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Abstract: This article presents a series of recommendations for the publication of archaeological data,
to improve their usability. These 12 recommendations were formulated by archaeological data experts
who mined thousands of publications for different data types (including funerary practices, accelerator
mass spectrometry dating, stable isotopes, zooarchaeology, archaeobotany and pathologies) during the initial
construction of the Big Interdisciplinary Archaeological Database (BIAD). We also include data harmonisation
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vocabularies utilised for the integration of data from different recording systems. The case studies we cite to
illustrate the recommendations are grounded in examples from the published literature and are presented in
a problem/solution format. Though practically oriented towards the facilitation of efficient databasing, these
recommendations –which we refer to as the BIAD Standards – are broadly applicable by those whowant to extract
scientific data from archaeological information, those who work with a specific region or theoretical focus and
journal editors andmanuscript authors.We anticipate that the use of the BIAD Standards will increase the usability,
visibility, interoperability and longevity of published data and also increase the citations of those publications from
which data were mined. The Standards will also help frame a unified foundation to support the continued
integration of the natural sciences with archaeological research in the future.

Keywords: publishing, FAIR, data longevity, “big data”, archaeology

1 Introduction

Archaeology is a broad discipline encompassing both a wide range of data types (from rock art to isotopes) and
a wide range of inferential approaches (from purely interpretive to model-based statistical inference). All
inferential approaches can benefit from large amounts of systematically collated data, ideally stored in rela-
tional databases. This together with the influence of related scientific disciplines (such as isotope studies,
population genetics and geographical information systems or geographical information system [GIS]) have
provided increasingly quantitative and computational components to archaeology.

The establishment of large and centrally organised databases in other fields (such as DNA and protein
sequence databases in the early 1980s) together with journal requirements to deposit any new data into such
databases for the purpose of accessibility and reproducibility has been a major factor in propelling those fields
forward. We contend that similar data configurations would benefit archaeology in a comparable way and
would facilitate greater interdisciplinarity. Furthermore, making published archaeological data available in
accessible databases increases the visibility, usability and longevity of data and also increases citations of source
publications. Lohr’s New York Times article (2012) welcomed in the “Age of Big Data,” though various archae-
ological scholars have noted the increasing value placed on and engagement with large datasets over the last 20
years (Cooper & Green, 2016; Kintigh et al., 2014; Kristiansen et al., 2014; Levy, 2004; Onsrud & Campbell, 2007).

Much of this general move towards “big data” analysis in archaeology is based upon the amalgamation of
comparatively smaller topically, regionally, or chronologically focused data into larger databases covering
broader geographic regions and longer time spans. This facilitates a different scale of analysis, enabling
researchers to approach problems and questions that are beyond the scope of site-specific, fine-resolution
research. The complexities of archaeological data in terms of the breadth and interrelationship of data types
pose major databasing challenges compared to the relatively trivial task of storing strings of nucleotides or
amino acids in DNA or protein databases, respectively. Essentially, for scientists to be able to analyse archae-
ological data as “big data,” those data have to be assembled in such a way as to make them a single body of
information (O’Malley & Soyer, 2012). As it says on the SEADDA homepage (Saving European Archaeology from
the Digital Dark Age), “[t]he emerging research challenge for the next decade is optimising archaeological data
for re-use[…].”We believe that the first step in meeting such challenges is through the publication of archaeological
data in a standardised way. As it was through the construction of a relational database (Big Interdisciplinary
Archaeological Database [BIAD]) that we as authors first became aware of the need for a standardised format for
data publication in archaeology, we describe relational databases and their influence regarding our current
suggestions for publication standards in greater detail in the following.

2 About Relational Databases

It is important to distinguish between an archaeological data repository and an archaeological relational
database, as the two are often confounded (see Appendix 1 for a list of archaeological databases and
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repositories). A data repository provides a single location for storing a large number of independent datasets.
Typically, there is a low barrier to entry, requiring the data provider to give some basic metadata (information
about the dataset, such as its publication source, size or entry date) to assist users in searching for relevant
entries. These datasets then remain independent; each is structured as originally provided in accordance with
the research interests that generated them. By analogy, a public library provides a data repository of books,
where metadata such as title and author are required to search for its physical location, but the content of each
book remains unrelated to the content of other books.

In contrast, an archaeological relational database stores all data within highly organised hierarchical
tables connected in a consistent format, such that associated data from a single entity (like isotopic, genetic and
cultural data from a burial) are necessarily connected. Constructing such a relational database requires
considerable amounts of effort and expertise to mine, clean, harmonise and aggregate source data (Geser
et al., 2022, p. 3; Ribeiro, 2019, p. 120), as well as a deep specialist understanding of the material and the
analytical processes/techniques used to produce the data. Effort grows exponentially whenever legacy data are
included; indeed it is often easier to mine data from primary literature than to transform old datasets
(Gattiglia, 2015, p. 118). The expert labour required to properly datamine published literature is increasingly
being mitigated by computer algorithms, such as in the digitisation and translation of legacy data still only
available on paper and, more recently, in assisting image extraction and data organisation using machine
learning (Klein et al., 2023). While repositories are increasingly common in archaeological data curation,
archaeology has a “pressing need” for relational database infrastructures (Kintigh, 2005, p. 16).

In theory, amalgamating data into a single consistent relational database should simply require an a priori
agreed data structure for any new archaeological primary data. In practice, the greatest availability of
archaeological data comes from the existing published literature that has already been collected under a
myriad of research interests and practices and, therefore, now requires large efforts to harmonise. To put this
issue into perspective, although archaeologists have been collecting and collating data since at least the
sixteenth–seventeenth centuries (Schnapp, 1996; Steibing, 1993, pp. 29–30; Trigger, 2008, p. 84), it was only
in the nineteenth century that archaeologists began to standardise practices and recording methods (Fleming,
2020; Trigger, 2008, p. 124). This was often linked to the formation of national surveys of monuments and sites
requiring protection (Cleere, 1989; Kristiansen, 1984). To date, there remains enormous variation regarding not
only what information archaeologists consider worth examining but also how data have been recorded (Evans,
2013, p. 31). For example, a 2017 survey by the European Archaeological Council included a segment on how
fieldwork documentation is archived and published. The survey showed that only 32% of the European member
states reported any kind of formal documentary archiving system whatsoever (Innesti et al., 2018; Novák et al.,
2023; Novák et al., 2024; Oniszczuk, 2021). Even when raw data are included in a publication, as is increasingly
required by journals and enforced by editors, datasets can rapidly become unusable if crucial metadata (e.g.
methodologies, standard and sample information) are not included, as has been suggested in the ecological
sciences (Mitchener et al., 1997; Vines et al., 2014). When this is compounded by a transient workforce (where
samples may be processed by researchers on fixed-term contracts), the project PI may well not even be able to re-
use their own data within only a couple of years of publication if those researchers have transitioned away from
the discipline/left the institution.

3 Continuing Towards Archaeological “Big Data”

Although integrating archaeological data and relating it is a challenge, archaeologists are in principle already
well-suited to building connections, albeit often in an implicit manner (Howey et al., 2020; Newhard, 2013).
Since the birth of the discipline, archaeologists have been searching the varied information they hold in their
heads, collections, libraries, files, archives, etc., for correlations within the archaeological record. This is what
Boyd and Crawford define as the key to “big data”: “[…] [it] is less about data that is big than it is about a
capacity to search, aggregate and cross-reference large data sets” (Boyd & Crawford, 2012, p. 663). In this
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context, archaeologists address the problems of what might be called “broad data,” whereas “big” data might
be better attributed to large amounts of narrower data, such as DNA sequences.

Where “big data” approaches have been embraced, there has been a tendency to focus on larger amounts
of data from a narrow research focus, rather than cross-disciplinary amalgamations of data (for exceptions,
see e.g. Gerbault et al., 2011; Larson et al., 2014). This is already evident in the way that many data are presented
and archived. For example, there persists a sharp division between (1) publications of or about databases and
(2) publications that utilise databases. The former tend to focus on a single database or repository and are
oriented towards specialist researchers (such as geneticists, isotope scientists or researchers who work with
radiocarbon dates) or information managers (Mallick et al., 2023; Plomp et al., 2022; Saktura et al., 2023;
Williams et al., 2018). The latter are generally made within traditional archaeological fora and tend to focus
on the stories or trends that can be discovered from the data (often of a single type, or two data types at most)
(Cooper & Green, 2016, p. 2).

4 Future-Proofing the Publication of Archaeological Data

Overarching guiding principles for those wishing to enhance the reusability and inter-relatability of their data
holdings have existed for some time. These suggest that scientific data should be Findable, Accessible,
Interoperable and Reusable (FAIR) (Wilkinson et al., 2016). Although archaeology and its related disciplines
have already made great strides in complying with these principles in the publication of their data, in spite of
over two decades’ work on archaeological data integration initiatives, the main impact of many of these
resources remains specific to the subdiscipline(s) involved and/or specific research project agendas rather
than applicable to broader research (Atici et al., 2013; Cooper & Green, 2016; Spielmann & Kintigh, 2011).1

Part of the concern here involves being aware that data have inherent (sometimes invisible or difficult-to-
discern) biases already integrated from the moment they were produced. As we are reminded by Gitelman,
“raw data is [sic] an oxymoron” (2013). Data are not an entirely neutral resource; their manner of collection,
collation, storage, harmonisation and original interpretation (classification or categorisation) introduce the
possibility for inherent bias (Johnson, 2011). Integrating different kinds of data as well as integrating data
recorded in various manners (each with separate biases) are two distinct challenges (Atici et al., 2013, p. 4).
However, being aware of these challenges – a concept which has been referred to as the development of the
“data gaze” (Beer, 2019, p. 6; Huggett, 2020) or “data journeys” (Leonelli, 2014) – is already a step towards finding a
solution.

Archaeological data have been and always will form an incomplete, biased and messy record of the past,
not only due to the diverse cultural, taphonomic, regional and practical influences of every archaeological
tradition but also due to differences in publication and archiving practices (Huggett, 2020, p. 9; Huggett, 2023).
The publication of archaeological data in accordance with a set of Standards will be a big step in helping to
minimise bias as well as an aide in the eventual integration of those new data into a single body of information
(e.g. through a relational database) which also has the advantage of facilitating the exploration, testing and
exposure of inherent biases. In turn, this will naturally assist in minimising and adjusting for biases in
downstream analysis (Sabatini & Kristiansen, in prep.). However, merely being aware of the inherent biases
in data does not help us to ameliorate them.

Rather than examining those biases more closely (a subject to which we will return in future publications),
our purpose with this article is to take a practical approach with the intent of concretely changing the future
outlook of archaeological publication, especially – but not exclusively – as related to databasing. While the
work of mining, cleaning and harmonising previously published data is ongoing (and will presumably con-
tinue for the foreseeable future), we can nevertheless take steps to unify and standardise the framework for



1 Further cross comparisons of such initiatives and relevant ontologies (such as the International Committee of Documentation’s
Conceptual Reference Model or CIDOC-CRM) with BIAD will be shortly forthcoming (Timpson et al., in prep.).
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data reporting in new publications. Doing this will increase the visibility, usability and longevity of published
data and also increase citations regardless of whether or not the authors of those publications themselves have
an interest in quantitative data, models and/or methods.

Here, we propose a series of 12 publication recommendations and practical guidelines that help to ensure
that archaeological data are intelligible and interoperable between different recording systems and archae-
ological traditions and also that they can eventually be efficiently incorporated into a relational structure.
Publishing in accordance with the BIAD Standards has low costs in terms of labour (in its simplest form, it
advocates for the inclusion of basic information, clearly presented and may at most involve additional
information or supplementary files in publications) and high benefits. Over and beyond service to the dis-
cipline in terms of the interoperability of data produced, publishing in accordance with the BIAD Standards
will result in an increase in citations and a longevity of the publications in which the data are first presented.
In sum, by following the BIAD Standards, we can move beyond studying the archaeological material we curate
towards a future-oriented curation of the knowledge we gather and will continue to gather in years to come.

5 Background

These Standards have been developed as a consequence of the data mining component of the 2021 European
Research Council (ERC) Synergy Grant COREX Project (“From Correlations to Explanations: Towards a New
European Prehistory”) which began to build BIAD. COREX’s overall goal is to explain the key processes that
formed the genetic and cultural diversity of Europe north of the Mediterranean from France to the Urals
between 6000 and 500 BCE. To facilitate such analyses, it became crucial to integrate large amounts of
disparate data. To that end, COREX assembled a team of archaeologists, topical specialists (e.g. in accelerator
mass spectrometry [AMS] dating, stable isotopes, zooarchaeology, archaeobotany and aDNA) and database
experts to begin constructing the relational database that became BIAD. An initial dozen data experts were
soon joined by others from different research projects (SUSTAIN and SEASCAPES). To date, the work is still
ongoing. Our common goal is to facilitate a new scale for archaeological analysis.

Over the course of the past few years, BIAD data experts have had ample opportunities to compare
different means of presenting data based on variations in e.g. language, region, nationality or educational/
training system for published data relating particularly to prehistoric Europe (though we have worked with
data from other chronological periods and geographic areas as well). Nevertheless, integration challenges such
as those we encounter daily represent the bread and butter of data-driven international and interdisciplinary
research, no matter the period or region. Finding a way through those challenges requires continual work on
collecting heterogeneous datasets which undergo expert harmonisation. BIAD is currently driven by manual
data collection, which is harmonised according to the standards outlined below.

There exists an important body of literature discussing the biases – and the inherent dangers – within the
data produced by archaeological practice, which is essentially co-creative (Cooper & Green, 2016; Djindjian &
Moscati, 2021; Gitelman, 2013; Jackson et al., 2007; Johnson, 2011; Kintigh et al., 2014; Leonelli, 2014, 2015;
O’Malley & Soyer, 2012; Onsrud & Campbell, 2007), as well as how these may help to perpetuate specific
narratives (for discussion within an American context, see e.g. Atalay, 2006; Thomas, 2001, which transferred
to European discussions as well e.g. Biddick, 1993). We are currently in the process of preparing a manuscript
(Sabatini & Kristiansen, in prep.) that examines some of these ethical concerns specifically in relation to
databasing and the construction of archaeological infrastructures (i.a., legacy data, the nature of data and
the implications of data categorisation processes). We hold that, as Kansa (2022) and Huvila (2018) have
previously argued, while knowledge and information infrastructures such as that which we seek to cultivate
through the use of the BIAD Standards may limit some approaches to archaeological inquiry, they nevertheless
also facilitate new methods and support new opportunities. In short, publishing in a manner that is “big data-
friendly” does not prevent us from continuing to do “small data” archaeology; it merely leaves the door open
for other studies, more citations and potential collaborations (see Speciale et al., in prep.). For this reason, we
firmly believe that the publication of archaeological information for the promotion of accessibility, interoper-
ability and longevity of data nevertheless remains a worthy goal.
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Although there have been previous recommendations for the presentation of data specifically for the
promotion of interoperability (e.g. for inclusion in databases; see Cooper & Green, 2016; Roskams & Whyman,
2007), it has been our experience that these tend to be more theoretical than practical in scope. Over the course
of our data collection for BIAD, we have all come across a series of issues that render such data coalition
problematic. In the following, we present common problems encountered during data collection as well as
proposed solutions that may help avoid or prevent them. These solutions count as our concrete recommenda-
tions for publishing and presenting new archaeological and related data to promote the inter-operability and
longevity of the data and also facilitate efficient databasing for international, interdisciplinary research.
Finally, we also present new vocabularies that we developed to facilitate the formalised categorisation
(data harmonisation) across regional/national/linguistic/educational boundaries.

6 The BIAD Standards

We present the following issues and our proposed solutions addressing data publication and database entry,
which we have grouped together into six overarching themes: (1) securely positioning data in space and time,
(2) referencing data sources, (3) consistently harmonising data outcomes, (4) reporting results comprehen-
sively, (5) describing data fully and (6) common vocabularies. These are further supplemented by a checklist
which should ensure that any publication is in compliance with the BIAD Standards (see Appendix 2).

It is important to note that these recommendations are not meant as a criticism of current practices or
directed towards any particular group of researchers, or journal and book editors. We have taken our
examples almost exclusively from prehistoric European material, as this is the area of common expertise
between all contributing authors. However, the Standards themselves apply equally well to the publication of
archaeological data from any and all chronological periods and geographical areas.

7 Securely Positioning Data in Space and Time

7.1 Problem I: From Which Site/Part of Site/Excavation Does Material Derive?

As mentioned above, archaeology has a long disciplinary history. Many generations of archaeologists have
held a sustained interest in individual sites. Multiple excavations in the same (or nearby) areas can lead to
confusion regarding the origins of material from which new data have been obtained.

In addition, many archaeological sites have multiple names (including nicknames) and variations in
spelling. Some countries may have multiple sites which share the same name. For example, a search of the
Danish national sites and monuments record (Fund og Fortidsminder) for the site name “Ølby” produces 22
separate hits. If we provide the System Number (95447), the Heritage Protection Number (34275) and/or the
Heritage Site Number (a system in which county, district, parish and sites are assigned specific registration
numbers; in this case 020105-3), it is clear that we are referring to a place which has been registered under the
site name “Nordhøi” (“høi” being an older Danish spelling variant of the modern “høj,”meaning “mound”) but
which is also commonly referred to as both “Ølby” and “Ølbys Nordhøj.”

In many cases, archaeological literature does not contain any spatial coordinates or even, sometimes, a
map clearly indicating where an archaeological site is located. When combined with ambiguity within the site
name, this leads to situations when such scientific data cannot be integrated with other data, therefore making
them unusable.

7.1.1 Solution I: Be as Specific About Site Name and Location as Possible

The ideal solution to eliminating confusion regarding the origin of the materials under discussion is to include
a (detailed) map alongside written coordinates in an internationally recognised geographical coordinate
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system (e.g. WGS84). Ideally, such locations should be precise to the fourth decimal place (e.g. accurate to tens
instead of hundreds of metres). A dot on a map covering a whole region or even a sub-region is often not
sufficient information for differentiating between sites, as the increasing intensity of research in certain areas
means that repeated visits to a single area/site/tomb by different research teams and projects are likely to
continue or even increase (e.g. Troy has had 24 separate campaigns over the last c. 150 years; UNESCO, 1998).

It is also important to note that a site name in a different alphabet (e.g. Cyrillic) is not cause for unease.
Attempts at transliteration often cause more problems than they solve, as they create references to a site that
exist in one language or country/ies, but not in others. Furthermore, different languages have different transli-
teration regulations. For example, Serbian Cyrillic is not problematic, as Serbia also uses the Latin alphabet (and
Serbian diacritics generally follow the one-sound-per-letter rule). However, Bulgarian, Russian and Ukrainian
transliteration is less standardised. The diversity of archaeologists themselves and their linguistic histories and
habits multiplies a problem that would be solved by sticking to an original site name and spelling.

More generally, the translation of site names into English can generate confusion even if the alphabets
used for translation are fairly similar. For example, when reported in English, Hungarian sites accompanied
by toponyms are often translated, which creates an anglicised form that is difficult to trace in the original
literature, e.g. “Kaposvár-Road 61, Site no. 1.” In cases where the differences are caused by a larger number of
diacritic signs (like in Polish), the English translation of the site name is generally the original site without the
diacritic signs, e.g. “Złota Grodzisko I; Zlota Grodzisko I.” We recommend reporting both site names, as they
speed up site identification and – more importantly – prevent data duplication.

On amore regional level, challenges in site identification can be caused by incorporating results from excavation
campaigns preceding and following theWorldWars, when state border changeswere accompanied by administrative
and linguistic shifts. In such cases, sites already known under one name would receive a second name, e.g. “Otomani-
Cetatea de Pământ” (present-day Romania) and “Ottomány-Földvár” (previously part of Hungary) or “Bepтeбa”
(present-day Ukraine) and “Bilcze Złote Werteba” (previously part of Poland). Reporting all the names known for a
site helps create a more reliable archive of associated data, effectively preventing it from becoming duplicated under
two different names. Additional names can always be added as and when they become associated with a site.

Proper publication protocols include as many different names for a site as are known, as well as any
reference numbers to local and/or national registries and catalogues associated with the site. Returning to the
Danish example of “Ølby” above, the ideal publication of new data from this site will include not only a map of
the location but also the national heritage site number (020105-3) and the site coordinates in a written format
(WGS84 N55.4912, E12.1514).

There are also situations in which researchers are unwilling or legally unable to provide the exact coordi-
nates of a site for fear of looting (American National Parks Service on “Looting and Vandalism”). For example, the
American Archaeological Resource Protection Act of 1979 prohibits the public disclosure of “sensitive” informa-
tion including the location of archaeological resources (16 U.S.C. §470hh). In such cases, we suggest identifying a
site to a local region only (and to explicitly state that this is the cause for reticence in terms of site location).

Furthermore, it is crucial to situate the materials within a site correctly, especially when reporting
sampling procedures from selected contexts. Rather than introducing a site in the “background” section of
a publication and discussing only the most sensational parts of it, the key is to report the actual details about
the parts of the site from which samples were obtained. This should be standard practice even if those contexts
may not be as “exciting” as other parts of the site. If word count is an issue, we suggest that authors make use
of supplementary data for in-depth context descriptions, as is becoming more and more common in the
literature (e.g. Frei et al., 2019). An alternative solution may be to upload archaeological information/docu-
mentation to public repositories like Zenodo, which can provide a referenceable DOI (e.g. Carlson et al., 2020).

7.2 Problem II: Culture Is Used Differently (or Not at All)

We are currently in the midst of a shift in how archaeologists define and look at cultures. Those adhering to a
more traditional approach still hold cultures to be a keystone of archaeological practice, while others view
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them as an increasingly woolly, problematic or even unnecessary category (Riede et al., 2019; Ross, 2012). This
affects database infrastructure insofar as the concept of culture is used differently (or not at all) within
different time periods and regions. There are some areas for which the level of detail discernible in archae-
ological material does not allow for classification into a culture. In such cases, specialists distinguish only by
period rather than by culture group. For example, this is standard for the Chalcolithic in the Urals, the Early
Iron Age in the Volga region and the periods of the Early and Late Bronze Age in Scandinavia. In other cases,
regional specialists may not define culture groups at all, either because this may be glaringly obvious to them
(but not necessarily to others) or due to unwillingness to make use of a concept that they feel to be heuristically
(or even ideologically) flawed.

7.2.1 Solution II: Data Should Always be Published in Association With a Specific Culture Group or
Absolute Chronological Period and the Grounds for This Association Should be Made Explicit

As our understanding of cultures evolves, what we define as “diagnostic” features for a particular culture may
change. To future-proof publications against later changes in cultural assignation, we suggest the best practice
is to either (1) clearly assign culture and also specify how that culture was identified (e.g. the diagnostic traits
mentioned above, such as characteristic ceramic types, jewellery, house structure or something entirely other,
such as particular husbandry practices) or (2) not assign culture but provide a thorough overview of the
documented cultural practices. A publication adhering to these standards might state, e.g. “this grave was
identified as coming from the Nagyrév Culture due to the fact that the individual was cremated and that the
grave included 14 vessels with the typical geometric patterns associated with this culture within it.”
Alternatively, an example without a cultural determination might contain the following information “inhu-
mation A was the only example of a burial rite discovered on-site; individual 1/1984 was found inside a
rectangular grave pit measuring 200 cm × 75 cm × 150 cm; the body was placed in a supine position with
the head directed towards 180° (where true North is 0°); grave goods: none documented; skeletal abnormal-
ities: none documented; post-depositional manipulation: none documented; skeletal completeness: not
evaluated.”

We are also aware that some academic traditions are moving away from cultural classifications on the
whole (Riede et al., 2019; Ross, 2012). It has also been our experience that some data experts publish data on
archaeological specimens by chronological periods (e.g. “Neolithic,” “Roman” or “Migration Period”) rather
than by archaeological cultural association (e.g. “Funnel Beaker Culture”). While chronological associations
may be more easily relatable than culture on an international stage, we note that the publication of new data
that has been assigned a culture group only on the basis of radiocarbon dates or very broad-spectrum periods
is extremely difficult to integrate with other data for further archaeological work. The reason for this is that
broad archaeological periods are not universally applicable across space; for example at the same moment in
time what is Iron Age in Central Europe is still considered to be Bronze Age in Scandinavia. Last but not least,
synchronisation of archaeological periods is a challenging task in itself since, e.g. the Early Neolithic period
designates extremely different chronological and cultural phenomena in Anatolia, France or Estonia.

7.3 Problem III: Grouping Quantifications of Data

It stands to reason that data from different branches of archaeometry come in different volumes. For example,
a single cemetery may have sixty human skeletons across three phases from Late Neolithic and Early Bronze
Age contexts and only a small amount of animal remains. In those cases, the easiest approach for the pub-
lication of the faunal data may be the publication of the animal remains by period (e.g. all animals from Late
Neolithic contexts and all animals from Early Bronze Age contexts) rather than by phase (e.g. Late Neolithic
phases 1, 2 and 3 and Early Bronze Age phases 1 and 2). Unfortunately, if such data are published grouped
together by period (or even for the site as a whole), they cannot be later separated by the phases used
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elsewhere in related publications. In addition, if excavations at the cemetery are taken up again and more
materials are analysed at a later stage, grouping by period rather than by phase may become a hindrance to
future research.

7.3.1 Solution III: Always Specify Original Chronological (Period/Phase) Associations of the Data
Alongside Raw Data

Our experience in data processing suggests that, although it may be analytically more interesting to approach
data on a period (vs. phase) basis, specifying the phases from which data stem (e.g. in the supplementary data)
future proofs that data for a longer lifespan and greater usability. We recommend keeping the initial, most
detailed phasing for primary data and amalgamating only later for analytical purposes. Therefore, the ideal
publication should contain both non-amalgamated primary data and analytically grouped datasets. Wherever
a specific chronology (e.g. Müller-Karpe, 1959) is used, this should be named and referenced to help future
scholars easily adapt any potential adjustments to period associations at a later point.

8 Referencing Data Sources

8.1 Problem IV: Integrating Legacy Data for Re-analysis

A longer lifespan and usability of the data we collect are fundamental to justify the huge expense of collecting
those data in the first place and to our ability to reuse them to move the discussion forward or to assess the
plausibility of a new research angle. This is just as true for archaeometric as it is for archaeological data,
especially considering the past few decades’ scientific advances. What can be confusing for data integration in
this regard are occasions in which new data are added to old data without clearly differentiating between the
two. This is particularly problematic in the case of e.g. interim reports or syntheses which add new data to a
body of extant work.

8.1.1 Solution IV: Always Provide a Clear Source and Reference, Also for Data That Have Already Been
Published (Even – and Especially if – They Are Your Own!)

To avoid any confusion down the line, the best practice for the use of legacy data – even data that you and/or
co-authors have produced – is to clearly label them as previous work (and provide a reference). This is equally
as important in tables as it is in charts and graphs. For an example, please see the recent series of publications
on isotopic values for Neolithic contexts in southwest Sweden (Blank et al., 2018a,b; Sjögren et al., 2016). In
these publications, the sources of newly published results are labelled as “source: this study,” while previous
results are labelled as “source: [citation].”

Another way to ensure traceability and clarity in data publications is through the use of laboratory codes.
In almost all cases, laboratory codes are unique identifiers. As such, laboratory codes are incredibly useful in
identifying data that have previously been published. Like other unique identifiers in academia, the use of
laboratory codes in publications may impact the success of a publication (Park et al., 2011).

Unique laboratory code designations (see a current list of radiocarbon laboratory codes) also have the
additional benefit of ensuring traceability in terms of the initial production of the data. As we move forward in
time and become increasingly aware of the importance of laboratory metadata (simultaneously measured
standards, measured parts per million/pMC, δ13C measured by AMS, etc.), having the name of the laboratory
which produced the analyses makes them traceable. For this reason, we also recommend that the name of the
laboratory that conducted the analyses be listed in the methods section of the publication. In cases in which an
issue with a particular laboratory is identified post-facto (e.g. Meadows et al., 2015; Rose et al., 2019, Appendix
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1), this will help with identification for future re-analysis or eventual data exclusion. Furthermore, if follow-on
analyses are made based on a legacy sample, it is essential to include information on both the original sample
designations as well as any new sample codes to ensure data continuity and transparency.

Unfortunately, the issue of unique identifiers, such as laboratory codes, being duplicated due to minor
alterations is a common problem in large datasets. For instance, a search in the XRONOS database for the site
of La Sente in France reveals duplicates such as GrN-32097, 3,760 ± 50 and GrA-32097, 3,760 ± 50, as well as GrA-
4468, 3,805 ± 35 and GrA-44685, 3,805 ± 35. Although this may on the surface seem to be a “database” problem,
we have it listed here as we find that these errors often stem from source publications (e.g. errors in
transcription from lab reports to final publication). Even small discrepancies create duplicate entries in the
database, complicating data analysis and interpretation. As the volume of available data grows beyond the
capacity for manual detection, even seemingly minor errors can significantly hinder the efficient and accurate
utilisation of the data. Large community efforts are required to correct and keep a record of such errors, as can
be seen by the modern European Pollen Database (EPD). It is crucial to implement robust data management
practices to prevent such issues and to ensure the integrity of the data from the very beginning.

Robust data management protocols also extend to referencing. By including adequate references for your
publication, you ensure that the data and the reasonings behind your results are traceable by future
researchers. Moreover, this rule of thumb should also be applied to specialist papers that focus on a particular
aspect of archaeological data. Rather than giving a brief overview of a site only with regard to the eventual
conclusions discussed by the specialist paper, it is crucial to provide clear references for further information
about the contexts discussed.

This can sometimes be problematic with regard to e.g. grey literature/unpublished specialist reports (even
if the authors have given their permission for their data to be used), as some journals will not accept citations
from unpublished works or on occasions in which hundreds of datasets are used in a single paper. There are
two ways forward in such instances. First, authors may be able to list such works as a separate category under
“other sources” or “full dataset references” following their bibliography. Alternatively, such references may be
mentioned in the supplementary materials (in which case they may additionally not count towards the official
paper references).

9 Consistently Formatting and Harmonising Data Outcomes

9.1 Problem V: Data Are Not Easily Extracted

Although it may seem to be self-evident that the data used for quantitative research should be published
alongside the inferences and conclusions drawn from them, this is not always the case. Even though we all
nominally agree that papers that do not present the new data they discuss should not make it through peer
review, the increasing trans- and interdisciplinarity of archaeology means that the person(s) who carried out
the analyses are not always the first or main authors of the paper, and certain information can be left off or
edited out.

9.1.1 Solution V: Present Data Clearly in an Easily Tabulated Format

Here we cannot emphasise enough the importance of supplementary data, especially for large quantities of
information. Ideally, these should be presented in a downloadable format (spreadsheets in .csv or similar).
Information that is presented in tables within the body of a manuscript is a clear second choice, as these must
be converted (via commercial software) to a tabulated format for integration and further analysis.

Our experience shows that the less manipulation needed for further data use, the less chances there are
for user error. In the same line, if data are divided across several sheets or tables between manuscript and
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supplementary data, it is a great help if the presentation of those data is consequent and also follows a
recognisable format (e.g. if there is a unique identifier – such as a laboratory code – which helps differentiate
samples from each other, especially when multiple samples were taken from the same context/individual/
material; see Section 8.1.1).

This is not to say that we advocate publishing in a manner that differs greatly from the standard means of
presenting data for each (sub)discipline. In most cases, the rows and columns present in a data table that holds
to the discipline’s standards will be sufficient, so long as other points (see above and below) are also taken into
account. For example, the contents and structure of an archaeobotany database will be the same as those listed
in e.g. the ArboDat system used in more than 30 laboratories today (Kreuz & Schäfer, 2022). Another option
may be to include the original laboratory report in the supplementary materials (while also ensuring that
there is continuity between labelling of sample/laboratory numbers between the publication and the supple-
mentary data).

The BIAD wiki (https://biadwiki.org/en/Structure) provides links to a series of templates (.csv files) which
we have formatted specifically in response to disciplinary standards but which also encompass the variety of
data presentation methods we have come across during our data harvesting thus far. These are also auto-
matically updated whenever BIAD is altered. Information on e.g. the categories described within those spread-
sheets is also freely accessible (and continually updated) via the BIAD wiki. Importantly, although the spread-
sheets are specifically designed for uploads to BIAD, they include columns for all relevant data, ensure
sufficient coverage for ease of upload for other databases as well, are open to download and use by other
scholars in data publications and help ensure adherence to the BIAD Standards.

10 Describing Data Fully

10.1 Problem VI: Insufficient Context Information

We have come across many occasions in which authors have published, e.g.14C dates with site names, but
without specifying either which contexts were present at the site or what was actually dated. Not knowing
whether scientific data come from, e.g. a settlement or a burial site, or from human bone or charcoal hinders
their future use.

On multiple occasions, we have been confused about the particular individual/grave/context from which
published data originate. Identifying which individual/grave/context was sampled after the results are pub-
lished is extremely time-consuming and can potentially lead to misidentification. We particularly wish to
emphasise that reporting data on an individual identified by grave name/number/other ID and a dot on a map
alone is not always sufficiently clear to ensure that said individual can be identified with confidence for future
work (see Section 7.1.1).

We include here an example from a site in Scandinavia (which shall remain nameless for the purposes of
this exercise):

The site consists of a Neolithic megalithic tomb containing seven individuals. Of those seven, three have undergone archaeo-
metric analysis. Comparison between the publication of the new results and the original site publication reveals that
the original provides no individual-specific record for one of the individuals. It further reveals that the way of identifying
those individuals has changed from the original publication: from grave letters followed by sequential numbers (e.g., indi-
viduals A1 and A2) to simple numbers (e.g., individual 1, 2, 3, etc.), which may have caused an individual to ‘disappear’ in
the process. After a thorough examination of both publications, paying particular attention to which teeth were sampled,
the source of this disappearance was identified: two individuals from the same grave, a subadult and an adult individual,
were misnumbered during the switch to the new numbering system. Individual D1 (subadult) was numbered 4b, and D2
(adult) became 4a. However, the archaeometric publication (which followed the archaeological one) only referred to the
subadult individual as 4a which, though correct, created the need for additional research for reference to the original
publication.
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10.1.1 Solution VI: All Context Information and Other Names/Specifications Should Be Included With
Each Data Entry

Archaeological recording conventions are important for the later traceability of data. For this reason, we
strongly suggest that all context information, including individual names or numbers, grave names or num-
bers, archaeological find contexts, museum accession numbers, box/shelving/unit numbers and archive acqui-
sition codes or years accompany data to the publication stage (at least in supplementary data, if not in the
main manuscript itself). In short, anything written on the box or find bag must accompany any data produced
from the material in the publication. This may be crucial to future work with the material that was sampled
and/or other material from the same site/find. If new naming conventions are used, these must be specified in
the publication (e.g. Aner & Kersten, 1976).

For example, publications that list isotopic data (e.g. 87Sr/86Sr, 18O, 34S, 13C, 14C and 15N) and aDNA data
values should specify the particular individuals from which the new data derive in relation to grave, indivi-
dual and sample type as well as lab code (see Section 8.1.1). Again, as future studies may choose to go back and
sample other tissues/individuals, this helps produce consequent metadata about what has been done (see
Section 11.1.1). If this information is clearly set out from the outset, e.g. “This paper presents new data on
individual 4b from XYZ site, previously referred to as ‘Individual D1’ [Smith 1990]”, a tremendous amount of
time and effort has been saved and we both minimise the margin for error and the perpetuation of those
errors across the long term.

11 Reporting Results Comprehensively

11.1 Problem VII: Failed Analyses (and the Causes Thereof) are Lost if Not Reported

We are not always successful in obtaining the desired results when analysing archaeological samples.
Sometimes, the aDNA is too damaged or on other occasions, there is not enough collagen for 14C dating, etc.
The elevated sensitivity of modern methods and instruments can sometimes overcome hurdles presented by the
material that were not possible even a decade ago. However, institutions are often reluctant to give sampling
permissions if they have no guarantee that a subsequent destructive analysis will give results. To give the best
chances for not only sampling permissions to be granted, but also for success in the laboratory, we need to have
respect for the material and not lose the knowledge that has already been gained by a failed analysis.

11.1.1 Solution VII: Report Failed Analyses (and the Causes Thereof)

We readily acknowledge that publishing fully null results and failed studies is challenging and that the fact that the
importance of such studies is consistently undervalued is an endemic failing across disciplines (Sindall &
Barrington, 2020). Nevertheless, we argue that the failure to report a failed analysis is the true crime, not the
failure of the analysis itself. Scholars should notify the curating institutions/archives of the results of their analyses
– even and especially if those analyses fail – and should, furthermore, include that information in their final
publication. For example, if a radiocarbon sample failed due to, e.g. insufficient collagen preservation, publishing
that informationwill help future researchers orient their sampling strategy. In addition, it is extremely important to
also include the type of material (especially in case of repeat samplings of different materials from a single
individual) as well as sample identification and name of the facility doing the analysis with each data entry.

This is a question not only of respect for the material, but also of helping future scholars avoid the
perpetuation of the same mistakes (e.g. by taking an insufficient sample size, or of a particular material
type). Although it is important in all aspects of science, it is particularly noticeable in areas such as aDNA
in which sample preparation procedures to establish the preservation of collagen are laborious, time-
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consuming and expensive. In addition, this may also help other researchers (especially those in the earlier
career phases) identify sites and regions that are rife with preservation issues in spite of the fact that they
present excellent research questions. Just as the absence of proof is not proof of absence, so is the absence of
results not the same thing as the absence of analysis. Finding a balance between destructive sampling and the
necessary advance of science is an ethical challenge (Pálsdóttir et al., 2019, p. 4); reporting failed analyses, their
causes and the analytical methods utilised in publications is a simple means of helping future scholars glean as
much knowledge as possible from previous attempts.

It is also worthwhile mentioning that we advocate the publication of results which may seem odd insofar
as they fall outside an established narrative. For example, although authors may be reluctant to publish 14C
dates that fall outside the realm of what is deemed probable for a particular sample at the time of publication,
we suggest that these instead be included and noted as “unlikely for xyz reason.” Different approaches (e.g.
Bayesian chronological modelling) may be able to make sense and fit together data pieces which may seem
odd. However, they can only do this if those original data are published.

11.2 Problem VIII: How Were Data Calibrated?

Primary data are often adjusted to e.g. a specific standard to make them applicable or comparable with other
data. Although this problem is common to almost all data types, most scholars can relate to issues surrounding
failure to report the raw uncalibrated values (and their errors) of radiocarbon dates (14C years BP, i.e. before
1950). Different schools of thought, traditions and laboratories calculate dates in various ways. Different
journals allow for different publication standards of radiocarbon dates; in extreme cases, only cal BCE/CE
ranges are listed, but without information on uncalibrated 14C ages or what 14C calibration dataset, laboratory
code or software was used to calibrate the dates. The problem here is that while it is easy to calibrate a raw
radiocarbon age using a variety of different approaches and calibration curves, it is practically impossible to
uncalibrate a calibrated date. This means that if only a calibrated date range is provided, any interpretation of
that date is now tied to the calibration approach and curve used. Although guidelines on how these should be
reported exist (Bayliss & Marshall, 2022; Millard, 2014; Polach & Stuiver, 1977), the discipline has for some time
neglected to report radiocarbon dates according to conventions. Similarly, the listing of dates as years BP can
also be problematic, as different calculations are used depending on how one defines the “present.” For
example, it has been suggested that luminescence ages standardise the use of AD 2000 as “present” as opposed
to the AD 1950 “present” usually used in radiocarbon dating (Duller, 2011). Being inexplicit in such areas can
lead to incomparability of the data and to errors in downstream analysis.

11.2.1 Solution VIII: Always (Also) Publish Uncalibrated Data

Averages (e.g. of 87Sr/86Sr for all males/females within a certain cemetery or culture group therein) and calibrated
data (e.g. δ18O values to VPDP or VSMOW standard) may be appropriate formany different kinds of discussions and
interpretations of primary data. However, unless (and usually, even if) any treatment of the data is presented and
explained alongside the primary data, the original work is lost (Roberts et al., 2018). For the long-term reusability of
data and analyses, we need to ensure that the uncalibrated values, their errors, laboratory codes and detailed
information on the sample material, sample species, archaeological context and laboratory pre-treatments are
included in every publication (in supplementary material, if not in the body of the publication itself).

11.3 Problem IX: Publishing Without Mentioning Material (or Part Thereof)

Although we approve of the publication of e.g. .csv files for making data available (see Section 9.1.1), there are
cases in which listing multiple results within a single file can lead to confusion. For example, although the
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same tooth may have been used for e.g. aDNA, 87Sr/86Sr, 13C, 15N and 18O, it may not necessarily be the same
parts of that tooth (e.g. the root dentine might go to aDNA, the enamel might go to 87Sr/86Sr and 18O). Bone
collagen is formed and remodelled over an individual’s lifetime, but the rate at which this happens within a
skeleton is not consistent and is affected by sex, age, health, physical activity, etc. (Fahy et al., 2017). Samples of
different skeletal elements (bone and teeth) with different intrinsic bone collagen ages can, thus, provide input
on different stages of an individual’s life history (Chmielewski et al., 2020; Dury et al., 2021): the pars petrosa
frequently sampled for aDNA and strontium analyses will reflect the early childhood years, whereas the long
bones frequently sampled for 14C dating will likely reflect the last few decades prior to death (Geyh, 2001;
Hedges et al., 2007).

11.3.1 Solution IX: Be Specific About the Nature of the Sample for Each Analysis

The ideal solution to these issues is to only sample identifiable archaeological materials, be they bone, tooth,
charred seeds or wood charcoal. One should also make every attempt to identify the species of the sample as
well. If an indeterminate sample must be used, it is better to label that sample clearly as “indeterminate” than
to not mention the sample material at all. Failing to specify the sample type/species forces subsequent data
users to make guesses about the nature of the sample, potentially resulting in ambiguities. Furthermore, it is in
many cases important that every effort is made to identify the part of the original entity that has been sampled
(e.g. dentine or enamel for teeth or heartwood, sapwood or short-lived branch for wood (Bayliss, 1999; Bayliss
& Marshall, 2022)), as that information is key to unlocking many other forms of data the same may hold e.g.
information about the sample’s inherent age (Bronk Ramsey, 2009). Therefore, it is also important to register
stable isotope values for bones, if they are available. These could contain important information on a possible
age-offset or reservoir effect and, thus, on the quality of the data. Whether or not the sample consists of a single
entity (e.g. one cereal grain or bone fragment) or is a bulk sample (e.g. a group of cereal grains or several bone
fragments) should also be reported.

11.4 Problem X: How Can Quantifiers be Numerically Quantified?

Quantifiers like “some,” “a quantity of,” “a pile” or “a group” are essentially meaningless once taken out of the
context of the site or, at most, the region in which the finds were made.

11.4.1 Solution X: Find Quantification and Classification Should Be the Default

When we record finds from catalogues or excavation reports within a publication, it is crucial to not only
classify the finds by type but also to quantify the number. To prepare the best presentation of data for
integration in interdisciplinary, international research, we should always make every attempt to quantify
numerically and to the greatest exactitude possible. In cases where something cannot be counted, some
attempt should be made to estimate the quantity. Number ranges (e.g. 50–100 beads or 500–750 cereal grains)
are preferable to orders of magnitude (e.g. “less than a hundred beads” or “several hundred cereal grains”).

12 Common Vocabularies

Having a similar data quality across archaeological publications of different varieties is a prerequisite for
creating any large interdisciplinary archaeological database. Different scholarly traditions do, however, pub-
lish high-quality standardised scientific data each in their own way(s), using different sets of practices that are
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unfortunately not always directly relatable to each other. In the following, we detail strategic classification
approaches (what we term “vocabularies”) to aid in the harmonisation of data relating to (1) osteological sex,
(2) osteological age and (3) plant and animal taxa in a simple but concise way. These vocabularies represent
both categories and methods that are universally applicable across different regional research traditions and,
furthermore, can be applied flexibly in relation to the level of detail obtainable from the material.

12.1 Problem XI: Differences in Osteological Recording Methods

Some of the recording methods that vary most strongly in the circum-archaeological literature are those
related to osteological estimations of the sex and age of human skeletal remains. Osteological age estimation
methods rely on the use of reference collections of known age and sex, such as the William M. Bass collection.
Many such collections vary in demographic composition and cannot take the full scale of modern human and
(pre)historic variation into account. As a result, methods for sex and age estimation are continuously being
adapted and improved upon in relation to increased awareness of a variety of different important factors that
influence the human body, including e.g. socioeconomics (Cardoso, 2007). Unfortunately, the integration of this
kind of data is particularly problematic, as the modes by which data are reported and classified depend largely
on the training tradition of the expert who carried out the analysis rather than on the chrono-geographic
characteristics of the material (cf. Sosna et al., 2010). For example, forensic anthropologists are more likely to
give specific age ranges for each particular case, whereas more traditional osteoarchaeologists are more likely
to classify individuals into ordinal groups whose categories vary between national training systems (Buck-
berry, 2000), no matter the time and region from which the bones derive. Such classification disparities can
create significant bias when the resulting data are later integrated by other scholars.

12.1.1 Solution XIa: A Systemised Vocabulary for Recording Anthropological Age

To mitigate the issues brought on by publishing data via recording systems which are still evolving, BIAD has
developed a tripartite system for age recording for inputting that information into the database. BIAD records
age-at-death in three different (related) formats: (1) the published age range (where available) with a minimum
and maximum age (e.g. min. 25 years, max 35 years); (2) the original published description (including original
language; and (3) an interpreted BIAD category (Figure 1).

Figure 1: BIAD’s ordinal age categories and amalgamated overlapping age groups.
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Both category names and their associated age ranges vary from tradition to tradition. Numerical age
ranges are often omitted from publication, but where available can fall only partially within an age category,
or straddle several. The BIAD approach considers six common classifications (Figure 1, red) that in principle
are ordinal, cover all possible ages and are mutually exclusive (neonate; infant; subadult; adult: young; adult:
mature; adult: elderly) and allow for any grouping of one or more of these ordinal categories provided they are
sequential. Figure 1 (blue) illustrates the groupings that are currently used in BIAD, reflecting the variability in
precision available in the literature. For example, one can differentiate a neonate from an infant osteologically
despite the fact that both categories only cover the first few months of early life (Baker et al., 2005). Indeed, as
yet, no data have been mined that require a grouping of both (but could be easily generated if required). By
comparison, however, there is often substantial osteometric uncertainty distinguishing between “adult:
young” and “adult: mature,” and the combined category of “adult: (young/mature)” covers many mined
data. This approach to harmonising anthropological age ranges enables us to analyse archaeological popula-
tions entering publications from diverse academic traditions, and therefore comparing data quality across
time and space.

12.1.2 Solution XIb: A Standardised System for Recording Sex Estimates

One of the key issues for transferring published information about osteological sex estimations is a robust and
universal expression of uncertainty. Our approach in BIAD is to quantify that uncertainty as a probability of
being female, such that 1 represents the certainty of being female and 0 represents the certainty of being male
(Table 1). Individuals for whom osteological sex was not estimated or for whom it was estimated as indeter-
minate based on the material available for analysis are given a score of 0.5. This has required some inter-
pretation at the data mining stage to convert a plethora of uncertain descriptions to a probability, such as
“maybe female,” “probably male” and even more cryptic (albeit relatively common) assignments such as
“male?” and “male??.” These descriptions indicate a degree of subjective probability for the original authors.
Nevertheless, we encourage assignments to be explicit about their probabilities, which are a consequence of
various sources of uncertainty such as the preservation of the osteological material, recovery techniques or the
methodology used for sex determination (White & Folkens, 2005).

The rise of molecular anthropology increasingly provides additional data on archaeological human
remains which need to be documented systematically (Buonasera et al., 2020). In the notes section of the
supplementary materials, authors should consider including the basis for any sex assessment, e.g. whether sex
was determined via aDNA, peptide analysis, osteological assessment or if it was based on grave goods/archae-
ological context (as is more common in areas with poor general bone preservation).

Table 1: BIAD’s numeric system for recording sex estimations

Original description BIAD probability

Female 1
Probably female 0.75

? 0.75

Possibly female 0.625

?? 0.625

Sex unknown/indeterminate 0.5
Possibly male 0.375

?? 0.375

Probably male 0.25

? 0.25

Male 0
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12.2 Problem XII: Recording Taxa

Just as archaeology has journeyed towards standardisation and formalisation of its codes of practice, so too
have there been similar processes within other disciplines. The journey towards standardisation of biological
nomenclature began almost 200 years ago (Nicolson, 1991). Today, faunal specialists and archaeobotanists
habitually use binomial nomenclature (what many of us refer to as the “Latin name”) of the species they
identify. This is useful insofar as it can both remove doubt with regards to the specific variety of a plant or
subspecies of an animal that has been identified as well as express uncertainty (e.g. when preservation is
sufficient only for a seed to be identified to genus level). For example, the non-expert (including many
archaeologists) would refer to examples of all species within the genus Lavendula as “lavender.” However,
there are at least 32 different species within that category, some of which are toxic and others that have
medicinal applications (Lis-Balchin, 2012). Though layman’s terms (common or colloquial names) of the taxa
identified in archaeological and -related research are the most relatable for the greatest number of people,
lack of specificity in terms of the species can lead to misidentification and problems with data harmonisation.

12.2.1 Solution XII: A New Vocabulary System for Specifying and Grouping Taxa and Specifying the
Degree of Identification

The easiest and most accurate way to record botanical and zoological data from archaeological contexts is by
means of the Latin names (binomial nomenclature) of the identified taxa. Therefore, the publication of tables
with quantitative data and Latin names of taxa (rather than their common or colloquial names) is extremely
important and allows us to avoid ambiguous interpretations during translation.

Built based on a system originally developed for the EUROEVOL Project, BIAD moves the recording of
binomial nomenclature forward by defining a “TaxaList,” a list of taxon codes based on the Latin system which
facilitates rapid data harmonisation, integration and later querying. Each unique code usually consists of the
first four letters of the genus and the first three letters of the species (capital letters for archaeobotanical, e.g.
TRITDIC for Triticum dicoccum, and lowercase for archaeozoological data, e.g. ovisari for Ovis aries). Similar
coding systems are occasionally applied in the supplementary materials of publications (e.g. Filipović &
Obradović, 2013; Gaastra & Vander Linden, 2018; Manning, 2016; Orton et al., 2016).

However, as mentioned, there are also cases in which preservation is insufficient to support a precise
identification at the species level. In such cases, plant/animal remains are coded only by the first four letters of
the identified level and +SPE/spe is added (for genera, e.g. HORDSPE for Hordeum spp.; canispe for Canis sp.) or
+IND (for families, e.g. CHENIND for Chenopodiaceae indeterminate; cyprind for Cyprinidae indeterminate)
(Table 2).

However, plant seeds in particular are often grouped together on the basis of certain important features,
because it is not possible to identify them precisely. In such cases, we specify a group via the last letter of the
taxon code. In this way, LEGUINL refers to Leguminosae (Fabaceae) indeterminate large and LEGUINS refers
to Leguminosae (Fabaceae) indeterminate small. This grouping is particularly important to mark the differ-
ence between naked or hulled cultivated cereals (TRITFTW for Triticum species free threshing wheat and
TRITGLW for Triticum species glume wheat; HORSHUL for Hordeum sativum [vulgare] hulled barley and
HORSNAK for H. sativum [vulgare] naked barley). Such combined assemblages for archaeobotanical remains
that have been identified by groupings (e.g. glume wheat) or by some features of a species (e.g. naked barley)
allow them to be included in subsequent analyses of dietary reconstructions, the study of agricultural prac-
tices, the exploration of exchange networks and the comparison of regional variations in economies.

13 Concluding Remarks

It has been our intent to present some practical solutions for solving many of the data integration and
harmonisation hurdles we come across on a daily basis with the goal of providing guidelines for the
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presentation of archaeological data to promote legibility and interoperability. These take the form of twelve
practical standards for the publication of archaeological and related data for integration into large-scale
interdisciplinary international research. These also include descriptions of common classification vocabul-
aries and strategies we have developed to ease data harmonisation and integration for osteological age,
osteological sex and bioarchaeological taxa recording. Throughout we have approached big archaeological
data as made up of unique entities which are not inherently unbiased. Like Beer (2019) and Leonelli (2014), we
are increasingly aware of how our data come to us, where we see them going and how best we can prepare
them for the journey. To quote again from SEADD’s homepage,

[o]ver the last decade, innovation has centred on making archaeological data more interoperable, both to increase the
discoverability of data through integrated cross-search, and to facilitate knowledge creation by combining data in new
ways. The emerging research challenge of the next decade is optimising archaeological data for re-use, and defining what
constitutes good practice around re-use.

The quantitative analyses of large datasets must handle the bias and uncertainty which come from data use
and re-use on a day-to-day basis. While we have attempted to help lay the groundwork for tackling these
challenges relative to data publication here, there still remains work to be done to assess how best to
statistically adjust for certain types of biases, such as varying sampling density/absences or divergent data
quality (Isaac et al., 2020). Correcting for data biases, explicitly accounting for uncertainty on all levels
and exploring the relevance of absences promise to be fruitful research frontiers to further improve reporting
standards and data integration, and which will be explored in a forthcoming publication (Sabatini &
Kristiansen, in prep.).

Cultural heritage professionals are acutely aware of the transitory nature of what it is that we study.
Archaeological material must survive the ages to make it to our desk or laboratory. While material analysis
methods are becoming increasingly less invasive and/or demanding as science advances, most of our sampling
is still destructive. While the new knowledge we obtain from such studies and analyses certainly furthers our
understanding of the past within a specific topic, the advance of “big data” broadens its potential, so that a
small study can be part of something much bigger.

By ensuring that our data are presented in an accessible and interoperable way, we give our new knowl-
edge the best chances of being impactful and having a long “use-life” within the literature, thereby contri-
buting to a wider understanding of the past. As we move towards the goal of increased research e-infra-
structures in the cultural heritage domain, it is crucial to have metadata standards and archaeological dataset
aggregation schemes in place so as to minimise the amount of work needed to make that data FAIR. Applying
the suggestions and principles by both authors and journal and book editors alike such as are laid out above is
the first step in this direction, as it formats data for publication in a clear and easily relatable way, be it for
integration in a database or for the use of international or non-specialist colleagues who need to contextualise
their own work. In so doing, we future-proof our research as best we can, make it more interoperable and also
increase citations. Preparing data for publication in this way also has the benefit of facilitating not only
databasing but also the development of services and programmes aimed at discovering, accessing and utilising
such resources (Klein et al., 2023). If you look at it that way, in publishing archaeological and -related data
thoroughly and in as open and inter-relatable a way as possible, we are curating not only the subject of our
research but also the research itself.
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Appendix 1

Table A1: Examples of major large databases used in archaeology and its related disciplines

Name Type URL

Allen Ancient DNA Resource (AADR) Database https://reich.hms.harvard.edu/allen-ancient-dna-resource-aadr-
downloadable-genotypes-present-day-and-ancient-dna-data

Archaeobotanical Database of Eastern
Mediterranean And Near Eastern Sites
(ADEMNES)

Database https://www.ademnes.de/

Archaeology Data Service (ADS) Data
repository

https://archaeologydataservice.ac.uk/

ArkeoGIS Data
repository

http://www.arkeogis.org

Comprehensive Archaeological and
Archaegenomic Database and Online
GIS (Anthropology GIS)

Database https://www.anthropology-gis.com/

African Pollen Database (APD) Database https://africanpollendatabase.ipsl.fr/#/home
Arches open source data
management platform

Data
repository

https://www.archesproject.org/

ARIADNEplus Data
repository

https://ariadne-infrastructure.eu/

Bugs Coleopteran Ecology Package
(BugsCEP)

Database https://www.bugscep.com/

Canadian Archaeological Radiocarbon
Database (CARD)

Database https://www.canadianarchaeology.ca/

CBAB: Cremation Bronze Age Burials Database https://cbab.acdh.oeaw.ac.at/
Cronica (Repository preliminary
archaeological reports in Romania)

Database

Data Archiving and Networked
Services (DANS-EASY)

Data
repository

https://dans.knaw.nl/en/

Dietary Isotope Baseline for the
Ancient North (DIANA)

Database https://www.oasisnorth.org/diana.html

Diatom Paleoliminology Data
Cooperative (DPDC)

Database https://diatom.ansp.org/dpdc/Information.aspx

The Digital Archaeological
Record (tDAR)

Data
repository

https://core.tdar.org/

EPD Database https://epdweblog.org/
FAUNMAP Database https://ucmp.berkeley.edu/faunmap/about/index.html
Human Relations Area Files (eHRAF) Data

repository
https://hraf.yale.edu/

Hungarian National Museum
Archaeology Database

Data
repository

https://archeodatabase.hnm.hu/en

Forschungsdatenarchiv der Archäologie
und Altertumswissenschaften [Archive
of research data from Archaeology
and Ancient Sciences] (IANUS)

Database http://datenportal.ianus-fdz.de/pages/collectionView.jsp?dipId=1650048

Isotopic Database for Archaeology
(IsoArcH)

Database https://isoarch.eu/

Latin American Pollen Database Database https://www.latinamericapollendb.com/
Mappa open data (MOD) Data

repository
http://mappaproject.arch.unipi.it/mod/Index.php

North American Non-Marine
Ostracode Database Project
(NANODe*)

Database https://www.personal.kent.edu/∼alisonjs/nanode/index.htm

(Continued)
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Table A1: Continued

Name Type URL

Radiocarbon dates from Late
Mesolithic/Early Neolithic transition in
the Southern European Atlantic Coast
(NeoNetAtl)

Database https://digitallib.unipi.it/it/raccolta/The-NeoNetAtl-dataset/

Neotoma Database https://www.neotomadb.org/
North American Packrat Midden
Database

Database https://geochange.er.usgs.gov/midden/

ORAU database of 14C
samples (ORAU)

Database https://c14.arch.ox.ac.uk/database/db.php

Ostracode Metadatabase of
Environmental and Geographical
Attributes (OMEGA)

Database https://www.gbif.org/dataset/a779af82-1422-4b00-9e7f-8e1c1f07bea2

The Paleobiology Database Database https://paleobiodb.org/#/
Pandora Data

repository
https://pandora.earth/

PANGAEA data publisher for earth and
environmental science

Data
repository

https://www.pangaea.de/

People 3000 Radiocarbon (p3k14C) Database https://www.p3k14c.org/
National Archaeological
Repertory (RAN)

Database http://ran.cimec.ro/sel.asp?lang=EN

Standard Cross-Cultural
Sample (SCCS)

Database https://hraf.yale.edu/resources/reference/sccs-cases-in-ehraf/#:∼:text=
The%20Standard%20Cross%2DCultural%20Sample,pinpointed%20in%
20time%20and%20space

Strategic Environmental
Archaeology (SEAD)

Database https://www.sead.se/

Sheshat Global History Databank Database https://seshatdatabank.info/data/
Svenskt Hällristnings Forsknings Arkiv
[Swedish Rock Art Research
Archive] (SHFA)

Database https://shfa.dh.gu.se/

THANADOS The Anthropological and
Archaeological Database of Sepultures

Database https://thanados.net/

XRONOS – Open Chronometric data
for archaeology

Database https://xronos.ch/

*Now discontinued (as of 2021).
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Appendix 2 Checklist for Publishing to BIAD Standards

• Are different site names/spellings mentioned clearly?
• Are the coordinates of the site provided in as detailed a manner as possible alongside the name of the
coordinate system used?

• Is any cultural identification accompanied by a description of the criteria used to define this culture?
• Are raw data published alongside original chronological period/phase?
• Are datasets as well as data in charts and graphs issued from previous publications referred to as such (e.g.
with appropriate references)?

• Are data provided (e.g. in supplementary materials)?
• Are said data within an easily tabulated format (e.g. .csv file)?
• Have you reported on failed analyses and the reasons for failure?
• Are any calibrations explained?
• Are uncalibrated results disclosed?
• Is the exact material for each sample clearly detailed?
• Have finds been clearly quantified?
• Have osteological age/sex and taxa been recorded clearly and with vocabularies that are commonly
applicable?

26  Samantha S. Reiter et al.


	1 Introduction
	2 About Relational Databases
	3 Continuing Towards Archaeological &#x201C;Big Data&#x201D;
	4 Future-Proofing the Publication of Archaeological Data
	5 Background
	6 The BIAD Standards
	7 Securely Positioning Data in Space and Time
	7.1 Problem I: From Which Site/Part of Site/Excavation Does Material Derive?
	7.1.1 Solution I: Be as Specific About Site Name and Location as Possible

	7.2 Problem II: Culture Is Used Differently (or Not at All)
	7.2.1 Solution II: Data Should Always be Published in Association With a Specific Culture Group or Absolute Chronological Period and the Grounds for This Association Should be Made Explicit

	7.3 Problem III: Grouping Quantifications of Data
	7.3.1 Solution III: Always Specify Original Chronological (Period/Phase) Associations of the Data Alongside Raw Data


	8 Referencing Data Sources
	8.1 Problem IV: Integrating Legacy Data for Re-analysis
	8.1.1 Solution IV: Always Provide a Clear Source and Reference, Also for Data That Have Already Been Published (Even - and Especially if - They Are Your Own&#x0021;)


	9 Consistently Formatting and Harmonising Data Outcomes
	9.1 Problem V: Data Are Not Easily Extracted
	9.1.1 Solution V: Present Data Clearly in an Easily Tabulated Format


	10 Describing Data Fully
	10.1 Problem VI: Insufficient Context Information
	10.1.1 Solution VI: All Context Information and Other Names/Specifications Should Be Included With Each Data Entry


	11 Reporting Results Comprehensively
	11.1 Problem VII: Failed Analyses (and the Causes Thereof) are Lost if Not Reported
	11.1.1 Solution VII: Report Failed Analyses (and the Causes Thereof)

	11.2 Problem VIII: How Were Data Calibrated?
	11.2.1 Solution VIII: Always (Also) Publish Uncalibrated Data

	11.3 Problem IX: Publishing Without Mentioning Material (or Part Thereof)
	11.3.1 Solution IX: Be Specific About the Nature of the Sample for Each Analysis

	11.4 Problem X: How Can Quantifiers be Numerically Quantified?
	11.4.1 Solution X: Find Quantification and Classification Should Be the Default


	12 Common Vocabularies
	12.1 Problem XI: Differences in Osteological Recording Methods
	12.1.1 Solution XIa: A Systemised Vocabulary for Recording Anthropological Age
	12.1.2 Solution XIb: A Standardised System for Recording Sex Estimates

	12.2 Problem XII: Recording Taxa
	12.2.1 Solution XII: A New Vocabulary System for Specifying and Grouping Taxa and Specifying the Degree of Identification


	13 Concluding Remarks
	References
	Appendix 1
	Appendix 2 Checklist for Publishing to BIAD Standards


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


