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Abstract

Digital humanities methods have been at the heart of a recent series of high-profile
historical research projects. But these approaches raise new questions about repro-
ducibility and verifiability in a field of research where grounding one’s conclusions
in a body of historical evidence is crucial. While there have been extensive debates
about the nature and methods of historical research since the nineteenth century,
the underlying assumption has generally been that documenting one’s sources in a
series of footnotes is essential to enable other researchers to test the validity of the
research. Even if this approach never amounted to “reproducibility” in the sense of
scientific experimentation, it might still be seen as broadly analogous, since the evi-
dence can be reassembled to see the basis for the explanations that were offered and
to test their validity. This essay examines how new digital methods like topic model-
ling, network analysis, knowledge graphs, species models, and various kinds of vis-
ualizations are affecting the process of reproducing and verifying historical research.
Using examples drawn from recent research projects, it identifies a need for thor-
ough documentation and publication of the different layers of digital research: digi-
tal and digitized collections, descriptive metadata, the software used for analysis and
visualizations, and the various settings and configurations.
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1 Introduction

Digital humanities methods have been at the heart of a recent series of high-profile
historical research projects. Machine learning, text analysis, handwritten text recog-
nition, network analysis, knowledge graphs, and even ecological species modelling
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have been deployed in sophisticated and innovative ways. But these approaches raise
new questions about reproducibility and verifiability in a field of research where
grounding one’s conclusions in a body of historical evidence is crucial.

While there have been extensive debates about the nature and methods of histori-
cal research since the nineteenth century, the underlying assumption has generally
been that documenting one’s sources in a series of footnotes is essential to enable
other researchers to test the validity of the research. Explanatory processes are usu-
ally seen as separate from this documentation of sources. Even if this approach never
amounted to “reproducibility” in the sense of scientific experimentation, it might
still be seen as broadly analogous, since the evidence can be reassembled to see the
basis for the explanations that were offered and to test their validity.

The essay looks at a range of digital methods — topic modelling, network analy-
sis, knowledge graphs, species modelling, and various kinds of visualizations — and
examines how they are affecting the process of reproducing and verifying historical
research. Using examples of recent research which rely on each of these methods,
the essay identifies a need for thorough documentation and publication of the dif-
ferent layers of digital research: digital and digitized collections, descriptive meta-
data, the software used for analysis and visualizations, and the various settings and
configurations. Without this, it will become increasingly difficult — if not impossible
— to reproduce or assess the validity of research findings derived from these digital
environments.

2 Pre-digital historical research: Footnotes and index cards

In the pre-digital era — up to, say, the 1970s and 1980s — historical research traced
its main lineage back to the great nineteenth century German historian Leopold von
Ranke (1795-1886), whose methodology, “with its emphasis on primary sources
and its insistence on a rigorous critique of both form and content”, has had an enor-
mous effect on “all subsequent historical scholarship” (Powell, 1990:xvii-xviii). In
particular, Ranke laid the foundation for the centrality of the footnote as a technique
for presenting historical narratives in a way which emphasized the accuracy and
objectivity in the historian’s use of sources. As Anthony Grafton shows in his enter-
taining account of the history of the footnote, footnotes existed well before Ranke,
and it took Ranke some time to develop his own approach. But he was the one who
combined them with “systematic, original, critical research” in a way which was
much-imitated by subsequent generations of historians (Grafton, 1997:45).

Grafton points out that the footnote actually plays several different roles in pub-
lications which report the results of historical research: citing earlier work by histo-
rians and others, adding explanatory details which would interrupt the flow of the
argument, and referring readers to the specific sources of evidence for the statements
made in the text. It is the third of these which is most relevant to questions of repro-
ducibility and verifiability. Conventionally, a distinction was made between “pri-
mary” sources” (documents and other forms of evidence contemporaneous with the
historical events being described) and “secondary” sources (subsequent work by his-
torians and others describing and analysing historical phenomena). This distinction
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is often blurred in footnotes, however, since both types of evidence can be deployed
to support explanations, arguments, and narratives. But, at the very least, the foot-
note should enable the reader to track down the sources used and consult them
directly, in order to assess whether the historian’s conclusions are justified by the
evidence cited.

The difference between the sources used and the arguments and explanations
advanced is not always so clear-cut in practice. The writing of history in these cir-
cumstances can often appear to be a somewhat mysterious process where the narra-
tive is anchored to the sources embedded in the footnotes, but the exact relationship
between them is blurred, sometimes deliberately. The various types of logical errors
which can arise in this kind of approach are set out in David Hackett Fischer’s scath-
ing typology of historians’ fallacies, in which he identifies types of arguments which
are not justified by the sources or which apply faulty reasoning to the sources (Fis-
cher, 1970).

Reproducibility, in the sense applied to scientific experiments, was not the aim
in this footnote-based approach. Rather, the goal was to ensure that the sources on
which an argument was based could be identified and consulted, as the primary
means of distinguishing fact from interpretation, and of assessing whether the con-
clusions drawn from the evidence were justifiable. By checking the sources, the
reader was able to assess the reliability of the logical and explanatory framework, in
both argument and narration, which was built on top of them.

Even in this manual environment, there were processes which intervened between
reading the sources and constructing the arguments and narratives. The distin-
guished Early Modern British historian Keith Thomas once wrote up a detailed
account of how he read his sources (Thomas, 2010):

When I go to libraries or archives, I make notes in a continuous form on sheets
of paper, entering the page number and abbreviated title of the source opposite
each excerpted passage. When I get home, I copy the bibliographical details
of the works I have consulted into an alphabeticised index book, so that I can
cite them in my footnotes. I then cut up each sheet with a pair of scissors. The
resulting fragments are of varying size, depending on the length of the passage
transcribed. These sliced-up pieces of paper pile up on the floor. Periodically,
I file them away in old envelopes, devoting a separate envelope to each topic.
Along with them go newspaper cuttings, lists of relevant books and articles yet
to be read, and notes on anything else which might be helpful when it comes
to thinking about the topic more analytically. If the notes on a particular topic
are especially voluminous, I put them in a box file or a cardboard container or
a drawer in a desk. I also keep an index of the topics on which I have an enve-
lope or a file. The envelopes run into thousands.

This manual form of topic modelling was once the typical way of proceeding
for a historian, although index cards were often substituted for Thomas’s pieces of
paper. The historian and anthropologist Alan Macfarlane describes how he followed
Thomas’s approach (describing it as “one fact on one card”) and notes the similar
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approaches of other well-known researchers and writers (Macfarlane, 1999).! Hav-
ing access to these cards or slips and the accompanying categorization schemes
might provide valuable insights into the methods and approaches of a particular his-
torian, but it was not necessary for other researchers to see these behind-the-scenes
workings in order to assess the arguments and explanations presented in the pub-
lished work. Going back and reading the sources themselves was the only satisfac-
tory way of doing this.

3 Therise and fall of quantitative history

The late 1950s and 1960s saw the advent of what became known as “quantita-
tive history”: historical research and writing which relied on statistical techniques
imported from applied mathematics. A typical introductory account, published in
1990, focuses on population statistics and covers such topics as populations and
sampling, tests for statistical significance, relationships between variables, and
“regression as historical explanation.” The authors start with examples of journal
articles from the 1980s which employed these methods, and argue that their readers
“need to be able to critique historical writing that uses quantitative analysis.” They
link this with Bruno Latour’s observations about three possible ways of reading spe-
cialized technical work: incomprehension, passive acceptance, and going beyond
these to “actively grapple with the author’s argument” perhaps by “regroup[ing]
the data on a sheet of scratch paper, check[ing] some of the author’s statistics, or
try[ing] different statistical tests on the data” (Haskins & Jeffrey, 1990:7-10; Latour,
1987:60-61). This third approach involves something akin to reproducibility, though
the authors do not use this term. They do, however, point out that statistical meth-
ods are usually applied within the framework of a confirmatory or hypothesis-testing
style of research, similar to the sciences, rather than the exploratory style more char-
acteristic of narrative-driven history (Haskins & Jeffrey, 1990:171-173).

A more theoretically ambitious and wide-ranging account is that of Francois
Furet, which was originally published in French in 1971 but did not appear in Eng-
lish until 1985 (Furet, 1985). He draws heavily on the work of the Annales school,
which was dominated by quantitative approaches during the so-called “Labrousse
moment” of the 1950s and 1960s (Burguiere, 2009:103-132). As well as Ernest
Labrousse, its main practitioners included Pierre Chaunu who coined the term
“serial history” to refer to any temporal series of homogenous units, both numerical
and non-numerical, which can be compared and quantified.

While the Annales approach to quantitative or serial history was not initially
computational, its practitioners became increasingly aware of the potential of com-
puters for this kind of research. Furet makes the insightful observation that the
computer forces historians to “give up methodological naivety” and to be explicit
about the choices and hypotheses deployed in structuring the data (Furet, 1985:20).
But he does not examine the implications of this observation for the publishing

! Macfarlane later converted his card index into a computer database (Macfarlane, 1992).
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and footnoting of historical research. A more memorable, but simplistic, formula-
tion was Emmanuel Le Roy Ladurie’s often-quoted comment, in a 1968 newspaper
article on “The historian and the computer”, that “I’historien de demain sera pro-
grammeur ou il ne sera plus” (Ladurie, 1968).? Ironically, Ladurie himself — and
the Annales school more generally — turned away from this kind of quantitative and
serial history in the 1970s.

4 Publishing digital data

At the same time as the Annales school was turning away from quantitative his-
tory, a group of British historians were experimenting with approaches which can
be seen as a precursor of data linkage, big data, and network analysis. Beginning in
the 1970s, Alan Macfarlane and his colleagues spent more than twenty years “recon-
structing historical communities” — particularly two parishes in Essex and Cumbria
between the 16th and the 19th centuries. Initially, this involved manually transcrib-
ing and indexing every surviving document, and linking all the references to the
same persons, places, dates, and topics.

Their 1977 book gave a detailed account of the procedures employed, and most
of the transcribed and indexed data were published on microfiche in 1980 (Macfar-
lane et al., 1977; Macfarlane, 1980). These resources were used to answer a series
of research questions relating to community structures. By 1983, both the texts and
the indexes had been converted to a relational database (Macfarlane, 1983), which
was published on the Web after 1994 and eventually transformed into XML in 2002
(Records of an English Village, n.d.).

Reproducibility, in this context, took on a new meaning. The archival sources,
the indexes, and the methodologies used were all documented and made available
for other researchers to re-visit. The only component missing was the software orig-
inally used to query the database, the “Cambridge Database System”, though the
manual from 1991 is still available (Macfarlane et al., 1991).

Macfarlane’s approach was something of a precursor to the developments of the
last 25 years, with vast amounts of historical sources, primary and secondary, being
digitized or published directly in digital form on the Web. These have been pub-
lished by collecting institutions, by commercial firms, and by historical research
projects, and are usually accompanied by some kind of user interface which enables
at least a modest level of searching and browsing. The data themselves are not nec-
essarily accessible separately from the interface, however.

There has been a growing consensus that the data should be made available for
download and reuse, separate from any specific software environment. The “Col-
lections as Data” movement has promoted this approach for collecting institutions
(Padilla et al., 2019), and libraries, archives, and museums have been increas-
ingly taking up this approach (Candela et al., 2020). This may mean making the

2 “The historian of tomorrow will be a programmer or will no longer exist”” Later re-published in
Ladurie, 1973.
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digital materials available as files within folders, with no intervening software, as the
OPenn digital repository of the University of Pennsylvania Libraries (2023) does.
For researchers, journals like the Journal of Open Humanities Data now provide a
scholarly venue for publishing data with an accompanying explanation of their con-
tent and value (McGillivray et al., 2022). Despite this, a great deal of historical data
are only available through commercial sources like Cengage, Adam Matthew, and
ProQuest or in other digital environments where licensing arrangements limit reuse.

These kinds of digital collections provide the materials from which historical
narratives can be constructed and to which analytical and explanatory processes
can be applied. It could be argued, as Jesse Torgerson has recently done, that these
digital collections demand a new theory of historical practice, in which the distinc-
tion between primary and secondary sources is dismissed as false, and replaced by
a model which insists on the ubiquity of the progression “sources — data — facts”
in both digital and analogue settings (Torgerson, 2022). From the point of view of
reproducibility and verifiability, these digital collections certainly add new layers of
complexity to the process by which historical research is assessed and related to its
sources. These include:

e The principles used in selecting, organizing, describing, and curating the collec-
tion;

e The methods by which it was created, including the specific software deployed,
e.g., OCR, scanning, image creation, automated transcription (Nockels et al.,
2022), and so on;

e The formats, encoding, and other structures applied at the level of individual
files;

How to cite elements from the collection in a stable and consistent way;

Version control and other methods of recording the level of stability of the digi-
tal materials;

Commercial and other limits on access; and,

The relationship to analogue originals, where relevant.

Several of these have their equivalents in the non-digital world. Archival collec-
tions, for example, have their selection criteria and organizing principles, as well as
their descriptive metadata schemas and vocabularies. But the digital world adds new
factors which need to be documented and explained. The changeability and instabil-
ity of digital collections are usually considerably greater, giving a greater promi-
nence to the recording of versions, dates, formats, and the software used to create
the data. To verify and reproduce historical research based on these collections, all
these factors ought to be documented — both by the creators of the collections and by
the researchers using them at specific periods of time.

Alongside these developments, there has been a considerable amount of work
on “digital tool criticism”, including reports on what Fickers and van der Heijden
(2020) call “thinkering” — experiments with digital tools and technologies designed
for humanities researchers. Critical infrastructure studies are also of increasing inter-
est. Using the concept of “infrastructure as an analytical tool”, for example, Urszula
Pawlicka-Deger (2022) looks at issues affecting the development and current state of
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global infrastructure for the digital humanities. While digital tools and infrastructure
undoubtedly affect the reproducibility of research, my concern here is with the ways
in which humanities researchers present and explain the result of specific projects,
rather than the broader contexts in which their research is situated.

5 Digital analysis

The growing consensus around the need to make humanities research data, includ-
ing collections data, openly available is an important achievement of the last decade.
But this, on its own, is not sufficient to address questions of reproducibility in digital
historical research. With the widespread availability of digital sources, digital meth-
ods of analysing data have become much more important and more widely deployed.
As historical research becomes more reliant on approaches of this kind, they too
will need to be documented in a way that makes it possible for other researchers
to understand, assess, and reproduce the methods of data analysis which have been
used.

This section examines examples of best practice from important research which
uses digital methods like topic modelling, network analysis, knowledge graphs,and
species modelling, as well as visualizations of various kinds. The software settings
and algorithms used will affect the reproducibility of this kind of research just as
much as the data, and are a critical element in verifying the appropriateness of the
arguments advanced and the conclusions drawn.

5.1 Topic modelling

Topic modelling is a widely used approach for analysing the content of large corpora
of texts, although Karsdorp et al. (Karsdorp et al., 2021:294) caution that the term
is “not particularly informative” and that “mixed-membership model” is more accu-
rate. Graham et al. (Graham et al., 2016:119) remind us that there are “many pos-
sible algorithms and approaches”, although LDA (Latent Dirichlet Allocation) is the
most popular among historians. There are also numerous types of software which
will carry out “topic modelling” analyses, including software libraries to be used in
programming environments like R and Python as well as standalone text analysis
toolkits, both open source and commercial, like GTMT, MALLET, and STMT. The
attraction of this kind of analysis is that it can “read” and explore large amounts of
text, and capture the key themes and trends over time. These results can lead to more
focused analyses based on hypotheses, as well as to narrower investigations of spe-
cific concepts and phenomena. In a sense, this offers a more rigorous and consistent
— if less imaginative — version of the kind of reading and annotation carried out by
historians like Keith Thomas.

Jo Guldi makes this analogy in an article describing her use of topic modelling
to explore discussions of infrastructure in British Parliamentary proceedings of the
nineteenth century. She suggests that the topic model could “act like a particularly
well-gardened card catalogue, directing the researcher to names, places, keywords,
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and dates that would illuminate the parallel events we have found, the changing dis-
courses, and the complementary landscapes” (Guldi, 2019:33). An annotated ver-
sion of this article, published in 2021, presents the results in detail but does not
describe the software or the settings and configurations used to carry out this kind of
analysis. Another paper by the same author, in which a nested topic model approach
is applied to the same Parliamentary debates, does make reproducibility possible,
however. It incorporates appendices containing the LDA topic models created with
MALLET as well as the R code for reading these and for creating sunburst diagrams
(Guldi & Williams, 2018). These are housed on the publisher’s Web site; other
researchers have used open repositories like GitHub or CERL’s Zenodo for the same
purpose.

5.2 Network analysis

While the mapping and exploration of networks of relationships are now relatively
commonplace in historical research, network analysis in the formal sense is a more
specific approach, based on the mathematical model of a network or graph with
nodes and edges. Various mathematical calculations can be applied to measure such
factors as centrality, density, paths, hubs and bridges, and weak ties. Whether it is
appropriate or not to use this kind of approach for analysing relationships and pat-
terns — and one group of experts urges caution in the use of network analysis for
historical research (Graham et al., 2016:294) — there is still the pressing problem for
readers to assess how valid the conclusions are.

Ruth and Sebastian Ahnert have been applying network analysis to the study
of Early Modern European correspondence since 2015 (Ahnert & Ahnert, 2015),
and have co-written an introductory book on the subject (Ahnert et al., 2021). In a
recently annotated version of their 2015 article, they comment on the relationship
between readability and reproducibility, acknowledging that the original article con-
tained “short and accessible prose descriptions of the technical processes” but did
not “get into the details of the code, which we thought might act as a barrier to our
less technical readers.” Anyone who wanted to reproduce their results would have
needed to approach them for the data and code (Ahnert & Ahnert, 2021). For their
current collaborations, they comment, they have realized that this is not enough, and
are planning to make all the data and code “available alongside the research out-
comes so that the results can be recreated, or the data/code adopted and used for
other purposes.” For the data, they note that this will be “where permitted”, since
their work is based in part on the commercial State Papers Online digital product
(Ahnert et al., 2020).

5.3 Knowledge graphs

Similar issues arise for knowledge graphs, which also organize data into network-
type structures based on formal ontologies supporting computational reasoning and
querying across the graph. When this kind of Linked Open Data (LOD) approach
is used as the basis for historical research, there are a number of different layers
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deployed in managing the data which need to be explained and exposed before
other researchers can reproduce the research. These layers are likely to include: the
original data (if not in LOD-compatible formats), the transformation process and
the transformed data (usually in RDF — Resource Description Framework), the data
models and the ontologies on which they are based, and the methods and software
used for publishing, accessing, querying, analysing, and visualizing the data.

The Mapping Manuscript Migrations project assembled a knowledge graph with
historical data for nearly a quarter of a million medieval manuscripts, using a com-
bination of the FRBR  and CIDOC-CRM ontologies (Koho et al., 2021). Reasoning
across the data to compare and visualize, for example, the sales patterns of particu-
lar British book dealers, or the changing page layouts over time of different types of
liturgical manuscripts, involved the construction of a series of relatively complex
SPARQL queries. Documenting this approach so that other researchers could repro-
duce the results required not only the exposure of the “raw” data as RDF triples, the
publication of the data model used, and the provision of a public SPARQL endpoint
to the data, but also the publication of the SPARQL queries themselves, together
with documentation of the choices made in developing these queries in relation to
the assumptions applied when constructing the dataset (Burrows et al., 2022).

5.4 Species models

In some cases, digital historical analysis is going beyond widely used approaches
like topic modelling and network analysis. In 2022, Mike Kestemont and colleagues
used “unseen species models” from ecology to estimate the proportion of medie-
val literary manuscripts which have survived to the present day (Kestemont et al.,
2022a, b, c). The specific technique used — the Chaol estimator — is a set of bio-
statistical calculations which can be implemented in various software environments.
The authors of this paper argue that they have demonstrated the successful use of
this approach, and comment that “these analyses call for a wider application of these
methods across the heritage sciences.”

The publication of this research in Science included a set of supplementary mate-
rials which gave an account of the methods used, explained the statistical calcula-
tions in more detail, provided additional figures and tables, and compared the “sur-
vival ratio” results with those produced with three other kinds of estimators, among
them one which had been previously applied to the survival of early printed books
(Green et al., 2011). Beyond this, however, lie the data and the code used to carry
out this kind of analysis. The data have been published in a GitHub repository in the
form of Excel spreadsheets, together with a set of Jupyter notebooks containing the
Python code used for the analysis and additional “experiments” with R and SI code
(Kestemont & Karsdorp, 2022a, b, Feb. 2). Releases of the GitHub materials have
been mirrored on the public Zenodo repository (Kestemont et al., 2022a, b, c, Feb.
2). The software package copia which underlies this work has also been made avail-
able on GitHub with associated documentation (Kestemont & Karsdorp, 2022a, b,
Aug. 22).
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This is an exemplary approach to reproducibility, weakened only slightly by the
lack of links to the data and code from the published paper and its supplementary
materials. This information can be found from the “Open Science” section of an
accompanying Web site for the Forgotten Books project (Kestemont et al., 2022a, b,
c).

5.5 Visualizations

Visualizations are an important part of many of these kinds of analyses — particularly
in relation to networks, maps, and statistics. While they may be used by research-
ers in a diagnostic sense for exploring the data, their more visible and influential
use is for communicating views of the data and of the analyses (Drucker, 2020).
In some cases, the visualizations can be produced by the same software which is
used to organize, explore, and analyse the data. The nodegoat database software, for
example, produces visualizations of geographical distributions and network graphs,
with a chronological time slider (Nodegoat, 2022). In other cases, visualizations
are produced by transporting (and sometimes transforming) the data into a different
software environment. This is likely to be software specifically designed to produce
visualizations, like Gephi or Palladio. But it may also be bespoke software produced
for a particular project, such as the “Tudor Networks” visualization by Kim Albrecht
(Ahnert et al., 2020).

In all these scenarios, being able to reproduce and evaluate the visualizations is
likely to require an understanding of which software was used, and with what set-
tings and configurations. If project-specific programming was involved, then the
code will also be needed, perhaps in the form of a Jupyter notebook if Python or R
have been used (Pryke, 2020).

5.6 Arguments

The white paper produced by the Arguing with Digital History working group
(2017) makes the case that the selection and structuring of digital collections, and
the descriptive metadata applied to them, are forms of historical argument in them-
selves. Visualizations are also incorporated into this broad definition, although the
authors concede that an accompanying narrative may be necessary to make the argu-
ment explicit. They also observe that each step in the process of computational text
analysis involves an interpretative act and “needs to be articulated in relation to the
research question and sources justified as part of elaborating an argument” (Arguing
with Digital History, 2017:11).

Digital processes like constructing collections and carrying out data analy-
sis undoubtedly involve interpretative and contestable decisions and perspectives
at each step of the way. Their products, in the form of graphs, tables, maps, and
other visualizations, can be reproduced if the same set of data and the same software
are used in the same order. Whether “arguments” of a more narrative and explana-
tory kind can also be reproduced and replicated is much more doubtful. Is this just
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another way of saying that the author’s arguments should be re-traceable to the
sources and analyses on which they are based?

The authors of the CIDOC Conceptual Reference Model (CRM) have drafted “a
formal ontology intended to be used as a global schema for integrating metadata
about argumentation and inference making in descriptive and empirical sciences.”
The main purpose of CRMinf, as this ontology is titled, is to facilitate “the man-
agement, integration, mediation, interchange and access to data about reasoning by
a description of the semantic relationships between the premises, conclusions and
activities of reasoning” (Paveprime Ltd., 2019).

This might also be seen as a possible model for reproducing arguments and
explanations in historical research, analogous perhaps to Fischer’s typology of histo-
rians’ fallacies. The only attempt to implement CRMinf in a working system to date
seems to be in the British Museum’s ResearchSpace software, where it is described
as moving “from knowledge map to semantic narrative” (ResearchSpace, 2021). If
this approach is more widely adopted, it may provide a basis for publishing data
about historians’ reasoning and arguments as well as about digital collections and
methods.

5.7 New forms of publication

The discussion above draws on research which builds on the traditional model of
publication, inasmuch as the data and code are made available alongside journal
articles reporting the results of the research. The narrative article is linked with the
supporting evidence through footnotes and references. A different approach aimed
at integrating these elements more closely has been taken by the Journal of Digi-
tal History, launched in October 2021. It publishes articles which combine “data-
driven scholarship and ... transmedia storytelling”, using a three-layered approach
described in the following terms:

a narrative layer exploring the possibilities of multimedia storytelling;
a hermeneutic layer highlighting the methodological implications of using digi-
tal tools, data and code;

e adata layer providing access to data and making it reusable (when possible).

Of the nine research articles published in 2021-2022, only one includes an
explicit “data download” section (Hoehne, 2022). Some refer to publicly accessible
datasets and one uses data from Twitter, but for some it is unclear how to replicate
or obtain the specific datasets used for the research.

The articles are assembled in the form of layered Jupyter notebooks, support-
ing programming in R and Python, although all those published so far make use of
Python. The methodological aspects of the research projects are presented in a way
that can be re-run in an open Jupyter environment like MyBinder. This is an imagi-
native and important contribution to the publication of digital history research envi-
ronments, but the Juypter environment does come with significant learning curve,
especially for writing up the research but also for reading the results.
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6 Conclusions

History itself is not reproducible. Re-running or re-visiting historical events in
order to study them directly is the stuff of science fiction narratives. At least
one of these, Ernst Jiinger’s novel Eumeswil, envisages a computer-like machine
which provides exactly this kind of reproducibility. Known as the “luminar”, it
enables a user to re-play historical scenes as if participating in them. Described
as “conjuration” and “resurrection”, this process summons the people of the past
to re-enact historical events. “According to my whim,” says the narrator, “I can sit
with the Montagnards or the Girondists in the Convention, occupy the seat of the
chairman or the concierge, who may have the best overview of the sitation. I am
at once plaintiff, lawyer, and defendant — whichever I like” (Jiinger, 1995:315).
“Sometimes I play similar scenes at the luminar — say, from the history of the
caesars, or the Russians before and after the revolution. I close the door, draw the
curtains; I am in the abyss. Then I take over the role of the monarch — say, Nero,
once he is notified that his bodyguards have left” (Jiinger, 1995:156).

To reproduce historical research, rather than the past itself, researchers are
expected to share the sources they used and the methods they deployed to develop
their explanations, make their arguments, and produce their conclusions. In the
era of digital history, this covers a wider range of different components than was
previously the case. It is important to note that this means more than just sharing
the data, however. Most universities provide digital repositories for researchers to
deposit their datasets, together with guidance and policies for data sharing. This
kind of guidance is also repeated in various publications.

The guide to Doing Digital History produced by the Institute for Historical
Research at the University of London contains a great deal of helpful and sensi-
ble advice on data management and data sharing (Blaney et al., 2021:106—122).
The authors suggest making data available for reuse, with suitable documenta-
tion, through an institutional or disciplinary repository rather than a bespoke Web
site, while also recommending the use of Git for effective version control of files.
They also discuss issues around licensing regimes for this kind of research data.
But the question of reproducibility is not addressed explicitly; nor is the relation-
ship between the data, the software used for analysis, and the arguments advanced
in the published results of the research.

A somewhat earlier guide to software for “exploring big historical data”
observes in passing that “historians are not accustomed to thinking about repro-
ducibility, but it will become an issue” (Graham et al., 2016:156—-157). The
authors offer a cautionary tale of their own experience in trying (and failing)
to reproduce some of their own data analysis using an Open Source tool, and
advise researchers to archive a copy of the software they use (e.g., by forking
it on GitHub) and to document carefully the conditions under which it worked.
This, they note, “can be crucial to ensuring the reproducibility of your research”
— although the context seems to be that of reproducing your own analysis, rather
than publishing these materials to enable other researchers to evaluate your work.
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For real reproducibility of digital historical research processes, several layers of
evidence ought to be made available. At a minimum, what is needed in order to
verify whether the conclusions reached are reasonable and supportable is access to
the same set of data, the ability to run the same software processes, and the ability
to compare the outputs from those processes. Making the data, the software, and
the outputs available is only one aspect of these requirements, however. It is equally
important to document the parameters of the processes, including software settings
and configurations, and the specific states and versions of the data which were used.

Best practice for doing this can be extrapolated from some of the case stud-
ies above. As yet, these are the exceptions rather than the rule, and there are no
agreed approaches to ensuring that reproducible components of digital histori-
cal research are documented and shared in consistent ways. But developing such
approaches is becoming increasingly urgent, given the rapidly increasing amount
of historical research which relies on digital methodologies. Evaluating the
results of specific investigations and assessing the suitability of digital techniques
require the documentation of the parameters and processes behind digital collec-
tions, digital analyses, and digital publications. Otherwise, the study of history
runs the risk of developing a “reproducibility crisis” of its own (Bausell, 2021).

This approach to reproducibility in historical research sits within the broader
context of government and university policies and practices relating to Open Sci-
ence. Knochelmann (2019), Arthur and Hearn (2021), and Gilby et al. (2022),
amongst others, have argued that humanities researchers need to develop their
own approach to the imperatives around “open research”, recognizing that the
Open Science framework can be difficult to translate into the different environ-
ment of the humanities. Gilby and colleagues, for instance, suggest that the FAIR
(Free, Accessible, Interoperable, Reproducible) data principles in Open Science
are better reconceptualized for the humanities as CORE (Collected, Organised,
Recontextualised and Explained). Even when these concerns about difference and
uniqueness are taken into account, however, the increasing use of digital meth-
ods for analysis and presentation makes reproducibility a relevant concept for the
humanities, and for historical research in particular. Explaining and documenting
the specific ways in which such methods have been applied is vital for assessing
and validating that research. Being able to take the data and re-run the analyses
and visualizations is an essential component in the evaluation of the interpreta-
tive narratives which rely on these outputs. Even if Open Science policies do not
take the distinctive nature of the humanities sufficiently into account, there is now
a clear case for the relevance of reproducibility to digital historical research.
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