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ABSTRACT

While long recognized in the humanities, there is growing recognition in the sciences and social sciences that
primary sources—as diverse as manuscripts, photographs, cultural belongings, and specimens—hold vast data about
scientific and human knowledge for use in scholarship, community research, and global knowledge. Yet, data
embedded in these sources are largely disconnected from the systems of discovery, access, and structured data that
support reuse and insights across globally dispersed repositories. In this paper, we share select findings of a
systematic review to explore the use of primary sources, and the data embedded in them, via linked data across the
sciences and social sciences. Our results confirm the use of a variety of primary source data across diverse
disciplines, particularly those requiring longitudinal studies and data integration from diverse repositories and
contexts. We highlight how linked data are understood to: connect collections to communities; support highly
granular credit, attribution, and assessment of impact; and interrelate diverse sources of knowledge. While these
results suggest the value of linked data for the specific research needs of anthropology, the effectiveness of linked
data in achieving these objectives and the suitability of this approach for a diversity of institutions and communities
need further study.
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INTRODUCTION

While long recognized in the humanities, there is now growing recognition in the sciences and social sciences that
primary sources—as diverse as manuscripts, photographs, cultural belongings, and specimens—hold vast data about
scientific and human knowledge for use in contemporary scholarship, community research, and global knowledge.
Yet, data embedded in these sources are largely disconnected from the systems of discovery, access, and structured
data platforms that support reuse and new insights across globally dispersed repositories. Linked data—a
constellation of standards and tools for representing data in such a way that they can meaningfully and actionably
connect to data and knowledge across the broader Web (van Hooland & Verborgh, 2014)—have been widely
discussed as a promising option for representing data from and about primary sources. However, the prevalence of
linked data implementations and their effectiveness is understudied, particularly as we look beyond the humanities
and cultural heritage toward implementations that connect data and knowledge more broadly across disciplines.

In this paper, we share select findings of a systematic review of linked data initiatives that are beginning to exploit
these potentialities and lay the groundwork for field-wide approaches. We ask: how are scientists and social
scientists using primary sources, and especially linked data derived from primary sources?

This work began as part of the first year of an NSF-funded project (NSF CA-SR award #2314762) called Linking
Anthropology’s Data and Archives (LADA), which attends to this problem within the discipline of anthropology.
Through the three-year project, we aim to improve 1) how anthropologists create and curate their own sources to
support reuse; 2) how professional domains of data curation and archives work with analogue anthropological
sources, convert sources to linked data, and connect data to broader knowledge ecosystems; and 3) how to adapt
data curation and reuse best practices from other disciplines to anthropology’s unique needs and considerations.

Of course, facilitating anthropological data reuse from analogue sources will advance anthropological research
across that domain, but in our first year of the work we began to understand anthropology’s potential as a central
case study for cross-disciplinary understandings of this problem. Anthropology, particularly in its Americanist
traditions, encompasses cultural anthropology and linguistic anthropology—which span humanistic and social science
approaches—and archaeology and biological anthropology—which span social science and science approaches.
Anthropology also notoriously grapples with a long colonial history and attendant range of ethical concerns, while
also driving many decolonizing and collaborative movements now shaping other disciplinary domains. It therefore
serves as a useful central node in which to explore the untapped potential of previously collected records, and of
data derived from them, to support novel lines or reuse both in spheres of interdisciplinary research and in
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community spaces. Through our project, we aim to both learn from, and speak to, a wide range of analog
collections-based linked data work in the sciences and social sciences.

The first phase of this project therefore constitutes a systematic review of linked data projects across those domains.
We reviewed an initial sample of 303 projects, winnowing this sample to a final set of 35 projects, which we
subjected to qualitative coding to understand how and why they are deploying linked data in service to research in
the sciences and social sciences. Below we describe facets of scoping for this study, including our definitions of
primary sources. Our results confirm the use of a wide variety of primary sources and data derived from them across
diverse scientific and social scientific disciplines, particularly those tackling research problems that demand
longitudinal study and the integration of data from a wide range of sources and disciplinary contexts. However, the
use of linked data for this purpose remains more exploratory than widespread. The ideals that motivate participation
in linked data among scientific and social scientific projects are numerous, and include facets of data curation,
discovery and access, interpretation and analysis, and data reuse. These align with the discourse around linked data
in cultural heritage and digital humanities. We highlight a few themes that stand out among the objectives of linked
data projects in the sciences and social sciences, including how linked data are understood to connect collections to
communities; how linked data support highly granular credit, attribution, and assessment of scientific impact; and
how linked data are understood to interrelate diverse sources of knowledge, including primary and secondary data
and literature. While these results suggest the value of linked data for the specific research needs of anthropology,
the effectiveness of linked data in achieving these objectives and the suitability of this approach for a diversity of
institutions and communities need further study.

PRIOR WORK

The use of linked data to represent primary sources held in libraries, archives, and museums (LAMs) has been a
growing topic of discourse for more than a decade in cultural heritage and library and information sciences research
and practice, particularly at the intersection with digital humanities scholarship. Various review studies have charted
the uptake of linked data in LAMs, including both in support of regular operations (e.g., the infusion of linked data
into bibliographic description, technical services, and collections management systems) and for research-oriented
initiatives to explore the potential of linked data to serve innovative modes of access to and use of LAM collections
(Hyvonen 2012; Hawkins, 2022; Bikakis et al., 2021; Gaitanou et al., 2024). Numerous initiatives in digital
humanities scholarship have demonstrated the applications of linked data to representing historical and humanistic
knowledge, along with strengths and weaknesses of the approach (Nurmikko-Fuller, 2024).

With a few exceptions, empirical studies of linked data practices and their impacts that look across disciplinary
boundaries are lacking. Hawkins (2022), for example, notes that efforts toward increasing research data reuse in the
sciences, particularly the FAIR guidelines (Wilkinson et al., 2016), have helped spur the rise of linked data in LAMs
more broadly. This paper sits at an understudied intersection among otherwise divergent disciplinary practices: the
application of linked data to the representation of primary sources, but within the sciences and social sciences rather
than in the humanities or cultural heritage. To frame this study, we examine three related areas of work: broad
movements in open science and data reuse that contextualize the specific focus of this study; the use of primary
sources and data derived from them as evidence in the sciences and social sciences; and, more specifically, prior
research on the deployment of linked open data in these domains.

Open data and reuse across disciplines

This study of how primary sources serve as data within the sciences and social sciences emerges at the confluence of
two streams of widespread, decades-long effort to increase open access in memory and research institutions.
Libraries, archives, museums, and related research disciplines have widely worked to increase the possibilities of
digital access to collections and cultural data, not only for public access to cultural heritage and historical
knowledge, but also to support computational approaches to research, particularly in the humanities. At the same
time, the movement toward open access to knowledge took root within the realms of scholarly and scientific
publishing, with the goals of increasing public understanding of and trust in science, ensuring research
reproducibility, and growing opportunities for novel data reuse. These movements have produced a wide range of
systemic supports for the use of data across disciplines, including but not limited to supportive policies (Nelson,
2022); high-impact guidance for the production and use of data, such as the FAIR (Wilkinson et al., 2016) and
CARE principles (Carroll et al., 2020); a growing population of credentialed professionals in a wide range of
institutions with expertise in domain-specific approaches to preserving and making data accessible (Kouper, 2016);
and a growing host of repositories for maintaining access to data over time.

The Collections as Data initiative (2016-2023) explored convergences among diverse, international efforts to make
memory institution collections accessible as data (Padilla et al., 2023, 2). While this and many other strands of
research in data curation evince significant progress toward ethically grounded, useful, sustainable approaches to
computationally amenable cultural collections, they also highlight persistent, unmet needs among all stakeholders.




For researchers and practitioners there remains a profound gap between the extent of resources held in cultural
institutions and the extent available digitally, only a small fraction of which are also available as computationally
amenable data. Across fields, there is a pervasive need to lower technical barriers, and for training, skill-sharing, and
communities of practice to support the development and use of digital collections and data (Dallas 2016; Jaillant,
2022; Mayernik, 2016). Various programs and services have emerged to meet these needs, including the cross-
institutional Data Curation Network (Johnston et al., 2018) and an array of conferences and communication venues
to connect researchers and practitioners into networks of practice, such as LD4L (Gaitanou et al., 2024). But these
are still relatively small communities, and reflect efforts that are often more experimental than operationally rooted
in LAMs. Despite growing attention to community-centered approaches to collecting and data sovereignty, there
also remain many unanswered questions about how best to engage communities in the development and
representation of data collections that pertain to them, and about how to address and contextualize collections from
which data derive effectively and ethically (Walter et al., 2019). Further, scholarship has recognized that descriptive
practices amongst collections and repository types vary widely. For example, archival description methods provide a
large degree of flexibility and “accommodates lower quality descriptive records” (Weidman, 2023).

In addition to these theoretical and pragmatic gaps, there is a need for a broader, empirically grounded view of how
people in different contexts and across disciplinary traditions do or want to use primary source collections as data.

Primary sources and data reuse

The use of primary sources as evidence is much more common in the humanities, but a growing body of work
acknowledges the value of primary sources and their embedded data to support contemporary scientific and social
scientific research (Sorensen et al., 2023; Kelly et al., 2022). Scientists and scholars across disciplines rely on a
diversity of types of evidence to support argumentation and knowledge production. Data extracted from primary
sources are being used to re-examine or refine interpretations, facilitate comparison, and/or validate conclusions.
Yet, despite increasing both critical and applied attention to the digital ‘datafication’ of primary source data
(Flensburg & Lomborg 2023; Yang 2024), most primary sources and their data are often disconnected from the web,
and the digital systems of discovery and access that support research and community work. Many primary sources
are physical archival documents and museum collections held in institutions across the globe whose collections are
not yet digitized. Despite great strides in digitization technologies, a fraction of the world’s collections are imaged
and available online. For instance, the National Archives and Records Administration as of the time of writing has
only 2% of its collections digitized, which comprises nearly 250 million scans. Despite vast strides in mass
digitization workflows and conveyor scanning, the Global Collection Group found that of 73 museums and
1,147,934,687 specimens surveyed, only 16% of collections had digitally discoverable records (Johnson et al., 2023;
Sorensen, 2023). Second, primary sources are represented and described in a wide range of standards and content
management systems that often do not align.

Research on ‘data recovery’ and ‘data rescue’ has shown that information professionals and researchers are
mobilized across many domains to recover useful data from analog and digital primary source collections (Sorensen
et al., 2023; Kelly et al., 2022). Research on crowdsourcing focused specifically on historical scientific data has
shown the potential of scientific data such as climatic and weather data to be extracted from historical records and
reused in contemporary research and discourse (Brunet & Jones, 2011; Wippich, 2012). Research on scientific data
sharing and museum knowledge infrastructures has likewise shown the growing interest in primary source data reuse
across a range of natural history fields (Thomer, 2022). Previous work has indicated that challenges in data reuse
will benefit from archival perspectives, data rescue and lifecycle thinking, greater dialogue across scientific
disciplines, and community-driven approaches (Sorensen et al., 2023). In anthropology and other collecting fields in
natural history, scholars have argued that amidst colonial collecting histories and the sloughs of backlogged
materials in repositories, archival and data reuse, as opposed to new collecting, represents an important ethical
stance (Buchanan 2019; Kirakosian & Bauer-Clapp 2017; Cliggett, 2013). There has been some information
scholarship in this vein on the reuse of archaeological data in the form of museum collections (Daniels, 2014;
Kriesberg et al. 2013), the development and challenges of linked data documenting archaeological materials
(Schmidt et al., 2022), and survey research has revealed that science-based anthropology fields are increasingly
drawing on analog archives (Marsh et al., 2023).

We circumscribe our focus on a wide range of primary sources, or ‘things’ (Henare et al., 2007) that can provide
direct and immediate evidence—whether historical or contemporary—of phenomena under study. Data are derived
from primary sources by interpretive, subjective processes, which may often involve different aspects of original
sources: of their form and content, and frequently of interpretive context that get transcribed into the data as well
(Furner, 2004). The “primariness” of a source is a matter of degree (Paulus Jr., 2012). Specifically, we scoped our
study to include original documentary, artifactual, or specimen sources of evidence held in memory institutions
including libraries, archives, museums, and repositories. While primary sources are often maintained and provided




in other contexts, constraining our study to evidence held in memory institutions limits our view to items being
managed and treated as evidence in domains most relevant to the overarching study.

Linked Data in the Sciences and Social Sciences

The concept of linked data encompasses a range of standards, tools, and activities geared towards interconnecting
datasets across the Web. In the linked data or semantic web paradigm, distributed data are connected in such a way
that their semantics and original contexts are maintained, yet they are interoperable and amenable to integrated
computational analysis. For this study, we focus on a narrow conception of linked data as those that conform to
Linked Data Principles, and which obtain a level of 4 or 5 stars in the 5-Star Linked Open Data scheme originally
offered by Tim Berners-Lee in 2006 (W3C, n.d.; Berners-Lee, 2006). By this definition, data must be published on
the Web using deferenceable HTTP URIs to name entities, express data using open Web standards promulgated by
the W3C (RDF, SPARQL, JSON-LD, etc.), and ideally include URI links to other related data and entities.

The decision to focus on linked data as one among various alternative modes of representation for digital primary
sources and data stems from the growing interest in and discourse around linked data in cultural heritage institutions,
where anthropological evidence often resides. This discourse in turn has long been spurred by the alignment of
linked data with the high-level objectives of cultural institutions—in the open accessibility of knowledge, the
preservation of provenance and context, and in making connections across collections (Davis & Heravi, 2021; van
Hooland & Verborgh, 2014). Yet, in the decade plus since the term began gaining currency in libraries, archives,
and museums, the movement toward linked data has confronted numerous obstacles (Davis & Heravi, 2021; Kansa,
2015; Geser, 2016). Linked data is one among many alternative paths forward for anthropological data
representation; and this study is a first step in evaluating the prevalence and use of linked data in relevant domains
of research. But this is not a commitment to linked data as the only or best option for data representation.

While there have been systematic, empirical, and other intensive studies of the use of linked data in the humanities
and cultural heritage, applications in the sciences and social sciences are relatively understudied. A key exception is
Da Silva (2018), which looked at impacts of linked data on social science and humanities methodologies. Yet, there
are signs of significant and widespread activity that motivate this research. Linked data projects are taking place in
fields as diverse as biology, chemistry, and health sciences, as a means to ask broad questions of field data from
otherwise disparate, isolated sources (for instance PubChem (n.d.) or PubMed (n.d.)). Examples of the biology and
chemistry sites include the European Biology Institute (EBI) Search RESTful Web Services API (EBI, n.d.), the
ChEMBL database’s Data Web Services (Willighagen et al., 2013), and Bio2RDF (Bio2RDF v2.7a., n.d.; Callahan
et al., 2013). In health sciences, The Cancer Genome Atlas (TCGA) Computational Tools (Saleem et al., 2014),
BioFed query engine (Hasnain et al., 2017), and the Linking Open Drug Data (LODD) project (Jentzsch et al., 2009;
Samwald et al., 2011) all make biomedical and pharmacological data available through linked data infrastructures.
In the social sciences there has likewise been movement toward linked data. In archaeology, the ARIADNE Linked
Data Cloud, the Archaeology Data Service (ADS), and Open Context all suggest the recognized value of the
approach (Geser, 2016; Tudhope et al., n.d.; Open Context, n.d.). Linked data deployment in the social sciences
more broadly is less visible. With some exceptions (such as Hajra & Tochtermann, 2017 and Zapilko et al., 2016),
most prior research on linked data applications takes the form of domain-specific case studies, seldom looking
across disciplinary divides.

We included both projects that provide linked data, and those which seem to leverage linked data in some capacity,
sometimes on the back end of their infrastructures and in ways that are not immediately visible to users. Both types
of projects participate in the linked data ecosystem and help illuminate the opportunities for primary sources as
linked data. Because we did not systematically assess the open licensing status of projects and data under
consideration, we refer to the more general concept of linked data (rather than linked open data) throughout this
study. The majority of projects we reviewed provide data freely and openly under different licensing and access
conditions; we excluded projects providing data that were not freely accessible to public use.

In practice it frequently proved difficult to determine the extent to which a project offers or relies upon linked data.
Many initiatives in different domains explicitly or implicitly do linked data work, aiming to do large-scale data
integration, but not always relying on W3C standards. For example, numerous interrelated initiatives in the Earth
Sciences and biodiversity have long recognized the value and importance of interconnecting data from different
sources and different research disciplines into a more complete picture of ecosystems over time. Efforts to aggregate
and integrate data in these domains are multifaceted and multilayered, and these tend to intersect with the linked
data universe in various, sometimes obscure ways. There are widely used standards in these domains, such as
DarwinCore (n.d.), which are capable of expression in linked data standards such as RDF, but which are not
necessarily implemented as linked data in their most common use cases. There are many data providers and data
aggregators that deploy APIs (in line with linked data principles) but rely predominantly on domain-specific rather
than Web standards for data representation.




Indeed, much of the scientific work being undertaken with aggregated and linked data is being led by informatics
professionals and scientists in the world’s natural history museums. As a recent article in Science outlined, museums
across the globe are being urged to integrate their collections with the networks and platforms, such as the Global
Biodiversity Information Facility (GBIF, n.d.) Atlas of Living Australia (n.d.), Integrated Digitized Biocollections
(iDigBio, n.d.), the Distributed System of Scientific Collections (n.d.), and Biodiversity Collections Network
(BCoN) (n.d.; Johnson et al., 2023). This data in aggregate reveals crucial baseline and temporal data about climate,
species health, and global biodiversity. Much of this work integrates unified standards such as DublinCore, but does
not qualify as linked data.

We debated heavily whether to include aggregators in this vein such as iDigBio (n.d), GBIF (n.d) and GeoCASe
(n.d.), and made different decisions in each case, based on how readily apparent the linked data aspect is. Such
aggregators can or do participate in broader linked data networks in various ways, often through experimental or
one-off initiatives. Where relevant, we included these more specific initiatives in our dataset. Regardless of whether
each initiative was ultimately included in the dataset, we draw inspiration from these and other intersecting worlds
of data integration and will prioritize them for future study as part of our overarching research project.

METHODS

The objective of this research was to understand the use of primary sources, and the data embedded in them, via
linked data across the sciences and social sciences. We conducted a systematic search and review process that was
also informed by systematic review and search criteria methods (Grant & Booth, 2009; Granikov et al., 2021). This
method was selected due to its strength in identifying “what is known,” the current limitations of the unit of analysis,
and “recommendations for practice,” all of which align with the impetus of our year work as described within our
associated grant application (NSF CA-SR award #2314762; Grant & Booth, 2009). First, the team formulated our
guiding question for the search and review: How is linked data being used to share primary sources representations
and data derived from them in the sciences and social sciences? We established each linked data project as our unit
of analysis and defined our search criteria (see Table 1):

Type of
project

Population

Setting

Intervention
Types of
publication
Language

Date

Inclusion Criteria

LD project drawing on primary sources, where a
primary source is an original, documentary,
artifactual, or specimen source of evidence held in
memory institutions such as LAMs and repositories

Organizations, institutions, team that created,
developed, maintain the projects (leaders)

Connects to broader Web: Analog or digitized
materials (not born-digital) represented as linked data
online; Primary source materials have to be held in a

memory institution repository

Sharing data within the above fields through LD; data
reuse in the above fields through LD

Websites, journal articles, informal publications,
funding reports

English

2018 onward

Exclusion Criteria

Not using LD; not drawing on primary
sources

Participant organizations, institutions, teams,
process who did not originate (joiners)

Not openly available online: analog or
intranet infrastructure; Primary sources
located outside of memory institutions and
repositories

Sharing data through other means (i.e. analog,
databases without linked data, etc.)

n/a

Other languages

Published prior to 2018

Table 1. Inclusion and Exclusion Criteria

The team then identified potential information sources for both potential projects and discipline lists. These included
drawing on information generated from the Recovery and Reuse of Archival Data for Science (RRAD-S) project,
which was conducted in collaboration with the National Agriculture Library. We also incorporated
recommendations from the Council for the Preservation of Anthropological Records Working Group (who are
serving in an informal advising capacity). Then, we conducted a systematized search and review using Google,
Google Scholar, and later Bing (due to seeming bias in search results by researcher). We further utilized snowball
sampling to complete the initial dataset based on sources reviewed from all of the above techniques. Any and all




documentation describing the linked data projects, as our unit of analysis, were understood as under the purview of
our analysis, and we examined sources until we reached saturation pertaining to the codes we applied.

The disciplines were restricted to science and social sciences. The original list of social science disciplines that were
searched came from the disciplines listed in An Assessment of Research-doctorate Programs in the United States--
Social and Behavioral Sciences (Jones & Coggeshall, 1982). These were psychology, sociology, geography,
economics, anthropology, political science. The social science discipline was expanded to include disciplines
identified by the National Center for Education Statistics (n.d.), so that data about these fields could be compared
across other studies. Eleven social sciences disciplines were searched in total. The sciences discipline list was
created using a combination of disciplines from our prior RRAD-S project and from Kelley et al. (2022). We
searched 25 science disciplines and 11 social science disciplines in total, acknowledging that the edges of these
areas are often blurry. In the sciences we reviewed relevant projects in agriculture, astronomy, biodiversity,
biogeography, biology, botany, chemistry, climatology, earth sciences, ecology, epidemiology, environmental
sciences, forestry, geography, geology, geoscience, hydrology, marine science, meteorology, natural history,
oceanography, ornithology, physics, water research, zoology. In the social sciences we reviewed efforts in
anthropology, archaeology, criminology, demography, economics, geography, international relations, political
science, psychology, sociology, and urban studies.

Each investigator was assigned a different list of disciplines to search for. A sample search query in Google Scholar,
Google, and Bing is as follows: “Linked data” AND “archiv” AND “anthropology.” Each project was analyzed for
inclusion/exclusion criteria by its entry coder. That data set was then expanded via snowball sampling: as we
reviewed each case and its associated web presence and documentation for our selection criteria, we occasionally
identified additional projects not included in our sample. The team erred on the side of including projects that
appeared to meet the criteria or self-identified as meeting our criteria, to look broadly at possible cases. For instance,
many projects (particularly in some domains such as criminology) self-identify as using “linked data” but were in
essence drawing on database structures, aggregator tools, or interoperable data sharing, that did not draw upon
linked open data as we defined it. We decided to focus on projects that were active in the past five years (between
2018 and the present) in order to analyze recent work, acknowledging that such a cutoff is somewhat arbitrary.
While the concept of linked open data was developed in the mid-2000s (Berners-Lee et al., 2001) and discourse
around the concept surged in the GLAM fields in the 2010s (Davis & Haravi 2021, 5), over the past five years the
domain has reached a state of maturity in which implementation is catching up to discourse. As we discuss later, we
may wish to include a wider range in future stages as we explore the longevity and sustainability of these efforts.

After that data collection process, our full sample included 303 projects. Coding drew on qualitative content analysis
(Zhang & Wildemuth, 2016), and included both predetermined codes based on initial research, and iterative
inductive coding during deeper analysis of open-ended project descriptions. The team then built out an initial
codebook as a group to include core areas of interest such as types of primary sources, primary discipline, and the
purpose of linked data. Consensus was then built about tightening inclusion/exclusion criteria and the meanings of
codes. Each project was coded for both inclusion/exclusion and information entered for our preliminary set of
additional coding categories by a first entry coder. Coding and the conformance to inclusion/exclusion criteria was
evaluated for quality and completeness by at least two coders, including one PI. When there was disagreement about
a project’s eligibility or coding, the team met to discuss edge cases to build consensus and understanding about the
meaning and application of the criteria and the codes. After this iterative coding process, the list of projects that met
our inclusion/exclusion criteria was winnowed to a final sample of 34. Those were annotated and described in more
detail by each cases’ entry coder, and all entries were collectively discussed by the whole team. Finally, each PI
conducted deeper inductive coding of core coding categories (disciplines and primary source types by the PI and
linked data purpose by the Co-PI) to yield the preliminary findings shared here.

FINDINGS

Disciplines and Primary Sources

In total, we characterized 17 of these projects as primarily emanating from or serving ‘social science’ disciplines, 16
from ‘science,” and one, Europeana, as weighted equally to both. We observed a huge range of primary sources
being leveraged in linked data spaces across our 34 cases. Most commonly, we categorized these source collections
as paper archival records (which included analog datasets, manuscripts, fieldnotes), specimens (which included
both scientific collections and samples such as cores or samples derived from them), objects/belongings (which
included human-produced items or artifacts, photographs (including analog negatives, prints, aerial images), and
historical or rare book publications (including historical monographs and rare print materials as well as reports).
A few additional categories included murals or wall paintings (alluding to architectural or site-based works, and
audio recordings. We kept disciplinary categorizations of (usually museum-held) objects as human-made belongings
or specimens from the natural world to attend to the ethical and dehumanizing potential for doing otherwise, but it is




important to note that “objects” of various kinds were by far the most commonly cited in projects across domains.
Photographs, while less often cited, were equally utilized by projects in the sciences and social sciences.

There is some disciplinary difference among the citation of these collections as primary source data— for instance
more use of paper and archival materials, as well as historical publications, among social science projects. The
projects in the sciences tended to rely more heavily on specimens overall (Table 2).

Sciences Social Sciences Total occurrences
Paper/Archival 7 13 19
Specimens 16 2 18
Objects/Belongings 3 9 12
Photographs 4 4 8
Historic Publications 2 5 7

Table 2. Most Common Primary Sources by Disciplinary Category

Specimens as diverse as herbaria specimens, faunal remains, fossils, corals, pollen, sediments, ice cores, and tree
rings were noted as core collections for linked data projects in biodiversity, biology, ecology, biological
anthropology, ocean sciences, paleobiology, earth science, geology, entomology, and botany. Human-produced
objects and belongings were cited among a few of the scientific projects relating to biodiversity, biological
anthropology, and zooarchaeology (necessarily human-interested fields). In the social sciences, projects in
archaeology, cultural anthropology, geography, and linguistics noted the use of human-made belongings and objects.
Paper and archival records were used by projects in disciplines such as archaeology, botany, earth sciences and
demography in the social sciences, and in disciplines as diverse as botany ecology, entomology, evolutionary
biology, geology, and zoology. Photographs were used in projects serving a range of biology and biodiversity fields
in the sciences, and archaeology and anthropology fields in the social sciences.

Why Linked Data?

Within our dataset, we coded for project-based descriptions about why a given project chose to use linked data. We
looked at “about” pages on project websites and associated scholarly publications detailing the technical
specifications and their rationale.

Of course, a number of projects noted the technical capabilities of linked data in a general sense. A number of the
dataset’s projects cite core qualities, such as promoting access to data, trackability, and interoperability. For
example, the Biodiversity Heritage Library (BHL) “works to bring historical literature into the modern network of
scholarly research by retroactively assigning DOIs (digital object identifiers) and making this historical content
more discoverable and trackable” (Kalfatovic et al., 2023). The International Digital Dura-Europos Archive (IDEA)
“aims to virtually reassemble and improve the accessibility of digital archival content related to the archaeological
site of Dura-Europos” (IDEA, n.d.). This access, trackability, and interoperability is intended to “overcome
technological silos” (Cornut et al., 2023), and to “automate the handling of complex data, bring together information
gathered from various sources and enable easy access to ‘isolated’ information” (Nundloll et al., 2022).

But upon deeper analysis, four more complex core themes emerged as core aspirations for linked data across our
dataset: Data Curation; Discovery and Access; Reuse; and Interpretation and Analysis. Importantly, the core
affordances we coded within each of the latter three themes are derived from capabilities described within the Data
Curation theme. In other words, the core foundations of data curation not only make possible many of the other
qualities of linked data work, but when done well can generate more effective and impactful work in other domains.
Within these four themes, three surprising characteristics of linked data stood out across our cases as distinctive: to
build connection with communities, to give credit and attribute data, and to interrelated sources across data formats,
spanning historic publications, archival documents, specimens, and museum collections. Figure 1 below overviews
themes from the reasoning that we gathered across the dataset.




DATA CURATION

*Promoting adherence to FAIR data principles

sInternational and cross-domain alignment of data standards

*Preserving original localized contexts, "brand" and ownership among original collections

*Data-related process automation |
*Promoting technical sustainability, persistent discoverability and access

*Supporting data archiving (and publication) processes among scientists

*Supporting more advanced data management

*Tracking data provenance and transformations

*Assigning credit, supporting attribution and highly granular citation (for impact assessment)

DISCOVERY AND ACCESS

*Virtual reassembly/virtual reunification of scattered artifacts/data

*Expanding access: globally, across languages, and among source communities

*Supporting multilingual discovery and access

*Connecting data to relevant data across domains and sectors for broader discovery

*Adapting discovery and access mechanisms and interfaces to different communities
*Supporting community and public exploration and engagement, cultural understanding
*Promoting equitable discovery and access across small- and large-scale collections, resources

INTERPRETATION AND ANALYSIS

*Contextualization: linking entities to historical/other contexts

*Supporting multilingual analysis

*Connecting data to primary and secondary literature to support new knowledge production
*Connecting data to other relevant data across domains and sectors

*Interconnecting historical research with contemporary scholarly communication
*Facilitating machine-to-machine analysis, machine learning and Al applications
*Supporting more complex queries of large or complex datasets

*Improving data quality, e.g. through entity disambiguation, context, harmonization
*Supporting sophisticated, domain-specific analysis and tailored services

*Integrating with reference sources (such as genetic data sources, georefs, gazetteers, etc.)
*Support representation of highly intricate, complex, multilingual primary sources
*Accommodating and reconciling among multiple (conflicting) representations/interpretations

REUSE

*Connecting data to relevant literature and provenance for reproducibility, scientific transparency
*Innovative and open-ended reuse among researchers, different sectors, and the public
*Participating in open access / open science movements

*Facilitating novel user contributions, including multiperspective data and annotations

Figure 1. Objectives of Implementing Linked Data Coded by Purpose

Connection to Communities (Discovery & Access)

A handful of projects within the dataset articulate their goals in relation to communities. For instance, PARADISEC
aims to connect research with the communities they have worked in, but also to connect communities with their data
in appropriate formats (Arkisto, n.d.). Similarly, projects discuss the “democratization” of data. Digln, for example,
aims to “contribute to democratization of biodiversity data and the diversity of people with access to it” (DigIn, n.d.)
Europeana is also interested in the public’s novel uses of linked data: “We love to see the creative ways you use
what you find here, whether it’s teachers developing resources for lessons, developers using our open-source API to
make games, or culture lovers creating gifs and telling stories” (Europeana, n.d.). As disciplinary approaches beyond
anthropology increasingly draw on relational and collaborative practices, linked data’s potential to share data across
communities is noteworthy.

Credit and Attribution (Data Curation)

Projects within the dataset also describe how linked data can support systems of highly granular credit and
attribution, allowing for the attribution of specific data points, contextual insights, data manipulations, and other
aspects of provenance to specific researchers. For example, Bionomia discusses this point, stating that “If sufficient
numbers of people claim their specimens and attribute them to others, we may unwittingly develop reconciled
authority files to help museum staff employ an integrated approach that incorporates look-ups of disambiguated




people names” (Bionomia, n.d.). While it is established that credit and attribution are important for data reuse, these
aspects are less frequently associated with the value of linked data in humanities and cultural heritage contexts.

Interrelating Sources and Context (Interpretation and Analysis & Reuse)

Projects within our dataset aim to interrelate various types of sources and their context. While predictable among
historians, we noted this across a range of social science and science examples. For instance, the BHL draws
together fieldbooks, biodiversity literature, photographs, illustrations, and manuscripts (Biodiversity Heritage
Library, n.d.). The Archaeology Data Service interlinks field reports, datasets, GIS data, and geophysical
observations (Binding et al., 2022). Open Context also draws on a variety of data format types, including bound
paper, faunal collections, photographs, and objects/artifacts (Open Context, n.d.). Attempts to link and interrelate
across a variety of source types speaks to the silos that typically exist between libraries, archives, and museums
based on material type. Researchers and practitioners are drawing on linked data to support work across these silos.

DISCUSSION

In addition to the technical affordances of linked data, the projects in our dataset articulate bigger picture ‘whys.’
But we know less here about the true sociotechnical and disciplinary cultures in which this work is taking place,
beyond our own personal backgrounds in these fields. We have some initial hypotheses about some of these
differences and convergences that we hope to explore in the next phase of work. For instance, we have a preliminary
sense that a lot of the big picture logic for undertaking linked data work across both the sciences and social sciences
is fundamentally human-centered. Of course, that goes without saying in the social sciences, which are, by
definition, about human worlds and impacts.

But in the sciences, this is perhaps interesting. Much of the reasoning behind larger primary source-driven linked
data efforts in the sciences seem to coalesce around the impacts on people or peoples’ impacts on earth and its
environments: climate change, global biodiversity, the impacts of fossil fuels, and so on. Other work in science in
this area seems to focus on creating communities of (largely informatics) practitioners, or highlighting
underrepresented voices in science (as much of the work in Wiki domains does). Finally, much scientific logic for
this particular genre of linked data points to its ability to represent multiple forms of expressions at the same time —
units and naming standards, data in multiple languages, or other divergent institutional or international conventions.
Those efforts point to the well-known phenomenon in social studies of science that there is indeed a cultural aspect
to how science is done, and how scientific knowledge is encoded into data, which in turn makes collections data
difficult to reconcile across contexts (Delbourgo & Miiller-Wille, 2012; Mee et al., 2022; Hjorland, 2022; Latour &
Woolgar, 1986). The discovery of science’s “dark data” across the world requires translation across human-
produced knowledge infrastructures.

In the social sciences, the value propositions may be more obvious, but are perhaps still worth stating. For primary
source repositories of import to social science, these collections and their embedded data are not just research
evidence—they are also heritage, culture, and human knowledge. Thus, for many of the projects in these fields,
linked data aspires to build connections across repositories and to generate impacts, not just for data and research
fields, but for people and communities (facilitated, of course, by machines). Some projects, of course, go further—
following the current CARE and Indigenous sovereignty principles, they seek to leverage linked data to return data
to communities, or facilitate data discovery for its reclamation by communities. The projects we analyzed therefore
largely seek to make collections data not only more discoverable, but more culturally relevant. Linked data can
facilitate that. It allows multiple truths and forms of expressions at the same time—an important departure for
cataloguing and representational systems that have long delimited (or worse, objectified) human knowledge into
fixed categories (Moriarty & Turner, 2023; Mohan & Rodgers, 2021). On the other hand, Da Silva has noted that a
major shift may be necessary for social scientists to move from holistic approaches to interpreting primary data to
the “atomization” required of linked data, as well as the shift from manual to automated data collection, and the
potential blurring of data and metadata (Da Silva 2018, 101-102). Yet, the social sciences are also more proximal to
the humanities and to heritage work, both of which have built robust linked data infrastructures, as well as
vocabularies, taxonomies, thesauri and other approaches to data models that may lay the groundwork for appropriate
linked data ontologies.

While the sciences seem to have a lot of interest, the implementation of linked data seems to progress in fits and
starts. It may be that the lift to embrace linked data in the sciences is too great relative to the anticipated benefits for
various disciplines. Some fields, including earth sciences and biodiversity, have developed alternative approaches to
data normalization and aggregation (some of which predate the emergence of linked data). While some approaches
lack some benefits of a semantic approach, they have already gained a critical mass of users and implementers,
making the shift to fundamentally different data models difficult. Linked data, like any infrastructure, relies on
critical mass and the social cultures of knowledge domains. In this initial review, we chose to cut cases that merely
built linked data add-ons or chose similar but alternative approaches. Ironically, many of those projects have stood




the test of time. Many of the projects we reviewed were online aggregators, databases, or portals created in the
naughts and 2010s (all the rage!). Many have demonstrated real longevity. Rather than build new linked data
infrastructures, many of these projects have built tools or resource pages to allow individual users or organizations
to transform their data into linked-data-amendable formats. In scientific fields, where technological self-sufficiency
is more common, that may be all that seems worth doing in the present moment. That approach may also be
supported by the fact that many scientific databases and museum collections data are more inherently structured
than, say, archival or special collections data, which (particularly in the finding aid tradition) is largely unstructured,
and therefore needs far more concerted efforts to transform it for linked data platforms.

It is difficult to judge whether the sciences are rightly reluctant to jump on the linked data bandwagon. A major
limitation of the present work is that it exposes only project ideals, not what linked data really are and are not good
for in these various contexts. We know little about what of these aspirations has really been accomplished, nor
whether linked data was in fact the best way to accomplish them. And of course, we know even less about the
sustainability of any of this current work. We risk, like all other major innovations that have come before, betting on
the wrong horse. We need to also ask ourselves: Is it the right answer for specific disciplines? What goals can be
accomplished of this aspirational list without linked data? With what? And what is truly only possible via linked
data? In the next phase, we aim to look more closely at disciplinary differences, the shape of evidence and
knowledge in each domain, and their linked data implementations.

CONCLUSION

Critical studies of the processes of archival datafication — the derivation of digital data from primary sources — have
been siloed by disciplines, and focus predominantly on humanistic applications. This is a missed opportunity for
understanding (a) the evolution of scientific and social scientific research practices, which have interpretive
components in relation to primary sources; and (b) deepening understanding of the ethics of datafication and
especially linked datafication in a broader range of contexts.

To date, very little is understood about how primary sources are used in sciences and social sciences, or why and
how these sources are being transformed into linked data representations. In this paper, we have therefore shared the
findings of an empirical attempt to understand how and why and when professionals and researchers in the sciences
and social sciences leverage linked data for analog primary source collections. At this stage, we have already begun
to identify some disciplinary divergences among the use of primary sources, their conception as data, and their
integration with linked data. Our work to select and code cases illuminated the blurry nature of many of these core
categories—primary sources, disciplinary boundaries, and what constitutes linked data. Further, we have more work
to do to understand the realities on the ground, and the affordances of linked data relative to other possibilities.

Our future work will apply some of the linked data methods and workflows we documented here with test
collections in anthropology (a field that cuts across the social sciences and sciences) to understand what is gained
and lost in various data representations and linked data approaches. As a touchstone, we aim to leverage
anthropology’s inherent interdisciplinarity to both look and speak broadly through the work. Additionally, we plan
to review particularly relevant linked data projects in fields external to the sciences and social sciences to generate a
more comprehensive picture of linked data as documented in cultural heritage literature.

Perhaps these initial findings also suggest that we should test other alternatives as well. Beyond the extant
possibilities, it is important to note that alternative approaches to data management (data mesh, Al, and active
metadata approaches, for example) are emergent areas for innovation in this domain that need exploration.

Throughout this project, we aim to maintain a grounded understanding that will allow us to capture the evolving
shape of knowledge representation and research practices, and their potential impacts on the future of scientific,
scholarly, and community records. This cross-disciplinary approach will help to break down silos between fields,
and with benefits LAM and data curation professional practice in domains new to these discussions.
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