the designated depot at a province or 
municipality. The province or municipality is assigned 
as the legal owner of the archaeological discoveries by 
the Erfgoedwet. To make this deposit process as smooth 
as possible, a number of inventory lists must be 
presented to the depot beforehand. These include a list 
of boxes containing the finds or samples, a list of field 
drawings, a list of digital files (including the digital 
photos), and a list of binders and reports. With these 
lists, the depot knows what they will receive and can 
check whether the documentation is properly done. 
In the past, individual depots had their own sets of 
requirements for these inventory lists, but this has now 
been harmonised in this digital delivery slip (‘pakbon’). 
The pakbon (as part of OS17) is a digital document 
with a fixed, prescribed structure and standardised 
content. Additional information has been added to this 
delivery slip over the years, including the description 
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of non-physical items such as archaeological features, 
structures, and persons involved. This document has 
grown into more of a general-purpose data exchange 
document, making it very versatile and ready for 
the exchange of any archaeological information 
between any archaeological organizations. It is 
implemented as an XML document and referred to as 
the SIKB0102 protocol.

The original possibility for data exchange between 
archaeological organizations in the Netherlands was 
put forward in 2008 in an exploratory study in the 
Vestigia Rapport V513 (Sueur et al. 2008; Verhagen 
et al. 2011). This was initiated by the SIKB and inspired 
by the SIKB0101 protocol that already existed for soil 
technical engineers and the FISH protocol (figure 1) 
that existed in the UK for archaeologists (Gilman and 
Newman 2007).

The SIKB0102 protocol was introduced in the KNA 
in 2011 (SIKB 2011). Formally, it became a compulsory 
format in Dutch archaeology for new projects from 
that point onwards (www.forumstandaardisatie.nl/
open-standaarden/verplicht). However, only a few 
archaeological organizations immediately implemented 
it (voluntarily) in their day-to-day practice. Many were 
hesitant for a long time, for the reasons discussed below.

3 SIKB0102 XML file format
The data exchange format (protocol SIKB0102) has 
been carefully designed over a long period of time, 

following multiple design sessions with a group of 
mainly ICT-trained ‘computer’ archaeologists. The 
initial structure (Sueur et al. 2008) is still visible in the 
first part of the XML document, the project description 
(figure 2). Here, information about the project and 
actors involved is stored in a hierarchical structure 
that is almost readable by humans.

Figure 1: The FISH interoperability toolkit is unfortunately no 
longer supported.

The Forum on Information Standards in Heritage 
(FISH) describes a standard and vocabulary (MIDAS 
Heritage) for a uniform description of the historic 
environment (www.heritage-standards.org.uk/
midas-heritage/). In 2004, a FISH Interoperability 
Toolkit was developed by Oxford-ArchDigital that 
serves as an aid for efficient data exchange and 
archiving via a MIDAS XML document. In 2012 this 
was adapted by the Archaeology Data Service. The 
toolkit included tools for mapping data schemes 
and vocabularies to the Midas Heritage standard 
and an XML validator (www.heritage-standards.
org.uk/fish-interoperability-toolkit-archived/). 
From 2015 onwards, this XML toolkit is no longer 
supported, owing to the lack of implementation.

<sikb0102>
   <project>
      <project_name>
      <start_date>
      <project_identifier>
      <research_type>
      <description>
      <authority>
         <person_identifier>
      <contractor>
         <person_identifier>
      <designated_depot>

Figure 2: XML-like snippet with selected and translated elements 
(tags) of the start of the exchange format, without namespace.

<easymetadata>
   <titles>
      <title>
         <alternative_title>
   <subjects>
      <subject>
   <dates>
      <date>
      <date_created>
      <date_available>
      <date_submitted>
   <coverage>
      <spatial>
         <point>
            <x>
            <y>
      <temporal>

Figure 3: XML-like snippet with simplified (adjusted) version of 
some of the tags of the DANS EASY dataset metadata, without 
namespaces.
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<archis3>
   <events>
      <event>
         <event_identifier>
         <event_start_date>
         <event_methodology_code>
         <event_methodology_label>
         <find_locations>
            <find_location>
               <municipality>
               <toponym>
               <x-coordinate>
               <y-coordinate>
               <finds>
                  <find>
                     <amount>
                     <material>
                     <type>
                     <start_date>
                     <end_date>
               <features>
                  <feature>
                     <amount>
                     <type> Figure 4: XML-like snippet with selected (translated) 

tags from the Archis 3 project event data, as stored 
in the national Archis 3 database at the RCE.

<sikb0102 id=”3307ce94-7a05-4185-9f0f-2de69f3f88a1” version=”4.1.0”>
   <project id=”ae628cde-9bd7-4c4b-9289-7138f0c0bb43”>
   <organization id=”449ad8b2-b1dd-41c9-983e-39e3d22b077f”>
   <person id=”0ab1d5f5-fa03-4571-b6f4-406deb2222bc”>
   <person id=”e9abc724-9805-449d-b657-2d2ca7643f7f”>
   <person id=”bc3dc3ec-ef03-424f-89a1-0f732d9799fd”>
   <file id=”04785ae0-7d5f-43b9-9bc4-d55bb9aa5617”>
   <file id=”f17b5cce-d2de-4614-887c-a66dde17ae89”>
   <file id=”89912ec1-6722-44a1-82fd-fd3154ced52b”>
   <find id=”e77038a6-2285-422d-8340-ccebb037db17”>
      <source_identifier>
      <context_UUID>
      <box_UUID>
   <find id=”4aa5f7f5-7919-4c4d-9300-afa62a8f8bdd”>
   <find id=”b59c92e9-0924-464a-bfb9-0b2591fa0528”>
   <feature id=”8f0da90c-7aba-4a7d-a8e0-b1881cbce351”>
   <feature id=”7752c3d8-a565-4d5b-a5b6-551c628bcd9f”>
   <feature id=”12de5b57-8752-4705-aafd-9949a306249b”>
   <photo id=”c222573c-7e3d-4e92-bca1-98c14d17a247”>
   <photo id=”74d8d0ea-4662-458d-83f9-677bbb93ec79”>
   <photo id=”1a7f30c0-44c5-4eee-9f08-6db3482b317c”>

Figure 5: XML-like snippet with 
selected (translated) parts of the 
SIKB0102 protocol to illustrate the 
object-oriented characteristics.
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This part of the document can be read by 
archaeologists once opened in a web browser, an 
advanced text editor (like Notepad++), or a special 
XML editor. It is easy to find information, identify 
errors, and make corrections.

Many (archaeological) organizations that use 
XML for data exchange use this hierarchical (nested) 
property of XML, in order to make the often-complex 
structure of the information manageable. Two 
examples from Dutch archaeology are presented 
below: figure 3 is the metadata export from a dataset 
in the DANS data archive (EASY), and figure 4 contains 
a project description from Archis 3 at the Cultural 
Heritage Agency (RCE).

Both archaeological examples show a hierarchy 
that represents the underlying data model. Archis, 
for instance, stores research events that can result 
in 0, 1, or many find locations, which can yield (any 
number of) finds and/or archaeological features. This 
is a hierarchy that reflects the 1-to-many relationship 
between tables, which is familiar from relational 
database designs. It is immediately clear to which 
find location, discovered in which event, a find 
belongs. Most web browsers even allow end users to 
expand or hide some of the (nested) branches of the 
tree to obtain an overview more quickly in the often 
extensive XML documents.

The simple hierarchical model shown in the XML 
examples above could have been a template for the 
SIKB0102 format: starting with a single (main) branch 
for the project, and branching out to several major 
entities such as find boxes, documentation, and find 
locations. A branch for the find locations could have 
included further (sub-)branches for samples, finds, 
and features. A branch for the documentation could 
have included (sub-)branches with attributes about 
(field) drawings, photos, reports, and files. How 
such a hierarchy would actually be implemented in 
the XML does depend on arbitrary decisions, given 
the recognised fact that archaeological data does 
not follow a single simple hierarchy (Boasson and 
Visser 2017). For instance, finds are not only related 
to find locations; they are also stored in boxes and 
illustrated on (field) drawings and photos. Features are 
documented through photos, where information about 
the same features is part of cross-section drawings 
and associated with surveying (X, Y, Z) data. The 
various entities documented during an archaeological 
project have a large number of potential relationships. 
The information is therefore generally stored in a 
relational database that enables us to dynamically 

create links between the various parts of our data 
whenever needed by using a query. A static XML 
structure would hold only one of the possible 
representations.

The design team of the SIKB0102 protocol therefore 
wanted to combine a more relational database- and an 
object-oriented approach. They used a technical structure 
that is very similar to the way Linked Open Data (LOD) 
is modelled. The XML document contains, for the most 
part, a (very) long list of all possible information objects, 
in more or less alphabetical order. It simply lists all of 
the find boxes, along with their properties, followed 
by flat lists of all the finds, corings, drawings, photos, 
people, organizations, features, structures, and so on. 
Each information object is uniquely identified with a 
UUID (Universally Unique IDentifer). This identifier 
serves as the key for creating relationships between 
the information objects. A find will have its own UUID 
and properties for an (indirect) link to the discovery 
location (context_UUID) and to the box in which it is 
now stored (box_UUID) (figure 5). This object-oriented 
data model does provide more flexibility in coping with 
archaeological data from a wide variety of excavations 
(Boasson and Visser 2017). One of the first to adapt this 
in archaeology was the Swedish Intrasis software (www.
intrasis.com) from the Swedish National Heritage Board, 
a general-purpose excavation documentation system. 
The same principles were adapted in the Netherlands 
in, for example, the ArcheoLINK software from the 
private company QLC BV (nowadays part of TijdLab) 
and the ODILE software from the archaeological 
company RAAP BV.

One of the downsides of this approach is that 
the (main) hierarchy (relationships) is not explicitly 
included in the structure of the XML document. This 
means that to the average archaeologist, this document 
is unreadable and is just an arbitrary flat list of entities 
that are interconnected in an inextricable knot by their 
arbitrary (UUID) identifiers, which archaeologists no 
longer recognize as the find number printed on the 
find label or the filename of the digital photo.

4 Practical problems
Is this object-oriented (Linked Open Data-like) model 
a (big) problem? Some archaeologists feel it isn’t, 
as the data exchange document is not intended for 
humans to read. Rather, it is a protocol for facilitating 
communication between a computer and a computer. 
Commercial units should invest in an additional piece 
of software that creates the proper XML document, 
and the depots should likewise invest in the import 

https://www.intrasis.com
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software. However, there are a few arguments that 
complicate the matter, as explained below.

In many cases, there is a need for personal 
communication between employees of the commercial 
unit and the depot about the content of the XML 
document. This could arise, for example, in the case 
used in a request for additional information (e.g., this 
object is used in the publication, but not included in 
the pakbon), an explanation of why some samples 
are no longer stored in one of the boxes, or a request 
to correct a few (minor) mistakes. These discussions 
regularly become laborious and troublesome. The 
depots have problems defining the exact issue (e.g., 
there is “something” wrong with the samples, since 
the import tool is rejecting the pakbon), and the 
commercial unit has trouble pinpointing the records 
that must be added or changed in order to solve the 
problem. The XML does not provide a simple and 
clear basis for the discussion (e.g., “here at line 34567, 
a value is used that is not allowed”). As a result, both 
sides send many messages back and forth to explain 
things in more detail, until frustration arises on both 
sides: “You made these changes, but now something 
else has become incorrect…”

The conversion to an object-oriented model from 
a relational database is not easy, nor is it familiar 
to many Dutch archaeologists. It requires highly 
specialised knowledge about:

•	 technical issues, such as conventions used in UML, 
XML, XSD, namespaces and the use of UUIDs. The 
conversion is not a matter of a few simple queries. 
Rearranging the data tables often also requires 
some programming skills (e.g., SQL, VBA).

•	 the actual archaeological content and how the 
commercial units’ tables and fields correspond 
to the SIKB0102 entities. To comply with the SIKB 
thesauri (enumerations), a detailed mapping 
(concordance) with the prescribed fields and values 
is required.

The required investments (in terms of both time 
and money) are substantial, and many Dutch 
archaeological organizations struggle with that.

•	 Many commercial units are relatively small 
companies, with material specialists at one end of 
the scale, since they often operate as single-handed 
(sub)contractors. They sometimes even lack the 
knowledge to create proper databases and work 
in a less formal manner with small datasets in 

spreadsheets. Some smaller units have already 
joined forces to invest collaboratively in a database 
system with a SIKB0102 export.

•	 Even some larger archaeological organizations, 
such as the RCE and the University of Groningen, 
have recently asked Archol BV for assistance in 
implementing the SIKB0102 protocol.

•	 Provincial depots also struggle to make the 
required investment individually. On the initiative 
of the provincial depot in Noord-Brabant, a shared 
system called the ‘Archeodepot’ was created (www.
archeodepot.nl) (figure 6). Eight provinces and 
DANS work together in this initiative to provide a 
single counter for commercial units to upload their 
SIBK0102 documents prior to depositing their finds 
and (digital) documentation. Together, they have 
the necessary critical mass and have succeeded in 
providing a working system.

•	 Municipality depots are smaller than the provincial 
depots and are currently very reluctant to 
implement the SIKB0102 protocol at all. They are 
waiting for a (financial) opportunity to create the 
tools for themselves or to join the Archeodepot.

•	 Only a few software developers in the Netherlands 
produce an archaeological (excavation) 
documentation tool that can create the exchange 
document. These packages can be bought off the shelf 
by commercial units, but often at a relatively high 
cost or with the need for major changes to their daily 
archaeological practices.

It appears that the expertise required to implement the 
SIB0102 protocol in its current form is simply too high 
for the average archaeologist. They must therefore 
leave this to a few digital experts and start viewing the 
SIKB0102 document as a black box that is difficult to 
create and to read. Some organizations prefer not to 
use the protocol at all (“we just ignore it, until we are 
forced to use it”) or rely on the occasional (almost) free 
tools that are made available.

After paying a yearly financial contribution, the 
SIKB provides access to a validation tool. This enables 
organizations to check the structure and content of the 
XML document before sending it to the Archeodepot. 
This validator prevents many mistakes such as the 
use of the wrong enumeration version, incorrect 
tag order, or missing UUIDs. However, the tool also 
creates (technical) error messages that the average 
archaeologist finds difficult to understand.

https://www.archeodepot.nl
https://www.archeodepot.nl
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Under the same conditions, the SIKB also provides 
a reporting tool that converts a valid XML exchange 
document into an Excel spreadsheet. This visualizes 
the XML document’s content in a number of separate 
worksheets that reflect the groups of items in the 
SIKB0102 model. However, this tool is far from 
complete. Some municipality depots use this tool to 
view the content, but this has led to complaints that 
something is missing in the XML document, although 
in fact the rendering is incomplete. The reporting tool 
does not come close enough to the way archaeologists 
are used to working with their (excavation) data.

Altogether, this situation is arguably a dangerous 
deadlock that could threaten the implementation of 
the SIKB0102 protocol. The collaborative initiative 
taken by the eight provincial depots has probably 
prevented the Dutch SIKB0102 from suffering the same 
fate as the UK’s FISH Toolkit. Still, many improvements 
are needed to make the SIKB0102 a real success. Many 
more actors in Dutch archaeology, such as material 
specialists and municipality depots, need to board this 
train in the near future.

5 Possible solutions
If the SIKB0102 document had a simple (albeit 
arbitrary) hierarchical structure, some of the 
discussions would probably have been easier. Any web 
browser would have been sufficient to interactively 
render the XML into a readable document for humans, 
providing a solution with a very low threshold. 
However, making fundamental modifications to the 
XML structure now seems out of the question. We have 
already passed a point of no return, given that too 
many large organizations have already implemented 
the document. And in any case, this discussion might 
not be beneficial at all, as the object-oriented data 
model does have the flexibility to store and share 
the complexity of the archaeological data (Boasson 
and Visser 2017). We must therefore consider other 
options. Here we suggest some possible improvements.

The documentation provided by the SIKB about 
the protocol is sufficient (UML, XSD, example files) 
from a technician’s point of view. For the average 
archaeologist, who is usually not really interested in an 
Entity-Relation model of the database, let alone a UML 

Figure 6: The splash screen of the national counter for depositing the SIKB0102 XML exchange documents. This system validates 
the documentation before it is forwarded to the designated province.
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The SIKB0102 XML document is a simple text file. That means that in principle it can be opened in any text 
processing software, from a web browser, a simple Windows Notepad or Wordpad, through an advanced text 
editor such as NotePad++, to more specialised XML editors like XMLSpy or XmlNotepad. Some software is 
better suited for reading large XML files and rendering the XML elements in a user-friendly way than others.

An XML element always consists of a start tag <> and an end tag </>, like one of the first elements in the 
SIKB0102 document that stores the name of the project:

<sikb:projectnaam>Oegstgeest – Nieuw Rhijngeest-Zuid</sikb:projectnaam>

The starting tag can have additional attributes, for instance for identification, and tags can be grouped (nested) 
within other tags, as in the following example with a few attributes of a drawing in the SIKB0102 structure.

<sikb:tekening bronId=”OEGR12_T051” sikb:id=”a2012515-e902-4360-9e6c-85e8a53f1aa6”>
	 <sikb:naam>Detail Coupe 445</sikb:naam>
	 <sikb:tekeningtype>DET</sikb:tekeningtype>
	 <sikb:tekeningmateriaal>houtvrij mm papier</sikb:tekeningmateriaal>
</sikb:tekening>

Sometimes the content between the start and end tag is free text; sometimes it is restricted to one of the 
prescribed values (enumerations). The allowed values for the type of drawing can be found at codes.sikb.nl, 
where DET stands for a “detail drawing”.
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(Opposite page and above) Figure 7: Mock-up of a part of a manual that can help non-digital specialists to use and identify items in 
the SIKB0102 XML document.

To find the box with this special find from the early Medieval excavation at Oegstgeest in the pakbon, follow 
the following steps:

•	 Open the XML file in your browser (or text editor of choice)
•	 Use edit – find (Ctrl+F) or equivalent to search for: “zilveren schaal” (silver bowl)

<sikb:vondst bronId=”OEGR12_V002.001” sikb:id=”575ba625-69a4-4149-8b70-34cb3b9ff585”>
	 <sikb:naam>zilveren schaal</sikb:naam>
	 <sikb:veldvondstId>906d115d-a7b3-44a3-b4e2-10e696030e16</sikb:veldvondstId>
	 <sikb:aantal>1</sikb:aantal>
	 <sikb:materiaalcategorie>MAG</sikb:materiaalcategorie>
	 <sikb:beginperiode>MEVB</sikb:beginperiode>
	 <sikb:eindperiode>MEVB</sikb:eindperiode>
	 <sikb:exposabel>true</sikb:exposabel>
	 <sikb:verpakkingseenheidId>c9f95c57-2c29-41d9-8dde-d44804ba6d49</sikb:verpakkingseenheidId>
</sikb:vondst>

The original find number of the excavator is documented in the attribute bronId as part of the sikb:vondst tag, 
while the context of the find is recorded in the sikb:veldvondstId tag and the storage location is stated in the 
sikb:verpakkingseenheidId tag, both with their own UUID.

•	 Copy the UUID from the verpakkingseenheidId tag
•	 Perform a new search throughout the entire document with that UUID

This will provide you with the packaging unit (usually the plastic find bag) and its attributes.

<sikb:verpakkingseenheid bronId=”OEGR12_V002” sikb:id=”c9f95c57-2c29-41d9-8dde-d44804ba6d49”>
	 <sikb:naam>OEGR12_V002</sikb:naam>
	 <sikb:doosId>8f0da90c-7aba-4a7d-a8e0-b1881cbce351</sikb:doosId>
</sikb:verpakkingseenheid>

•	 Use the UUID from the sikb:doosId tag once more to find the storage box

<sikb:doos bronId=”OEGR12_D002” sikb:id=”8f0da90c-7aba-4a7d-a8e0-b1881cbce351”>
	 <sikb:naam>OEGR12_D002</sikb:naam>
	 <sikb:breekbaar>true</sikb:breekbaar>
</sikb:doos>

As can be seen from the above, a small series of simple text find requests can bring up the box of this special 
find, in this case OEGR12_D002, without the need for special software.

document, this doesn’t help much. Our first suggestion 
is therefore, that a clear manual is produced covering 
the possibilities and limitations of the protocol in 
simple words: What is actually in the XML, and where 
can I find it? This would be a manual with a strong 

visual component, breaking down the protocol into 
entities with which archaeologists are familiar, such as 
boxes-and-finds or features-and-photos (figure 7).

The SIKB reporting tool is not ideal, nor is it free 
for everyone. Both conditions could be improved if 
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the SIKB is willing to put in the required effort (in the 
near future). As a second suggestion, a more full-scale 
viewer should be developed, one that uses a database 
instead of a spreadsheet as a basis. Such a database 
would allow for a user interface that visualizes the 
entities in a way that is very close to archaeologists’ 
day-to-day practice (figure 8). A database would allow 
for multiple relationships to be presented (boxes – 
finds, finds – context, context – photos, photos – files). 
Such a standardised viewer would probably be very 
helpful for guiding and streamlining the discussions 
between employees of the depositor and depot. Any 
problems could likely be identified (interactively) and 
solved much more quickly if both parties were using 
the exact same visualization.

Such a tool should be open-source, cross-
platform, freely available to all, and maintained 
for future releases of the SIKB0102 protocol and 
database software used. Of course, some (financial) 
arrangements would need to be established to achieve 
this goal.

Dutch archaeology contains many small, single-
handed companies that carry out small archaeological 
projects with a limited number of finds, photos and data 
tables. A small commercial unit might for instance be 
commissioned to check the archaeological potential of a 
small area in a private garden with two or three corings. 
These small-scale projects occur frequently and often 
have a short turnaround time, minimum dataset and 

standardised report. It would probably be very effective 
to have a tool that directly stores the available data in 
a small database that exactly mimics the entities in the 
SIKB0102 protocol. Such a free, open-source data entry 
tool would probably also serve to educate a much wider 
group of archaeologists about the content of the XML. It 
would become simply a matter of “learning by doing”.

A few simple additions could potentially take the 
SIKB0102 out of the realm of technicians and bring it 
into the world of many Dutch archaeologists. Where, in 
our view, priority should be given to the creation of an 
open-source toolkit to visualize the content of an XML 
exchange document (option 2).

6 Additional bonus: SIKB0102 as an 
archiving format
An XML document is basically a simple text file, 
with a simple markup structure. Each element has 
a starting tag (e.g., <project>) and ending tag (</
project>). Elements can be nested to as many levels 
as required, as long as the document remains well 
formed. The content of an XML document is (should 
be) documented in an XSD (XML Schema Definition 
Language) document, which prescribes the tags in 
great detail, for example: which tag names, in which 
order, compulsory or not, multiple values allowed 
or not, with a predefined value (enumeration) or 
free text. These characteristics make XML a very 
promising candidate for the long-term archiving of 

Figure 8: A prototype database (proof of concept) has been created with Microsoft Access. This database imports a pakbon and 
renders it in several ways through hierarchical forms, in this case starting with the finds.
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DANS dataset description
The SIKB maintains data exchange protocols for both soil researchers and archaeologists. The protocol for 
Archaeology (SIKB0102) has been in place since 2011 (*) and has seen many minor and major revisions. The 
SIKB makes only the most recent versions of the protocol available on its website. The SIKB’s view is that 
the exchange documents are used only once, i.e., at the moment an excavation is finished and the finds and 
documentation are deposited at one of the provincial or municipality depots.

However, a data exchange document (‘pakbon’) brings together data about many aspects of an excavation 
in a highly standardised manner. Although this is probably not as detailed and rich as the original databases 
and (GIS) files from the excavator, it is and will remain a valuable resource for future archaeologists. The XML 
documents are stored in the repositories as separate files. In order to understand and reuse such a document, 
the technical description of the specific version of the protocol should be available at any time. This dataset 
brings together that metadata, for as many different versions of the pakbon as (still) possible.

(*): SIKB 2011, Wijzigingsblad KNA 3.2 Landbodems, Stichting Infrastructuur Kwaliteitsborging 
Bodembeheer, Gouda.

Figure 9: Dataset description at the DANS EASY repository of the (historic) documentation of the SIKB0102 protocol (doi.org/10.17026/
dans-zbn-be94).

digital information. DANS already experimented with 
this idea in a pilot project called MIXED in 2007 (Van 
Horik and Roorda 2011). Once digital information 
is converted to a well-documented XML file, it 
does not need much attention to be readable and 
understandable in, say, 20 years’ time.

Some archaeological units have been 
experimenting with and using the SIKB0102 protocol 
for quite some time now, and their number is 
increasing rapidly as a result of provincial repositories 
requesting the protocol. The SIKB0102 specifications 
are updated yearly. This entails not only minor 
alterations in response to (for instance) changes 
in the municipalities, new commercial units, or 
improvements to the protocol, but also more 
fundamental changes to the structure of the 
document. Branches have been renamed, replaced, 
added, and removed from the protocol, e.g., when 
specific information is no longer relevant (like many 
Archis 2 attributes). The SIKB publishes the protocol 
on its website, along with the XSD, enumerations and 
examples (www.sikb.nl/datastandaarden/richtlijnen/
sikb0102). Any changes between versions are 
documented in a separate report.

The SIKB is convinced that the purpose of the 
data exchange document is limited to a single-use 
event: at the closing stages of a research project, 
at the moment a commercial unit sends the XML 
document to the designed depot in the province (or 

municipality). The depot imports the data, and the 
lifespan of the XML document is over. Preferably, both 
parties should be using the current, in-force version 
of the protocol. But because software updates can 
easily lag behind, a few older versions of the protocol 
are still supported and available on the SIKB website. 
Currently (as of May 2023) only the previous version 
(4.3) and the current version (4.4) are available. The 
data model (UML), XSD, enumerations (domeintabellen) 
and examples can be downloaded. The thesauri 
(enumerations) are also published on a separate 
website (codes.sikb.nl), for the current version of 
the protocol.

In Dutch archaeology, the XML document is 
accepted at the repositories of the provincial depots, 
as well as by DANS and Archis, among others. These 
repositories not only convert the content of the 
pakbon into their own management system, but 
also store the pakbon for the long run. As this XML 
document holds the majority of a project’s produced 
archaeological data, it is a valuable resource in its 
own right. The data may not be as detailed and rich as 
the original data files from the commercial unit, but 
they hold the information in a highly standardised 
manner. Suppose that we could bring together 
all these XML documents produced over the past 
five years. This would allow for a very useful and 
smart search engine to cross-search harmonised 
archaeological projects on a national scale. 

https://doi.org/10.17026/dans-zbn-be94
https://doi.org/10.17026/dans-zbn-be94
https://www.sikb.nl/datastandaarden/richtlijnen/sikb0102
https://www.sikb.nl/datastandaarden/richtlijnen/sikb0102
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Synthesizing information at that scale of detail is 
impossible in any of the current repositories. Several 
examples of such a ‘big data’ approach, such as text 
mining (Brandsen 2022; Fischer et al. 2021) and 
data mining (Wilcke 2022), have recently produced 
promising results in Dutch archaeology.

However, one essential condition for using 
SIKB0102 as an archiving format is missing: the XSD 
and enumerations should be available for any possible 
version of the exchange format. Unfortunately, the 
SIKB currently fails to make these available. We feel 
that this is a crucial missed opportunity. We lack the 
UML and especially the XSD of the previous versions. A 
provisional dataset (figure 9) has recently been created 
at DANS (DOI: 10.17026/dans-zbn-be94); this holds the 
documentation of as many previous versions of the 
protocol that could still be gathered from the SIKB 
website and local copies by the authors.

XML as an archiving format was also recently 
proposed by Brandsen (2022) in his Ph.D. thesis on 
text mining archaeological reports. Since the Malta 
legislation entered into force, these grey literature 
reports have been produced by commercial units in 
such large numbers that it has become very difficult 
to keep up with all new discoveries. A special grant 
scheme, the ‘Oogst van Malta’ (Malta harvest), also 
addresses this problem, enabling archaeologist to 
dedicate their time to special topics, in order to 
translate the information from these separate reports 
into a coherent archaeological narrative. One of the 
problems Brandsen encountered is the long-term 
archiving format used by the repositories. The PDF 
format is very difficult to re-engineer into text. 
Drawing distinctions between different elements 
of the publication – such as text body, captions, 
chapters, paragraphs, table content, and so on – is 
almost impossible. For text mining, understanding the 
structure of the document is paramount, as the flint 
arrowhead described in a chapter called ‘Neolithic 
period‘ is implicitly dated. The best possible solution 
would be storing archaeological publications in a 
generic XML format that incorporates the document’s 
hierarchical structure, thereby making explicit what 
we as human readers can deduce immediately. 
From an archiving standpoint, the XML format is 
also preferred to the PDF/A (Adobe-specific) format. 
Although this would be a major step forward, PDF will 
probably remain the de facto standard worldwide for 
some years. Still, we could consider asking the SIKB 
to add some of the content (e.g., the summary) of the 
report to the data exchange format SIKB0102.

When archiving is designated as one of the 
functions of the SIKB0102 protocol, an additional 
incentive to use the protocol’s spatial components is 
also needed, as this seems to be used very rarely at 
present. Enabling even a fuller use with, for instance, 
the location of trenches, finds and excavated features.

7 Conclusions
It goes almost without saying that Dutch archaeology 
is in need of a standardised exchange protocol, 
especially now that almost all archaeological partners 
collect archaeological documentation digitally under 
the Malta trajectory. The SIKB0102 protocol already 
fulfils a key role, although not all archaeologists are 
comfortable with the chosen format. It is important 
that all partners are convinced of the benefits and 
are provided with a series of low-threshold tools. 
While the pakbon was originally designed to improve 
the transition between the excavator and the legal 
owner of the finds and documentation, SIKB0102 has 
the potential to become a versatile, flexible and 
universal exchange and archiving format for a highly 
standardised set of archaeological data.

The data exchange protocol SIKB0102 was 
almost exclusively designed by a group of (heavily) 
ICT-trained archaeologists. The SIKB seems to have 
misjudged the gap in interests and skills between 
the ‘average’ archaeologist and the ‘computer’ 
archaeologist. The deposit process has not become 
easier for those who have to do this on a daily basis 
in accordance with the KNA regulations. Many 
archaeologists and personnel at the depots still 
consider the pakbon a complex and difficult black box 
and are still reluctant to introduce the protocol at all. 
The problems that occur in the handover cannot yet 
be solved easily. Both parties need to have a shared 
knowledge base and easily available tools in order to 
discuss problems and find solutions to discrepancies.

We feel that the most important next step is 
improving the availability of open-source additions 
to the “SIKB Interoperability Toolkit”. Some simple 
additions would equip archaeologists with tools to 
really explore the data that they currently experience 
as being hidden inside the pakbon. Within a (geo)
graphical user interface, they could view the data, see 
links between entities, and (most importantly) share 
a common dashboard via which different parties 
can solve problems. Only with tools like this can 
archaeologists experience the benefits of a protocol such 
as the SIKB0102. We would like to see the SIKB and/or 
RCE initiate such a development together with the Dutch 
archaeological community. Creating and maintaining 

https://doi.org/10.17026/dans-zbn-be94
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these open-source tools should be a joint effort from 
all actors in the Dutch archaeological field, because all 
of us would benefit. The tools should not only facilitate 
the deposit process today, but also create valuable 
standardised descriptions in XML that could serve as a 
resource of archaeological information for the future.
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1 Background
Let us begin by recalling that, although personal computers were introduced in the 
1970s, their use in both the nascent commercial archaeology sector and in academic 
archaeology was limited to a few pioneers – who founded the Computer Applications 
and Quantitative Methods in Archaeology conference in 1973 – until about the mid-
1980s. Since then, most of our tools for data collection have grown electronic brains 
and digital outputs, so if digital archaeological data is perhaps not currently growing 
at an exponential rate, it certainly has done so over much of this 35-year period. 
Needless to say, in the context of this volume, the challenges of managing, preserving 
and analysing such vast amounts of digital data are by now formidable.

We can sketch a more specific picture for the subdiscipline with which we are most 
familiar: that of archaeological fieldwalking. In its modern systematic (though not yet 
intensive) form, this dates to the 1960s (Alcock 2000; Alcock and Cherry 2004; Attema 
et al. 2020) and involves the collection of repeated observations of archaeological sites, 
off-site distributions, and individual artefacts over space. Its systematic character lends 
itself to documentation in the form of relational databases (available in desktop form 
since the early 1980s) and maps (digitized in GIS formats since the early 1990s, but 
coming into their own only with the introduction of GPS-based digital field mapping 
around 2000; see also Van Leusen 2001; Gillings 2001). It is perhaps surprising 
that no further substantial technological progress has been made since then in the 
management of survey data, but that is not our main current stumbling block for 
integrating survey data. It is instead the lack of standardization in the way we have 
been documenting our surveys. This affects both current and legacy survey datasets, 
and is a matter of concern when considering the design of future survey projects.

The purpose of fieldwalking surveys in general is the reconstruction of the 
Braudelian ‘history of the medium term’ of the region or the site of interest; 
with rare exceptions, surveys are multiperiod and try to achieve a high spatial 
resolution, such that only the very smallest sites could escape attention. Survey data 
should therefore find good use as ammunition in historical debates and for many 
of the ‘grand challenges’ defined by Kintigh and colleagues in American Antiquity 
in 2014. In particular, they state: “Addressing many of these challenges will require 
both sophisticated modelling and large-scale synthetic research that are only now 
becoming possible. Although new archaeological fieldwork will be essential, the 
greatest pay off will derive from investments that provide sophisticated research 
access to the explosion in systematically collected archaeological data that has 
occurred over the last several decades” (Kintigh et al. 2014, 5). Sophisticated 
research access, in our view, means that data must be made accessible in its full 
breadth and detail in order to exploit its comparative potential to the fullest.

https://doi.org/10.59641/f48820ir
mailto:tymon.de.haas%40rug.nl?subject=
mailto:p.m.van.leusen%40rug.nl?subject=
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A key challenge for Mediterranean survey 
archaeology thus concerns the discrepancy between 
the spatial scale at which individual projects are run, 
and that needed to address these grand challenges. The 
greater part of Mediterranean survey data is about 
the classical world, and has the potential to contribute 
to (if not actually to lead to the revision of) historical 
debates that currently disregard this data source, such 
as that regarding the nature of the Roman economy 
(see section 2). Finding support for such highly debated 
characteristics as the level of market integration and 
growth requires the marshalling of data at spatial 
scales well beyond those of individual field survey 
programs, and therefore the integration of multiple 
datasets. As noted above, the lack of standardization 
of existing (legacy) survey datasets currently forms a 
major obstacle in addressing such grand challenges.

However, the problem goes deeper, as the track 
record of Mediterranean field survey in proper 
publication, documentation and archiving is far from 
satisfactory. From an ethical point of view – and here 
we can easily link to the well-known FAIR criteria for 
data archiving and reuse as a standard-to-be-achieved 
(Wilkinson et al. 2016)1 – it is indefensible to produce 
survey data that cannot be accessed and fully re-used 
by others. The FAIR ‘guiding principles’ require 
scientific data to be not only findable, accessible and 
interoperable, but also re-usable – and this latter 
criterion requires much higher standards of data 
documentation than are currently achieved even in 
state-of-the-art data archives.

These shortcomings should provide sufficient 
arguments to overcome any reluctance archaeologists 
might feel to standardize survey data collection 
and documentation methods. But even if this were 
achieved, it would only affect future data collection, 
not the huge amounts of ‘legacy’ survey data that 
have been produced over the past 50 years. For that, 
we will need to overcome a series of conceptual 
and technical hurdles to the integration of existing 
datasets, as further detailed below. In what follows, 
we discuss the issue of survey data integration in more 
detail. We will focus on the countries bordering the 
northern Mediterranean, for two reasons. First, the 
recent review by Attema et al. (2020) helps capture 
the variability of survey approaches within this 
region, from survey design to recording practices. And 
second, the authors have long been working as survey 

1	 https://www.force11.org/fairprinciples.

archaeologists in this region and have been studying 
the twin problems of survey data archiving and 
integration for central Italy over the past decade.

Our contribution aims to analyse the current 
obstacles to such integration and provide 
recommendations to move towards making survey data 
sustainable and re-usable. We reiterate that this should 
be viewed within a much broader context of increasing 
awareness of the need to integrate archaeological 
datasets, see for example the English Landscape and 
Identities project and activities of the CAA Special 
Interest Group Data Dragons (Cooper and Greene 2015; 
McCoy 2017).2

2 Current approaches to data integration 
in Mediterranean survey archaeology
Data integration is a particularly important and 
challenging theme within Mediterranean survey 
archaeology. Since the first systematic field survey 
projects were launched in the 1950s, hundreds of 
survey datasets have been compiled, nearly all of which 
cover comparatively modest study areas – typically, the 
hinterland of a single ancient town or a single watershed 
basin (figure 1). Despite their large number, the spatial 
coverage of these uncoordinated studies therefore 
remains extremely patchy; in effect, they are more 
suited to address research questions of local interest 
than the broad questions highlighted by Kintigh and 
colleagues. The latter were tackled more successfully in 
regions such as Meso-America, where research areas are 
larger and a higher degree of standardization has been 
achieved (Blanton 2001; Fentress 2000; Terrenato 2004). 
Moreover, with this relatively young field of research 
having matured rapidly in recent decades, survey project 
designs and methods vary greatly. In general terms, 
we may distinguish between intensive, extensive, and 
topographic surveys: while the former applies intensive 
sampling strategies to collect and document artefacts 
from both sites and off-site contexts, extensive surveys 
focus primarily on the detection and characterization 
of sites (with limited collection of artefacts), and 
topographic surveys focus on the description of 
architectural remains on the larger and better-preserved 
sites only. Consequently, the kinds of information 
collected in these different types of surveys – and by 
extension the structure and content of the databases they 
generate – varies as well.

2	 https://datadragon.link/.

https://www.force11.org/fairprinciples
https://datadragon.link/
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Recent attempts at establishing best practices 
(Attema et al. 2020; Witcher 2006a), while helpful in 
mitigating the problem of integrating future survey 
datasets, do not address the need to retrospectively 
integrate the massive numbers of legacy datasets 
generated in this manner. The challenges of integration 
therefore remain considerable. We will illustrate 
this by reviewing four ways in which scholars have 
attempted to integrate multiple regional survey 
datasets. These have been applied with different aims 
in mind and therefore require different levels of 
engagement with the (digital) data themselves.

The first approach is that of ‘narrative’ integration, 
in which multiple published survey datasets are drawn 
on without any attempt to access the underlying data. 
This approach has developed as a response to the 
various issues involved in comparing data referred to 
in section 1: because formal integration is deemed too 
complex or even impossible, scholars have focused on 
comparing and integrating the interpretations of the 
data. A typical example of this approach can be found 
in the ancient historian Luuk de Ligt’s work on the 
demography of Roman Italy (De Ligt 2012, chapter 6). 

Fierce debates have raged around the two main, 
and quite divergent, demographic reconstructions 
commonly referred to as the high and low count for 
the rural population of the Roman Empire between the 
2nd century BC and the 1st century AD. Following an 
extensive discussion of the methodological differences 
between the various topographic, extensive, and 
intensive surveys in central and southern Italy, De 
Ligt concluded that comparisons can be drawn only 
on the basis of the settlement trends reported by the 
different projects, with obvious consequences for the 
reliability of these comparisons (De Ligt 2012, 257). 
Another example stems from the Regional Pathways 
to Complexity project (Attema et al. 2010), which 
aimed to compare developments in rural settlement 
and land use by indigenous societies in the context 
of processes of urbanization and (Greek and Roman) 
colonization in south-central Italy. The integration and 
comparison of field survey datasets from three regions 
was at the core of this project, but the data turned 
out to be too heterogeneous (Attema et al. 2010, 24), 
and the actual comparisons therefore drew on their 
interpretation only.

Figure 1: Surveys in the Mediterranean area, data from Fasti Online Survey (https://www.fastionline.org/survey/).

https://www.fastionline.org/survey/


50 ANALECTA PRAEHISTORICA LEIDENSIA 51

A second approach may be dubbed ‘metadata 
integration’. This approach aims not to integrate survey 
datasets to address specific research questions, but 
rather to provide information on the characteristics 
of Mediterranean survey datasets and point to the 
location where the associated data can be retrieved. 
This approach was pioneered by the MAGIS database 
(Foss and Schindler 2008), which collated extensive 
information on 382 circum-Mediterranean survey 
projects, including metadata on geography, project 
staff, spatial and chronological coverage, methodology, 
specialist studies, environmental parameters, and 
bibliographic references. While work on the MAGIS 
database has been discontinued since 2011, it formed 
the basis for Fasti Online Survey, a website and 
associated database developed by the Royal Netherlands 
Institute in Rome and the International Association 
for Classical Archaeology (AIAC; www.fastionline.org/
survey). Although only some of the metadata present 
in MAGIS can be consulted in FASTI Online Survey, it 
does provide a geospatial interface and the possibility 
to up- and download survey datasets, such as GIS map 
layers. At the same time, there are no set criteria for 
the metadata documentation to be submitted with 
these files, and so far no projects have submitted their 
full digital documentation to this platform. A third, 
independent platform launched in 2020 by a mainly 
US-based group of archaeologists, www.fieldwalker.org, 
also provides a geospatial interface to circa 650 survey 
projects and associated metadata, with links to open-
access data archives held elsewhere. These ‘archives’, 
available for only 33 of the 650 projects, range from 
fully documented archives stored in repositories to 
simple project websites or PDFs of project publications. 
While such online facilities provide a useful starting 
point for those interested in integration of survey data, 
they neither provide actual integrated survey data nor 
require the project PI to supply specific metadata or 
standardized documentation. It therefore remains up 
to the user to explore to what extent they can actually 
integrate and re-use them.

A third approach is ‘question-specific’ integration, 
where the aim is not to integrate complete (digital) 
survey datasets, but rather to select certain data 
elements in order to answer specific research 
questions. This kind of integration can be traced to the 
early 1990s and focuses on the Greco-Roman world: 
we might think of the well-known study of the impact 
of Roman conquest on the rural landscapes of Greece 
by Susan Alcock (1993), Bintliff’s (1997) and Stone’s 
(2004) analyses of settlement trends from surveys 

in ancient Greece and modern Tunisia, Witcher’s 
(2006b) and Launaro’s (2011) comparison of diachronic 
changes in Roman site numbers in Etruria and Italy, 
respectively, and Samuels’ (2019) integration of site 
data from c. 20 central Italian surveys in order to trace 
early Roman non-elite behaviour in the countryside. 
The “Changing the face of the Mediterranean” project 
(Palmisano et al. 2018) presents a rare recent example 
of integration with a broader scope, employing 
settlement data from 59 surveys in central Tyrrhenian 
Italy in order to evaluate demographic change from 
c. 8000 BC to AD 500.

These examples share a focus on the site data 
produced by survey projects, ignoring any off-site 
and object data that might be available. But even 
in the integration of site data we are faced with the 
fact that individual projects have employed different 
site typologies and different periodization systems. 
These data must therefore be reclassified using a 
simplified typology (e.g., the ‘farm-villa-village triad’) 
and chronology, consequently allowing only very 
broad trends over time to be identified. Issues of 
methodological comparability between the projects 
that created the different underlying datasets (e.g., 
regarding intensity of surveying, site definition 
criteria, approaches to site dating) tend to be 
acknowledged but remain unresolved. For example, 
Alcock (1993) distinguished between intensive and 
extensive surveys, and Palmisano and colleagues 
(2018) recorded the spatial precision of the site 
location and the reliability of the site size estimate, but 
not the overall intensity of the surveys (see also Van 
Leusen 2002, chapter 4).

Technically, this kind of integration only requires a 
reclassified and/or reinterpreted version of the original 
data to be brought together in a simple database or 
spreadsheet for basic quantification (e.g., generating 
settlement trend diagrams; Palmisano 2018). While 
useful for addressing specific research questions, this 
integration therefore does not offer much scope for 
broader or deeper analysis beyond settlement trends.

A fourth (and much more labour-intensive) 
approach to data integration we might call ‘data 
merging’. Unlike the previous type of integration, this 
aims to integrate source datasets fully by bringing 
them together into a single integrated database 
schema, thus allowing for a wide range of site- and 
object-based comparative analyses. We know of only 
one example: our own Roman Hinterland Project 
(RHP; https://comparativesurveyarchaeology.org/), 
which integrates three major survey datasets from 

https://www.fastionline.org/survey
https://www.fastionline.org/survey
https://www.fieldwalker.org
https://comparativesurveyarchaeology.org/
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the surroundings of Rome in order to develop new 
interpretations and narratives of the impact of Rome 
on surrounding towns and territories. To this end, the 
RHP ‘maps’ site, off-site, and object data from the three 
source datasets and imports them into a database 
designed to allow a wide range of spatial, temporal, 
and typological queries. For example, in Attema et al. 
(2021) regional differences in the distribution of 
transport amphorae and fine wares were explored that 
inform us about degrees and patterns of integration 
of rural communities in regional economic networks 
and the wider imperial economy. The project also aims 
to add more survey datasets from other parts of the 
Mediterranean in due course.

While offering many more analytical possibilities, 
this approach also comes with great challenges. As 
in the ‘question-specific’ approach to integration, 
we must deal with the heterogeneity of the input 
classifications and chronologies. However, this is now 
no longer just about site attributes but includes various 
artefact classifications and ceramics typologies, each 
with associated chronologies. A further important 
characteristic of this integration project is that it 
maintains, in addition to the integrated database, the 
underlying source datasets, so that both project-specific 
classifications and overarching simplified classifications 
can be exploited.

In addition to the integration of classification 
systems, this approach requires an analysis of the 
underlying methodological and conceptual differences 
between the source datasets. If one is only interested 

in comparing site trends, it is enough to know that 
sites have broadly been located, defined, and dated 
in a comparable manner across projects. However, 
meaningfully integrating and comparing the artefact 
assemblages from those sites will also require 
close scrutiny of the sampling strategies employed 
in these projects. This involves an intensive and 
time-consuming review of both the data and the 
methods with the various data owners, as well as the 
development of complex mechanisms to filter the 
original datasets.

3 Discussion
As we have seen, even if some of these approaches 
have analytical potential, all of them have significant 
limitations and drawbacks. It is instructive to compare 
them using Smith and Peregrine’s (2012) framework, 
distinguishing between ‘systematic’ comparisons that 
usually draw on statistical analyses to compare many 
cases using only one or a few variables, and ‘intensive’ 
methods that compare only a few cases but do so for 
many variables (see figure 2). Our first, ‘narrative’ 
approach can then be put in the ‘intensive’ corner of 
the diagram: comparing few cases, it can accommodate 
an extensive contextual evaluation of these cases 
but cannot provide any formal statistical support 
for its conclusions. Our second approach, ‘metadata’ 
integration as pursued by Fasti Online Survey 
and MAGIS, paves the way for the third approach, 
‘question-specific’ systematic, statistical comparison 
of a few variables such as site density for many 
cases, and both can be put in the top left hand corner 
of the diagram.3 All three are confined to the main 
systematic-intensive axis of the diagram, whereas in 
our view, the analysis of survey datasets should ideally 
take place in the top right-hand corner of the diagram, 
allowing comparisons that are both intensive and 
systematic, using many cases and many variables. This 
is achieved by the fourth, ‘data merger’ approach, as 

3	 A potential issue with platforms such as MAGIS, 
Fieldwalker, and Fasti is the limited sustainability 
of such digital tools. The former two depend(ed) on 
efforts and investments by individual scholars and 
institutions, which means there is little guarantee 
they will be maintained in the long run. Fasti Online 
forms part of the well-established international 
association of classical archaeologists (AIAC) and 
will thus be somewhat less vulnerable, but it, too, is 
dependent on continued AIAC support.

Figure 2: Intensive and systematic comparative strategies, after 
Smith and Peregrine 2012, fig. 2.1.
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exemplified by the RHP, as it allows the quantitative 
and comparative analysis, both synchronic and 
diachronic, of multiple variables across hundreds of 
sites (Attema et al. 2021).

However, as already intimated in section 2, this 
approach has proved to be both technically and 
conceptually challenging. Creating data schemes, 
classifications and chronologies compatible with multiple 
source datasets requires a substantial investment, even 
when, as in our case, those datasets were collected with 
roughly similar strategies and cover adjacent areas with 
similar traditions of material culture. Imagine what 
would be required to successfully achieve this kind of 
intensive data merger with not three but, say, three 
hundred datasets, from historically and archaeologically 
diverse regions across the Mediterranean, which may 
also be more diverse in terms of research methodologies! 
Data merging may therefore be a sustainable approach 
for dealing with existing datasets in the short to medium 
term, but it is not likely to be so in the longer term.

What, then, are our options to increase the scope 
of survey data integration? Here we come to a fifth 
approach to data integration, which is potentially 
more sustainable but as yet underexplored, combining 
semantic modelling and Linked Open Data (LOD).4 The 
former makes explicit the meaning of the concepts 
used in a dataset; the latter makes distributed online 
data accessible in a queryable format. The two 
together enable the eventual integration of distributed 
datasets, complying with all four criteria in the FAIR 
guidelines. This kind of digital data integration relies 
on the description of individual datasets by their 
owners according to an agreed set of concepts, and the 
subsequent publication of these datasets according 
to an agreed protocol. As we have argued in more 
detail elsewhere (De Haas and Van Leusen 2020, with 
references), the CIDOC CRM ontology provides a semantic 
model that is relatively stable and well developed, 
and that has already been applied successfully in the 
integration of other kinds of archaeological data. This 
approach has not yet been applied to field survey data, 

4	 The ARIADNE project, funded from 2013 by the 
European Commission (http://www.ariadne-eu.org), 
and its cloud-based data infrastructure extension 
ARIADNEplus (https://ariadne-infrastructure.eu/; 
running until 2023) are working towards similar 
goals. A very recent publication by Collins-Elliot 
(2022) provides the first example of the use of 
semantic modelling to integrate legacy surveys.

but we have extented the CIDOC CRM ontology with 
concepts relevant for field surveying (https://zenodo.
org/record/7863486#.ZEfbcOxBzhk) and are building a 
mapper in order to allow the creation of Linked Open 
Survey Data.

Whether we opt for the data-merger approach 
or the LOD approach, in-depth data integration 
requires archaeologists to not only make their datasets 
available to others, but also to be much more explicit 
about the nature and limitations of their data. As 
we have discussed in section 1, there is a need for 
much higher documentation and archiving standards 
in order to make datasets FAIR (De Haas and Van 
Leusen 2020). Platforms such as Fasti Online Survey 
contribute to making important legacy datasets 
findable and accessible, but enforce no rules as to 
the documentation of data or the formats in which 
they are provided, and hence do not guarantee 
interoperability and re-usability. Moreover, a review 
of Fasti, fieldwalker.org and the digital data archives 
DANS and ADS shows that only very few (perhaps 
a dozen) projects have archived any data to date. 
Apparently, few researchers are both aware of 
the need to document and archive their data, and 
sufficiently motivated to do so. Why is this?

Several – related – factors may explain why 
documentation and archiving of survey data have 
remained underdeveloped so far. One is that many 
legacy survey project leaders (legacy data owners) 
belong to a generation that grew up at a time when 
survey was not regarded as a serious research activity, 
long-term accessibility of archives was not yet an 
issue, and there was little or no digital infrastructure. 
Perhaps these older scholars are also less willing to 
share, realizing that they are responsible for very large 
amounts of (often heterogeneous) data accumulated 
over decades of research: its full documentation would 
be a formidable and costly challenge. More generally, 
documenting, publishing, and archiving datasets is 
not considered as sexy as field research or publication 
of analytical results, and receives little academic 
recognition: data archives are not a regular feature of 
scholarly CVs, and do not figure highly in universities’ 
output measurement.

A second factor is the availability of appropriate 
resources. Many senior academics have little 
affinity with the fast-changing world of digital data 
and the requirements for proper digital archiving. 
While dedicated support staff within archaeology 
departments could in theory provide the research 
staff with the requisite technical know-how, their 

http://www.ariadne-eu.org
https://ariadne-infrastructure.eu/
https://zenodo.org/record/7863486#.ZEfbcOxBzhk
https://zenodo.org/record/7863486#.ZEfbcOxBzhk
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priorities tend to lie elsewhere and ICT support 
remains project-based rather than permanent. 
Externally funded research has the same drawback: 
nearly all academic research is nowadays funded by 
national or international bodies such as the ERC or, in 
the Netherlands, NWO. These do have requirements 
regarding data documentation, archiving, and, 
increasingly, Open Science, and researchers can 
reserve budget for this, but data management is then 
usually left to a student assistant or Ph.D. student. In 
this situation, universities will not make any structural 
investment in (support staff for) archiving, and any 
expertise built up by project staff is lost again at the 
project’s conclusion.

The third and final factor concerns the lack of 
archiving standards. Up until the beginning of this 
century, funding bodies, universities, and heritage 
management authorities had little if any guidelines 
for data documentation. In the course of the 
implementation of the Valletta Treaty and with the 
advent of commercial rescue archaeology, national 
standards for recording and documentation practices 
have been developed. However, at least for the 
Netherlands these do not cover field surveying (SIKB 
n.d.) and are insufficiently ambitious. Repositories such 
as ADS in the UK and DANS in the Netherlands do have 
concrete guidelines, but depositing digital data archives 
is often not obligatory when the research is undertaken 
in another country, which is the case for many survey 
projects in the Mediterranean that are carried out by 
universities from countries like the Netherlands, the 
UK, and the US. Moreover, because the repositories do 
not require explicit documentation of concepts and 
procedures, those guidelines are still no guarantee that 
datasets can be re-used and integrated.

So, we are facing two challenges: first, many 
survey data have not been documented and 
archived at all; and second, datasets that have been 
documented and archived still do not fulfil the 
minimum/FAIR requirements for integration and 
re-use. We might consider different ways to tackle 
the first challenge. First, researchers’ motivation to 
archive digital data should be intrinsic – researchers 
feel a moral obligation – but that would require a 
profound change in their attitudes. A significant 
incentive might come from a greater appreciation, 
both academically and in research assessments, for 
well-documented data publications. Better – and 
structural – (technical) support for archiving would 
be another stimulus, organized either decentrally (at 
the level of an archaeological institute), or centrally 

at data repositories. We might also consider whether 
the documentation and publication of data should be 
enforced more strictly by funding bodies (‘you will 
not receive new funding until your previous project 
has been deposited’) and government bodies (‘you 
will not receive a new permit until your data have 
been deposited’), but this would affect only current 
and future survey projects. For legacy datasets, a 
redirection of research funding may be the only way to 
substantially increase the number of documented and 
archived datasets.

The second challenge, bringing the standards of 
archived data documentation up to the desired level, 
is equally difficult. This is partly because national 
data repositories, heritage management authorities, 
and funding bodies all have different standards and 
requirements as regards data documentation. More 
importantly, however, the main role of all three is to 
support research, not direct it: the highest standards 
of data documentation can only be determined by 
researchers themselves. This means that, rather than 
expect top-down regulation, domain specialists should 
organize themselves and take the bottom-up initiative 
to develop standards that conform to FAIR guidelines, 
and demonstrate the feasibility of technical solutions 
to data integration. Although professional associations 
such as the EAA have no mandate to promulgate 
such standards, they can play an important role in 
channelling and advertising the work of interest 
groups such as FIDO, an EAA ‘community’ with a remit 
to draft documentation standards for archaeological 
field surveying.5 Once such efforts gain momentum, 
they could become standard practice within the 
international research community, and could then 
be adopted by funding bodies, heritage management 
authorities, and data repositories. For legacy datasets, 
a large funding programme (such as that alluded to 
above) might simply impose FAIR-aligned standards 
for retrospective documentation.

4 Conclusions and recommendations
To summarize the above, Mediterranean field survey 
data are the prime candidate for digital integration, 
because they document the same thing (the surface 
archaeological record) in broadly the same way. 
We presented four possible routes to digital data 
integration in section 2 – narrative integration, 

5	 https://www.e-a-a.org/EAA/Navigation_Communities/
FIDO.aspx.

https://www.e-a-a.org/EAA/Navigation_Communities/FIDO.aspx
https://www.e-a-a.org/EAA/Navigation_Communities/FIDO.aspx
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metadata integration, question-specific integration, 
and data merging – and, in section 3, discussed 
the viability of these approaches in the current 
circumstances and in the long term. We then outlined 
a fifth approach – semantic modelling coupled 
with LOD – which seems to be the only sustainable 
route in the long term, as it can not only be used 
retrospectively, to integrate legacy datasets, but can 
also be implemented easily in future projects, and it 
holds potential not just for Mediterranean field survey 
data, but also for archaeological data in general. We 
have also defined two core challenges that we now 
face, which are not unique to field surveying but are 
common to most (if not all) other data-generating 
archaeological activities:

•	 The integration of irreplaceable ‘legacy’ data, 
requiring a huge effort on the part of data owners 
to bring the documentation and archiving up to 
FAIR standards, irrespective of the precise technical 
form of the integration;

•	 The diffusion and adoption of best practice 
in documenting and archiving future field 
studies according to FAIR standards, in a field 
that is fragmented along both national and 
professional lines.

Such challenges cannot be overcome in the short term. 
Our recommendations for the medium term (i.e., the 
next 10 years) are therefore:

•	 State-sponsored data repositories should adopt 
semantic modelling and LOD as their new 
technical standard

•	 Funding agencies should enforce digital archiving 
at a state-sponsored repository

•	 Funding agencies should enable the ‘retrospective’ 
FAIRification of legacy survey datasets

•	 Academic reward systems should be further 
changed to promote data rescue (i.e., archiving and 
publication) initiatives

•	 Professional archaeologists, working through 
organizations such as IFA, INRAP, and EAA, 
should discuss, draft, and adopt international 
documentation standards

•	 More appropriate documentation and archiving skills 
training should be integrated into our archaeology 
education programs in order to increase both 
awareness and the prevalence of technical capabilities
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1 Introduction
Isotope analysis has become an increasingly popular and utilized tool to investigate 
geographic origins in archaeology. Since the first application of isotope methods 
to assess human migrations and mobility over thirty years ago (Ericson 1985), 
these methods have developed to become one of the most commonly employed 
approaches to the study of human (and animal) paleomobility in archaeological 
research. Traditionally, most applications of this method have focused on simply 
distinguishing between locals and nonlocals. Over the last decade, however, there 
has been a concerted effort to develop spatially explicit databases of baseline 
(bioavailable) strontium and oxygen isotope variation. When applied at large 
scales these data can be used to generate maps or predictive models (isoscapes) 
of spatial isotopic variation in order to assess individual geographic origins 
(Bowen 2010; West et al. 2010). These isoscapes have been developed for different 
isotope systems, various sample materials, and many areas of the world at multiple 
scales from regional, to sub-continental, to global (e.g., Adams et al. 2019; Bataille 
and Bowen 2012; Bataille et al. 2012; 2018; 2020; Britton et al. 2020; Funck et al. 
2021; Hedman et al. 2018; Hobson et al. 2012; Laffoon et al. 2012; Lugli et al. 2021; 
Scaffidi and Knudson 2020). Nevertheless, to date, there has been insufficient 
research testing the reliability of these isoscapes for their intended purpose of 
determining individual origins. Despite some preliminary evidence of the efficacy 
of such isoscapes for archaeological and forensic human provenance research 
(Bataille et al. 2021; Colleter et al. 2021; Ehleringer et al. 2010; Font et al. 2015a; 
Laffoon et al. 2017), much more systematic testing of the validity of these models, 
using individuals of known origin, is needed before these can be more broadly and 
effectively applied to archaeological studies of migration and mobility, generally, 
and of individual origins in particular.

In this paper, we assess the reliability of extant Circum-Caribbean strontium 
and oxygen isoscapes using isotope data obtained from modern individuals of 
known childhood origins. The current study represents a follow up to a previous 
study that used dual isotopes and isoscapes (strontium and oxygen) to test and 
validate this approach. In this previous study (Laffoon et al. 2017), one modern 
individual of known origin from Caracas (Venezuela), and two (nonlocal) 
archaeological individuals recovered from sites on Trinidad and Cuba were 
tested. The results of this previous study demonstrated that: many areas within 
the broader macro-region (Circum-Caribbean) could be eliminated as possible 
places of origin based on a single isotope value; potential places of origin were 
further narrowed by using two isotopes proxies; the approach accurately identified 
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Caracas as a possible place of origin for the modern 
individual; and the suspected geographic origins of 
the archaeological individuals (based on other lines 
of evidence) were consistent with the possible origins 
based on the dual-isoscape approach (Laffoon et al. 
2017). The original study, however, only included 
one (modern) known origin individual, which is 
insufficient to robustly test the isoscape approach. The 
current study includes further testing of the isoscape 
method based on six additional modern, known-
origin individuals including four individuals with 
just strontium isotope data, and two more with both 
strontium and oxygen isotope data. The results of the 
current study demonstrate considerable variation in 
the efficacy of the isoscape approach for constraining 
childhood origins and illustrate areas where the 
predictive models may need to be improved before 
they can be more widely utilized for the accurate and 
precise identification of individual geographic origins 
in archaeological and forensic research.

Placing this chapter within the broader aims 
of this volume, exploring promises and impasses 
of digital archaeology, isoscapes are increasingly 
popular tools for investigating origins in widely 
diverse research fields. These include sourcing and 
authentication studies in food science (Schellenberg 
et al. 2010), tracing the illicit trade in elephant 
ivory (Van der Merwe et al. 1990) and illegal drugs 
(Galimov et al. 2005), tracking animal migrations in 
wildlife ecology (Hobson et al. 2010), determining 
the origins of human remains from forensic contexts 
(unidentified individuals, mass graves) (Chesson 
et al. 2018), and exploring human migrations in 
archaeology (Lee-Thorp 2008). This increased 
popularity can be attributed to several factors: such 
as the empirical nature of isotope methods; the 
increased throughput, reduced costs and improved 
accuracy of isotope measurements; the ability 
to apply them to a broad range of materials and 
research questions; and perhaps most importantly 
their vast potential for answering one of the most 
fundamental of questions: ‘where does someone (or 
something) come from?’. To date, however, the vast 
potential of isoscape approaches for researching 
origins has yet to be realized in part due to the fact 
that the science is quite young and fast developing, 
because large-scale reliable isoscapes are not yet 
available for many regions of the world, and due 
to the fact that extant isoscapes have not yet been 
systematically tested to validate that they are actually 
effective tools for such purposes. This case study 

represents an explicit attempt to test the validity of 
current Circum-Caribbean isoscapes for the purpose 
of constraining human geographic origins.

2 Isotope principles
Isotope analysis has a long history of applications in 
archaeological research. Analysis of the radioactive 
isotopes of carbon (carbon-14) forms the basis of the 
most commonly employed absolute dating method in 
archaeology. Stable isotope analyses have also been 
widely used for dietary studies (carbon and nitrogen) 
and for climate (oxygen) and environmental (carbon 
and oxygen) reconstructions (Lee-Thorp 2008). Isotope 
analysis of human remains was first proposed and 
applied to the study of human mobility using strontium 
isotopes (Ericson 1985) and later oxygen isotopes (Fricke 
et al. 1995; Schwarcz et al. 1991). Over the last several 
decades strontium and oxygen isotopes have been 
increasingly applied in archaeological research, to the 
extent that they now form, in addition to aDNA, one 
of the most commonly utilized analytical methods in 
paleomobility studies (Makarewicz and Sealy 2015).

Strontium isotope analysis is based on the 
following principles (see review in Bentley 2006). Of 
the four naturally occurring isotopes of strontium, 
three are stable (84Sr, 86Sr, and 88Sr), and one is 
radiogenic (87Sr) produced by the decay of 87Rb with 
a half-life of roughly 4.88 × 1010 years (Faure and 
Mensing 2005). The amount of 87Sr in rocks and 
minerals is thus a function of the amount of 87Rb 
(relative to strontium) in the parent material and 
time, and the ratio of interest is reported as 87Sr/86Sr. 
Strontium isotopes display geographic variation based 
on the age and lithology of underlying bedrock (Faure 
and Mensing 2005). Due to chemical weathering and 
leaching, strontium derived from bedrock enters soil 
and groundwater, is taken up by plants and enters 
the food web (referred to as biosphere or bioavailable 
strontium). As strontium is chemically similar to 
calcium, the former readily replaces the latter in 
various minerals including hydroxyapatite, the main 
mineral component of bones and teeth (Bentley 2006). 
Therefore, in vertebrate animals, including humans, 
strontium tends to be concentrated in the skeletal 
system. Whereas bones remodel throughout life, the 
crowns of teeth are comprised of dental enamel which 
does not undergo remodelling and thus retains the 
biochemical and isotopic signatures of the period 
during which it formed. The enamel of human 
deciduous (baby) teeth forms and mineralizes in 
utero until infancy, while enamel of permanent teeth 
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forms at different periods per tooth type, ranging 
from early infancy (first molars) to adolescence (third 
molars), although most tooth crowns form primarily 
during childhood (Hillson 1996). Therefore, human 
teeth preserve a permanent isotopic record, or 
biogeochemical passport, of the location where they 
formed as these will not change even after subsequent 
migration to a new location.

The principles of oxygen isotope analysis of human 
teeth for paleomobility studies reflect both similarities 
and differences with the strontium isotope method. 
Whereas both methods are primarily applied to teeth 
and can be used to determine childhood origins and 
thus infer migration, the main difference lies in the 
sources of isotopic variation. Oxygen in biological or 
biogenic tissues (including human bones and teeth) is 
predominantly derived from consumed water (Daux 
et al. 2008; Longinelli 1984; Luz et al. 1984; Pederzani 
and Britton 2019; Podlesak et al. 2008). In most, but 
certainly not all, archaeological contexts, drinking 
water was obtained from local water sources, which 
are ultimately derived from precipitation (rain, 
snow). Oxygen isotopes (δ18O) in precipitation vary 
globally based on various geographic and climatic 
variables such as latitude, altitude, distance to coast, 
and temperature of precipitation (Dansgaard 1964; 
Gat 1996). Several decades of research have been 
devoted to understanding spatial and temporal 
variation in oxygen isotopes as these are one of the 
most reliable proxies for (paleo)-climate studies 
(Bowen and Wilkinson 2002). Because strontium and 
oxygen isotopes vary independently, they represent 
useful complementary isotope proxies, and when 
combined can potentially provide more interpretive 
power than either isotope proxy in isolation.

In paleomobility studies, strontium and/or oxygen 
isotope analysis is most commonly conducted on 
dental enamel. Many studies have primarily focused 
on using isotope data to distinguish between locals 
(locally born and raised individuals with a local isotope 
signal) and nonlocals (individuals with a nonlocal 
signal who were born and raised elsewhere and who 
subsequently migrated to the site/location where 
they were interred). One of the main interpretive 
limitations of this approach is that nonlocal individuals 
originating from isotopically similar regions are falsely 
identified as locals (false negatives). Another critical 
limitation is that isotope signals are never unique 
to a single location and many regions/locations are 
isotopically indistinguishable. This issue is known 
as equifinality (Price et al. 2007) and the implication 

of this is that it is very difficult, if not impossible, to 
pinpoint a specific origin based on isotope data alone.

Additionally, there has been substantial discussion, 
and little consensus, concerning how local isotope 
ranges should be estimated (e.g., Valentine et al. 2015; 
Wright 2005). For strontium isotopes, many early 
studies (Ericson 1985; Nelson et al. 1986; Sealy et al. 
1991) tended to focus on strontium isotope analysis 
of both enamel and bone with the assumption that 
owing to remodelling, bone 87Sr/86Sr should eventually 
equilibrate to the local isotope signal. Subsequent 
research has demonstrated that buried bone is highly 
susceptible to diagenetic alteration of biogenic 87Sr/86Sr 
(Budd et al. 2000; Hoppe et al. 2003; Trickett et al. 2003), 
and that the degree of post-mortem contamination 
of archaeological bone 87Sr/86Sr is highly variable and 
difficult to assess or remove (Price 1989). As such, 
strontium isotope analysis of bone as a sampling 
material has fallen out of favour, with the exception 
of cremated bone, which appears to retain the in vivo 
isotope signal (Snoeck et al. 2018). In the absence of 
independent data to assess local strontium isotope 
ranges, statistical assessments of human isotope data 
have also been used to generate local range estimates 
(Wright 2005), but these generally rely on dubious 
assumptions including that the majority of the sample 
population is of local origin, and that isotopic variation 
within the local population is random. One of the most 
commonly used methods to assess local strontium 
isotope ranges is to measure 87Sr/86Sr in locally derived 
materials, such as soils, water, animals and plants. In 
general, non-motile archaeological faunal remains are 
considered the best proxies for local range estimates 
(Price et al. 2002), but there is substantial variation in 
the targeting of sampling materials and species (Evans 
et al. 2010; Grimstead et al. 2017).

3 Isoscapes
Until fairly recently, the vast majority of isotope 
studies of human paleomobility represent site-based 
case studies limited to identifying local and nonlocal 
individuals. While these have been highly successful in 
this regard and for explorations of human paleomobility 
patterns more generally, one valid critique (Pestle et al. 
2013) is that they provide little or no insight into the 
geographic origins of nonlocals (migrants). Subsequent 
studies have also made significant progress in our 
understanding of spatial isotopic variation at larger 
spatial scales. Much of this research has focused on 
developing larger regional databases of bioavailable 
strontium isotope ratios (BASR), based on a wide range 



60 ANALECTA PRAEHISTORICA LEIDENSIA 51

of different sample proxies. These are essential for 
‘pushing the envelope’ of isotope migration studies 
beyond the identification of nonlocals and towards 
a true provenance approach permitting scientific 
explorations of the geographic origins of people (or 
animals, materials, artefacts). It should be kept in 
mind that isotopic provenance studies are inherently 
exclusionary, meaning that the isotope data can only 
be used to exclude, and not pinpoint, possible places 
of origin. Nonetheless, a good understanding of spatial 
isotope variation can in many cases permit more 
nuanced interpretations of human isotope data and 
can sometimes be used to vastly reduce the possible 
areas of origin for nonlocal individuals, especially in 
combination with other lines of evidence.

Furthermore, advances in isotope method and 
theory in other fields of study have led to further 
development of these approaches in archaeology. 
Specifically, isotope studies of modern animal 
migrations in the field of wildlife ecology led to 
increased attention to mapping stable isotope 
variation at greater spatial scales (e.g., Hobson 
and Wassenaar 2018; Hobson et al. 2010). Owing at 
least in part to the very substantial dedication of 
resources (time, labour, money) required to collect 
and analyse appropriate sampling materials over 
large areas, digital solutions to the problem of large-
scale isotope mapping were investigated. This led 
to the development, approximately a decade ago, of 
the concept of isoscapes: spatially explicit predictive 
models of isotope variation (West et al. 2009). Regional 
and global isoscapes for various isotope systems 
have also been developed. For example, precipitation 
oxygen isoscapes are based on large datasets of oxygen 
isotope measurements of water collected at various 
locations across the globe as part of the Global Network 
of Isotope in Precipitation (GNIP) project of the IAEA 
(IAEA/WMO 2016). Using various spatial statistics to 
interpolate between measured data forms the basis 
for predictive models (maps) of isotopic variation 
across the landscape (isoscapes). In this sense, the 
development and use of large-scale isoscapes for light 
stable isotopes (e.g., oxygen, hydrogen, carbon, and 
nitrogen) is further advanced than those for strontium 
or lead (Pb). In fact, for several years, online platforms 
such as the Online Isotopes in Precipitation Calculator, 
and ISOMAP (Isoscape Modelling Analysis and 
Prediction) have provided invaluable tools for using 
isotope data for a wide range of research applications 
across various fields ranging from climate change to 
ecology to forensics.

However, compared to isoscapes for light stable 
isotopes, strontium isoscapes have been less widely 
used despite their enormous potential for provenance 
and mobility studies in archaeology and beyond. 
Fortunately, in the last several years strontium 
isoscapes have also been developed for many regions 
of the world, and recently even a global bioavailable 
strontium isoscape was published (Bataille et al. 2020). 
One of the main limitations to the broader application 
of strontium isoscapes is the fact that most examples 
have simply been published as figures within articles 
lacking associated code and as such, they are generally 
not very user friendly. This trend is expected to 
change dramatically in the coming years with the 
increased focus on digital archaeology (quantitative 
and computational approaches in archaeological 
research), the publication of associated programming 
codes for user-friendly applications (e.g., Bataille 
et al. 2018), the increasing availability of large digital 
repositories of isotope data (IsoArch, https://isoarch.
eu/), and the development of online tools for inputting 
and interpreting archaeological strontium isotope 
data such as the British Isotope Domains website of 
the British Geological Survey. One persistent limitation 
concerning the use of isoscapes in general, and 
strontium isoscapes in particular, in paleomobility 
and provenance research, is that there has been a 
general lack of validation and testing of their accuracy 
and efficacy.

3.1 Circum-Caribbean isoscapes
One of the main aims of the current study is to 
further assess the reliability of isoscapes for the 
determination of individual geographic origins based 
on enamel strontium and oxygen isotope data. In 
this regard, this study represents a continuation of 
a previous validation study with similar aims using 
Circum-Caribbean strontium and oxygen isoscapes 
(figure 1). The original Circum-Caribbean strontium 
isoscape represents a three-source mixing model 
(which incorporates strontium inputs from bedrock, 
sea spray, and atmospheric dust) originally developed 
by Bataille et al. (2012) and was tested on several 
hundred baseline strontium isotope measurements 
from Mesoamerica (Hodell et al. 2004) and the insular 
Caribbean (Laffoon 2012; Laffoon et al. 2012). The 
multi-source Circum-Caribbean strontium isoscape 
performs better than a traditional single source 
model (bedrock only) in predicting the observed 
baseline 87Sr/86Sr ratios in both regional datasets: Mean 
Absolute Error (MAE) = 0.00040, Root Mean Square 
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Figure 1: (a.) Enamel oxygen (δ18O) and (b.) bioavailable strontium (87Sr/86Sr) isoscapes of the Circum-Caribbean.
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Error (RMSE) = 0.00087; and MAE = 0.00014, RMSE = 
0.0010, respectively. Furthermore, the multi-source 
model is in good agreement with the range of (local) 
human 87Sr/86Sr ratios for dozens of sites from multiple 
islands and locations within the broader Caribbean 
(Laffoon 2012) as well as subsequent baseline 
measurements from previously unsampled or under-
sampled regions. The enamel 87Sr/86Sr isoscape used 
in this paper is modified from the bioavailable multi-
source mixing model of Bataille et al. (2012).

Within the insular Caribbean there is a spatial 
bias of representation in the original baseline 
bioavailable 87Sr/86Sr dataset (Laffoon et al. 2012) 
with much of the eastern and southern Caribbean 
well covered, while much of the northern (Bahamian 
archipelago) and western Caribbean (Haiti/Dominican 
Republic, Jamaica, Cuba) is represented by few 
data points relative to their land mass. A similar 
problem of spatial representation also plagues the 
bioavailable data from the mainland regions of the 
Circum-Caribbean with Mesoamerica very well 
represented, whereas much of Central America and 
Northern South America are represented by very 
few sampling locations or data points. Fortunately, 
further research has made substantial progress filling 
in some of the gaps in bioavailable 87Sr/86Sr data for 
many areas within the Circum-Caribbean: Puerto 
Rico (Pestle et al. 2013), Nevis and Carriacou (Giovas 
et al. 2016), Trinidad and Tobago (Ostapkowicz et al. 
2017), Venezuela (Laffoon et al. 2018), the Bahamas 
and Turks and Caicos (Schulting et al. 2018), Barbados 
(Giovas et al. 2019), the Dominican Republic (Laffoon 
et al. 2019), Jamaica (Mickleburgh et al. 2019), Panama 
(Sharpe et al. 2021) and Cuba (Laffoon and Chinique de 
Armas 2022). Additionally, strontium isotope mapping 
on the Bahamian archipelago has demonstrated little 
or no influence of Sr inputs from atmospheric dust on 
bioavailable 87Sr/86Sr (Schulting et al. 2018). This insight 
suggests that a simpler two-source mixing model 
(including bedrock and sea spray) may adequately 
reflect the main sources of strontium to terrestrial 
Antillean ecosystems, although further research is 
required to assess if this is more broadly applicable 
across the entire Circum-Caribbean.

The Circum-Caribbean oxygen isoscape used 
herein is ultimately based on measurements of 
oxygen isotopes in precipitation from the GNIP (IAEA/
WMO 2013) and the regionalized cluster-based water 
isotope prediction (RCWIP) model of Terzer et al. 
(2013). Details of the data conversion, reduction, 
and manipulation steps used to produce the oxygen 

isoscape are reported in Laffoon et al. (2017). The 
precipitation oxygen isoscape was converted to an 
enamel isoscape by converting the water δ18O values to 
enamel δ18O values based on the equation of Chenery 
et al. (2012). This enamel oxygen isoscape is generally 
consistent with measured human and animal enamel 
δ18O values from a wide range of sites and islands 
throughout the Antilles (Laffoon et al. 2013). Isotope 
analyses of bioarchaeological samples in the insular 
Caribbean combined with strontium and/or oxygen 
isoscapes have already contributed to investigations of 
human paleomobility patterns, animal migrations and 
the provenance of artefacts made from faunal skeletal 
remains (Laffoon et al. 2014; 2017; 2018).

4 Materials and methods
The validation tests were applied to multiple modern 
individuals of known (childhood) origins from various 
locations within the Circum-Caribbean: Santo Domingo, 
Dominican Republic; Caracas, Venezuela; Gosier, 
Guadeloupe; unspecified location in Aruba; Cúcuta, 
Columbia; Kralendijk, Bonaire; Willemstad, Curaҫao. In 
total, isotope data from seven individuals from seven 
different locations were assessed (table 1). Five of these 
derive from previous studies by Plomp et al. (2019; 
2020), four of which include only strontium isotope 
data, and one with both strontium and oxygen Sr; one 
individual was previously reported (Laffoon et al. 2017) 
and is re-assessed here; and one individual is from 
a new analysis for the current study. Dental samples 
were donated (anonymously) from living individuals 
who self-reported their geographic location (as well 
as diet, habits) at the time of tooth formation and 
mineralization via a questionnaire, and permission for 
analyses was approved by the Medical Ethics Review 
Committee of the VU University Medical Center (Plomp 
et al. 2019). The sampled dental elements represent 
two deciduous first molars (dm1) and five permanent 
third molars (M3). Deciduous first molars primarily 
mineralize in utero (AlQahtani et al. 2010) and thus 
their enamel δ18O should not be influenced by the 
breastfeeding effect, which can elevate δ18O values (Lin 
et al. 2003). We furthermore sampled the enamel near 
the cusps, which tends to form earlier than enamel 
near the tooth cervix in order to avoid material formed 
after birth. Third molar enamel crowns form from 
late childhood through adolescence (circa 8-14 years) 
and thus are not impacted by breastfeeding effects 
(AlQahtani et al. 2010).

Sample processing and analyses were similar for 
all individuals and are reported in detail elsewhere 
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(Laffoon 2012; Plomp et al. 2020). Briefly, dental 
samples were mechanically cleaned and then enamel 
was extracted using a hand-held dental drill. The 
samples were subsequently split in two for strontium 
and oxygen isotope analyses. For strontium isotope 
measurements, samples were dissolved in nitric acid, 
and then strontium was separated from the sample 
matrix using column chromatography with Sr-specific 
resin. Strontium isotope ratios were measured 
on a Thermo-Scientific TritonPlus Multi-Collector 
TIMS. Total procedural blanks were negligible, and 
instrument performance was monitored via the 
analyses of the international strontium standard 
(NBS-987) with a long-term mean 87Sr/86Sr of 0.710249 
±0.0001 (1σ). Oxygen isotopes were measured on 
a Thermo-Finnigan DeltaPlus IRMS coupled to a 
Gasbench II interface. Oxygen isotope results are 
normalized using an internal laboratory standard 
(VICS), with a long-term reproducibility of the 
international reference material (NBS-19) for δ18O of 
<0.2‰. Enamel oxygen isotope results are reported 
in the δ notation, in parts per thousand (‰) relative 
to the international VPDB standard and converted to 
VSMOW using the equation of Coplen (1988).

In terms of assessing geographic origins, we 
use the Interval Approach previously outlined in 
Laffoon et al. (2017). The Interval Approach is a 
simple way of assigning a yes (possible origin) or no 

(not possible origin) to each raster cell (location) on 
a map (isoscape) by directly comparing the range of 
possible isotope values for each raster cell on the map 
with the measured isotope value(s), and associated 
individual error ranges/uncertainties, of the sample for 
strontium, oxygen, or both.

Both isotope databases had previously been 
uploaded into a GIS environment, where the globally 
estimated RCWIP oxygen data point values of 
approximately 18 km x 18 km distance were adjusted 
to match the strontium raster data set resolution of one 
km2 using cubic spline interpolation. Both images were 
subsequently framed by a Caribbean boundary map 
(open source by http://naturalearthdata.org), creating 
two exactly overlapping maps (Laffoon et al. 2017), 
displaying only land coverage. These datasets form 
the base to calculate the interval approach results. The 
uncertainty ranges of each isotope value, as minimum 
and maximum extent, are compared with the isotope 
values by a logical operator. If the map values lie 
within the defined range, the logical operator assigns 
this pixel value one; if the value is outside the range, 
the pixel value is zero. The extent of this min-max 
range based on the combined uncertainties fills the 
interval of matching values, which defines the size of 
the remaining areas.

Regarding strontium, the combined errors of map 
variation (εSri) and measurement uncertainty (εSr) result 

Figure 2: Sources of (a.) strontium and (b) oxygen uncertainties from measurements and raster map creation. Final areas from  
(c.) overlapping isotope uncertainty ranges.

http://naturalearthdata.org
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in a total error of ±0.0008, which defines the range 
added or subtracted as a general mean error. Regarding 
oxygen, a novel path was chosen: firstly, the population 
variance is calculated by taking the square of the 
standard deviation of all measured values, with mean 
value at 0.687132‰, which was then rounded up to the 
significant digit ~ 0.7‰. To this value, a measurement 
uncertainty of 0.1 (reflecting the typical uncertainty of 
oxygen isotope measurements) was added, resulting 
in 0.8‰ measurement uncertainty (εO). An additional 
source of error was defined by the individual 
uncertainty for each data point from the RCWIP 
database (εOi) which was transferred and interpolated 
to each individual pixel accordingly, ranging within the 
map between 0.9 and 1.4‰. To this floating error range, 
the measurement uncertainty of ±0.8‰ was added 
respectively. Based on the rules of propagating error, 
the square root of the sum of the squares of each source 
of uncertainty formed the total error for each pixel. This 
approach produces a greater uncertainty range for the 
oxygen results than previously calculated (Laffoon et al. 
2017), producing a larger potential region of origin, but 
reducing the possibility of false positive results.

For samples where both strontium and oxygen 
values exist, these resulting maps once again were 
compared by a logical operator, leaving out all areas 
where either oxygen or strontium had turned out zero 
(figure 2). Figure 2 is a graphical representation of how 
the interval approach defines overlapping areas by 
cancelling out the rest, using a range of hypothetical 
values, and associated errors, for both strontium and 
oxygen (y-axes) and hypothetical variation of both 
over geographic location (x-axis).

5 Results
The strontium and oxygen isotope measurements 
and relevant sample information are listed in table 1. 
The results of the Interval Approach are presented in 
figure 3 (using both strontium and oxygen isoscapes) 
and figure 4 (using only strontium isoscapes). We 
assess the effectiveness of the Interval Approach in 
terms of both accuracy and precision. In this context, 
accuracy refers to whether or not the Interval 
Approach correctly identifies the known geographic 
origin of the individual as a potential place of origin, 
whereas precision refers to the extent that the Interval 
Approach constrains the number of potential places 
of origin within the overall map. In this section we 
present the results on a case-by-case basis starting 
with the three samples for which both strontium and 
oxygen isotopes were measured.

Individual V1 was previously analysed and 
discussed in the original proof of concept study 
(Laffoon et al. 2017). We reanalysed it herein using 
a slightly modified version of the Interval Approach, 
namely with an expanded range of uncertainty for 
the oxygen isotope measurements (see paragraph 6.4). 
Ultimately, the results of this re-analysis with Interval 
Approach are very consistent with those of the 
original study. More specifically, separately both the 
strontium and oxygen isoscapes greatly constrain the 
potential places of origin for this individual but when 
the two isoscapes are combined using the Interval 
Approach the potential places of origin are even more 
constrained (figure 3). In this case the method is both 
accurate in the sense that Caracas (the known origin 
for this individual) is correctly identified as a potential 

Sample ID Location Country element source 87Sr/86Sr 87Sr/86Sr δ18Oc δ18Oc δ18Oc

              ‰ VPDB ‰ VPDB ‰ VSMOW

measured 2SE measured 1σ Coplen 1988

V464_V1 Caracas Venezuela dm 1 0.71013 0.00001 -4.9 0.1 25.8

DR_WL Santo 
Domingo

Dom. Rep. M3 2 0.70831 0.00001 -4.3 0.1 26.5

V463_G2 Le Gosier Guadeloupe dm 3 0.70820 0.00001 -4.5 0.1 26.2

W4-B16 Cúcuta Columbia M3 2 0.71175 0.00001

W6-B13 ? A/B/C M3 2 0.70950 0.00001      

W2-R8 Willemstad Curaςao M3 2 0.70945 0.00001

W3-B4 Kralendijk Bonaire M3 2 0.70926 0.00001      

Table 1: Isotope values and relevant sampling information of known origin individuals from the Circum-Caribbean area. Data sources: 
1) Laffoon et al. 2017; 2) Plomp et al. 2019; 3) this study.
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Figure 3: Results of the Interval 
Approach applied to strontium 
and oxygen isotope data and 
corresponding isoscapes.
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place of origin, and precise in that the vast majority of 
the map area (>90% of the total raster cells) is excluded 
as a place of origin.

For Individual WL, the model results were both 
less accurate and less precise than for Individual V1. 
Santo Domingo, the known location of origin, was not 
identified as a potential place of origin. However, a 
few small areas, several kilometres to the west of the 
city were corresponding positively (figure 3). Similar 
to the case for Individual V1, the combination of the 
strontium and oxygen isoscapes reduced the number 
of potential places of origin substantially compared 
to the results of either one individually. In terms of 
precision, the number of potential places of origin 
was greatly constrained but less so than the case for 
Individual V1. More specifically, on the mainland, the 
model identified many scattered potential places of 
origin throughout Central America, and north-western 
South America. Within the insular Caribbean, most 
islands were excluded but potential places of origin 
were identified in much of Jamaica, large portions of 
southwestern Hispaniola (Haiti and the Dominican 
Republic), and few tiny pockets in south-eastern Cuba.

As expected, the overall model results for 
Individual G2 are similar to those of Individual WL 
since they possess very similar isotope values for both 
strontium and oxygen (figure 3). However, the model 
results for Individual G2 are far less accurate than 
for Individual WL. Interestingly, the eastern half of 
Guadeloupe (Grande-Terre) is identified as a potential 
place of origin based on strontium but not on oxygen 
isotopes. When combined, in the Interval Approach, 
not only is the known origin (in Le Gosier, Grande-
Terre, Guadeloupe) excluded as a potential place of 
origin but so is the whole island of Guadeloupe, as 
well as the entire eastern Caribbean (Lesser Antilles 
archipelago). In this case, the strontium isoscape is 
much more accurate than the oxygen isoscape. For 
Individual G2 the precision is similar to Individual 
WL when both isoscapes are combined with large but 
dispersed potential places of origin throughout Central 
America, large portions of north-western and northern 
Southern America, and relatively few and small areas 
of Jamaica, south-western Hispaniola, and a tiny area 
of south-eastern Cuba identified.

For the remaining four individuals only strontium 
isotope data are available. For individual B16 with 
known origins in Cúcuta, Columbia, the model results 
did not accurately identify this location as a potential 
place of origin. However, numerous other locations 
in Columbia, including several relatively constrained 

pockets in the highlands, including areas in the east 
somewhat near Cúcuta were identified as potential 
places of origin (figure 4). The model results for this 
individual were the most precise in the sense that 
the greatest area within the map was excluded as a 
potential place of origin relative to the other samples 
in this study. Interestingly, the model results primarily 
only identify relatively small and isolated locations in 
inland and highland areas of the Circum-Caribbean 
as possible places of origin for this individual. This 
pattern probably reflects the fact that individual 
B16 has a fairly high 87Sr/86Sr ratio (0.71175) that is 
more characteristic of older, continental geological 
settings primarily underlain by metamorphic bedrock. 
In addition to possible locations in Columbia, the 
model results also identify potential origins in very 
restricted areas of Venezuela, Panama, Nicaragua, 
Honduras, Cuba and Hispaniola. The latter two seem 
unlikely on the basis of empirical baseline 87Sr/86Sr data 
for the insular Caribbean where such high ratios have 
only been reported for Trinidad and Tobago (Laffoon 
et al. 2012; Ostapkowicz et al. 2017).

The remaining three samples for which only 
strontium isotope data are available have known 
origins in the so-called ABC islands (Aruba, Bonaire, 
Curaҫao) located in the southern Caribbean just north 
of the coast of central Venezuela. For individual B13 it 
is only known that the origin is from one of the three 
ABC islands, whereas individual R8 has known origins 
from Willemstad, Curaҫao and individual B4 originates 
from Kralendijk, Bonaire. All three individuals have 
very similar 87Sr/86Sr ratios and hence the model 
outputs for all three are highly comparable (figure 4). 
For these three individuals the model outputs are 
neither particularly accurate nor precise. All three 
model outputs correctly identify at least two of the 
ABC islands as a potential place of origin. For R8 and 
B4 all islands are identified as potential locations, 
while for B13 only Aruba and Curaҫao are within the 
range. Some neighbouring areas of northern coastal 
Venezuela are also identified as such. The model 
outputs are less precise than the other samples in this 
study with a fairly reduced area of the map excluded 
as potential places of origin, and by consequence, 
a fairly large area of the map identified as possible 
places of origin for all three individuals.

6 Discussion and conclusions
The relatively high degree of spatial variation in 
baseline isotope values in the Circum-Caribbean 
(figure 1), particularly for strontium, offers substantial 
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potential for the application of isotopes and isoscapes 
to investigations of the geographic origins of a wide 
range of biogenic materials, including examinations 
of the childhood origins of individual humans from 
archaeological and forensic contexts. The application 
of the Interval Approach outlined herein to modern 
individuals with known geographic origins permits 
further assessment of the validity of this method. 
The model results of the Interval Approach for 
seven individuals detailed above raise numerous 
discussion points.

A previous study (Laffoon et al. 2017) using 
the same isoscapes and similar methods (i.e., dual 
isoscapes and the Interval Approach) was applied to 
an individual from Caracas, Venezuela (V1, figure 3a). 
The results of this previous study (Laffoon et al. 2017) 
indicated a high degree of accuracy and precision 
when both strontium and oxygen isotopes were 
combined. This analysis was replicated herein with 
a slightly modified method but with identical results. 
More specifically, the origin identified by the model 
could be pinpointed to the area around Caracas 
and the nearby Venezuelan coastal range and thus 
was highly consistent with the known origin for 
this individual in Caracas. This example represents 
the best-case scenario for the overall method and 
approach. Unfortunately, the results for the other six 
individuals in this study were much more variable 
and less promising.

For the other two individuals for whom both 
strontium and oxygen isotope data were available (WL 
from Santo Domingo, Dominican Republic; and G2 from 
Gosier, Guadeloupe) the model results were somewhat 
less precise than for individual V1 but large areas of 
the Circum-Caribbean map (>50%) were excluded as 
potential places of origin. Since the isotope method 
for assessing origins is essentially exclusionary, the 
approach could be considered partially successful in 
the sense that many possible areas of origin have been 
excluded. However, much more concerning is the 
fact that the model outputs for both individuals were 
inaccurate (i.e., did not correctly identify the known 
origin as a potential place of origin). One difference 
between these two cases is that for individual WL, 
possible places of origin were identified fairly close 
(within ~10 km) to the actual location of origin in 
Santo Domingo. Whereas, for individual G2 the 
strontium isoscape correctly identified the eastern 
half of Guadeloupe as a potential place of origin but 
this was excluded on the basis of the oxygen isoscape. 
We consider these two examples as being partially 

successful in the sense that while both are moderately 
precise, the former is only slightly inaccurate while the 
latter is accurate based on one isotope system but not 
the other.

Highly variable results were also obtained from 
the four samples for which only strontium isotope 
data was available. For Individual B16 (from Cúcuta, 
Columbia), the results were very precise (approaching 
the precision obtained for Individual V1) with >90% of 
the map area excluded as a potential origin. The result 
was not very accurate given that the known origin was 
not identified as a potential place of origin, however, 
similar to the case for Individual WL where other, 
not too distant (<50 km) areas of eastern Columbia 
were identified as such. The results for the last three 
individuals were the least promising in terms of 
both accuracy and precision: while the model results 
correctly identified areas within the known islands 
of origin, extremely large areas of the overall map 
remained as possible places of origin.

In general, the model results obtained from the 
Interval Approach were highly variable and, in most 
cases, not particularly promising. We highlight several 
issues that need to be addressed to further develop 
these methods and hopefully improve the accuracy and 
precision of the results. First, one possible concern may 
be the errors associated with the isotope measurements 
themselves. This, however, seems unlikely to be a major 
concern given that the measurement uncertainties are 
much smaller (in some cases by an order of magnitude) 
than: the normal variation in isotopes within a single 
(local) individual (Plomp et al. 2020), the variance 
within most (archaeological) populations measured to 
date, and the uncertainties associated with the isoscape 
models themselves (Laffoon et al. 2017).

A second potentially confounding factor is the 
selection of the appropriate samples for isotope 
analysis. In this study, five teeth are third molars, 
which form during adolescence and thus are not 
impacted by breastfeeding effects. Two others are 
represented by deciduous first molars, which primarily 
form in utero. However, mineralization of deciduous 
first molars continues after birth, and it is possible 
that some of the sampled enamel from these teeth may 
reflect the breastfeeding period or a combination of 
enamel formed before and after birth, and therefore 
contain a mix of fetal and breastfeeding inputs. Other 
issues pertaining to the use of oxygen isotopes for 
provenance studies more generally include seasonal 
variation in oxygen isotope values and long-term 
climatic change (Pederzani and Britton 2019), the latter 
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of course being more relevant for archaeological than 
for modern cases. There are also numerous processes 
that may cause significant differences between 
measured δ18O values of local precipitation (upon 
which the oxygen isoscapes are based) and the δ18O of 
consumed water (which is the primary source of δ18O 
in biogenic tissues) such as fractionation from water 
storage, the consumption of imported (bottled) water, 
and cooking practices such as boiling and brewing 
(Brettell et al. 2012; Lee-Thorp 2008; Pederzani and 
Britton 2019), in addition to the previously discussed 
uncertainties associated with the conversions between 
water and enamel isotope values.

In terms of the reliability of the isoscapes, as 
previously mentioned for the Circum-Caribbean there 
is a distinct spatial bias in the representativeness of 
sampling for baseline strontium isotope ratios, with 
much of the northern and western insular Caribbean, 
and vast areas of Central America and northern South 
America grossly underrepresented relative to their 
size. A recent study that developed and tested the first 
global-scale strontium isoscape found that predictive 
models underperformed in areas that lacked spatially 
representative bioavailable 87Sr/86Sr data (Bataille et al. 
2020). A related issue concerns the geospatial models 
that are used to predict bioavailable 87Sr/86Sr at large 
spatial scales. In the Caribbean, recent studies have 
demonstrated a notable lack of input from atmospheric 
sources (e.g., Saharan dust) on bioavailable 87Sr/86Sr 
for certain islands and archipelagos (Schulting et al. 
2018) that contrast with the process-based models 
used to generate the Circum-Caribbean strontium 
isoscape used in this study (Bataille et al. 2012). 
Furthermore, newer more robust geospatial models 
utilizing machine-learning approaches (Bataille 
et al. 2018) have been recently developed and offer 
potential for improving existing isoscapes at multiple 
scales, including for the Circum-Caribbean. Although 
not relevant for the current validation test, it should 
also be noted that the spatial limits of the Circum-
Caribbean isoscape place a priori constraints on the 
Interval Approach. In other words, the approach 
will only identify possible places of origin within the 
geographical boundaries of the isoscape model.

Perhaps the most problematic issue limiting the 
utility of the isotope/isoscape method for provenance 
studies of modern individuals is the globalization 
of the food industry. For example, the three 
individuals in the present study from the ABC islands 
all have 87Sr/86Sr ratios that exceed the measured 
range of bioavailable 87Sr/86Sr for these islands 

(maximum = 0.70915), a value that is very close to 
the mean 87Sr/86Sr ratio of seawater (0.70918). It is 
possible that the limited sampling (n=20 samples in 
total) of biosphere 87Sr/86Sr has not been sufficient to 
reflect the overall variance of 87Sr/86Sr for these three 
islands. This seems like an unlikely explanation in 
this case, however, as most island and coastal settings 
can be characterized as having bioavailable 87Sr/86Sr 
reflecting a two end-member mixing model between 
bedrock and marine-derived strontium. In the case 
of the ABC islands, the bedrock values represent the 
low endmember of this mixing solution and marine 
strontium (from sea spray and/or precipitation) 
represents the high endmember. As such, terrestrial 
bioavailable 87Sr/86Sr is not expected to exceed that 
of seawater (~0.7092) for these islands, or most other 
islands of the Caribbean for that matter. In this 
context, it is more parsimonious that the high 87Sr/86Sr 
ratios of the three measured individuals from the ABC 
islands reflect the consumption of imported foods.

It is difficult to assess the impact of imported 
foods on 87Sr/86Sr ratios in human dental enamel and 
the effects may be highly variable both spatially and 
temporally. Previous studies using isotope analyses 
of strontium and oxygen of World War 2 casualties 
successfully identified the geographic origins of at 
least one individual, which was later confirmed by 
other lines of evidence (Font et al. 2015a). Another 
recent study was successful at precisely and accurately 
constraining the origin of historically documented 
individuals from early modern Brittany (Bataille et al. 
2021; Colleter et al. 2021). There are also numerous 
forensic studies that have utilized various isotope 
measurements and geographic assignment models 
to investigate individual (modern) human origins 
with varying degrees of success (Bartelink et al. 2020; 
Chesson and Berg 2021; Chesson et al. 2018; Font et al. 
2015b; Kamenov and Curtis 2017; Kramer et al. 2020; 
Lehn et al. 2015; Mehl et al. 2019; Meier-Augenstein 
and Fraser 2008). Other studies have attempted to 
assess the reliability of isoscapes, or baseline isotope 
datasets, against isotope data obtained from modern 
individuals but the results have been quite variable 
with some areas demonstrating congruencies and 
other areas major differences depending on location 
and the type of material sampled for isotope analyses 
(e.g., Ammer et al. 2020; Kootker et al. 2020; Ueda 
and Bell 2021). These studies seem to suggest that the 
complications introduced by the globalized nature of 
the food economy are perhaps not insurmountable but 
may generally increase over time and with variable 
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impacts depending on the extent that people consume 
imported foodstuffs. The degree that people consume 
nonlocal foods (with isotope ratios that do not reflect 
local sources) may be further exacerbated in small 
countries or islands where a large proportion of food 
is imported, as is the case in much of the insular 
Caribbean nowadays. By contrast, in regions where 
most if not all consumed food and water is of local 
origin the globalized food industry may have little 
effect on biogenic isotope values or the reliability of 
the isotopic approach to provenance studies.

In summary, the results of this study are highly 
variable in terms of both precision and accuracy. In 
this regard, they demonstrate a more complicated 
and nuanced situation than the results of the original 
validation study (Laffoon et al. 2017) of the Circum-
Caribbean isoscapes which was based on a single 
sample and was, perhaps purely by coincidence, 
the most accurate and precise of the seven samples 
included in the present expanded study. The general 
lack of precision for many of the cases presented herein 
is probably best considered an inherent limitation of 
the method and not particularly problematic from an 
interpretive perspective. In many regions of the world, 
including the Circum-Caribbean, large and/or numerous 
areas have similar or even identical strontium and/
or oxygen isotope values and some values or ranges 
of values are often much more common than others. 
If the measured isotope values in any given sample 
happen to be common in the study area, the isoscape 
provenance method will be limited in its capacity to 
constrain the potential places of origin. On the other 
hand, if a given sample happens to possess an isotope 
value, for one or more isotope systems, that is less 
common or particularly rare in a given study area, the 
degree that the origins can be constrained (the precision 
of the method) can be greatly improved. The lack of 
accuracy is a much more serious and confounding 
problem in this context. Perhaps counter-intuitively, the 
isotopic provenance method may actually work better 
for archaeological cases than for modern ones owing 
to the aforementioned complications of the globalized 
food industry, whereas attempts to validate the overall 
method and the isoscapes upon which they are based, 
generally require the use of modern individuals (with 
known origins).

Several avenues for future research to address 
these concerns can be proposed. As the method 
and approach works similarly for humans as for 
other terrestrial animals, validating the approach 
using isotope values from modern fauna may 
represent an ideal sampling approach that avoids the 
complications of the consumption of imported food, if 
samples are taken from wild or captive animals with 
known dietary histories. Another possibility would 
be to focus on (archaeological) individuals of known 
origins who pre-date the recent rapid expansion 
of the global food economy, for example from 
pre-20th century or other historical contexts. In the 
context of the broader aims of this volume (promises 
and impasses in digital archaeology), we conclude 
that the combined isotope/isoscape method still holds 
much potential for provenance investigations more 
generally, and for constraining the natal origins 
of individuals in archaeological research more 
specifically. The current study, however, clearly 
indicates that caution is merited when applying 
isotopes and isoscapes to assess geographic origins in 
modern and forensic cases, at least within the study 
area of the Circum-Caribbean. The consumption of 
large quantities of non-local foods violates one of the 
main underlying principles of the isotope method, 
namely that isotope values of biogenic tissues will 
reflect the local environment. We suggest that 
more research is required, particularly systematic 
validation tests of multiple isotopes systems and 
multiple isoscapes, within the Caribbean and beyond, 
in order to assess the reliability of these methods 
for investigations of geographic origins before 
they can be more widely and effectively applied in 
archaeological and forensic research.
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In memoriam Damian Evans

After submitting this chapter, we learned with deep sadness of the passing of our friend and 
colleague, Damian Evans, on September 12, 2023, after a two-year fight and a brief remission.

Damian was renowned for his pioneering work as an archaeologist, notably spearheading the 
groundbreaking 2012 Lidar acquisition at Angkor. This endeavour revealed a wealth of hidden 
archaeological marvels concealed beneath the dense Cambodian jungle canopy, illuminating 
ancient Angkor's intricate urban complexity and extensive infrastructure.

Fitting with the title of our paper in this volume, Damian proved himself as a remarkable figure 
in both the untamed jungles of Southeast Asia and the lab. He established labs in Laos, Paris, and 
Cambodia dedicated to the meticulous analysis of lidar data, generously opening their doors to 
anyone studying in the region. He also established a framework for working with lidar data, 
championing its sharing and open access. Damian’s innovative spirit blazed a trail for future 
researchers pioneering the integration of AI techniques with lidar data. But he was happiest when 
riding his dirt bike through rugged terrain or getting his truck stuck in the mud on the way to a 
field site. Ever ready for unforeseen challenges, he armed himself with an array of medications 
to combat any field-induced illness that may afflict our team. His unwavering commitment to his 
work in challenging environments showcased his resilience and adventurous spirit.

His passing has been marked by tearful reminiscences and heartfelt tributes, a testament to the 
deep friendships that emerge through fieldwork. Our colleague, Mitch Hendrickson, said it well: 
“The crucible in which our friendships with Damian were forged left a much deeper impact than 
other types of relationships. The result is that he will be an important part of us forever.”

Sarah Klassen and Tommaso Pappagallo
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From the Jungle to the Lab: Using 
Remote-Sensing and Deep Learning to 
Map Archaeological Features in Lab-
based Settings

Sarah Klassen, Tommaso Pappagallo 
and Damian Evans

1 Introduction
Advances in remote sensing have dramatically improved the ability of 
archaeologists to identify and map archaeological sites (Lasaponara and 
Masini 2011; Masini et al. 2011; Opitz 2013). Instead of venturing in frequently 
exploratory ways into inhospitable jungles and arid landscapes that were once 
home to thriving civilizations, archaeologists find themselves at desks behind 
computer screens, poring over terabytes of remotely sensed data and pinpointing 
places to visit in the field. Mapping and survey work that once required days or 
weeks in the field can be achieved, at least in a preliminary way, by a desk-based 
digital workflow incorporating archives of satellite imagery and aerial photography.

While archaeologists have been able to identify untold thousands of archaeological 
features using these 2D, image-based approaches, many features are obscured from 
view because of dense vegetation. With the advent of airborne laser ranging (lidar) 
over vast areas, archaeologists now can represent the landscape in a 3D form based 
on distance calculations determined by the amount of time required for the laser 
pulses to return to the airborne sensor from reflective surfaces on the landscape 
below. Within the dense point clouds that are thus generated, archaeologists have been 
able to identify points that represent features above the surface such as vegetation, 
algorithmically remove those points, and produce digital elevation models of the bare 
earth. These models have proved invaluable for identifying archaeological features 
that previously laid hidden below the dense vegetation and achieving in hours what 
once took years using ground-based measurements.

Faced with these massive amounts of data, archaeologists have two tasks: 1) 
Identify and inventory archaeological features; and 2) create maps representing 
these archaeological features. Thanks to wide-area, georeferenced digital 
imagery, both of these tasks are being undertaken on previously unimaginable 
scales. In addition to the vast archives of geospatial imagery, archaeologists are 
generating derivative data products on a massive scale. Some have referred 
to this influx of data as the “data deluge” (Bevan 2015) and have argued that a 
paradigm shift is required for archaeologists to take advantage of the avenues 
of research now available with the new data (Bennet 2014). As a result, many 
archaeologists have turned to deep-learning methods (LeCun et al. 2015) to 
help identify, map, and analyze these newly identified archaeological sites and 
features (see below).

https://doi.org/10.59641/f48820ir
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In this paper, we first introduce the Khmer 
Archaeological LiDAR Consortium (KALC) and the 
Cambodian Archaeological Lidar Initiative (CALI). We 
then survey the literature for automated detection of 
features in 2D and 3D remote sensing data and canvas 
the application of these techniques to archaeological 
case studies. We outline the processes undertaken by 
KALC and CALI and highlight some of the challenges 
and opportunities offered by using automated methods 
to identify archaeological features across a range of 
projects. Finally, we conclude with some thoughts for 
the future of remote sensing and automatic detection 
of features for archaeology.

2 Background to the Khmer Archaeological 
LiDAR Consortium (KALC) and the 
Cambodian Archaeological Lidar Initiative 
results (CALI): successes and bottlenecks
The Greater Angkor Region is home to a large medieval 
archaeological site known as Angkor (figure 1). Our 
study area of over 3000 km2 encompasses an engineered 
landscape of over 1500 km2 consisting of a mix of 
agricultural land and densely occupied urban spaces in 
which a series of massive temples, including Angkor Wat, 
were built over centuries (Stark 2004). The agricultural 
areas are often referred to as the Angkor Metropolitan 
Area (AMA), while the densely occupied urban spaces are 

Figure 1: The Greater Angkor Region (~3000 km2) encompasses over 1500 km2 of agricultural land (AMA) and densely occupied 
urban spaces (CCC).
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often called Civic-Ceremonial Centers (CCCs) (Carter et al. 
2021; Hawken 2011; Klassen et al. 2021).

The AMA is characterized by small agricultural 
units consisting of community temples and associated 
occupation mounds and reservoirs. These features 
were interspersed among almost 1000 km2 of rice 
fields (Hawken 2011). The configurations of temples 
and associated occupation mounds, reservoirs, and 
ricefields are often referred to as prasat-trapeang 
(temple-pond) (Klassen and Evans 2020; Sedov 1963). 
The medieval Khmer living in and around these 
communities were primarily engaged with rice 
agriculture, which formed an essential component 

of the agrarian economy (Sedov 1963). In addition to 
growing rice, inscriptions indicate that populations 
in these villages would have engaged in several 
productive activities, including fishing in the 
reservoirs, tending to orchards and vegetable gardens, 
and raising livestock, including pigs and water buffalo 
(Jacob 1978). Communities in the AMA are easily 
identifiable in satelite imagery because the temples 
typically conform to a horseshoe shaped morphology 
(figure 2) and are often accompanied by a reservoir at 
the end of a causeway leading to the east of the temple.

The temples were built on mounded pieces of earth, 
surrounded by an artificial moat, and often had a 

Figure 2: The AMA is characterized by community temples recognizable in satellite imagery because of their distinctive horseshoe-
shaped morphologies.



80 ANALECTA PRAEHISTORICA LEIDENSIA 51

causeway to the east leading to an artificial reservoir. 
The moat and causeways give the temples a “horseshoe” 
morphology, with the mound where a temple once stood 
in the middle. Much of the landscape in the Greater 
Angkor Region is still in use for rice agriculture today. 
As a result, much of the dense vegetation has been 
cleared, and the distinct morphology of temples and 
reservoirs is more or less visible in aerial and satellite 
imagery. These characteristics enabled Evans and 
Pottier to map almost 1000 temple communities across 
the expanse of Angkor’s CCCs throughout two massive 
mapping initiatives, based primarily on prints of aerial 
photographs, that formed the basis for their PhDs 
(Evans 2007; Pottier 1999).

The landscape of the AMA was also extensively 
transformed to store and manage water (Fletcher 
et al. 2008). The medieval Khmer rerouted rivers 
into large, above-ground holding reservoirs called 
baray. The largest of these barays, the West Baray, 
is eight kilometers long and two kilometers wide. 
While archaeologists have long debated the practical 
versus ceremonial uses of this and similar features 
(Acker 1998; Bourdonneau 2003; Fukui 1999; 
Stott 1992), it is clear that the hydraulic infrastructure 
could have had religious and political importance 
while also providing a source of water during droughts 
and allowing the medieval Khmer to manage massive 
influxes of water to the system during the monsoons 
(Bourdonneau 2010; Pottier 2000). This infrastructure 
and a ritual temple economy also integrated the AMA 
with the CCCs (Hendrickson 2010; Sedov 1963; Fletcher 
and White 2018).

Unlike the AMA, the landscape of the CCCs 
is located mainly within a protected forest zone 
(Gaughan et al. 2009). As a result, the vegetation 
is relatively dense, making it very challenging to 
see archaeological features in aerial and satellite 
imagery and making conventional ground surveys 
exceptionally difficult. Around Angkor Thom, for 
example, archaeologists working in the field were able 
to identify unnatural inundations in the landscape, 
but it was difficult to understand the patterns that 
these form on a large scale, let alone across the 
entire Angkor site (Evans and Fletcher 2015; Stark 
et al. 2015). Surveying the whole forested area using 
traditional methods would have taken decades. 
Jacques Gaucher of the EFEO spent several years 
cutting survey transects through an expanse of dense 
vegetation representing about 25% of the forested 
area in the central temple zone. His work was able to 
provide detailed information about the archaeological 

materials on the landscape, and he was able to produce 
a provisional map of Angkor Thom, one of Angkor’s 
CCCs, where he identified the outlines of an urban grid 
(Gaucher 2002; 2003a; 2003b; 2004; 2017).

In 2012, shortly after the first successful wide-area 
lidar acquisition over an archaeological site, Caracol 
in Belize (Chase et al. 2011), the Khmer Archaeological 
LiDAR Consortium (KALC) organized a mission of 
airborne laser scanning across 370 km2 of northern 
Cambodia, including the forested areas of central 
Angkor and two other Angkor-period capitals, Koh Ker 
and Mahendraparvata. The lidar data was acquired 
with a Leica ALS60 laser system and 40 megapixel Leica 
RCD105 medium-format camera. The Leica ALS60 was 
capable of 200,000 laser pulses per second with up to 
four returns each. The single-pass lidar point densities 
averaged 4-5 points per square meter, with an average 
of two ground returns per square meter. We processed 
the raw point clouds and created imagery products with 
Terrascan software. We used ArcGIS software to create 
additional imagery products like digital terrain models, 
hillshade models, and local relief models. Our team of 
archaeologists manually analyzed and interpreted the 
landscape data and were able to identify 20,000 features 
that had not yet been documented and mapped by the 
Greater Angkor (Evans 2016; Evans and Fletcher 2015; 
Evans et al. 2013). The results were equally spectacular 
at Mahendraparvata, where researchers were able to 
identify the traces of causeways and other previously 
undocumented elements of urban infrastructure that 
remained etched on the landscape but hidden beneath 
dense vegetation (Chevance et al. 2019; Evans et al. 
2013). The data from Koh Ker has proved extremely 
valuable for our understanding of the archaeological 
site and has allowed researchers to do in-depth studies 
of the water management system (Lustig et al. 2018; 
Moffat et al. 2020). However, it was not as valuable 
as the data from Angkor and Mahendraparvata for 
mapping additional urban features for reasons to be 
discussed below.

One of the reasons why lidar was so illuminating 
at Angkor was because the site is located in a 
floodplain (Kummu 2009). As a result, the medieval 
Khmer terraformed the landscape by building their 
monumental structures, like Angkor Wat, on artificial 
platforms up to 4 m above the natural floodplain to 
mitigate the potentially disastrous impacts of the 
annual monsoon flooding. Similarly, the Khmer built 
their houses on stilts on top of artificially constructed 
house mounds ranging from 1-2 m in height. This 
terraforming of the landscape makes these features 
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extremely visible in the lidar data, even if the buildings 
that once stood atop them were built of perishable 
materials and have long since disintegrated (Fletcher 
and Pottier 2002). Because the features are so 
apparent, KALC was able to publish the initial results 
from the lidar before systematic mapping and ground 
verification had been completed (Evans et al. 2013).

The nature of changes to the landscape at Angkor 
due to the frequent threat of flooding also explains 
why the lidar data from Koh Ker did not reveal as 
many intricate details of past occupation. Koh Ker 
is located at a higher elevation among gently rolling 
hills and did not face the same threat from the annual 
flooding as Angkor. As a result, the medieval Khmer 
living at this site built their houses either on the 
ground or on stilts without mounds beneath them. 
The lack of house mounds makes identifying the 
zones of occupation much more difficult. Other forms 
of investigation, including traditional survey and 
ground-penetrating radar, are required to understand 
occupation patterns at the site fully. This work began 
fifteen years ago by multiple international and local 
teams (Evans 2013; Mizoguchi and Nakagawa 2011; 
Renner 2011; Hall et al. 2018) and is now the focus 
on ongoing fieldwork by the National Authority of 
Preah Vihear and collaborators as part of the Koh Ker 
Archaeological Project (Klassen et al. 2022).

After poring over the lidar data, researchers 
associated with KALC and the Greater Angkor Project 
began the arduous task of documenting, ground 
verifying, and mapping the revealed features. While 
it is difficult to estimate the exact number of person-
hours, Damian Evans, the project lead, spent most of 
the period 2012-2016 working on the data in the lab 
and the field alongside a core staff of two to three field 
researchers. Sarah Klassen dedicated four months of 
work to the project, followed by a year of full-time 
mapping work by Pelle Wijker. The mapping work 
was subsequently refined in the lab and the field over 
several years by Klassen, Wijker, Evans, and other 
project members. The researchers combined the latest 
insights from the lidar data with decades of mapping 
and ground verification in the region (Evans 2007; 
Gaucher 2004; Pottier 1999). Early versions of the 
additional features mapped from the lidar data were 
first published in 2015 (Evans and Fletcher 2015), and 
a revised version was published recently (Klassen et al. 
2021). The resulting map from Mahendrapavarta was 
published in 2019 (Chevance et al. 2019), seven years 
after the lidar data were initially acquired. This work, 
recently finished in late 2021, has culminated in a new 

comprehensive map of the Greater Angkor Region that 
includes over 20,000 new features for a total of over 
25,000 mapped features.

The work has profoundly impacted our 
understanding of early Khmer cultures and landscapes, 
and the resulting maps have allowed researchers to 
do a wide range of previously impossible analyses. 
With these new maps, archaeologists can be highly 
precise in choosing areas to excavate. For example, 
archaeologists used the lidar data and resulting 
mapping to pinpoint specific house mounds to 
excavate at both Angkor Wat and Ta Prohm, which 
helped answer questions about how people lived and 
what they ate (Carter et al. 2018; Carter et al. 2019; 
Castillo et al. 2020; Heng et al. 2015; Stark et al. 2015). 
Researchers have also been able to refine population 
estimates for the region. Based on the morphology 
and location of the mounds, the researchers were able 
to use principles derived from settlements scaling to 
estimate total population and population densities at 
the site across time and space. Based on the location 
and type of the occupation mounds, researchers could 
also determine the likely occupations and activities 
(agricultural producers vs. non-agricultural producers) 
for these populations and how that changed over time 
(Klassen et al. 2021). Similarly, archaeologists have also 
been able to use this mapping to understand patterns 
of use of the agricultural landscape over time and how 
that was impacted by changing social institutions and 
institutional management (Evans 2016; Klassen and 
Evans 2020).

Following on the success of KALC, Evans received 
a grant from the European Research Council 
(2015 to 2020) to extend the lidar acquisitions at 
Angkor to several other cultural landscapes sites 
in Cambodia, spanning the pre-Angkorian to post-
Angkorian periods. This work was undertaken 
within the Cambodian Archaeological Lidar Initiative 
(CALI) framework, with a principal acquisition 
in 2016 covering an area of 1910 km2 (Evans 2016). 
Another grant from the European Research Council 
will fund a follow-on project from 2020-25, which 
aims to acquire 1000 km2 of data across Southeast Asia 
beginning in 2022, alongside a 2021-22 acquisition 
in Laos spanning 4000 km2 funded by the French 
Development Agency (AFD).

CALI’s results were just as spectacular as those from 
Angkor (figure 4; Evans 2016). As the maps from Angkor 
and Mahendraparvata have proved invaluable, the 
researchers of CALI are now faced with the formidable 
task of mapping the tens of thousands of clearly visible 
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features at these other sites in Cambodia. Work on this 
has been ongoing since 2015. It has involved dozens of 
researchers from various institutions and organizations. 
Many of the final results are yet to be published due to 
the volume of mapping and verification work required. 
The mapping work for CALI is now completing. As we 
look forward to the new lidar acquisitions in 2022, we 
are actively exploring automated options to help ease 
the burden of mapping and relieve this bottleneck.

3 A path forward: automated detection of 
features in remote sensing data
In this section, we review 3D Point Cloud Deep 
Learning techniques. 3D point clouds are a set 

of unstructured and unordered points where 
neighbouring points do not explicitly encode 
information about their relationship, unlike in 2D 
images, which are composed of pixels in structured 
arrays. This makes 3D Point Cloud Parsing a unique 
domain separate from 2D Imaging. We can view 3D 
data in its most basic form as a set of points in physical 
space which can be complemented with additional 
dimensions such as intensity and RGB colour 
(Demantké et al. 2012). Networks built for 2D have 
reached a more mature stage and are foundational 
to many 3D networks. In the same way that in 2D, we 
seek to assign a label to each pixel, in 3D, we strive to 
label each point in a point cloud. In 2D pixel parsing, 

Figure 3: Map of the Greater Angkor Region.
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the main tasks can be divided into the classification 
of an entire image (classification), localization and 
bounding box overlay of different object instances 
in an image (object detection), classification of single 
pixels into classes (segmentation), and classification of 
single pixels into classes and instances of the classes 
(instance or part segmentation). We can apply the 
same type of reasoning to 3D point cloud parsing.

Before the advent of Convolutional Neural 
Networks (CNNs), image classification was composed 
broadly of feature extraction and a classifier stage. 
Here methods can equally be divided into “pixel” 

based methods and “object” based methods where 
the latter is a precursor to CNNs. Edge detectors, for 
example, looked to understand where objects were 
based on the location of boundaries, examining 
changes in the intensity of adjacent pixels. These 
representations of the original image sought to extract 
only salient information making it easier to bag the 
source images into classes using simple classifiers 
such as Support Vector Machines or Random Forests 
(Felzenszwalb and Huttenlocher 2004). CNNs looked to 
automate both processes utilizing Stochastic Gradient 
Descent with Backpropagation in a Fully Convolutional 

Figure 4: Lidar data from Sambor Prei Kuk. One of the sites that was surveyed as part of the Cambodian Archaeological Lidar 
Initiative (CALI).
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Network (Qi et al. 2017). Here features of increasing 
complexity are learned since the receptive field at 
each layer increases, transitioning from capturing 
local to more contextual information. This removes the 
element of bias present in hand engineering features 
while enabling a process that can better account for 
the range of variability in the real world.

The classification of images paved the way for 
object detection networks: one-stage and two-stage 
detectors. The latter produce region proposals of 
parts of the image containing objects to be classified 
later using a CNN. One such is RCNN which extracts 
the region proposals utilizing algorithms such as 
Selective Search (Uijlings et al. 2013). RCNN uses an 
efficient segmentation algorithm (Felzenszwalb and 
Huttenlocher 2004) to obtain initial region proposals 
that are further refined using Hierarchical Grouping 
Algorithms that combine regions based on similarity. 
RCNN (Girshick et al. 2014) paved the way for Faster 
RCNN (Ren et al. 2016), where the region proposals 
are sourced from the feature maps directly utilizing 
a Region Proposal Network as well as Anchor boxes 
that hint at the range of scales and sizes of the objects 
to be identified. This development made two-stage 
detectors faster; however, one-stage detectors 
sought to further this, at the cost of accuracy, by 
applying classifications at different scales and aspect 
ratios directly to the image in one single sweep. 
Segmentation networks such as Mask RNN (He et al. 
2018) build on Faster RCNN by adding a branch 
representing the object proposal mask which extends 
the loss of the class labels and bounding box offsets to 
include a loss representing the mask regions. To put 
these architectures into context, and provide some 
examples, Verschoof-van der Vaart and Lambers 
(2019) successfully used RCNN’s on lidar data from 
the Netherlands covering an area containing several 
objects of archaeological interest, including prehistoric 
barrows and Celtic fields. Similarly, Trier et al. (2021) 
implemented Faster RCNN whilst identifying charcoal 
kilns, grave mounds and pitfall traps in high resolution 
airborne lidar data from Norway. In relation to 
single stage detectors, Berganzo-Besga et al. (2021) 
implemented Yolov3 in the detection of burial mounds 
in North-Western Iberia whilst Davis and Lundin 
(2021) used RetinaNet to locate Charcoal Production 
Sites in a forested region of Jönköping County, Sweden.

3D Point Cloud networks were initially developed 
similarly to 2D networks, with builds that used hand-
crafted features utilizing the 3D geometric features 
of points from local neighbourhoods of optimal 

size (Filin and Pfeifer 2005; Weinmann et al. 2015). 
Demantké et al. (2012), for example, looked for 3D 
dimensional features that indicate whether the 
local geometry is more linear, planar, or volumetric. 
The geometry hints at the type of object a set of 
points belongs to since different objects are varying 
combinations of these dimensions, suggesting 
how to classify and segment the points. As the 
labelling obtained with these methods lacked spatial 
smoothness, Landrieu et al. (2017) used the intuition 
that labels of neighbouring points correlated to 
obtain segmentations where more adjacent nodes 
share similar labels.

As with 2D, deep learning gave rise to 3D Point 
Cloud architectures which can be broadly divided into 
Point-based, Multi-View, and Volumetric/Voxel-based 
approaches. A particularly successful Point-based 
Method utilizing MLPs is PointNet (Qi et al. 2017).

PointNet is a set-based method able to consume 
unordered points directly, rather than discretize points 
as with voxel-based methods. It also differs from 
other networks by not using convolution operators; 
instead, using fully connected networks via multi-
layer perceptron (MLP), PointNet uses a feature of 
CNNs called max pooling which makes the model 
invariant to permutations which are a property of 
the points. Additionally, to make the labelling of the 
points invariant to geometric transformations, another 
requisite, it aligns the points as well as the feature 
space to a canonical space before extraction using 
orthogonal affine transformations. By this process we 
can extract orthogonal (independent) features that 
maintain the maximal amount of information when 
representing features prior to our optimization. As 
a pipeline, it takes points as input, applies these sets 
of transformations, and aggregates the information 
utilizing the max-pooling to output a global feature 
vector representing the global properties of the points. 
This vector is passed through an MLP, which outputs 
scores over the different classes, classifying the entire 
point cloud. To allow for per-point segmentation, 
PointNet extends the classification network by 
concatenating local features with the global features 
to classify each point into one of the classes. However, 
local structural information is missed since each point 
extracts a feature vector independently of the other (Qi 
et al. 2017).

Point Net ++ builds on PointNet, tackling two 
issues of the previous iteration: not being able to 
consider the local structure of the points and the 
nonuniformity of the point density, which inevitably 
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affects the network’s performance (Qi et al. 2017). The 
authors deal with the first point by borrowing the 2D 
CNNs approach of extracting features at progressively 
increasing scales and layers of changing resolutions. 
An analogue to this is built via hierarchically 
partitioning and grouping the points over increasing 
neighbourhoods to capture the gamut of information 
from local features, in smaller neighbourhoods, to 
global features in larger neighbourhoods. The original 
PointNet is used to extract these features. To deal 
with non-uniform densities, the authors implement 
a random drop out of the sampled points to combine 
the multiple scales, enabling the network to become 
invariant to point density.

Within Point-Based Methods, we also have 
convolution and graph-based approaches. 
Convolutional approaches borrow from 2D networks 
implementing a parallel of the 2D convolutional 
kernel, which is applied on a 2D grid structure. Here 
a convolutional kernel is defined in continuous 3D 
space where the weights of points in a neighbourhood 
are defined in relation to a central point – in essence, 
computing a weighted sum of a subset of the points. 
Kpconv (Thomas et al. 2019), for example, uses a 
kernel whose weights can be learned, adapting to 
the topology of the local geometry to gain better 
contextual information. Graph-based approaches 
consider single points as vertexes and encode their 
relationship to neighbouring points via edges. For 
example, Landrieu et al. (2017) implement Super 
Point Graphs, which partition the point cloud 
space into geometrically homogenous elements, an 
analogue of superpixels in 2D. This graph represents 
an ensemble of shapes rather than points which the 
authors argue builds a network that is better able to 
classify and segment entire objects and scenes instead 
of singular points.

Multi view-based methods try to harness the 
accuracy of 2D segmentation and classification 
networks by projecting the point cloud into 2D to 
perform pixel-wise labelling. For example, Boulch 
et al. (2017) generate RGB and depth images from the 
point cloud and then back propagate from 2D image 
to mesh by identifying and labelling the vertices 
present in the meshes. In a second instance, the 
mesh is backpropagated to the original point cloud, 
where the label of a given point p ∈ P is the label of its 
nearest neighbour with a label in edge V of the mesh. 
These methods are seen to outperform volumetric 
approaches with fewer computational requirements 
despite being sensitive to occlusions and the choice 

of viewpoints while also not taking into account 
underlying structures and geometries of the point 
cloud space. Qi et al. (2016) combine Multi-View and 
Volumetric Approaches by extracting 3D features 
from the point clouds using anisotropic probing 
kernels and projecting them into 2D space; anisotropic 
probing kernels are better able to capture the internal 
structures of objects.

Volumetric/Voxel-based approaches look to 
scale 2D CNNs to 3D using 3D convolutional operators. 
Unfortunately, due to the large number of parameters 
involved, volumetric methods are computationally 
expensive. To lower computational expenses, 
networks try to reduce the resolution of objects to 
small voxel cube grids at the cost of information loss. 
While segmentation approaches are possible, they are 
considered prohibitively expensive computationally, 
making them more suitable for classification tasks. 
To reduce the computational overhead of these 
networks, Riegler et al. (2017) suggest using a Grid Oct 
Tree Graph-based approach. Unlike a computational 
expensive vanilla oct tree, which seeks to represent 
each point as a child node accessible only from 
the root, this approach places several shallow oct 
trees along with regular voxel grids. In this way, the 
structure can be encoded efficiently via a bit string 
representation. Additionally, rather than convolving 
a 3D tensor with a 3D kernel, the network convolves 
onto the grid-oct tree data structure, meaning that we 
only need to compute the convolution once within 
each voxel since the output of the convolution is 
constant over each voxel grid.

We have explained the different families of 
networks utilized in Point Cloud Classification and 
Segmentation in broad terms, mainly Point, Multi-
View, and Volumetric/Voxel-based approaches 
focusing on one or two important networks within 
each category. Not by design, we have focused on 
segmentation and classification approaches since there 
is a lack of successful object detection frameworks.

4 Automated detection of archaeological 
features in remote sensing data
While Cultural Heritage has been slow to use machine 
learning methods (Fiorucci et al. 2022), archaeologists 
have begun successfully experimenting with image 
classification, object detection, and segmentation to 
identify archaeological features in remotely sensed 
data (Traviglia et al. 2016, see more below) These 
methods are in addition to other machine learning 
methods utilized by archaeologists, like graph-based 
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semi-supervised machine learning algorithms to 
determine dates of archaeological sites (Klassen, 
Weed, and Evans 2018) and classification analyses to 
better label and understand datasets and field reports 
(Brandsen and Koole 2022; Brandsen et al. 2019).

4.1 Image classification and object detection
Researchers from the Greater Angkor Project have 
experimented using object detection with our 
archaeological lidar data sets; however, because 
the features are evident in the archaeological data 
from KALC and CALI, the object detection was not as 
valuable as hoped. For example, Hanus and Evans 
(2015) used an algorithm for semi-automatic pond 
detection to determine the number of house ponds 
within the walls of Angkor Thom. While somewhat 
helpful, one could argue that it would have been just 
as easy and more time-efficient to count the ponds 
manually. Similarly, because the mapping work was 
ongoing, the authors could compare the number of 
ponds derived from the algorithm to the number of 
ponds that had been mapped. As a result, the authors 
adjusted their model and thus their results to better 
reflect the actual number of ponds on the landscape.

While lidar-enabled archaeological research in 
tropical floodplains of Southeast Asia has been aided 
by engineering choices made over a thousand years 
ago to construct sustainable settlements in these flood-
prone areas, other regions have not been as fortunate. 
For example, our colleagues working in the Maya 
region deal with a very different type of archaeological 
signature on the landscape. At Caracol, for instance, 
houses are identified by 10-20 cm house platforms 
hidden below dense vegetation and obscured in the 
lidar data due to the natural topographical variation. 
While these platforms are visible on the lidar data, 
primarily through various visualizations of lidar data 
(hillshades, slope analysis, local relief models, etc.; 
Chase and Chase 2017), they are much more difficult 
to detect than the 1-2 m house mounds in the Greater 
Angkor Region. As a result, researchers working in the 
Maya region have experimented with U-Net and Mask 
R-CNN models for semantic segmentation of Maya 
buildings. The authors found that U-Net was the most 
successful model and could correctly identify 60-66% 
of all objects and 74-81% of medium-sized objects 
(Bundzel et al. 2020). Still, others have achieved 95% 
classification accuracy with several variations of 
VGG-19 CNNs (Somrak et al. 2020).

Archaeologists are increasingly turning to CNNs to 
identify archaeological features from remotely sensed 

data (Verschoof-van der Vaart and Lambers 2019; 
Trier et al. 2019; Soroush et al. 2020). For example, 
Gallwey et al. (2019) used CNNs trained on lidar datasets 
to identify indications of copper and tin mines at 
Dartmoor National Park, using lidar data obtained from 
the Environment Agency in the United Kingdom. With 
the CNNs, the team achieved recall rates of 80%-83% 
(depending on the resolution, 0.5 m and 0.25 m). 
Interestingly, the rate of false positives was below 20%. 
20% is a reasonable amount of false positives to expect a 
team of archaeologists to identify while still saving time 
overall on the task. Similarly, Zingman et al. (2016) have 
used CNNs to identify livestock enclosures in alpine 
areas and Caspari and Crespo (2019) have used CNNs to 
identify early Iron Age Saka burial mounds from freely 
available satellite imagery.

Some studies that have have used object detection 
tools to identify archaeological features in remotely 
sensed data have noted that these methods are 
potentially less biased than human-based approaches. 
For example, a research team from Leiden University 
(Verschoof‐van der Vaart and Lambers 2021) used an 
automated detection tool, called WODAN, to detect 
barrows and Celtic fields in the Netherlands. In this 
analysis, the authors found that automatic detection 
should not be viewed as a substitute for manual 
analysis but rather as a complementary method to help 
identify features that are not immediately apparent 
in the remotely sensed data. In doing so, automated 
detection tools can offset the potential bias of manual 
detection and vice versa.

While object detection algorithms are far from 
perfect, and some scholars still argue for the “brute 
force” method (Casana 2014; 2020), researchers have 
come a long way, and the future of these techniques 
is promising.

4.2 Object segmentation
The initial results of archaeological acquisitions 
can often be published with the raw data combined 
with manual and automated object identification to 
generate counts (Canuto et al. 2018; Evans 2016; Evans 
et al. 2013); however, archaeologists are left with 
the classic task of mapping these features by hand 
to gain additional information like size and volume. 
As such, archaeologists are increasingly lured by the 
potential of object segmentation to produce polygons 
of archaeological features that form the basic building 
blocks of archaeological maps (Kazimi et al. 2019).

Some archaeologists have begun combining masks 
with CNN models. For example, in a study of charcoal 
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hearths, Bonhage et al. (2021) created a Mask R-CNN 
model with an average precision of 87% and a recall 
of 83% of charcoal hearths. This high accuracy level 
means that most sites are identified correctly, and there 
are relatively few (13%) misidentified sites. However, 
the sites that are smaller tended to be more likely to 
be missed by the model. The authors were also able to 
create bounding boxes around the charcoal hearths, 
which tend to be larger than the actual sites. The size 
discrepancy makes using them as proxies for the areas 
of the sites problematic. Further, the bounding boxes 
are square, and while they can help give the viewer 

an idea of the location and size of the feature, they 
are not ideal for determining attributes, like area. 
Guyot et al. (2021) have used CNN approaches with 
object segmentation and transfer learning to identify 
archaeological features in lidar data semi-automatically. 
Interestingly, their process successfully identified and 
drew polygons around archaeological features and is 
a promising new technique for archaeologists working 
with lidar data.

Sevara et al. (2016) have experimented with 
other semi-automated approaches for detecting 
and mapping archaeological features in remotely 

Figure 5: Mapping overlayed over the lidar data of Angkor Wat. A more stylized mapping style would depict regular city blocks 
with even numbers and sizes of house mounds and ponds per city block.
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sensed data. The authors compare pixel-based and 
object-oriented data classification methods on two 
case studies from Sweden and Austria. The authors 
found that object-based methods were more effective 
than pixel-based methods; however, the results could 
not replace human interpretation. Instead, they 
could greatly aid in the process by systematically 
identifying the majority of features and leaving 
the human interpreter to refine. The results of 
this type of analysis can be exported in vector-
based formats, which are easily incorporated into 
geographic information system (GIS) software, where 
archaeologists can combine them with other GIS data.

The importance of the field of cartography to 
archaeology cannot be understated. The resulting 
maps from the archaeological lidar dataset allow 
our colleagues and lay individuals to understand the 
past landscapes and require less interpretation than 
looking at the lidar data itself. But the mapping itself is 
fraught with issues that could potentially be resolved 
through a more systematic and automated method 
because mapping the archaeological past, based on 
what remains on the present-day landscape, is highly 
subjective. For example, at Angkor Wat, it is evident 
that there was a centrally organized urban grid. Each 
city block consists of four or six house mounds and 
house ponds. We chose to map the archaeological 
record as it remains today (figure 5) but it may at times 
be helpful to use more stylized methods to depict how 
the urban forms most likely looked in the past.

Even when the choice is made to map what remains 
on the landscape, researchers are still faced with 
subjective decisions on every feature. When defining 
continuous data forms (elevation data) into binary 
and discrete polygons, a decision has to be made 
about where to literally draw the line between a house 
mound and a house pond. Even though the earth used 
to construct the mound also functions to contain the 
pond, whose water level varies with the season. With 
an automated method, rules could be set to consistently 
draw these lines between features based on relative 
changes in topography, slope, or other quantifiable 
metrics. This has been identified and referred to as 
semantic consistency by Davis and Lundin (2021), who 
suggest that a combination of manual and automated 
methods can help mitigate the impact of inconsistent 
bias. In such a way, the tools can help mitigate some 
of the human-introduced biases to archaeological 
mapping, as done with object detection algorithms 
(Verschoof‐van der Vaart and Lambers 2021).

Finally, mapping remains, at its core, a combination 
of scientific and artistic endeavors as Leonardo da 
Vinci is remembered as both a scientist and an artist 
for his beautiful diagrams of, among other things, the 
human body. In much the same way, archaeologists 
must appreciate the artistic element of archaeological 
mapping in addition to the scientific. While 
automatically generated polygons sound unattractive, 
they could be designed to follow a set of rules, 
including smoothing parameters, that could result in 
a level of consistency and symmetry that is perceived 
as beautiful. Manual mapping requires a combination 
of elements and skills, including a deep knowledge of 
the site-specific archaeological record, the required 
drafting and geographic information systems analysis 
skills, and virtuoso. These are three skills that are 
rarely found in a single academic. Indeed, some have 
argued that creatively exploring remotely sensed 
imagery and the knowledge and nuance required to 
interpret the features should limit the work to these 
highly skilled individuals, and we should not attempt 
to automate the process (Casana 2020; 2014). As a 
result, the years of mapping are often undertaken 
by the project lead, usually one of few project 
members with the required skill set to complete the 
mapping work.

5 Conclusions and steps forward for KALC 
and CALI
While much work has been done in terms of automated 
detection of archaeological features in remotely 
sensed data, there is much work yet to be done, both 
in terms of refining the models that are used for object 
detection but also to develop new models for object 
segmentation that will significantly reduce the onerous 
task of mapping archaeological features by hand. 
While advances have been made in other fields to use 
segmentation to identify different types of features, 
much work is still to be done before this process can be 
applied, unchecked, to the archaeological record.

A fine-grained analysis of the resulting 
archaeological information initially revealed through 
archaeological lidar datasets often requires maps 
to enable researchers to go beyond basic counts of 
archaeological features to include things like the 
area and volume of these features. This information 
is essential to answering a number of the questions 
that lie at the heart of some of the grand challenges 
for archaeology (Kintigh et al. 2014). For example, 
with these resulting maps, researchers for KALC and 
CALI have been able to calculate the total population 
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and population density over time of archaeological 
sites (Klassen et al. 2021), create models of hydraulic 
systems (Lustig et al. 2018), model water management 
systems over the long-term (Klassen et al. 2018), 
and strategically organize resources and determine 
targeted areas for archaeological investigations (Carter 
et al. 2018; 2019).

As our project looks toward the future and 
additional archaeological lidar datasets are acquired 
across the globe, we are optimistic that continued 
work and development in fields of automated 
segmentation will reduce the mapping demand placed 
on archaeologists. Such advances will save years spent 
mapping features by hand and allow researchers 
to move forward with research agendas that can 
potentially transform our understanding of the past.
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Bibliometric Analysis of Agent-Based 
Simulation in Archaeology: People, Topics, 
and Future Prospects

Iza Romanowska and Fulco Scherjon

1 Introduction
Simulation was introduced into archaeological research on the premise of 
recreating long-gone worlds of past peoples in vivid detail for all to see. It was 
hailed as the long-sought time-travel machine that will allow researchers to 
fully understand the social dynamics of ancient groups, unpick the complex 
interaction between different actors and their environments and even exercise 
experiments in “alternative histories”. It has been repeatedly pointed out that 
modelling is a necessary tool in the archaeological toolbox due to the very nature 
of archaeological data (Lake 2014). Where other scientists can rely on direct 
experiments or observation enabling them to collect systematic and reliable data, 
the archaeological record consists of only fragments of the original social systems 
tainted by a myriad of post-depositional biases and usually represents just a proxy 
of the past processes archaeologists are interested in. Relying on data alone is 
simply not enough. Many computational archaeologists welcomed simulation 
techniques as a potential remedy for the gaps and biases in the data and a way to 
finally crack the complex and dynamic character of the social and socio-natural 
phenomena studied (Rogers and Cegielski, 2017; Romanowska et al. 2021).

Despite this clear fit for archaeology, simulation, including its most common type: 
agent-based modelling (ABM), has been advancing in archaeology at a much slower 
pace than would be expected given its transformative power experienced by other 
disciplines (Gilbert and Troitzsch, 2011; Poisot et al. 2019). While it has been present 
in projects, research teams, papers and conference sessions the early expectations 
that it will follow the trajectories of GIS, 3D modelling or remote sensing shooting 
in popularity within a few years have not come to pass. While it would be easy to 
speculate on the multiple reasons behind this trend and how it may be mirroring the 
underlying structure of the discipline, we are more interested in characterising the 
historical trends in archaeological simulation, the people involved in it and the topics 
they work on. Understanding the past and describing the present is likely to give us 
clues as to what the future holds for archaeological simulation.

1.1 Simulation, agent-based modelling and formal theory building
Simulation is a scientific technique in which a real-world system is represented 
in a simplified way and can be experimented on. Simulation techniques enable 
the investigation of dynamic processes and causal relationships that may not be 
immediately apparent from the known characteristics of the studied systems or from 
the data these systems generate. Virtually all disciplines of science use simulation, 
although often in different contexts and different functions (Hartmann 1996).

https://doi.org/10.59641/f48820ir
mailto:iromanowska%40aias.au.dk?subject=
mailto:Fulco.Scherjon%40leiza.de?subject=
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Historically the simulation tool of choice for 
archaeology has been agent-based modelling 
(ABM) (Davies and Romanowska 2018; Rogers and 
Cegielski 2017). It focuses on individual software units – 
agents who act and interact autonomously depending 
on their individual circumstances (Gilbert and 
Troitzsch 2011; Premo 2010; Romanowska 2015). The 
alternative technique, that is, equation-based modelling 
(Premo 2006), including numerical simulation/dynamic 
mathematical models such as, system dynamics, 
discrete events, deterministic or stochastic, etc., is by 
far the most ubiquitous simulation technique across 
Science, Technology, Engineering and Mathematics 
(STEM) subjects (Dubois 2018; Leonelli 2021; Poisot 
et al. 2019; Sterman 2000; Székely and Burrage 2014). 
Nevertheless, ABM has carved for itself a niche through 
the wider theoretical framework of complexity science – 
a paradigm concerned with non-linear complex 
systems where interactions between individuals lead 
to unexpected global patterns (De Domenico and 
Sayama 2019; Romanowska et al. 2021). It speaks well 
to researchers who see subjects rather than objects 
in the systems they study – biologists (especially 
ecologists), social scientists or archaeologists. It stresses 
the importance of intentionality and individual agency, 
information transmission through learning, innovation 
or adaptation and heterogeneity in the population 
expressed as the individuality and uniqueness of 
each agent (Crooks and Heppenstall 2012; Hamill and 
Gibert 2016; Railsback and Grimm 2011; Romanowska 
et al. 2021).

At the same time, ABM combines the rigour of 
formal mathematical description with considerable 
ease of use (Crabtree et al. 2019; Davies et al. 2019; 
Romanowska et al. 2019). It involves entities (agents, 
environment, links, objects) expressed in terms 
familiar to anyone. Where an equation may use a 
Greek letter to signify a change in the rate of growth 
of a population, ABM is likely to operate in male 
and female agents who, upon fulfilling some criteria 
(e.g., age), create a new “baby” agent and bestow it 
with certain characteristics. The latter approach is 
inherently more intuitively understandable, which is 
an important consideration in disciplines where the 
mathematical notation is not commonly used.

ABM is not only dealing with familiar entities but also 
comes with one of the most user-friendly programming 
frameworks: NetLogo (Wilensky 1999). Thanks to 
its single functional objective: building and running 
ABM simulations as well as its educational origins 
(its precursor was Logo – a programming language 

designed for education purposes) it is easy to read and 
easy to write. The low entry point, combined with high 
capabilities make NetLogo an ideal tool for disciplines 
with a shorter history of computational research, such 
as archaeology. In fact, a recent survey (Davies and 
Romanowska 2018) found that almost 80% of modellers 
in archaeology (among survey respondents) actively 
use NetLogo in their research, followed by classic 
programming languages (R and Python at 28% and 20% 
respectively) and other ABM platforms (Repast, Mason, 
AnyLogic, Swarm, Matlab – all but Repast with 11% used 
by fewer than 10% of modellers).

In this paper, we focus on archaeological ABM and 
the community of archaeological ABM modellers as 
an easy to identify set of practitioners. Compared to 
researchers that applied other simulation techniques 
to archaeology (mostly equation-based) it comprises 
predominantly “home-grown” scholars rather than 
experts from other fields jumping in to do a side project 
(approx. 75% of survey respondents declared their 
first degree was in humanities, mostly archaeology or 
anthropology: Davies and Romanowska 2018; this is also 
our general impression). There is also a higher level of 
coherence of this community, with common venues for 
publishing and presenting archaeological ABM research 
and closer collaboration with the domain specialists 
(often because the modeller themselves is primarily a 
domain specialist). We, being practitioners ourselves, 
also believe that ABM is likely to remain the simulation 
technique of choice for archaeologists and it is its future 
that we should invest in.

2 Materials and Methods: measuring the 
bibliometrics of archaeological modelling
Comprehensive accounts of the history of 
archaeological simulation based on close reading 
exist (e.g., Lake 2008; 2014) and provide a compelling 
narrative regarding the development of the 
community in the wider disciplinary context. Here 
we turn to a more distant view through bibliometric 
analysis to take a wider view and explore large-scale 
patterns, lines of influence and the structure of the 
subdiscipline of archaeological ABM. In contrast to 
common methods of review in archaeology (e.g., 
systematic reviews), bibliometric analysis is (typically) 
not concerned with examining the content of papers 
to summarise what is known on a particular issue, 
but rather with mapping out the scientific field by 
analysing its literature to uncover patterns, trends 
and relationships. Our aim in doing this is to explore 
which disciplines and concepts dominate the field, 
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with particular attention paid to those concepts which 
relate to ABM and simulation compared to archaeology 
in general. This should enable a deeper understanding 
of where the subdiscipline of archaeological ABM 
modelling is now and how it got here, which in turn 
provides a solid basis to define and explore the future 
promises and to characterise the current impasse.

2.1 Data
The corpus of publications used in the analysis has 
been compiled from the following sources:

•	 Scopus and Web of Science (WoS) – the two largest 
citation databases that contain abstracts of peer-
reviewed papers in scientific journals, books and 
also conference proceedings. While both of them 
provide high-quality datasets their coverage of 
SSH (Social Sciences and Humanities) publications 
is notoriously poor (Melchiorsen 2019). This 
presents a significant limitation to any study 
of archaeological output since Scopus and WoS 
indexing exclude some of the major archaeological 
journals, monographs, edited volumes, conference 
proceedings, etc.

•	 Google Scholar – a web search engine that crawls 
the web and indexes academic publications 
across all disciplines and formats. This data is not 
curated like in Scopus of WoS and can therefore 
contain duplicates, files mistakenly identified as 
publications or misattributed papers.

•	 ResearchGate, Academia – academic platforms used 
by researchers to display and promote their work. 
Here researchers themselves list and upload their 
publications. Often this is the only place where 
one can find papers published prior to the 1990s 
or those published in edited volumes and similar 
venues that have not been indexed. The major 
limitation is that not all scientists have a profile or 
share all of their publications.

To compile the most comprehensive corpus we have 
used all of the sources above in a way that maximises 
their utility and minimises deficiencies. In the 
first step, Scopus and WoS were searched with the 
following strategy:

•	 Define a search term: (archaeology OR archeology) 
(agent based);

•	 Select those papers where the Topic, Title, Author, 
Publication Titles, Year Published, Affiliation, and/
or Publisher include the search term.

We manually cleaned the resulting dataset by excluding 
duplicates, book reviews, papers mentioning ABM but 
not being explicitly about the topic (e.g., as a possible 
future direction), general overviews (e.g., of trends in 
computational archaeology) and publications that were 
mistakenly attributed to archaeology (e.g., those that 
referred to anthropological studies). The goal was to 
identify all archaeological research that used ABM and 
studies discussing its methodology within archaeology. 
The search term automatically excluded any publications 
in languages other than English, these were identified 
in the next step of the manual search. In general, while 
the authors were able to track publications in almost 
all European languages, potential archaeological ABM 
papers in other languages would not be identified.

Second, we used this dataset as well as Google 
Scholar, ResearchGate and several overview 
publications to identify names of researchers who 
undertook ABM work in the past. We then identified 
publications where ABM was used through their Google 
Scholar, ResearchGate, Academia and institutional 
websites profiles. In total, this comprehensive search 
resulted in 374 publications in the corpus. This was 
accompanied by a search (archaeology + agent-based) 
in ScienceDirect (Elsevier), SpringerLink (Springer) 
and CambridgeCore (Cambridge University Press), the 
CAA proceedings as well as several multidisciplinary 
journals: Nature, Science, PNAS, and PLoS One. Every 
time a new researcher was identified, a search through 
their publication record was undertaken to identify all 
publications involving ABM. By combining automatic 
selection with a manual search we were able to avoid 
some of the pitfalls of automatic corpus extraction from 
databases or noisy data. However, this approach is not 
without its limitations. Papers written by researchers 
who published little and were not cited by others might 
have been missed. Also, we used our professional 
judgement to decide whether a given publication should 
be considered “archaeology” (as opposed to anthropology, 
history, social science or computer science). As a rule 
of thumb, we deemed a paper “archaeological” if it 
aimed to answer an archaeological research question. 
Thus publications describing methodologies or abstract 
models applicable to different social sciences were 
excluded even if they were of interest to archaeological 
modellers. Despite these limitations, we believe this is the 
most comprehensive dataset of papers on archaeological 
ABMs that can be practically collected. The dataset is 
shared as an open Zotero library (https://www.zotero.org/
groups/4475617/archabm/library) as a living document 
that can be updated.

https://www.zotero.org/groups/4475617/archabm/library
https://www.zotero.org/groups/4475617/archabm/library
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2.2 Methods
In bibliometric analysis, the most commonly studied 
types of relations are citation relations (direct citation, 
co-citation and bibliographic coupling), keyword co-
occurrence relations and co-authorship relations. We 
first recorded the number of publications per year. 
We then looked at the related terms and terminology 
through time. Finally, we focussed on the researchers 
themselves.

The datasets we approached contain data for 
varying time windows. Where possible we obtained 
data from as early as 1975, while the bulk is from the 
years 1999-2020. We analysed the following data:

•	 A count of the number of papers per year
•	 Clusters of papers linked by the similarity of content 

(based on abstracts)
•	 Relation between researchers
•	 The journals that published the papers

First, we simply counted the number of archaeological 
ABM papers per year for the last three decades and 
we compared it to the total number of publications in 
archaeology in general and those in another subfield 
(Palaeolithic Archaeology) to ensure that we balance 
out the general growth of archaeology and the steadily 
growing number of publications in the discipline. 
The subdiscipline of Palaeolithic Archaeology was 
chosen as it is a long-recognised branch of archaeology 
with well-defined boundaries, communities and 
research infrastructure (such as dedicated degrees and 
departments). Being a “classical” part of archaeology 
and very steady in its development over the last few 
decades, we deemed it representative enough for the 
whole discipline. Both authors have done research 
in Palaeolithic archaeology and, therefore, know the 
topics and the community well. This was done with the 
WoS query result data since detailed semi-manual data 
collection of all archaeological publications was not 
feasible. We followed the assumption that while the 
WoS data does not include many existing publications, 
the percentage missing will not differ significantly 
between the archaeological ABM dataset and the 
general archaeology dataset.

Second, text data was visualised and analysed with 
a tool designed to investigate bibliometric networks – 
VOSviewer (http://www.vosviewer.com) resulting in a 
series of cluster graphs (figure 4 – figure 8) that visualize 
the topics of publications, the authors and their 
interactions in archaeological ABM modelling. To allow 
the creation of such graphs, natural language processing 

algorithms identify key elements like names of authors 
or unified noun phrases describing topics of the papers 
(van Eck and Waltman 2011). The terms are counted 
over all papers and their relevance and relatedness is 
calculated. Relatedness counts how often terms occur 
close together. Relevance is somewhat more complex 
with a high relevance score indicating that those terms 
are often associated with the same specific words, while 
more general words are less relevant and are more 
randomly associated with other words. More related 
terms are visualised closer together. The strongest 
relations are represented with lines between terms. 
Only the most relevant terms are shown in the network 
visualisation module of VOSviewer (for details on the 
algorithms used, see: Van Eck et al. 2009).

Finally, we undertook a co-citation analysis of 
the selected archaeological literature. This method is 
based on the assumption that documents cited together 
share some kind of intellectual affinity that reveals 
lines of influence visualised as a network map. As De 
Bellis (2009) notes, ‘co-citation analysis may be used 
to trace the map of relationships among documents/
key concepts, to outline and graphically visualise 
the structure of a research field, its connections with 
other fields, and its articulation into subfields and 
new research fronts’ (p. xxvi). Co-citation occurs 
when two publications are cited from a third paper 
(Marshakova 1973). The more publications that co-cite 
these two publications, the stronger the co-citation link 
between these two publications. Co-citation analysis 
can be used to study relations between papers, but 
also between researchers (White and Griffith 1981) 
and between journals (McCain 1991). When two 
papers both refer to a third paper they are said to 
be bibliographically coupled, i.e., the opposite of co-
citation. The more references they have in common, 
the stronger this coupling (Van Eck and Waltman 2014). 
To construct a co-citation network, a so-called match 
key is created for each cited reference to uniquely and 
uniformly identify a paper (https://www.vosviewer.
com/documentation/Manual_VOSviewer_1.6.8.pdf). The 
constructed networks are weighted, where edges also 
indicate the strength of the relation between items (Van 
Eck and Waltman 2014).

3 Results
The three types of analysis enable us to discuss: 1. the 
changing popularity of ABM in archaeology, the timing 
of the first applications and the rate of growth; 2. The 
main topics and research interest and how they relate 
to each other, and 3. The interactions and relationships 

http://www.vosviewer.com
https://www.vosviewer.com/documentation/Manual_VOSviewer_1.6.8.pdf
https://www.vosviewer.com/documentation/Manual_VOSviewer_1.6.8.pdf
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between the archaeological ABM modellers and the 
type of research landscape they find themselves in.

3.1 The changing popularity of ABM in archaeology
The graph of the number of ABM publications in 
archaeology per year (figure 1) shows a steady increase 
with a peak around the years 2014-2016 after which 
the numbers start to stabilise. While it is common to 
see a drop in the number of publications in the final 
couple of years due to delays in indexing, here the 
data collection was manual and while it is possible 
that some papers published in 2021 and maybe in 2020 
were missed the downward trend seems to begin much 
earlier with a notable trough in 2017.

The cumulative graph confirms Lake’s (2014) 
assessment that the true growth of archaeological 
ABM started at the turn of the millennium. The 
following decades show consistent yet slow growth. 
However, this growth needs to be regarded in a larger 
context of archaeological research outputs. D. Rocks-
Mcqueen noted (personal communication through 
a conference presentation at CAA 2017-Atlanta) 

that the size of different types of academic outputs 
(number of publications, number of practitioners, 
etc) in archaeological research has been on a growth 
trajectory over the last decades. To test this assertion 
we used the WoS corpus and compared three fields 
in terms of the number of publications: archaeology 
(search term: archaeology or archeology), 
palaeolithic archaeology (search term: (archaeology 
OR archeology) (paleolithic OR palaeolithic)) and 
archaeological ABM (search term: (archaeology 
OR archeology) (agent based))1. This enables us 

1	 The following search criteria were included:
•	 Select papers where the Topic, Title, Author, 

Publication Titles, Year Published, Affiliation, and/
or Publisher include the search term;

•	 We excluded book reviews, and results from the 
year 2021 (year was incomplete at the moment of 
searching);

•	 Results were retrieved from the Web of Science 
Core Collection.
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Figure 1: Number of ABM publications per year (blue) and cumulative (orange).
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to contrast the general discipline (archaeology, 
47.260 publications) and a well-established subfield 
(palaeolithic studies, 1.623 publications) against 
archaeological ABM (136 publications). There was a 
minimal overlap (five publications) between these 
two datasets.

The results (figure 2) show that both the field 
of archaeology and the subfield of Palaeolithic 
archaeology have gone through a substantial increase 
in their research output. In simple terms, there are 
more archaeologists and they publish more. Thus the 
trends for ABM publications in archaeology need to be 
calibrated against the general pattern of “inflation” of 
academic research.

In addition, we looked at the popularity of agent-
based modelling across all scientific domains using 

Wikidata query service and Google Ngram (Michel et al. 
2011). Both aggregate large corpora of data (Wikidata 
and Google Books respectively) and can be useful in 
delineating general trends in the popularity of a given 
term (figure 3). Both graphs show a qualitatively similar 
pattern of a rapid rise of ABM in the first decade of 
the 21st century that continued until at least the middle 
of the second decade (the indexing usually accrues a 
delay of a few years making the last records unreliable).

The results show that archaeological ABM has 
increased as a proportion of all research output 
in archaeology and it has kept pace with other 
subdisciplines but probably not outpacing them in 
any substantial way. This can be compared with the 
meteoric rise of other techniques, for example, remote 
sensing which saw an eight-fold increase in the number 
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Figure 3: Google Ngram viewer results for agent-based modelling.
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of publications over a decade and a half (Agapiou 
and Lysandrou 2015, fig. 1). The Google Ngram and 
Wikidata point to the early 2000s as the starting point 
of ABM meaning that archaeological ABM was off the 
starting blocks at a similar moment in time as in other 
disciplines, but failed to gain as much popularity as 
elsewhere (compare for example conservation studies: 
Ríos-Saldaña et al. 2018). It is hard to decide whether 
this can be decisively categorised as an “impasse” 
or is simply a slower uptake trajectory, nevertheless 
the often-repeated mantra of an “explosion” in 
archaeological ABM is a hyperbole rather than reality. 
Instead, the adoption of ABM in archaeology has been 
much less pronounced than its advocates may hope for 
and did not compare with its rise in popularity across 
other scientific disciplines.

3.2 Topics and terminology
A network of terms used in ABM papers reveals the 
popularity of different research topics and changes 
therein over time (table 1 and figure 4). The majority of 
ABM papers in archaeology fall within one of the five 
distinguishable clusters of terms:

1.	 Socionatural systems (as defined by Barton et al. 
2012), where long-term dynamics between human 

groups and their environment is explored (table 1, 
cluster 3; figure 4, the blue cluster);

2.	 Cultural evolution, and the related topics such as 
the origins and spread of innovation – (table 1, 
cluster 1; figure 4, the red cluster);

3.	 A cluster related to modelling the rise of hierarchical 
societies and social complexity (table 1, cluster 4; 
figure 5, the yellow cluster);

4.	 Neolithic spread in Europe – a particularly common 
modelling topic (table 1, cluster 5; figure 4, the 
purple cluster);

5.	 General modelling terminology, likely related to 
papers dedicated to the methodology, epistemology 
and history of archaeological ABM (the current 
paper would fall in this category) (table 1, cluster 2; 
figure 4, the green cluster).

If taken at a general level, the terms identified through 
the title and abstracts of publications show a high 
degree of homogeneity in archaeological ABM. The 
network is dense and the clusters are highly distributed 
with many terms used across most or all clusters. 
Not surprisingly certain words, namely “agent”, 
“model”, ”simulation”, “archaeology”, etc. repeat in 
almost all publications. Nevertheless, it seems that 
the community has also developed a certain level of 

Figure 4: A network of terms derived from publications’ titles and abstracts that occurred minimally eight times.
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Table 1: Clusters of terms identified in titles and abstracts of archaeological ABM publications.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5

absence abm climate adaptation agriculture

activity application climate change complex system comparison

amount archaeological research cooperation complexity europe

consequence archaeological simulation demography computational model farming

cultural transmission archaeological site exchange computational modelling influence

culture archaeologist food concept long term

degree archaeology good generation modelling approach

distance article household hierarchy order

diversity artificial society investigation human origin

evolution chapter location human society spread

extent computer mortality inner asia transition

form computer simulation movement interest

frequency discipline network new insight

increase field person organization

innovation issue population dynamic perspective

isolation methodology population size potential

lack modelling presence small scale society

land use nature production social complexity

mean past region state

mechanism past society resilience variety

mobility problem resource world

point researcher scenario

possibility social science settlement

present step social network

rate technique space

relationship tendency success

set testing sustainability

simulation model tool variability

size use village

spatial distribution

transformation

variation
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Figure 5: The network of terms highlighting the relationships between the term “household” (top) and “complexity” (bottom) 
within the network.
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unified vocabulary beyond them that enables them to 
quickly and efficiently describe the topic and the type 
of models they work on: cultural transmission, land 
use, social complexity, small scale society, network, 
population dynamics, etc. These terms also mirror the 
general types of research questions that are addressed 
with ABM, concerned with population-level societal 
issues, environment and landscape change, evolution, 
dynamics and interactions and align closely to standard 
scientific nomenclature in relevant disciplines, 
indicating that archaeologists do not “reinvent the 
wheel” but draw upon existing expertise. It is a key 
observation that archaeological terms describing time 
periods (e.g., Neolithic, Roman), archaeological data 
types (e.g., lithics, pottery) or particularly exhaustively 
researched sites (e.g., Pompeii, Stonehenge, Mesa Verde) 
are not as common as these more general terms.

This may signal a simple fact that there have not 
been enough individual studies on any particular 
archaeological topic to cross the threshold but equally, 
it is likely to demonstrate the inherent interest of ABM 
modellers in archaeology in general patterns and 
dynamics of human societies, rather than individual 
instances of them. Thus, archaeological modelling 
is directly answering the calls for a shift in focus of 
archaeological research from individual sites towards 
better understanding of general patterns of human 
behaviour, adaptation and resilience (Barker et al. 2016, 
6; Barton 2005; Kintigh et al. 2014). It is well-positioned 
to bring forward the agenda of “it is possible and 
necessary to learn from the past” and elevate the role of 
archaeology in finding solutions to current challenges.

A zoom-in onto two terms: “household” and 
“complexity” illustrates this point (figure 5). The first 
term derives from the very practical use of ABM in 
investigating the long-term evolution of settlement 
patterns, while the second shows its relationship to the 
theoretical framework of complexity theory and the goal 
of applying it to social systems. Here again, ABM reveals 
a promise of leveraging archaeological data to find 
deeper patterns that go beyond individual circumstances 
but rather reflect mechanisms that governed past and 
present human groups. While many ABM modellers 
focused on this type of “system theory” research, ABM 
can be used to investigate smaller-scale questions, for 
example, regarding a single site or a region. Perhaps 
some of the current impasse stems from the difference in 
goals between the majority of practising archaeologists 
who are predominantly interested in learning as much 
as possible about their object of study (which could be 
a site, a type of artefact, or a particular issue in a given 

time period) and modellers who often come from the 
complexity science or systems thinking theoretical 
perspectives (Davies and Romanowska 2018).

3.3 Researchers in archaeological ABM
The co-authorship network shows the relationships 
between researchers who co-authored at least one 
publication together (figure 6). It is clear that the 
majority of ABM modellers in archaeology work alone 
or in small teams with limited mobility between them. 
It seems that working on specific projects requires 
more dedicated effort, which means that researchers 
work alone – in most cases serving as “the modeller” 
on an archaeological project team or within small 
teams focused on one research problem. The team 
around Tim Kohler’s lab (the Village Ecodynamics 
Project; Kohler et al. 2007) is the most connected 
crossing over to the Artificial Anasazi team (Axtell 
et al. 2002) and to researchers in Europe and Canada 
and also showing continuity across generations with 
researchers that then went on to develop their own 
modelling careers and started their own projects. 
Other clusters represent members of different 
individual projects, such as the Simulpast (Saiz et al. 
2013), Finding the Limits of the Limes (Verhagen et al. 
2019), the Celtic Oppidum project (Danielisova et al. 
2015), the Hallstatt mining simulation project (Kowarik 
et al. 2015) and the Mediterranean Landscape 
Dynamics projects (Barton et al. 2010) or labs (research 
groups) such as the UCL group, Spanish groups 
centering on Barcelona’s institutions or the Arizona 
State group. Nevertheless, in most cases, ABM projects 
do not exchange or mix and match researchers and 
their mobility is limited.

The network of citations (figure 7; a link is drawn 
for any pair of authors that cited one another at 
least twice) further supports the observation that, 
while archaeological ABM modellers may not be 
working together, they are a coherent community 
without strong opposing “camps” or even clusters. 
This is partially because the group itself is small 
and has not fragmented into different subgroups 
focused on different topics as is naturally the case for 
larger research fields. This cohesion may result from 
strong interpersonal relationships, demonstrating 
the strengths of the community could counteract the 
negative repercussions of the fragmentation visible in 
the collaboration network (figure 6).

What is interesting is the lack of one or few 
“powerhouses” typical in most branches of science, 
where one or several research centres dominate the 
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field, producing early career researchers, elaborating 
methods, questions and tools and generally driving the 
agenda in the particular field. Instead, archaeological 
ABM modellers seem to be spread thinly through 
existing archaeological structures (figure 6) showing 
that despite the suggestions to the contrary they are 
very much integrated within the discipline, while at 
the same time distinctive enough to form a community. 
This likely reflects the dual nature of archaeological 
simulation: on the one hand, it focuses on concrete 
archaeological questions (separating force) but on 
the other hand, all ABM modellers use the same 
technology, which makes their research relevant to one 
another (connecting force).

This is further supported through a look at the 
venues in which archaeological ABM modellers publish 
their studies (figure 8). The journals can be classified 
into three types: high-impact interdisciplinary 
journals (PNSA, PloS One), archaeological journals 
(American Antiquity, JAMT, JAS, JAA, etc) and journals 
focused on modelling (JASSS, Advances in Complex 
Systems) or modelling in other disciplines tangentially 
related to archaeology (Ecological Modelling, Land, 
Computational Social Sciences). In addition, the 
annual Proceedings of the Computer Applications 

and Quantitative Methods in Archaeology (CAA) 
conference hosted a significant amount of ABM 
research (15 papers in total). The number of citations 
to American Antiquity and PNAS is partially due to 
the earlier start of archaeological ABM in the USA 
with the seminal early models of the groups that used 
to live in the American Southwest. However, it also 
shows that USA-based colleagues have succeeded in 
making an impact within archaeology among the non-
modelling scholars (the number of citations is too high 
to be explained away by other modellers citing the 
studies). One should perceive this as a lesson on how to 
communicate and disseminate one’s models to a wider 
archaeological audience.

4 Discussion and conclusions
The historical patch of archaeological ABM initially 
mirrored closely the general trends, with the methods 
starting to pick up around the first years of the 
millennium. It has not followed the trajectory of ABM 
in other disciplines, though. While the adoption of 
simulation and ABM has been gaining momentum in 
other social and life sciences, in humanities it remained 
a niche activity. To reach this threshold of acceptance 
means that a new method starts to live on its own. The 

Figure 6: The co-authorship network. Each author has more than two ABM publications. Darker colours indicate older links, and 
lighter ones – more recent connections. Please note the time scale is focused on the years 2010 to 2018.
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Figure 7: The co-citation network between archaeological ABM modellers. Note that some names may belong to non-modellers 
as they are paper co-authors.
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more models are developed in social sciences, ecology, 
economy etc. the more accepted and respected the 
technique becomes and it is also easier to develop more 
coherent frameworks which, in turn, enable researchers 
to engage with the models in meaningful ways.

Much of the history of simulation studies and ABM 
in archaeology can be interpreted through periods 
of coincidence between theoretical trends favouring 
systemic analysis and societal-level questions and 
the development of computational tools facilitating 
implementation. Lake (2014; 2015) comprehensively 
describes the history of archaeological simulation 
noting two distinctive phases when such coincidence 
occurred. The early applications of simulation in 
the 1970s were fuelled by the increasingly available 
and “usable” computers and related to systems 
theory (New Archaeology) dominating archaeology 
at the time. The renaissance of simulation studies, 
predominantly through the rise of ABM, dating to the 
beginning of the new millennium can be linked to the 
spreading popularity of complexity science coupled 
with the appearance of ABM-friendly coding platforms, 
including NetLogo in 1999.

It seems, therefore, that for simulation to thrive 
two conditions need to be fulfilled: the need for it 
and the means of conducting it. The need relates to 

research questions that match the technique while 
the means amount to computational tools that are 
within the reach of archaeologists. It has been 
repeatedly argued that the reason for it is the high 
level of technical skill necessary, which requires a 
substantial investment in skill acquisition to get to an 
adequate level of coding proficiency. Thus episodes 
of coincidence of these two factors are not common. 
The personal opinion of the authors is that currently, 
both of these conditions are somewhat fulfilled. The 
Netlogo environment provides a relatively easy-to-
learn modelling framework (the means) and there is 
some interest in generalised longue-durée trends in 
the histories of past societies (the need). Nevertheless, 
even NetLogo requires coding skills which are not 
common among archaeologists, and only a small 
proportion of them are actively interested in the kind 
of topics typical for simulation. Thus, despite the 
high level of optimism in the last couple of decades 
archaeological simulation remains a niche activity 
limited to those enthusiastic enough to invest the 
time and effort into mastering the necessary technical 
skills. Only a handful of institutions incorporated 
simulation in their curricula, the number of papers 
presenting simulation studies is relatively stable and 
while papers involving simulation and ABM appear at 
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conferences they usually cluster in dedicated sessions 
and specialised, usually digital or computational 
archaeology, events. While there is nothing inherently 
wrong in this situation, simulation is a form of theory 
building and as such should be regarded as part of the 
disciplinary evolution and a critical element of theory 
development and testing rather than a technological 
gadget. The value of formal models is in that they 
support cumulative knowledge building where with 
each new study we get closer and closer to the truth. 
This only happens through constant questioning 
and testing of existing models against alternative 
representations (new models) and new data. The 
process of modelling, therefore, falls into the remit of 
domain specialists and should not be restricted to a 
separate community.

There are likely several reasons as to why 
archaeology has, so far, not embraced ABM and 
simulation to the same degree as other related 
disciplines. First and foremost, there is a distinctive 
lack of formal modelling tradition in humanities. 
Where in ecology or social sciences, such as economy 
many theories and hypotheses have in the past 
and now often been presented in formal, either 
mathematical or formal logical, manner, this has 
never been a dominant part of humanities research 
culture. Here storytelling, narrative building and 
juxtapositions of arguments in verbal discourse are the 
dominant methods for theory building. This poses an 
intrinsic difficulty of translating theory into computer 
code (Brughmans et al. 2019) – an obstacle that other 
disciplines experience to a far lesser degree.

Another major difference is the societal role of the 
discipline and how it is perceived. Despite the fact that 
archaeology matters to communities and individuals, 
the truth is archaeological research projects have far 
fewer real-world consequences and especially those 
that can be easily measured and quantified. This 
means that archaeologists are under significantly less 
pressure to provide explicit, well-defined and testable 
models compared to social scientists, economists or 
ecologists whose work translates into policy making. 
Conceptual models presented as narratives are 
generally accepted in the discipline.

Despite these caveats, archaeological simulation 
modelling is growing, albeit slowly. Perhaps the 
“impasse” will be overcome when enough archaeologists 
will have the means (i.e., programming skills) to 
quickly and efficiently develop their own models or to 
be able to read existing ones. With the ongoing shift 
towards increasingly dominant data-driven research 

in archaeology (Huggett 2020; Kansa and Kansa 2021; 
Schlanger et al. 2015) it is easy to imagine that a similar 
transformation for theory building and testing may be 
waiting just around the corner. In our opinion for this to 
happen the following four conditions need to be met:

1.	 Focus on education.

In many scientific disciplines, practitioners make 
models to describe and explain phenomena they 
study. For example in physics, the construction of 
models is a basic teaching objective from the first 
introductory courses onwards (Etkina et al. 2006). We 
argue that humanities should follow this path and add 
introductory courses to their curriculum to ensure 
practitioners can meaningfully and critically engage 
with published models (cp. Scherjon et al. 2019). 
For example, nowadays virtually all archaeological 
departments ordinarily train their students in GIS. 
As a result of introductory courses being part of the 
standards curriculum, a much higher percentage 
of practitioners has a good understanding of the 
methods and their outputs even if the technique 
remains a specialised activity undertaken by only 
some practitioners.

2.	 Shift towards more systemic research questions.

As previously mentioned, research questions that 
lend themselves to computational modelling are 
a prerequisite for ABM to grow and thrive. With a 
constantly growing number of open access datasets 
and repositories (Kintigh 2006; Richards 2021), large 
projects bringing together previously disjoined data 
and increasingly standardised methods for recording 
and managing archaeological data, the comparative 
objective of archaeology is flexing its muscle (Altschul 
et al. 2018; Wright and Richards, 2018). Big questions 
became possible for researchers to attack (D’Alpoim 
Guedes et al. 2016; Kohler et al. 2017; Smith et al. 2021) 
and while the large-scale comparative data analysis is 
opening new avenues of research, it will also require 
capacity in formal modelling methods to identify and 
understand dynamic processes that drove social and 
socionatural systems.

3.	 Expectation at theory building to be 
conducted formally.

Archaeology is increasingly shifting from individual 
small project and personal research towards 
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multidisciplinary team-driven large-scale and 
multi-year projects and labs. This shift should be 
accompanied with an expectation that theory building 
and hypothesis testing should be formally executed, 
i.e., through such means as mathematical description, 
computational models or using formal logic. Not only 
will it ensure that the research questions posed are 
testable and can be addressed within the existing 
scientific methods but also it will greatly facilitate 
interdisciplinary collaboration. A formal model lets 
project leaders draw all the available evidence derived 
from different types of data into one coherent and 
robust framework.

4.	 Well-designed communication and dissemination 
of models, their results and implications for the 
understanding of the past.

Stronger emphasis on transparent and reproducible 
science helps the ABM cause. A theory defined 
in natural language is neither transparent nor 
reproducible for anyone other than its author. In 
archaeology, we champion the obligation to make 
data and methods available for other researchers 
to see and examine (Marwick et al. 2017). The 
same should apply to their theories and models. 
Even if the model’s code is available for inspection 
and critique, it requires technical know-how to 
meaningfully do so. Similar to other branches of 
archaeology (carbon-14 dating, isotope studies) this 
can be undertaken by specialists in this domain, 
and not necessarily by everyone interested in the 
results. At the same time, modelling results need to 
be communicated clearly and accessible for anyone 
without a strong computational background to be 
able to question the model’s ontology and assumption. 
This often places modellers at a disadvantage since 
their transparent, fully specified models can be 
inspected and critiqued to a much higher degree than 
verbally formulated hypotheses. Here, the first point 
regarding archaeology-wide education comes back. 
Archaeological non-modellers need to understand the 
role of modelling in the scientific process to engage 
meaningfully with formal models such as ABM.

Not taking this path of stronger formalisation of 
the archaeological practice may prove dangerous. 
In the world of evidence driven decision making, 
traditional narratives and anecdotal evidence do not 
meet the necessary threshold for rigour. Archaeology 
may unnecessarily lose a part of its societal value if 
we do not produce testable and rigorously developed 

models that can be convincingly presented to the 
public and policy makers. The infrequent use of 
formal modelling tools is unnecessarily limiting 
the value of archaeological research to the real 
world, where it could significantly contribute to our 
understanding of the past and to solving some of the 
current societal challenges. It may be a long-term goal 
but definitely worth setting.
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1 Introduction
Let’s begin this chapter with a gaming analogy: archaeogaming has ‘just been 
released’ in archaeology, yet it already requires patching. Archaeogaming’s roots 
can be found in 2013 (Reinhard 2013), although papers exploring the intersection of 
games and archaeology had been published earlier (Gardner 2007a; Morgan 2009). 
For such a recent field of study – and one that could be described as coming out of 
left field for most non-gaming academics – having archaeogaming included in a 
collection of critical reviews about digital archaeology is already a success in itself. 
Yet, it is exactly because archaeogaming is still so ‘young’, at least academically 
speaking, that we think it is important to identify and discuss shortcomings and 
impasses that might have developed over these early years. We will describe below 
how we will do this, but first we would like to share our own perspective on what 
archaeogaming is about to give some context to our critiques.

In a recent paper we offered the following definition of archaeogaming: [it 
is] a movement born in and out of playful and digital scholarship […] the fun of 
sharing a (scholarly) playground, one that is itself constructed or built in digital 
playgrounds (Politopoulos et al. 2019). So, for us, archaeogaming is a scholarly 
undertaking – whether it is undertaken by professional archaeologists or other 
citizens who take a deeper interest in the intersections between the past and play. 
It is thus a mode of acquiring knowledge about how we playfully (re-)create and 
experience the past, and sharing that knowledge at least partly through the same 
practice, playful and digital in nature.

It is crucial to understand that archaeogaming is an endeavour that started 
as and still is powered by the fun we (the more than 2 billion video game players 
globally and its subset of professional archaeologists) have playing games. We use 
fun here as a broad concept defined by philosopher and video game designer Ian 
Bogost, as anything related to with commitment, attention, and care (Bogost 2016, 
33). To be specific, we argue that a committed, attentive, and caring relation with 
the past and play is therefore at the core of archaeogaming (Politopoulos and 
Mol 2021). Fun, however, is rarely considered (wrongly so, in our opinion) to 
have academic value. If the core of archaeogaming is not ‘academic enough’ and 
needs to become ‘rigorous’, ‘serious’, ‘data-driven’, ‘method-focused’, or ‘more 
theoretical’, it will be alienated from its own driving force: having fun with the 
past and games. On the other hand, we have grown to realize there is such a thing 
as having ‘too much fun’. In our conceptualization, this would entail a relation 
that is overcommitted, over-attentive, or even self-indulgent. In practice, such a 
negative relation could take many forms: for example, to us it could mean turning 
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away from being a (digital) archaeology movement 
to becoming a contained (sub)discipline of specialists 
whose core concerns cannot be understood by most 
others – a blend of archaeology and video game 
nerds. It is in this sliding scale from ‘should not be 
(about)’ to ‘being too much’ fun that archaeogaming 
can be a slippery tool, and this will form the 
underlying grid of our critique here.

We have been involved with archaeogaming as 
individuals, researchers, and founding members of 
the VALUE Foundation from very early on, and have 
developed several research and outreach projects as 
well as four international conferences. 1 As such, we first 
and foremost feel that it is important to be reflective 
and critical of our own work. For each vector of our 
critique, we will therefore first and foremost be looking 
at our own critical misses. We will also be looking at 
other projects and output, with the goal of ‘punching’ 
up, or at the very least sideways. This is important, 
as it is not our goal to be destructively critical of 
this budding field of research, let alone of up-and-
coming scholars within it, but rather to be reflective 
of what has been done so far and can be considered 
as ‘established’ within archaeogaming. For each 
different point of critique, we will also be offering a best 
practice: individuals or groups that we think have been 
particularly fruitful or promising in their approaches. 
The vectors of our critique will be archaeogaming 
as a tool for: i) the study of games; ii) archaeological 
outreach; and iii) building bridges between disciplines.

2 An archaeogaming review
To understand why we believe that archaeogaming 
is in crisis, or in fact in multiple crises, we must offer 
some more context. In particular, we will discuss the 
dynamics that have led to these inflection points.

2.1 The Early Stages
The engagement of archaeologists with video games had 
already begun before the term ‘archaeogaming’ was 
coined. Andrew Gardner was the first to publish a dis-
cussion on the representation of the past in video games 
from an archaeological perspective (Gardner 2007b). 

1	 VALUE at the time stood for Videogames and 
Archaeology at Leiden University, where the 
founding members were all located at the time. 
Admittedly we had to stretch the acronym to work. 
The VALUE Foundation has retained the name, but 
not as an acronym.

Colleen Morgan used the video game Second Life as an 
experimental space to recreate a virtual Çatalhöyük 
(Morgan 2009). Although Morgan’s paper was less about 
the ‘game’ aspect, focusing more on the reconstruction 
as an ongoing and multivocal experiment of the rep-
resentation of archaeological sites in virtual spaces, 
it remains one of the most influential and successful 
applications of video games in archaeological research.

Erik Champion has also been one of the first and 
most influential individuals on the topic of virtual 
spaces, virtual heritage, and the past. In particular, he 
discussed the potential (but also the potential issues) 
of interactive digital visualizations of the past for 
outreach, education, and awareness, introducing such 
concepts as virtual tourism and the virtual traveller 
(Champion 2011; 2015).

What is broadly termed as archaeogaming, 
however, did not start in academic outlets, but rather 
as a grassroots initiative in the blog and Twitter 
spheres. Andrew Reinhard coined the term for his 
namesake blog Archaeogaming in 2012. He used this 
blog as a space to write small pieces on the connections 
he found between games and archaeology. Although, 
initially, Reinhard was a rather reluctant gamer, it was 
through the rich worlds he found in games, and their 
own dedicated pasts, that he kept gaming, which made 
him realize that such spaces have the potential to be 
studied archaeologically (Reinhard 2013).

One of the first blogs to highlight the connection 
between video games and archaeology was Shawn 
Graham’s Electric Archaeology. He had been involved 
for quite some time with the use of games and the 
telling of the past both in academic outlets (Kee et al. 
2009) and in education (Graham 2012). Graham, 
much like Reinhard, felt the need to explain why 
he plays games (and we will return to this point 
later). He argued that “I play because I enjoy video 
games, obviously, but I also get something out of it. 
[…] Because it makes me think differently about the 
materials I encounter” (Graham 2013). At the same 
time, Graham was also involved with the Play the 
Past blog, a collective of historians, archaeologists, 
and heritage and media studies professionals that 
dealt with the past in games, from history (e.g., 
Hussey 2013) to linguistics (Travis 2011) to archaeology 
(Politopoulos 2014a).

Another important blog was Gamingarchaeo. This 
now-inactive site was used by former professional 
gamer and archaeologist Tara Copplestone as an outlet 
for exploring the connection between games (and game 
development in particular) and archaeology. In her 
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MA thesis, Copplestone conducted ground-breaking 
research on the historical design of the Assassin’s 
Creed series (Copplestone 2014). She was also involved 
in several game jams (short game development 
competitions), being one of the first individuals 
in archaeogaming to use the interactive narrative 
development tool Twine to create archaeologically 
themed, hypertext-based games (see for example 
the game Buried [Copplestone and Botham 2014]). 
Somewhat later, Meghan Dennis developed the also-
inactive blog Gingerygamer, dealing with ethics and 
archaeology in video games, based on her PhD project.

In 2015 the authors, together with Csilla Ariese, 
Krijn Boom, and Vincent Vandemeulebroucke, 
developed the VALUE Project at Leiden University, 
following a lecture by Aris Politopoulos at the 
Archaeological Forum of the Faculty of Archaeology 
(Politopoulos 2014b). Among other things, this led to 
us developing the VALUE project blog in 2015, which 
eventually became the Interactive Pasts blog in 2016. 
The blog curates archaeologically themed video game 
reviews, has a bulletin with news on video games and 
the past, and offers in-depth analyses of video games in 
relation to archaeological/historical themes.

In addition to blogs, in these early stages the 
discussion mainly took place via social media, 
and particularly Twitter. Using #archaeogaming, 
archaeologists – both students and young researchers – 
and enthusiasts alike engaged in conversations about 
their passion, generating a lot of new ideas. One of 
these ideas was the Archaeogaming Unconference, 
which was organized in 2015 and again in 2017 by 
Shawn Graham and Tara Copplestone (Graham 2015; 
2017a). The VALUE Project also organized the first ever 
in-person archaeogaming conference, the Interactive 
Pasts Conference, in 2017 (Mol et al. 2017a).2

2.2 Archaeogaming and digital Archaeology research
The spark of an enthusiastic, grassroots movement 
quickly kindled a small academic fire. Through blogposts, 
Twitter conversations, and the first (virtual or in-person) 
meetings, it became clear that there was a lot of work 
to do at the crossroads of video games and archaeology 
(Politopoulos et al. 2019, 166). This enthusiasm led to an 
ambitious potential breadth of the archaeogaming field, 
mapped by Reinhard and Graham (2016, figure 1).

2	 All presentations of the conference were recorded 
and can be found on VALUE’s YouTube page on https://
youtu.be/XsVlNdreW6E.

Over the past 10 years, practitioners of 
archaeogaming have explored these early suggested 
routes. Reinhard has been primarily experimenting 
with the application of archaeological methods to 
the digital environment, as well as the contemporary 
archaeology of video game material and code. 
In 2014, he had already been involved in the first 
excavation of video games, the Atari burial ground 
excavation (Reinhard 2018, 22-29). For all the 
success the 1983 movie enjoyed, Atari’s game E.T: the 
Extraterrestrial, was a commercial flop and came to be 
known as the worst game ever. The company buried 
its failure quite literally, dumping millions of copies 
outside of Alamogordo, New Mexico. These copies 
were later excavated by Lightbox and Microsoft’s 
Xbox, in collaboration with waste management experts 
and archaeologists. To date, the Atari Burial Ground 
excavation remains the only one of its kind.

In the strictly digital realm, Shawn Graham and 
others have explored Agent Based Modelling (ABM) 
approaches to study archaeology through games, 
e.g., by using techniques from game design to make 
ABMs more playful or by quite literally asking 
players to play ABMs as a game (Graham 2017b; 
Rubio-Campillo et al. 2017). John Aycock, a computer 
scientist, has pioneered what he terms retrogame 
archaeology, a computational-meets-historical 
approach to study and reverse engineer early video 
games. In particular, he has investigated both the 
hardware and the software of old video games 
from obsolete consoles and early computers, to 
reconstruct game development and coding methods 
of the recent past (Aycock 2016, 2021; Aycock and 
Copplestone 2017; Aycock and Kroepfl 2021).

Another important research avenue of 
archaeogaming lies in the interactivity and storytelling 
potential of games. Video games are an inherently 
interactive medium that requires an active agent 
(player) to participate in the unfolding story. This 
makes games a unique medium among other media 
of popular culture. This strength has been leveraged 
from both an archaeological theory perspective 
and an outreach and didactics perspective. Tara 
Copplestone has highlighted that archaeological 
thinking and narratives have been shaped by 
materiality and linearity. In her research, she 
explored how the interactivity of games can create 
the developmental space for a multi-vocal, non-linear 
archaeology. She used Game platform Twine to do 
this, by applying it both directly in archaeological 
research, as well as within excavations and education 
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and outreach contexts (Copplestone and Perry 2016; 
Copplestone 2017; Copplestone and Dunne 2017).

The potential of games to expand the 
interpretative space of archaeology has also been 
highlighted by others. Florence Smith Nicholls, 
through academic publications, blogs, and journalistic 
work, has dealt with subaltern and alternate 
archaeologies, including archaeogaming and queer 
phenomenology, virtual dark tourism, video games 
and mapping, archaeogaming and photography, 
and more (Smith Nicholls 2018; 2021). While other 
disciplines, and game studies specifically, have dealt 
with similar issues, Smith Nicholls is the first one 
pioneering them in archaeology.

Along similar lines, ethics in archaeogaming 
and archaeological practice in games has been 
another core part of early archaeogaming. Meghan 
Dennis in particular has conducted extensive work 
on how archaeology is portrayed in and perceived 
through video games, as well as investigating the 
ethics of practice in digital heritage and archaeology 
(Dennis 2019; 2020; 2021). She has, for example, studied 
looting and its ethical repercussions in archaeological 
video games (Dennis 2016). Ethics has become a central 
theme in archaeogaming (see also e.g., Flick et al. 2017) 
and has been an important stepping stone for ongoing 

work on discussing and creating ethical frameworks for 
digital archaeology at large.

Finally, education and outreach are important 
aspects of archaeogaming, and the use of video games 
in teaching will be discussed below (see section 9.5). 
Even so, it is fair to say that education experts and 
historians had already carried out considerable work 
on that front. In the archaeogaming field, however, 
while some studies have been conducted (Koutsabasis 
et al. 2021), and archaeologists have been using video 
games in their teaching (Boom et al. 2020), little 
sustained and systematic research has been conducted 
on the potential and benefits of video games for 
archaeological and heritage education.

To summarize this overview of the history of 
archaeogaming, we can deduce a number of perceived 
aims and strengths of the field. As a grassroots, 
bottom-up initiative, it has the opportunity to develop 
outside of the strict confines of the academic ivory 
tower. This has meant both scientific and creative 
freedom, leading to popularly appealing, impactful, 
innovative projects and ideas. At the same time, its 
grassroots nature was crucial in sparking the inclusive 
and diverse field that is archaeogaming. Accessibility 
and ethics were not a development or additional part of 
research, but rather central and constitutive. Scholarly 

Figure 1: The breadth of research coming out of archaeogaming (Reinhard and Graham 2016).
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voices otherwise marginalized in academia continue 
to force change and developments that, at least in our 
eyes, are not only positive, but also much needed.

In many other respects, the field of archaeogaming 
seemed to be at a trajectory of constant growth up 
until 2018. Major gaming outlets like Kotaku and 
the VICE Motherboard had featured archaeogaming 
projects (Caulderwood 2015; Plunket 2015). The SAA 
Archaeological Record (Morgan 2016) had paved the 
way for two major book publications, namely Interactive 
Pasts (Mol et al. 2017a) and the introductory book to 
archaeogaming (Reinhard 2018). Both became sources 
of inspiration for various other projects. The ARISE 
group (Arqueologia Interativa e Simulações Eletrônicas) 
was founded in Brazil, and every major archaeological 
conference (EAA, SAA, CAA) included one or even two 
well-attended sessions annually. The TIPC conferences 
included scholars from around the world, and there was 
a steady flow of publications in archaeological journals, 
as well as full archaeogaming classes and courses 
included in various Digital Archaeology programmes. 
This was an energetic moment in which it seemed like 
archaeogaming and its growing community were at the 
top of the (archaeological) world.

2.3 Archaeogaming in crisis
Here, we define ‘crisis’ not as being under existential 
threat, but rather in its original understanding of 
decision or inflection point (as in Greek krisis). For ar-
chaeogaming, such an inflection point came somewhere 
in 2019. Just a few years later, archaeogaming seems to 
have lost much of its momentum. As just one example of 
this crisis: many of the foundational blogs are currently 
inactive or have been taken offline, Gingerygamer and 
Gamingarchaeo being the prime examples. Andrew 
Reinhard has also passed the management and content 
creation of the archaeogaming blog to others, and the 
blog has become significantly less active, with only 
five posts in 2020 and four in 2021. Shawn Graham’s 
ElectricArchaeo, while still active, is less concerned with 
archaeogaming, and more with other aspects of digital 
humanities and digital archaeology. The Brazilian archae-
ogaming group ARISE has been cut off from its previous 
funding. Similarly, no major archaeogaming session has 
been held at annual conferences since the CAA confer-
ence in Krakow 2019 (an archaeogaming session was 
held at CAA 2023 after the submission of this paper).

This loss of momentum coincided partly with a 
global health crisis that restricted gatherings and 
movements and generally led to a reshuffling of 
(academic) priorities. Even so, one of the effects 
of this much more contained crisis has been that 

scholars and other global citizens by necessity focused 
more on two aspects at the core of archaeogaming: 
having fun in digital spaces. Practically speaking, 
people were spending more time online and in digital 
environments, and especially gaming saw exponential 
growth (PWC 2022). In short, as with any other vibrant 
digital and playful undertaking during the pandemic, 
one would expect a (large) increase in activity, rather 
than the drawing down we saw with archaeogaming.

Twitter, for example, which has been instrumental 
in the development of the field of archaeogaming, 
witnessed a noticeable reduction in reach and 
engagement of the archaeogaming hashtag. The 
@archaeogaming Twitter account has also been largely 
inactive, in contrast to previous years, when it acted 
as a hub for information and news. Other pioneering 
profiles have also either been inactive or moved to 
different research interests. Even with a quick search 
of the hashtag on Twitter, one will see the same 
profiles tweeting about it over and over, with little to 
no discussion or other engagement with these tweets. 
At the same time, most of the tweets, about 80%, come 
from the US, the UK, or the Netherlands, showing the 
limited geographic scope of activity around this hashtag.

This is not to say that no new archaeogaming 
projects or groups have emerged in recent years. The 
Games and Gaming Lab, for example, was created at 
the University of Glasgow in 2019. This is a lab that 
focuses on interdisciplinary research in games and 
gaming, not only of video games but also tabletop, 
and across periods from ancient to modern. The 
Archeaogaming Con (ArGaCon), an online convention 
on the topic of archaeology and video games, was also 
started in 2020 and returned in 2021. We have started 
the Past-at-Play Lab project – a citizen-science-based 
project in which both ancient and new games are 
played in an effort to understand the past and its role 
in the present. What all of these new initiatives have 
in common is that they are all separate initiatives, 
interesting and valuable, but weakly connected to 
each other and lacking core, shared scholarly tools 
and concepts.

Like most crises, the one in archaeogaming did not 
come out of thin air but resulted from developments 
that were part of its starting dynamics.3 In the 
following sections, we will evaluate how this has 
played out in three key respects.

3	 For another critical perspective on the history, major 
players, and transitions in the archaeogaming field, 
see Hanussek 2019.
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3 Archaeology as a tool for studying games
Arguably, a major litmus test for archaeogaming 
is whether or not archaeology can be a useful tool 
for studying games, and vice versa. Reinhard has 
strongly argued in favour of this (2018), and various 
others have floated and developed ideas along these 
lines. An example from our own attempts of applying 
archaeological methods to study games was using 
a network approach to explore exchange practices 
and virtual material culture in massively multiplayer 
online games (Mol 2014a). Like much of the early 
archaeogaming scholarship, this research arose 
directly from the practice of gaming. Specifically from 
playing multiplayer online games while procrastinat-
ing on writing for a Ph.D. thesis combining network 
science and Caribbean Archaeology (Mol 2014b). The 
research itself consisted of first noticing and then 
observing in detail the pervasive and important role 
for virtual material culture in the creation of in-game 
social networks between game players – as a digital, 
direct analogy of the key role of material culture in 
archaeological social networks. The resulting paper 
argued that, conceptually, online games can be seen as 
Hobbesian ‘states of nature’ in which there is no social 
contract, with the key difference that in games, such a 
contract is not needed. Cooperation is inherent to some 
forms of play and further scaffolded by collaboratively 
questing for and sharing of in-game items and the 
resources needed to create them. The conclusion of 
the paper called for the recognition of (online) gaming 
spaces as testing grounds for archaeological (social) 
theory, a form of play-driven Agent-Based Modelling. 
This insight also arose independently in the works 
of others playing, making, and studying games (e.g., 
Graham 2020; McCall 2020). Even so, this strand of 
potential Game-Based-Modelling remains largely a call 
to action, with little to no practical work being done or 
shared afterwards.

Andrew Reinhard has gone beyond the 
application of specific archaeological methods in 
virtual playful environments, and considers video 
games to be archaeological sites in their own right 
(Reinhard 2018, 88). By combining several definitions 
of what constitutes an archaeological site (namely 
Hodder 2005; Holtorf 2005; LaMotta 2012), he argues 
that there is no inherent difference between digital 
and non-digital sites. Consequently, the tools that 
archaeologists use to study non-digital sites can also be 
used, relatively straightforwardly, to study digital sites 
(Reinhard 2018, 90). This is based on his understanding 
of a video game as an artefact existing in an installed 

digital or physical space (e.g., a personal computer 
or a cartridge), the past of which exists in its code. 
He further considers these installation media an 
artefact and a potential archaeological site. Finally, he 
considers the activity of playing, what he terms ‘game-
as-played’, and the digital space within the game is 
played and players interact, as a further archaeological 
site on which past activity can be recorded 
(Reinhard 2018, 91). These sites, in Reinhard’s opinion, 
can be explored by archaeologists through the analysis 
of media, through the analysis of files and structures, 
and through play. He attempted to showcase this 
approach to games as archaeological sites, as well as 
the validity of archaeological methods for the study of 
games, with the No Man’s Sky Archaeological Survey 
(NMSAS). No Man’s Sky, developed by Hello Games 
in 2016, is an online multiplayer exploration-survival 
game set in a procedurally generated galaxy. Planets 
are generated algorithmically, and include a random 
selection of biomes, materials, atmosphere, and 
(crucially for this research) ruins and languages of 
past civilizations. As a player you are dropped at a 
random location in the galaxy, and you travel towards 
the centre, while exploring the planets and collecting 
resources and material to upgrade your spaceship.

The NMSAS was designed to document this 
procedurally generated ‘culture’, the various planets 
and ruins of the galaxy. The survey was then opened 
to the archaeogaming community, as well as the 
Reddit community of No Man’s Sky players, for open 
participation. Participants had to agree to a code 
of ethics, designed by Cathrine Flick and Meghan 
Dennis, to secure an ethical approach to the data and 
to ensure the ethical behaviour of the members in the 
unknown universe.

As Reinhard recognized in his reflection, the 
project did not end up with the expected results 
(Reinhard 2018, 146). This partly had to do with the 
state of the game. No Man’s Sky, especially early on, 
under-delivered on its promises, the diversity of the 
galaxy’s planets was not as rich as expected, and 
gameplay was tedious. The disappointment at the 
game’s launch is well reflected in Reinhard’s writings. 
In addition to the underwhelming game experience, 
there were a number of objective issues that did not 
allow for explicit archaeological methods to be used, 
such as the lack of a coordinate system; the inability 
to dig, excavate, or lay out a grid; the impossibility 
of player communication; and more (Reinhard 2018, 
144-5). Reinhard was very open about both the 
successes and the failures of his methods, publishing 
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all results and data open access – a testament to the 
robustness and seriousness of this archaeogaming 
scholarship. As the game was polished and more 
features were added, it became more viable for 
the NMSAS to approach some of its initial goals, 
particularly in documenting the remains of player 
bases in planets, and play as a group. There is great 
potential in this work. For example, it has contributed 
to understanding how online communities form, how 
people deal creatively with the challenges of digital 
places, and how games can change over time.

Still, in our opinion, the NMSAS survey is only 
marginally successful as an explicitly archaeological 
study of a game. At the heart of this, there lies an 
issue that goes beyond the lack of mechanics in 
one particular game. It rests in the suggestion that 
we can and should use existing archaeological 
theory and methods to study games because game 
artefacts and spaces are homologous to archaeology. 
More specifically, in the perspectives found in 
Archaeogaming (Reinhard 2018), video games are 
not only objects of archaeological study, but games 
themselves are in essence de facto archaeology. In 
practice, this leads to statements and examples that, 
when taken literally, are hard to fully underwrite 
from the perspective of either an archaeologist or 
a digital specialist. For example, there is the idea 
that as games are digital media that are stored, 
and also contain storage, they are not unlike the 
earth that contains, or ‘stores’, archaeological data 
(Reinhard 2018, 90). Anyone that has tried to upload 
their game save to the soil will disagree with this in 
a practical sense. From a more philosophical angle, 
the idea that all culture is binary data that can be 
stored and accessed accordingly goes against many 
of the insights of (post-processual) archaeology. Such 
practical and conceptual frictions are an inherent 
part of archaeogaming and need more and more in 
depth work to solve.

We underwrite the main tenet of archaeogaming 
(the movement) and Archaeogaming (the scholarly 
project by Reinhard): games are prime examples 
of digital things and places that need more and 
better study, and archaeology could help in this fun 
endeavour (Politopoulos et al. 2023). To sum up this 
section, despite a widely carried enthusiasm for such a 
project, there has been relatively little work done that 
explicitly connects to archaeological theory or methods 
and that is also sustainable or groundbreaking – for 
either archaeology as a discipline or the wider study of 
these digital media.

So, what could be a way forward for the study 
of games using archaeology? One way would be 
to embrace games as a playground for the future 
archaeology of digital things and places: let’s see which 
archaeological tools work and which break down, 
and why. This would require archaeogaming to fail 
gloriously, frequently and conspicuously, which is a 
fun and productive but risky academic proposition. A 
recent suggestion by Colleen Morgan is more helpful 
(Morgan 2021). She highlighted the crucial difference 
between digital things (in this case, objects in the 
video game Minecraft) and their real-life equivalent 
in the context of games. In her example, would the 
knowledge of, for example, analogue flint help us to 
understand Minecraft flint? And would that knowledge 
help us understand it in terms of archaeology? Morgan 
urges us to instead re-imagine an archaeology of digital 
things in connection to contemporary issues, such as 
through anti-fascism, decolonization, craft, degrowth, 
and prefiguration. We feel this would be a welcome 
move out of this particular crisis of archaeogaming, 
as it would excitingly require us to learn to handle or 
even invent new conceptual and methodological tools 
for digital, contemporary archaeology.

4 Games as a tool for archaeological 
outreach
Outreach or science communication seems to be an 
obvious application of video games in archaeology. 
Video games are the largest entertainment medium 
and, given this popularity, it is not surprising that 
archaeologists see the potential in them for outreach 
projects. The perceived connection of games with a 
younger audience further reinforces this potential, and 
there have been several attempts to incorporate games 
in archaeological outreach (Koutsabasis et al. 2017). 
Much of the early research on video games and archae-
ology did, in fact, focus on the potential applications of 
games for virtual heritage (Champion 2011; 2015). The 
connection seems so self-evident that one would expect 
not only a large number of archaeogaming outreach 
projects, but also a relatively high success rate for such 
projects. The unfortunate reality is that, for reasons 
that we will explore, this enormous opportunity for 
outreach has also remained largely unrealized.

Our own first attempt at an archaeogaming outreach 
project was to stream video games on the popular online 
platform Twitch. Video content at large is a common 
and successful way of engaging gaming communities 
with particular topics such as history. There are several 
examples of popular history YouTube video series 
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from gaming channels, such as Extra History from the 
Extra Credits channel, which receive millions of views 
every year. Reaction videos on YouTube, where experts 
(archaeologists, historians, etc.) react to the content of 
specific historical video games, are also hugely popular, 
especially when coming from already established gaming 
channels like IGN and Kotaku.

We sought to harness this potential, albeit in a 
more interactive way. Live streaming differs from 
YouTube videos in that one is streaming games 
over live commentary, and can interact with a live 
audience via chat. We chose Twitch because it is the 
largest streaming platform in the world, with billions 
of watched hours annually. We started streaming 
in 2016 on our dedicated Twitch channel (twitch.tv/
streamingthepast), with the ‘Streaming the Past’ series. 
In roughly 2-3-hour episodes, we picked a specific 
historical or archaeological theme, related it to a 
popular video game, and both analysed the depiction 
of the past in the game, and explored the particular 
topic. We used, for example, the game Fallout 4 to 
discuss the collapse of societies, Assassin’s Creed to 
discuss the concept of historical agency, and Far Cry: 
Primal to discuss violence in human nature. Over 
the years, the series went from monthly episodes, 
to weekly, to eventually twice a week during the 
COVID-19 pandemic. This culminated in a Dutch 
Research Council-funded project in which we were 
livestreaming four to five days a week. These episodes 
were archived and many are available at VALUE’s 
YouTube channel (https://youtube.com/c/VALUEfnd).

Despite our continued work on Twitch, we have 
come to realize that this type of outreach and content 
production has many hurdles. First of all, as there 
was no other such archaeogaming project on Twitch, 
there were no other archaeologists we could turn to 
and ask how to combine archaeological scholarship 
and livestreaming. The second issue was that the 
discoverability of creators, how people originally find 
a channel, in the immense livestreaming landscape is 
extremely low. Neither Twitch nor YouTube algorithms 
actively support grassroots or low viewer count 
channels and, unless a channel has an established 
social media outreach, drawing in an audience is 
extremely difficult. Even if one has an audience, 
consistency in quantity and quality of output is 
key. Most professional (or at least highly viewed) 
streamers stream on an almost daily basis for several 
hours every day. As VALUE, we had neither the social 
media reach nor the required time to put into this 
streaming project. The result was that after five years 

of streaming, our average streaming audience was 
around 10 individuals. Even when we acquired the 
sufficient gear for a high-quality production, stepped 
up our social media reach, and did the more regular 
two streams per week, we were unable to sustain a 
larger audience. The archives on YouTube also have a 
very low viewer count, usually under 100 views, and 
most successful videos have just over 1,000 views.

A key issue with such projects or events is that 
individuals and institutions are often unaware that 
using games for outreach is not like waving a magic 
wand. It is not uncommon to see universities use 
video games as a way of reaching out to prospective 
students, and we have done this for Leiden University. 
We also have other stories of archaeogaming 
colleagues whose work has been used for marketing 
purposes (website or Twitter headlines), introduction 
days, so-called experience days at universities, and 
more. To use gaming lingo, video games increase 
the ‘coolness’ factor of an institution, particularly in 
the eyes of students. However, universities tend to 
make use of archaeogaming for branding purposes 
rather than actually seeking to support it. At the same 
time, the amount of work required for projects like 
Streaming the Past, or other outreach projects, is 
hugely undervalued within academia.

When one puts in the necessary infrastructure and 
time, however, archaeogaming outreach projects can 
be rather successful, such as our RoMeincraft projects. 
As VALUE Foundation in 2017 we were able to obtain 
funding from the South Holland province to develop a 
gaming outreach project to raise awareness of Dutch 
Roman heritage and the Dutch Limes in particular. 
The project was initially designed specifically for South 
Holland, in a series of 10 events, during which visitors 
and participants would reconstruct the forts of the 
Roman border in the Netherlands in the popular video 
game Minecraft.

This first version was quite successful, with more 
than 1,000 participants and considerable local impact 
(Politopoulos et al. 2019). Other Dutch provinces asked 
us to replicate it, and we even crossed the border to 
host events in Belgium in 2019. We also collaborated 
with other organizations such as the Prince Claus 
Fund and the National Museum of Antiquities to 
develop similar Minecraft reconstruction projects. 
In 2019, we provided advisory and technical support 
for MineRhonda, a similar project developed by 
DigVentures and the Valley Kids as part of a larger 
Welsh heritage project, Unloved Heritage? (https://
unlovedheritage.wales/).

https://twitch.tv/streamingthepast
https://twitch.tv/streamingthepast
https://youtube.com/c/VALUEfnd
https://unlovedheritage.wales/
https://unlovedheritage.wales/
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We continue with various Minecraft projects 
today, and we now have several thousand participants 
from the Netherlands and elsewhere, with dozens 
of reconstructed heritage sites. The success of our 
Minecraft projects stems not just from their creative 
approach, but also from the fact that we could invest 
the necessary time and funds to develop them. And 
while we succeeded in obtaining the funds to realize 
them, the issue of time remained. We were able to do 
these projects only in our spare time, working evenings 
and running events on weekends or other days off. 
RoMeincraft might be our most successful outreach 
project, but in its current form, it is not sustainable.

5 Games and the past as a tool for building 
bridges
One particular aim to which archaeogaming seems 
very suited is for building bridges between (sub)
disciplines with which archaeology has traditionally 
had few collaborations. One such connection seems 
very straightforward: archaeology of and in games can 
make connections with game studies. Game studies 
coalesced in the early nineties when scholars in litera-
ture, media studies, philosophy, and computer sciences 
took a specific interest in the then still relatively new 
phenomenon of video games (Aarseth 2001). Media 
archaeology is another field, itself overlapping with 
game studies, with apparent potential for cross-disci-
pline interactions. Beyond this, the potential of games 
for learning about the past could garner collaborations 
with education studies and museology.

Moreover, archaeogaming is not the only field 
that deals with video games and the past. Historians, 
for example, have also extensively engaged with 
video games and the representation of history. Adam 
Chapman, who has done pioneering work on this topic 
(Chapman 2016), recently collaborated with three 
other people to develop the Historical Games Network 
(HGN), a hub that aims to bring together academic, 
game developers, and cultural workers to explore 
the connections between history and games. Topics 
of exploration that have emerged from activities of 
the network include historical truth, ethics, (post-)
colonialism, and education. Other initiatives exploring 
the connection between history and games include 
sessions organized at the Clash of Realities conference 
(Lorber and Zimmermann 2020), The Middle Ages in 
Modern Games conference series organized by Robert 
Houghton (2020), and the German Gespielt, which 
is interested in historical work with digital games 
(Gespielt 2016).

There has also been significant research into the use 
of games for teaching history (e.g., Giere 2019; Laweler 
and Smith 2021; Worthington 2018). Extensive studies 
have been done on the benefits of games for learning, 
their effective use in the classroom, and informal 
learning through games (e.g., Ferdig 2008; Kafai and 
Burke 2016; Klopfer et al. 2018). When it comes to the 
teaching of history, however, the work of Jeremiah 
McCall has been seminal (2011). McCall, who teaches 
history in secondary education in the US, has focused on 
the use of games in the classroom (McCall 2012a; 2012b), 
broader themes and practices for the use of games 
in historical education (2016), and classification and 
definition of historical games and their trends (2020).

It becomes evident, then, that there is extensive 
interest in the topic, not only from archaeologists, 
but also in many other disciplines that concern 
themselves with the study of the past. Yet this potential 
is not being realized in practice. The most obvious 
example of this is the analogous track of historical 
game studies and archaeogaming. Each subfield 
is vanishingly small, consisting of a very small 
number of scholars who actually get paid for doing 
sustained work in this field – to our estimation, you 
can count them on the fingers of your hands. This is 
not an indictment of the high-quality, avocational (or 
otherwise not financially compensated) scholarship 
done, but a gauge of how sustainable these subfields 
are as academic professions. Moreover, any outsider 
looking at these academic niches would think they 
coincide seamlessly: both subfields are preoccupied 
with the past and digital games. Yet in practice we 
have one field studying video games as archaeology, 
archaeogaming, while the other, historical game 
studies is studying video games as history. As a 
result, the founding texts for these two subfields, 
Archaeogaming (Reinhard 2018) and Digital Games as 
History (Chapman 2016), were written emphatically 
from within their disciplines looking outward at 
games. We are also guilty of this: we have published 
the vast majority of our papers in archaeology and 
heritage studies journals and books, like this one.

VALUE has worked since its inception as a multi-
disciplinary collective of archaeologists, heritage and 
museum scholars, and, indeed, historians, organizing 
conferences, workshops, edited volumes, papers, 
internships, web platforms, and more for these same 
groups and beyond. So we know from experience that 
any deeper separation between archaeogaming and 
historical game studies is purely academic. Beyond 
VALUE, one hopeful sign is that in the past year, we 
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have seen more interactions in online panels and more 
informal gatherings, such as those organized by the 
Historical Game Studies network. Indeed, one potential 
path forward could be to collectively abandon the 
archaeogaming ship and continue the same activities 
under the banner of historical game studies. Then again, 
the study of the past (in games) is much wider than 
history and its aims for study. Indeed, archaeogaming 
has forged ahead in valuable aspects in which historical 
game studies has not yet seen much work, such as 
audience-focused, ethics-led, data-driven, and code-
based studies of games (Aycock 2021; Dennis 2020; Mol 
et al. 2016; Politopoulos et al. 2019; Reinhard 2018).

Our solution is simple: why not attain the best 
of both of these (and more) worlds through truly 
interdisciplinary work? This takes some boundary 
work but is not that hard in practice. In our activities as 
VALUE, we have opted to use concepts around which we 
can build bridges, such as the idea of ‘interactive pasts’, 
focusing on a core aspect of games, their interactivity, 
and how they bring this to our understanding and 
valuation of our collective past. Coalescing around the 
concept of play (or even fun) and the past could also 
provide richer ground for interdisciplinary work. This 
particular focus has the benefit that we can look for 
collaborations with those who study play more broadly, 
beyond digital games and beyond play in the digital 
present (for an expanded version of this argument, see 
Politopoulos et al. 2023).

This academic joint venture is important and 
necessary because we should be able to use it as a 
bridge-building tool for making concrete contributions 
to the field of game development. Indeed, one area in 
which both archaeogaming and historical game studies 
have been very effective is showing how the game 
industry draws on the past for narrative, aesthetic, and 
even game mechanical purposes. As specialists who 
understand the past and how it works in the present, 
we find that it is quite possible, sometimes even (too) 
easy, to present fundamental critiques of game design 
choices made and the specific historical and heritage 
experiences to which they lead. It is troubling, for 
example, that the majority of the most popular games 
provide experiences of the past that are monolithic 
and narrow in their understanding of historical 
processes and cultures. Arguing for this based on 
scholarly evidence is one thing; it is much harder to 
effect any change. We know this, as it has also been a 
core experience of our own scholarly practice.

The long-running 4X strategy game Sid Meier’s 
Civilization, in which you lead a civilization from the 

Stone to the Space Age, has proved to be a particularly 
fruitful target for our critiques (Mol et al. 2017b). In our 
‘One More Turn’ series, recorded live on Twitch and 
archived on YouTube, we had a blast meticulously and 
continuously ‘unmasking’ this game’s particular and 
deeply ideological view on how civilization works – 
driven by technology, singular leaders, specific cultural 
traits, and hegemonic and colonialist power structures. 
With this, we followed in a scholarly tradition that is 
almost as old as the 30-year-old game itself.

In fact, in his recent memoirs, in a chapter 
dedicated completely to academic criticism, Sid 
Meier even jokingly refers to his critics as ‘people 
with too much time on their hands’ (Meier 2020, 
229). He explains to his readers that this critical 
scholarship only shows how much these critics care. 
Even so, as becomes clear from this chapter, the 
rest of the memoir, and the conservative nature of 
this popular game series, the collective might of the 
critical scholarly pen could not and will not be able to 
move Sid Meier and his Civilization towards change. 
Indeed, why would he? Sid Meier’s Civilization series 
is a giant of the gaming industry and has been so 
for 30 years. The point is: game developers, especially 
the biggest companies in the space, can negate any 
and all scholarly critiques, justified or not, and will 
still, generally, remain successful in all the ways that 
matter most to the game industry – as something fun, 
as a commercial product, as game journalists’ critical 
darling, and as ‘accidentally’ societally impactful.

This does not mean we should take no action. We 
firmly believe that the insights of archaeogaming and 
other scholarship at the intersection of the past and 
play can help citizens engage with the past through 
games. We are particularly optimistic because of 
collaborations with the field and so-called indie 
studios, smaller teams of game developers that have 
both the operational, artistic, and intellectual flexibility 
to work with scholarly input. Yet indie studios are 
frequently in precarious situations as businesses: 
when a small group of people is working on a costly 
and highly complex project like a commercially 
viable game, all their time needs to be well spent. So, 
to cross this particular bridge and engage in open 
communication that is of value to both sides, scholar 
and game developer, archaeogaming must come with 
a solid toolset at our disposal. This is perhaps the best 
reason for building bridges academically: we quite 
simply cannot afford to take academic disciplinary 
‘boundary games’ into our collaborations with the 
gaming industry.
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6 Critical misses, glorious failures, and 
continuing the fun
To sum up, after outlining the aims and trajectory of 
archaeogaming – a movement born in and out of the 
fun global citizens have with the past in the contempo-
rary digital playground of video games – we provided 
three key vectors for our critique:

1.	 the study of video games using archaeological 
tools and the use of video games as tools for 
archaeological research have not moved much 
beyond their conceptual phase, or in cases 
where they have, they have not yet produced a 
clear argument for how archaeological tools can 
consistently and structurally be of added value for 
the larger scholarly understanding of games.

2.	 the outreach power of video games remains largely 
unharnessed, as outreach archaeogaming projects 
are not being institutionally supported, while 
universities are using outreach through video 
games as a gimmick rather than valuing it as a 
promising science communication strategy.

3.	 the interdisciplinary potential of archaeogaming is 
not being realized because overarching disciplinary 
silos and practices have a constraining effect on 
a potentially much wider scientific and societal 
debate around the (re-)creation and experience of 
the past in games.

We could uncharitably refer to these critiques as 
critical misses – a roleplaying game term for an unex-
pected failure, resulting from rolling a 1 on a die. The 
failings we discussed are unexpected because they 
occur in areas where archaeogaming was arguably 
very strongly positioned. As we outlined, in our 
opinion, these strengths turned out to be exactly those 
places where archaeogaming is lagging. What may 
have happened is that we did not see that the tools it 
offered for new digital research, outreach, and inter-
disciplinary scholarship were much more slippery 
than we had anticipated in our and others’ early 
excitement around archaeogaming.

The result of this is that the current state of 
archaeogaming is analogous to ‘shareware’, an 
unsustainable game business model from the 90s. 
Developers would distribute sizable demos of their 
products to potential customers for free, sometimes 
containing almost a third of the entire game. People 
had a lot of fun playing these freebies and shared 
them widely, but only a fraction of players would ever 
end up paying for (and playing) the actual full game. 

Archaeogaming is academic shareware because it has 
certainly made the rounds and many played around 
with it for a bit, yet few people go in for the full deal. 
What is more, even those who most actively engage 
with archaeogaming – those who develop research, 
tweet, create projects, streams, and videos – are doing 
it mostly, if not exclusively, on their own time, without 
stable sources of compensation or recognition for the 
effort involved in their trailblazing efforts.

Indeed, many of our colleagues who have moved 
away from archaeogaming have done so because 
it does not offer a sustainable academic trajectory. 
There are very few Ph.D. and even fewer postdoc 
positions out there – and good luck being hired in an 
archaeogaming tenure-track position. One can expect 
to work within a digital archaeology or digital heritage 
framework, in which games could be used, but they 
would not then be the primary focus. The reality is that 
many archaeogaming scholars have had so much fun 
exploring and sharing this new digital playground that 
we forgot to mention that there is a price tag attached. 
Reinhard has argued that archaeogaming still has ‘far 
to go in justifying its existence not only to the academy 
and to more traditional archaeologist colleagues but 
also to the general public’ (Reinhard 2018, 9), but 
yet has also already positioned it as a fully-fledged 
subdiscipline of archaeology.

This seems like a bit of double play: archaeogaming 
cannot both already have arrived and yet still need 
significant foundational work. This approach thus 
reminds us of another, more recent game business 
strategy: the ‘early access’ game (Horn 2019). An early 
access game is a game that is still in development 
but already available to consumers. It is there to be 
played, even if not all the game mechanics and assets 
are present or working. Going into early access can 
be a great strategy for obtaining resources while still 
designing, but it also runs the risk that people will play 
the game and reject it for its flaws or get bored of it 
before it is a finished product. As we have convincingly 
argued above, archaeogaming is only in the very 
early stages of development, and there is a significant 
chance that it may never leave this phase if some of 
the current critical misses are not followed up by some 
solid updates.

At the moment, archaeogaming is thus both unpaid, 
fun shareware and an early access serious academic 
discipline; a risky, interstitial position to be in. So, how 
does archaeogaming get out of the double bind in which 
it finds itself? We feel the best opportunity to move 
forward is to continue to embrace the open, diverse, 



124 ANALECTA PRAEHISTORICA LEIDENSIA 51

accessible, and fun-fuelled scholarly practices that 
have been the defining assets of early archaeogaming, 
and not be afraid to leave behind more traditional 
academic tools of the trade. This means that, as a 
scholarly movement, we should not focus too much 
on what academic practice and established (digital) 
theory and method tell us archaeogaming should do 
to be successful. We should reimagine archaeogaming 
as a grassroots, even activist movement that will 
reshape our understanding of the present digital 
past (Morgan 2021), reinvigorate its fieldwork-driven 
experiments and interdisciplinary endeavours (Aycock 
and Copplestone 2017; Reinhard 2018, 88-161), and 
invest more in forging reciprocal relations with the 
gaming industry (Mol et al. 2017a) and playful citizens 
(Politopoulos et al. 2019). At its core, archaeogaming is 
about collectively making, exploring, and playing in this 
wild, new digital playground.

Play is messy and almost any research or outreach 
project we have been part of has failed in minor (or 
sometimes major) ways. Instead of focusing on the 
successes and academic potential of archaeogaming, 
it should remain a movement in which tools and their 
users can fail gloriously (Graham 2019, 129). If games 
have taught us anything, it is that failing is not fun, 
but failing gloriously is. We should thus use failure 
as potential for change, and commit to discuss it with 
an attentive and caring stance, in an effort to be our 
own and others’ critical friends. As we have shown 
with our critique, archaeogaming has all the tools to 
fail gloriously, and turn the next roll of the dice into a 
solid hit.
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What enables and motivates us, as digital archaeologists, to continue to pursue 
work we characterise as somehow limited, somewhat unsatisfying, and only ever 
partially reaching its full potential? The answer to this question, which underlies 
the reflections gathered in this volume, may lie in the responses given by Lambers’s 
students when asked why they chose to pursue a specialisation in digital archaeol-
ogy. These students reported a sincere desire to involve themselves in a future-ori-
ented and impactful community, while pragmatically acknowledging that if they 
don’t stay in archaeology the transferrable digital skills gained will help them 
to land a job elsewhere (Lambers, this volume). The balance of pragmatism and 
optimism expressed by these students suggests that from the outset people inter-
ested in digital archaeology have little innocence about the challenging realities 
of this kind of work. Having this “loss of innocence in our origin” (Haraway 1985, 
158) may be what creates a space for work shaped by repeated encounters between 
techno-optimism and less-than-sunny realities.

The tensions integral to work in this space are reflected in the position set out 
by Kalaycı and Hacıgüzeller, for whom the digital transformation of archaeological 
and heritage practice is tremendously valuable, yet deeply unsatisfying. Their 
contribution sets out the questions which sit at the core of this volume in stark 
relief: What are our motivations when we use digital technologies in our work? 
What are the real impacts of incorporating digital tools and methods into 
archaeological working practices? And why do the benefits of ‘going digital’ never 
seem to quite match our hopes and expectations?

Their chapter proposes two responses to these questions, which provide a 
framework which connects the specific discussions found in the subsequent 
chapters. First, they make the case that the myths and metaphors the digital 
community uses to talk about digital phenomena are obviously and intentionally 
fictions, but, like other powerful stories, it’s easy to forget, just for a moment, that 
they aren’t real. Through the process of repeatedly using metaphors in our daily 
work and conversations, we unconsciously elide the imagery, ideas and stories we 
use to describe technological systems with our actual conceptualisation of those 
systems. Because the power, beauty, speed, strength, grace and greatness integral to 
an effective (affective) myth can’t be lived up to by mere reality, we are inevitably 
set up for disappointment when encountering the realities described by the stories. 
Second, and more seriously, they suggest that even if we told more modest stories 
about what digital transformations could do for our practice, the socio-technical 
systems of late-stage capitalism in which we (contemporary Western society) are 
operating would make meaningful success and satisfaction unachievable because 
we can’t get away from the exploitation of labour, reinforcement of inequalities, 
and drive for constant growth and innovation which are integral to our current 
operational context. Critical discussions of the societal context which shapes 
contemporary archaeological and heritage practice and the impacts of overwork, 
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labour injustices, social and economic inequalities, 
excessive pressure to innovate, and related malaises 
regularly note the role of our engagements with 
digital technologies and data (Caraher 2019; Cobb and 
Crellin 2022; Cook 2019; Dennis 2020; Flexner 2020; 
Fredheim 2020; Huggett et al. 2018; Huggett 2019; 
Morgan 2021; Perry et al. 2018; Richardson 2018; 
Wright and Richards 2018; Zorzin 2021). Reading 
across the articles cited above, the party line is 
that while the digital transformation has led to 
real progress in placing Objectivity, Transparency, 
Inclusivity and Decentralization centrally in the 
discourse on good archaeological and heritage 
practice, our ability to fulfil these promises remains 
constrained by our wider societal context.

To move beyond the limitations imposed by late-
stage capitalism, Kalaycı and Hacıgüzeller call for, “an 
explicit and well-developed social theory of the digital” 
which addresses the role of labour in digital systems, 
treats inequalities in access to the digital as a human 
rights issue, and is formally and explicitly anti-Silicon 
Valley (implicitly construed as a paragon of late-stage 
capitalism). This call clearly expresses the volume’s focus: 
the social and societal context of digital archaeological 
practice as structural and formative factors which shape 
its successes and limitations. The chapters which follow 
each set out social theories which help us to consider 
and understand how specific communities of digital 
archaeological practice form, develop and change in 
connection to their broader institutional, disciplinary 
and societal communities. Collectively, they describe 
a range of areas of digital practice where things are 
consistently not quite working out the way we think they 
should, linked by shared problems whose root causes – 
implicitly – are Silicon Valley style techno-optimism and 
winner-takes-all competitiveness. These illustrations 
of how the impacts of late-stage capitalist digitalisation 
are playing out, when read in the context of Kalaycı and 
Hacıgüzeller’s call to action, support the case for a radical 
new set of digital archaeological practices operationalised 
in a different socio-technical context.

Research specialisms within digital archaeology 
and heritage in which promises are being made and 
not kept, and in which progress should happen but 
somehow isn’t happening at a satisfactory pace, as 
defined by the collection of chapters include:

•	 Data harmonisation and interoperability as framed 
by FAIR and CARE data principles (ch.3)

•	 Mediterranean fieldwalking and regional survey 
data integration as an example of ‘big data’ driven 
integration projects (ch.4)

•	 Modelling based in bio-geochemical analyses, 
specifically isotope analysis, as an example of the 
benefits of scientific methods (ch.5)

•	 Computer vision and deep learning / machine 
learning as a means of analysing and interpreting 
large scale data (ch.6)

•	 Simulation, specifically agent-based modelling, as a 
means of understanding complex systems (ch.7)

•	 Gaming as a tool to think with and to promote 
engagement with heritage and archaeology (ch.8)

Wansleeben, Laan and Visser’s chapter discusses the 
reasons behind the very limited uptake of a standard 
XML form which was intended to improve the har-
monisation, interoperability and discoverability of 
‘grey’ archaeological data in the Netherlands and to 
standardise reporting. Anyone who has read Latour’s 
Aramis and the Love of Technology will find their 
analysis of the difficulties involved to be familiar. 
There were (§ 3.4) “practical problems” encountered 
when implementing and using the pakbon system. 
Troubleshooting was difficult, error messages when 
running a data validator were not clear and explicit, 
and not enough funding was available for the users’ 
organisations to build or purchase the software tools 
necessary to produce pakbon compatible data. Despite 
the system’s obvious issues, the pakbon’s developers 
were unwilling to abandon it because of its sunk costs. 
To quote the authors, “We already passed a point of 
no return, it has already been implemented by too 
many large organizations” (§ 3.5). Today, it seems, the 
pakbon is officially too big to fail and must be bailed 
out. A series of limited adaptations, new tools, and 
repurposing actions are proposed by the authors, 
even as they admit that even these may not resolve 
the pakbon’s usability problems and allow its benefits 
to come to the fore. The authors’ suggestion that a 
voluntary community effort is the route to resolving 
these practical problems points to the influence of 
the underlying constraints highlighted by Kalaycı and 
Hacıgüzeller: lack of financial resource to support 
the necessary software development, user training, 
software tool development, and staff time to make the 
pakbon system workable. The case of the pakbon raises 
important questions about the implications of the role 
of voluntary work, in the spirit of open source and 
open science movements, within a commercial archae-
ological and heritage management context.

De Haas and van Leusen focus on a related 
problem, outlining how the lack of standardisation 
in documenting fieldwalking surveys conducted 
in the Mediterranean region limits researchers’ 
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ability to conduct the integration work and synthetic 
analyses needed to address ‘grand challenge’ research 
agendas and, further, reduces the data’s reusability. 
They discuss the benefits of various approaches to 
data integration before turning to the usual suspects 
which explain why such projects are not happening 
apace: lack of incentives and rewards for doing the 
work, lack of financial resources for undertaking 
the work, and lack of compelling reasons to enforce 
or adhere to standards. Funding agencies, academic 
and professional institutions, and state sponsored 
repositories are noted as key agents of potential 
change. Again, the reflections presented by the authors 
hint at the need for changes in the context in which we 
practice. In particular, systemic changes to the system 
of rewards and incentives for academic researchers 
are needed to enable meaningful progress on the 
specific problems of digital Mediterranean survey data.

The ongoing pursuit of new methods and drive to 
innovate appears again in the reflections of Laffoon 
and Sonnemann. In their chapter, they look at the 
promise of a scientific technique – isotope analysis and 
the production of isoscapes – to resolve a longstanding 
research question, and at the difficulties encountered 
in practice when applying it. For these authors, and 
for Klassen, Pappagallo and Evans in their assessment 
of the applications of deep learning in archaeological 
remote sensing, the imperative to innovate is palpable. 
The application of new methods and tools has led 
to real improvements in practice and in analytical 
results. Despite difficulties encountered, skills gaps, 
or unresolved research problems in domains outside 
archaeology which need to be resolved before progress 
can be made, there’s a determination to press forward. 
That said, Laffoon and Sonneman strike a cautious 
note in their conclusions, highlighting the limited real 
contribution of an innovative method to their project. 
Together, these contributions should prompt us to 
question the assumptions we make about the value of 
innovation, which are deeply rooted in the values of 
our wider societal context.

Romanowska and Scherjon’s assessment of current 
practice in agent-based modelling (ABM) focuses on 
the community of modellers themselves and what 
is limiting their wider impact within archaeology. In 
analysing networks of ABM users, they reflect on how 
the community of modellers is connected to the broader, 
beyond-digital archaeological, community. Again, 
while modelling and modellers have brought much 
to archaeological research, systemic limitations are 
highlighted as obstacles to further progress or as future 
risks. Shortfalls in training, mismatches between how 

different parts of the community work, particularly in 
how they formulate their questions, and critically, the 
need to formalise our models and to align with dominant 
paradigms in science and data science are underscored. 
In this contribution, the role of communication between 
digital and domain specialists is emphasised, and the 
lack of a common language and shared understandings 
is cited as a notable barrier. Another impact of the ABM’s 
wider operational context appears more subtly: the need 
to align with the expectations of the ‘public and policy 
makers’ and to confirm archaeology’s ‘societal value’ in 
specific ways defined by that broader society mean that 
digital practices are shaped by external pressures to be 
more ‘scientific’ and ‘technological’. These tendencies 
don’t always match well with the expectations of 
archaeological researchers, particularly those trained 
primarily within humanities-led communities, and 
can lead to communication gaps which, in turn, limit 
the potential impact of ABM as a method through 
collaboration with archaeological specialists with 
relevant research questions and expertise.

The practice of archaeogaming, as explored by 
Politopoulos and Mol touches on further limitations 
created by under-resourcing. They consider the 
phenomenon of projects and blogs which have become 
inactive, questioning how to motivate the continued 
investment of time, energy and creativity needed 
to sustain and grow this specialist community. They 
point to the academic climate and its sometimes rather 
unforgiving attitude toward failure as an impediment 
to creative and experimental digital practice. Their 
contribution clearly captures how the societal paradigm 
in which ‘successes are what counts’ limits the ability to 
do new, good, work through taking intellectual risks.

‘Digital Archaeology: Promises and Impasses’ is 
one of several recent collections reflecting on digital 
practice in archaeology and heritage studies. Edited 
collections by Garstki (2022) and Goldstein and Watrall 
(2022) likewise aim to provide critical perspectives on 
a range of specialist topics while providing examples 
of emerging research and reflections on past projects. 
The unique contribution of this volume lies in how its 
chapters collectively sketch out the subtle but significant 
impacts of the wider context in which digital work is 
conducted. Each chapter focuses on the specific successes 
and obstacles faced by researchers and practitioners in 
the specialism it treats, highlighting progress, imperfect 
though it is, compromises made, workarounds devised, 
and what has been and can be done to take advantage 
of the affordances of the digital and the ways it can 
improve our working situation. While broadly the 
authors contributing to this volume paint an optimistic 
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picture, collectively they point to shortages in access to 
resource and training, failures in how we communicate 
with each other, the absence of appropriate job or career 
progression opportunities, and other contextual factors.

So, what can we conclude from these reflections 
and what do they contribute to the discourse? Do we 
agree that the shared root problem is the late-stage 
capitalist model? If we take this as true, what do we 
do about it? Do we refuse to play because we don’t like 
the game? Do we persevere as well as we can, while 
maintaining consciousness that we are ‘working within 
the system’? Do we work subversively, intentionally 
dismantling as we go, adopting a hacker mentality? 
Is it worth trying to address the smaller problems 
piecemeal? Is engaging with changing processes and 
practices within our control a good use of time?

Kalaycı and Hacıgüzeller, at least, propose to address 
the big picture problems, calling for the definition 
of a new “social theory of the digital” to provide the 
conceptual tools necessary to shift the current social-
technical paradigm within digital archaeology. They 
describe an action-oriented theoretical project which 
will go beyond detached explanation of the current 
social phenomena connected with digital archaeology, 
providing a means through which a different system 
can be envisaged and enacted.

This volume, however, stops short of making 
proposals for a substantive new social theory of the 
digital, though citing Ossewaarde (2019), whose work 
provides an indication of the direction in which their 
proposed theory might tend. This is left as work for 
the future or, perhaps, as an exercise for the reader. 
In attempting to envisage starting points for such 
a theoretical project, we can turn to current social 
theories of the digital for inspiration. Contemporary 
social theory draws on the thinking of individuals 
whose names are familiar in archaeological circles, 
including Derrida, Foucault, Bourdieu, and Giddens, 
and theories explicitly focused on the intersection of 
the social and digital have been promoted by the work 
of thinkers including Latour, Haraway, Lanier, and 
D’Ignazio and Klein.

Latour is widely cited in archaeology for his 
work on actor-network theory (Latour 2007), and 
while his early fictionalised ethnography of the 
failures of the RATP to implement an automated train 
system (Latour 1996) is less central to the canon, 
its core tenets are implicit in it and in symmetrical 
archaeology, focusing on balancing thinking on the 
social construction of technological artefacts and the 
technical construction of social networks and bonds. 

Aramis highlights, in addition to the entanglements of 
people and machines, the role of emotions, love and 
enthusiasm in social interactions with technological 
projects, emphasising that what we take joy from 
will shape our work. Like some of the theorisation 
of archaeogaming, and Perry’s work (Perry 2019), 
it points to emotional satisfaction as a core aim of 
archaeological and technological practice.

Haraway’s works, particularly Cyborg Manifesto 
and Staying with the Trouble (Haraway 1985, 2016), 
appear in the writing of scholars engaged in the 
theorisation of digital archaeological practice (e.g., 
Díaz-Guardamino and Morgan 2019; Huggett 2015; 
Huvila 2021; Morgan and Eve 2012; Morgan 2019) 
and notably appear in work by contributors to this 
volume (Hacιgüzeller 2012; Mol 2020). Her work, 
as taken up in digital archaeology, points to a focus 
on the process of becoming and the use of digital 
technologies to blur and cross boundaries, and on 
the potential of using our digital archaeological 
methods and tools to engage in the production of 
archaeological interpretations as science fiction. 
Morgan argues that [digital] “archaeologists should 
cultivate an alternative, posthuman feminist practice 
that dives into the uncanny valley, highlights 
chronological disruptions, that queers and interferes 
with our understanding of ourselves and the past” 
(Morgan 2019). Again, this is a shift in the implicit 
aims of socio-technical projects and a different 
measure of what constitutes ‘good work’ and ‘success’.

Lanier, perhaps best known as an early proponent 
of virtual reality, argued that digital media at their 
best were used to produce reality with other people. 
His work, like that of Haraway and Latour, discusses 
the complexities of human-machine partnerships. 
He emphasizes human-digital technology’s capacity 
to create experience and the links between this and 
the ability to generate new concepts of identity, 
community, and reality (Lanier 2014, 2018). His more 
recent work has criticised the concentrations of power 
within digital networks, and argues that, “in order 
to make tech into something that empowers people, 
people have to be willing to act as if we can handle 
being powerful” (Lanier 2018, p. xxviii) and explicitly 
considers how to balance the costs and benefits of 
digital networks and the ‘free’ information they carry.

D’Ignazio and Klein’s work undertakes a parallel 
exploration of the connection between data science 
and human power (D’Ignazio and Klein 2020), 
specifically looking at the connections between who 
is in a community of practice, whose interests it 
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represents, and how data science and technological 
applications can mask the human interests embedded 
in them. They formulate the use of digital methods to 
gather, parse, interrogate and communicate data as an 
ethical issue. Their work highlights the pervasiveness 
of digital data and its manipulation throughout our 
social lives.

A glance across just these few bodies of work 
should provide some confidence that there’s an active 
discourse around social theories of the digital, on 
which the digital archaeology community continues 
to draw. Indeed, as stated by Marres (2017) today, the 
digital constitutes a “total social fact” and any social 
theory about contemporary society encompasses it, 
providing an even wider body work from which to 
take inspiration and in which to ground our digital 
archaeological work.

In my own view, a new theoretical framework 
will be necessary but insufficient to transform digital 
archaeological practice and address the pervasive issues 
raised by the contributions in this volume. To bring 
in another metaphor, ‘rocket science is easy; rocket 
engineering is really difficult’. Establishing a theoretical 
framework which explains how a system should work 
and how its various components interrelate is essential, 
but the implementation phase, this saying implies, is 
where many challenges lie. Even with better training in 
a range of technical skills, more resource to compensate 
people for their labour, less pressure to continually 
innovate, improved communication and collaboration 
between groups, and redefined aims inspired by a 
social theory of the digital, implementations of digital 
methods would have their difficulties: a range of small 
and large practical problems which must be addressed 
for things to work as they theoretically should. This is 
not a pessimistic conclusion, as there can be benefits 
in encountering these implementation problems. How 
to apply a model or best use a tool will be specific to 
each project and consequently a degree of flexibility 
is essential to digital archaeology. The issues which 
emerge because flexibility is built into general models 
create spaces for creativity and experimentation. These 
spaces are where we “fail gloriously” (Graham 2019) 
to live up to our own ambitions for our digital 
projects. If we are looking to step outside the current 
paradigm, driven by myths of unadulterated success 
and continuous improvement and growth, into one 
with a different underlying logic, then more space for 
focussing on processes rather than outcomes, and for 
the glorious and inglorious failures which occur while 
doing so, may be not such a bad thing.
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