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Abstract: Digital and Computational Archaeology (DCA) is

a rapidly evolving field in Germany, and this paper aims to

provide a comprehensive introduction to the term and its

usage in the German context. The second part of the paper

examines the state of higher education in DCA in Germany,

analyzing the available courses and academic positions. The

paper is supported by a statistical overview of German DCA

courses, compiled using data from the IANUS research data

center. We then provide a critical analysis and contextual-

ization of the teaching hotspots and developments over the

last 10 years. Finally, we present recent developments to

provide an outlook on the future of the DCA landscape in

Germany.

ACM CCS: Applied computing→Arts and humanities.

Keywords: digital and computational archaeology; archae-

ology; higher education; Germany

1 Introduction

Digital and computational archaeology (DCA) is a disci-

pline that has been described as a bridge between com-

puter science and archaeology, similar to disciplines such

as bioinformatics and geoinformatics. In Germany, it is also

referred to as Archäoinformatik,1 alongside the term Dig-

itale Archäologie.2 As Lambers notes, the concept of DCA

1 E.g. the chair for ‘Archäoinformatik’ at the Institute of Archaeology at

the University of Cologne.

2 E.g. the chair for ‘Digitale Archäologie Mitteleuropas’ at the Seminar of

History at the University of Leipzig.
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is a “notoriously broad, vague and ambiguous concept”

[1, p. 9]. In recent years, the term digital and computational

archaeology has been established in the English-speaking

world however. This pair of adjectives aims to differenti-

ate between digital archaeology, which refers more to the

representation of digital data (database systems, 3D repre-

sentations, virtual reality, etc.) and computational archaeol-

ogy, which refers more to the areas in which the computer

calculates (simulations, statistical and spatial analyses,

etc.).

The use of computers in archaeology can be traced back

to the 1950s, when they were used to lighten the workload.

The term computer archaeology [2, p. 2–3] was coined to

describe this development. In the 1980s and 1990s, com-

puters were used primarily to create spatial visualizations

throughGIS and CAD software, and 3D reconstructionswere

also discussed during this period [3], [4]. The term digi-

tal archaeology was popularized in the 2000s. It became

evident that computers could not only facilitate the work

of archaeologists, but also generate entirely new theories

and methodologies [5]. Jeremy Huggett emphasizes that the

discipline encompasses not only the utilization of technol-

ogy, or ‘the digital’, in archaeology, but also the profound

impact of technologies on archaeology itself [6]. Colleen

Morgan summarizes the discipline as ‘a collective term for

many kinds of practice, Digital Archaeology has been used

to describe methods and theory that stem from the use of

digital technology to investigate and communicate the past’

[7]. Newly established specialized professorships (chairs)

have taken responsibility to develop the field of computer

archaeology into the discipline of DCA.

DCA is distinguished from digital humanities (DH) pri-

marily by its specialization in the humanities of ancient

studies and archaeology, although it is not limited to one

archaeological discipline alone. DH and DCA developed

almost in parallel, but focused on different methods [8].

DCA organizes its own conferences. These include the yearly

international conference Computer Applications and Quan-

titative Methods in Archaeology (CAA), as well as smaller

conferences and workshops organized by national chap-

ters and special interest groups. Other digitally oriented

events include the Conference on Cultural Heritage and New
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Technologies (CHNT), organized by the association CHNT-

ICOMOS Austria in Vienna, and Archaeo-Informatics, orga-

nized by the German Archaeological Institute (Istanbul

Department) in Istanbul.

Given the steady rise in the use of digital methods in

archaeology since the 1970s [9], there has been debates on

whether DCA is a subfield of archaeology (similar to the dif-

ferent archaeological disciplines) and if every archaeologist

is now a digital archaeologist [9]–[12]. JeremyHuggett offers

a helpful distinction when he states: ‘archaeologists may be

digital, but it is digital archaeologists who design, develop,

implement and to some extent, still build the digital tools

used by digital archaeologists’ [13]. The distinction here is

between the application of digital methods and the imple-

mentation or further developments of these. Sebastian

Hageneuer follows this distinction [11, p. 78] and defines ‘a

digital archaeologist not as someone who does archaeology

digitally, but as someone who develops digital archaeology

for others to do archaeology digitally’ [11, p. 80]. In his opin-

ion, the tasks and responsibilities of a digital archaeologist

are:

– Developing new or adapting established methods,

software and hardware for conducting archaeology

digitally.

– Defining standards for doing archaeology digitally and

developing or adapting solutions for long-term storage,

accessibility, or usability of data (as examples).

– Defining digital ethics in the context of the collection,

usage and sharing of historical data with a special focus

on power-relations between the data collectors and the

data collected.

– Introspectively and critically discussing how digital

methods affect archaeology in general as well as our

understanding of the past.

The development of DCA requires two different skill

sets. Theoretical DCA links the archaeological model with

an information technology application on an abstract

level, while practical or applied DCA deals with the

implementation of archaeological processes in hardware

and software.3 These skill sets are taught in different

ways to archaeology students in Germany. The following

overview will provide information on the development of

chairs for DCA in Germany, the study programs available,

and a statistical overview of courses offered within the

field.

3 So defined by the University of Kiel: https://www.ufg.uni-kiel.de/

de/professuren-bereiche/ai (accessed 28.06.2024).

2 Digital and computational

archaeology at German

institutions

DCA has long been a self-taught area within various archae-

ological disciplines [11, p. 78]. In the past 15 years, however,

higher education in Germany has recognized the need for

formal teaching in DCA, leading to the establishment of spe-

cialized professorships, which are briefly described here.

This list does not claim to be exhaustive. Some of these

chairs are at universities of applied sciences and some cover

a more broad spectrum in digital humanities, but are led by

archaeologists and also teach in archaeological programs.

Since 2008, Prof. Kai-Christian Bruhn at the Mainz Uni-

versity of Applied Sciences has specialized in interdisci-

plinary applications of spatial measurement and informa-

tion technology, with his students ranging from geoinfor-

maticians to archaeologists. Silvia Polla held the first junior

professorship inArchäoinformatik (dedicated to DCA specif-

ically) at the Freie Universität Berlin from 2009 to 2020,

where she focused on teaching GIS-related topics. Professor

Martin Langner was chair for Classical Archaeology and

its digital methods between 2013 and 2018, after which he

moved to the Institute for Digital Humanities and the chair

for Image and Object at the Georg-August University Göttin-

gen. His research focuses on 3Dmethods in archaeology. The

first full professorship in DCA in Germany is held by Prof.

Eleftheria Paliou at the University of Cologne since 2016. Her

students receive training in database management systems,

spatial analysis methods and three-dimensional analyses.

Since 2018, Prof. Martin Renz has held the position of

Professor of Archäoinformatik – Data Science at Kiel Uni-

versity, with a focus on data science, big data and AI. In

2021, Prof. Elisa Roßberger was awarded a junior profes-

sorship (tenure track) in Digital Humanities for Near East-

ern Archaeology and Ancient Near Eastern Studies at the

Julius-Maximilians-University Würzburg. She subsequently

moved to the Freie Universität Berlin in 2022 for a junior

professorship (tenure track) in Explorative Visual Archaeol-

ogy of the Ancient Near East, where she works in data mod-

eling and knowledge representation. In 2021, Prof. Oliver

Nakoinz was awarded a supernumerary professorship for

quantitative archaeology at Kiel University, where he is

particularly renowned for his work in connecting archae-

ological theory and geostatistical models. Since 2023, Prof.

Julian Laabs has held the position of junior professor for

Digital Archaeology of Central Europe at the University of

Leipzig, working in quantitative methods and agent-based

modeling. Prof. Marco Block-Berlitz is currently developing

https://www.ufg.uni-kiel.de/de/professuren-bereiche/ai
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a master’s program in Computer and Geoscience in Archae-

ology at the University of Applied Sciences in Dresden.

Prof. Hubert Mara recently (2024) gained a full chair in

DCA at Freie Universität Berlin and Prof. Stephanie Döpper

followed the professorship in Digital Humanities for Near

Eastern Archaeology andAncient Near Eastern Studies at the

Julius-Maximilians-University Würzburg in 2024.

DCA is a field of study that is represented at several

universities in Germany. Kiel University, for instance, has a

strong tradition in DCA and offers several related courses as

part of its prehistory and early history program. Students

can pursue a bachelor’s or master’s degree in this field,

combining archaeology and computer science. In contrast,

at the University of Bonn, a compulsory elective module

in DCA has been incorporated within the bachelor’s degree

in archaeology. Similarly, Cologne’s approach is to present

computer science topics solely within the field of archae-

ology, with a digital humanities module. Master’s students

at Cologne can specialize in DCA or integrate its modules

into their archaeological studies. An international master’s

program in DCA is also available in English.

2.1 Course collection by the IANUS research
data center

The collection of German-speaking countries’ courses on

DCA was initiated by the IANUS Research Data Centre

in 20144 and is currently overseen by the University of

Cologne’s Archäoinformatik chair. The collection was devel-

oped to highlight learning opportunities on these subjects

and provide students with the option to select courses

that align with their interests. However, it should also be

regarded as a means of self-promotion by institutes seeking

to enhance their reputation by offering a DCA course. The

following information will be analyzed here:

– Institute in City (collected since 2014)

– Content (keywords, multiple choice, 2016–2021)

– Type of course (collected since 2015)

– Target group (collected since 2016)

The collection is based on voluntary and self-directed

reports of teaching offers and makes no claim to com-

pleteness. It is now hosted by the German Archaeological

Institute on a GitHub repository5 and can be edited by

pull requests. However, this technical hurdle can be cir-

cumvented by providing the information via email as well,

which is being used frequently and regularly queried by the

4 https://ianus-fdz.de/lehrangebote/ (accessed 12.06.2024).

5 https://github.com/dainst/ianus-web-content (accessed 29.06.2024).

chair of DCA at the University of Cologne. Unfortunately,

the academic seasons summer 2019, winter 2019/20, winter

2021/22, summer 2022 andwinter 2022/23 are not included in

the PDF archive. 696 courses were suitable for analysis, of

which 506 were tagged with keywords. The following anal-

yses have been published in more detail by Sophie Schmidt

[14].6

An analysis of the data reveals a notable increase in

the number of DCA courses offered, with a peak of 136

entries recorded in the 2016 summer semester (see Figure 1).

This coincided with the establishment of the first perma-

nent chair inArchäoinformatik at the University of Cologne.

However, the numbers have been subject to fluctuations,

which may be attributed to the voluntary nature of the data

collection process. Another factor that may be contributing

to this variability is the lack of permanent positions for lec-

turers in DCA topics at their teaching institutions, which can

lead to changes in the courses offered. The notable decline

observed in the summer 2023 data is likely attributable to

the new option of providing information via GitHub. Over-

all, since 2020, there has been a decline in both the number

of courses and the number of institutions reporting courses.

One potential reason for this change could be the conclusion

of the IANUS project in 2018, which may have reduced the

level of familiarity with the platform.

In order to ascertain which institutions boast a strong

teaching tradition in DCA, the number of courses offered at

the university (of applied sciences) per semester is calcu-

lated and summarized in a box plot graph (Figure 2). The

representation of the individual data points in the graph

shows how often entries were made for the city, and it

becomes clear that only about half of the cities regularly

transfer courses to the collection. The reasons for the vari-

ation in the number of courses offered across different

semesters and institutions remain unclear, but potential

explanations may include variations in course delivery or

registration processes.

The University of Applied Sciences in Mainz (Technis-

che Hochschule Mainz) has the highest median of eight

courses per semester, with entries having been made for

only three semesters. Nonetheless, the courses by Prof.

Bruhn and colleagues are known to have been continu-

ously offered. The universities in Kiel and Cologne aremuch

more diligent in reporting the DCA courses. At the Univer-

sity of Cologne all in all more courses were offered (n =
92), whereas at the University of Kiel the (n = 76) courses

6 Theywere performed in the R scripting language [15] using the pack-

ages forcats, ggplot2, tidyr, dplyr and read-ODS [16]–[20]. R code and

data are available at https://doi.org/10.5281/zenodo.12624160 (accessed

24.01.2025).
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Figure 1: Number of offered courses at

German institutions in the field of DCA. Gaps in

data are due to lack of archiving practices.

Figure 2: Boxplots show the number of

courses taught in a semester per institution.

Grey points are jittered on the x-axis (10 %) to

reduce overlap. Institutions are ordered by

median.
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seem to have been distributedmore evenly and consistently

over the semesters. The University of Applied Sciences in

Berlin (Hochschule für Technik und Wirtschaft Berlin) is in

the median ranking, on the same level as the University

of Cologne, but the courses per semester are more widely

distributed and have been reported more sporadically (n

= 28). A similar case can be made for the University of

Tübingen (n = 23) and Bochum (n = 42). Heidelberg (n =
61) is another strong university in DCA, which has benefited

from a working group ‘Digital Humanities/Digital Cultural

Heritage’. However, the courses have been reported more

randomly over the years. A rather ‘strong middle field’ fol-

lows these institutions, where usually three ormore courses

are offered per semester (Bamberg, Hamburg, Mainz, Göt-

tingen, Leipzig and Freie Universität Berlin).

We can see a number of strong universities (of applied

sciences), which partly overlap with those discussed above

as research institutions with DCA chairs or staff. A long ‘tail’

of other institutions shows a wide range of dedication to

the topic: While some institutes offered only one or two

courses at all (e.g. Freiburg, Regensburg), others maintain a

consistent supply of one or two courses each semester (e.g.

Stuttgart, Erlangen). In some cases, the course distribution

may be subject to significant variation.

As illustrated in Figure 3, the degree to which insti-

tutions offer a diverse range of teaching or whether cer-

tain topics are covered universally can be observed. Some

smaller institutions demonstrate a distinct specialization, as

evidenced by Bamberg’s emphasis on 3D technologies and

the presentation of digital media, or Würzburg’s notable

focus on markup languages. In certain locations, there is

an occasional offering of courses on various topics, as seen

in Stuttgart, Düsseldorf, and Potsdam. In larger institutions,

teaching is more comprehensive and almost all keywords

have been mentioned at least once during the period under

review. Clear specializations are rare, for example ‘space

syntax’ in Cologne or ‘digital data processing’ in Kiel.

The development of course content can be outlined by

breaking down the keywords by semester (see Figure 4).

Significant shifts can only be observed in specific cases: ‘R’

and ‘programming’ were much less common in the begin-

ning than from 2020 onward, suggesting the growing impor-

tance of open-source technologies and increased expertise

in scripting languages. This might also indicate a greater

focus on not only using software but also developing it

further. The term ‘digital data analysis’ has been consis-

tently present since 2020, and since the summer semester

of that year, ‘3D scanning’ has become more prominent

Figure 3: Course content by institution: The labels show the absolute count of a keyword in these higher education institutions and the color describes

the percentage this count constitutes of the total count of this keyword in all institutions.
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Figure 4: Course content by semester: fill and

label describe the absolute count of this tag

recorded in a certain semester.

than ‘laser scanning’. ‘3D modeling’ has grown in impor-

tance, while ‘CAD’ has decreased. Data management top-

ics are always popular, with ‘data curation’, ‘metadata’

and ‘archiving’ being less prevalent than ‘databases’ and

‘datamanagement’. These subjects extend beyond the scope

of individual projects, emphasizing long-term archiving

practices.

The final analysis examines the target audience for

the courses by combining the target group with the type

of course (see Figure 5). Most courses are targeted at BA

and MA students, followed by courses exclusively for BA

students. Only two courses in the dataset were specifically

designed for doctoral students, which may be because sum-

mer schools and workshops for doctoral students were not

reported to the IANUS center. However, around 17 % of the

courses are also intended for PhD students (about 20 %

if ‘other’ is included), indicating a lack of differentiation

in training by experience. This is somewhat common in

archaeology, where only a few universities differentiate

between introductory and advanced semester courses, and

many courses are open to BA and MA students at the same

time. It is notable that 133 courses were listed without a

target group, and the event type is missing from 35 entries.

Exercises dominate the courses reported in the collection,

highlighting the practical nature of DCA courses (see also

[11], [21]). Lectures, which are theoretical, make up only a

very small portion. Notably, colloquia, field trips and work-

shops – all course types in which external experts offer

their knowledge – are very rare, suggesting potential for

enhanced open teaching exchange with colleagues from

external institutions.

The analysis of the IANUS course collection is limited

in its explanatory power due to the unreliability of the

data, with clear gaps in some cases and a more in-depth

understanding of the teaching landscape required to under-

stand the distribution in others. However, the analysis does

offer some indications of the current state of DCA in Ger-

many. This field is highly heterogeneous, widely taught in

only a few places and represented by one or two courses

per semester at most institutions. In terms of content, pro-

gramming techniques appear to have gained importance

in recent years. Overall, apart from the institutes with a

strong connection to the subject, the distribution of teaching

content is sporadic.

A recent conference organized by the German associa-

tion of pre- and protohistory (Deutsche Gesellschaft für Ur-

und Frühgeschichte e. V., DGUF) discussed how to improve

the curricula of the prehistoric archaeology field to make
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Figure 5: Heatmap of cross tabulation of type

of course and target group.

them ‘fit for the future’.7 A similar analysis was presented

there. One point that was well received by attendees was

the need to integrate basic courses on digital methods in

BA degrees so that students were better equipped to deal

with the realities of modern archaeological work. Secondly,

this would facilitate advanced courses on digital topics in

themaster programs, with basics being covered beforehand

[14]. Colson et al. [22] criticize a tendency for ‘digital over-

skilling’ in recent years, which can not be observed with the

available data. In fact, students often express a desire for

better training in this area. Two student surveys were con-

ducted by the umbrella association of the German-speaking

student unions (Dachverband Archäologischer Studieren-

denvertretungen e.V., DASV). The first exploratory study, con-

ducted in the summer semester of 2022 [23] with a sample of

30 students, revealed that respondents arewell aware of the

relevance of DCA, but only half of themare satisfiedwith the

existing courses offered in the field [23, p. 23]. In the second

DASV survey in the summer semester of 2023, 44 % of BA

7 https://dguf.de/tagungen-events/tagungen/vergangene-

tagungen/tagungen-seit-2020/2023-19-juni-frankfurt-archaeologischer-

bildungskanon-wie-gelingt-ein-zukunftsfaehiges-kern-curriculum-ufg

(accessed 02.07.2024).

students stated that digital methods were not being taught

extensively enough [24].

2.2 Higher education in DCA in Germany

It is evident that the subject of DCA is taught at varying

levels in different German institutions, ranging from dis-

tinct specializations in methods (e.g. Bamberg, Mainz) or

in conjunction to a specific discipline (e.g. Lepizig, Bam-

berg) to broader offers (e.g. Cologne, Berlin, Kiel, Heidel-

berg) or limited availability (e.g. Jena, Trier, Freiburg).

Conversely, surveys have highlighted a clear demand for

DCA courses, whether as specialized programs or selective

courses. However, not all universities possess the resources

to offer dedicated DCA courses within their archaeology

programs.

Here, the potential of Open Educational Resources

(OER) and the teaching by external experts becomes

a key consideration. In 2019, a working group

initiated by the universities of Frankfurt and

Darmstadt, known as Objekte.Digitalität.Hochschulen

(Objects.Digitality.Universities), called for engagement in

various special interest groups, one of which focused on

Data Literacy and Digital Teaching. This group, comprising

https://dguf.de/tagungen-events/tagungen/vergangene-tagungen/tagungen-seit-2020/2023-19-juni-frankfurt-archaeologischer-bildungskanon-wie-gelingt-ein-zukunftsfaehiges-kern-curriculum-ufg


276 — S. C. Schmidt and S. Hageneuer: Digital and computational archaeology

lecturers in archaeology, DCA and related fields, holds

regular meetings to discuss the need for teaching digital

competences within archaeology. It is organized by

Marion Bolder-Boss of the University of Darmstadt and

Sebastian Hageneuer of the University of Cologne. The

group’s aim is to foster contacts, tools and methods for

archaeology programs not specialized in DCA to offer digital

competences within their archaeology curriculum. In 2023,

the group successfully participated in a call for proposals

to promote scientific networks by the Stiftung Innovation in

der Hochschullehre (Foundation for Innovation in Higher

Education) and initiated the DiKopA project (Digitale

Kompetenzen in der Archäologie).8 This three-year project

aims to collect and create educational resources for teaching

and learning digital competences within archaeology, with

a view to making them available for archaeological chairs

without a specialization in DCA within Germany. The

project is still ongoing and in its preparatory phase, but

initiatives such as these demonstrate the need for more

DCA teaching, as well as the possibilities for meeting these

needs.

Courses on topics of data management and archiv-

ing are under development in cooperation with the

NFDI4Objects consortium. The supply of open educational

resources on these topics are part of the aims of their Task

Area 6.9

3 Conclusions

It is clear that DCA is a developing discipline in Germany,

with practitioners and professors in the field having been

trained mainly as either archaeologists or in informatics,

producing a wide variety of applications and specializa-

tions. These chairs are forming the next generation of digital

and computational archaeologists and thus will change the

future of DCA in Germany. While DCA has historically been

regarded as a ‘support field’ for archaeology, it is increas-

ingly being recognized as a distinct discipline that requires

independent grants for research projects [11, p. 81].

Only a small number of institutions consistently offer

DCA instruction, with several universities providing select

coursework in a more varied manner. As this paper has

demonstrated, there is a clear demand for enhanced DCA

teching. We anticipate a growth in diverse and consistent

teaching and research in the coming years, as this will facil-

itate work in DCA at various levels of expertise and allow

8 https://dikopa.net/ (accessed 16.01.2025).

9 https://www.nfdi4objects.net/portal/tas/ta6/ (accessed 24.01.2025).

students to select their preferred specialization. Achieving

this will require the creation of more DCA-focused fac-

ulty positions and the expansion of the lecturer base to

ensure a steady supply of educators specializing in DCA-

related subjects. Additionally, the adoption of open edu-

cational resources (OER) can empower archaeology stu-

dents to learn the skills they need for future success in the

field.

Finally, given that different fields of archaeology are

regarded as small disciplines (‘Kleine Fächer’), it is clear that

there is a need for cooperation and reformation. This has

already been implemented in various universities, where

different archaeological disciplines are taught jointly as a

combined major (e.g. Leipzig, Cologne). DCA can only add

to this cooperation by enriching archaeology through con-

stantly evolving digital methodology, thereby making the

broader field of archaeology stronger.

As Lambers notes, the field of DCA is evolving rapidly,

which may necessitate revisions to its definition in the

future [1, p. 9–10]. This overview is thus intended to pro-

vide a current snapshot of the German situation and our

aspirations for the future development of DCA over the next

decade or two.
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