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as an important topic within information and data fields, and the central characteristics of that which gets called “metadata.” Metadata can be
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1.0 Introduction

“The future province of metadata is grand” (Greenberg and
Garoufallou 2013, 2). For many people within the library
and information sciences (LIS), metadata is a distinct focus
of academic research and professional practice. LIS is
unique in putting such a lens on metadata as a matter of dis-
ciplinary emphasis, but as indicated by the epigraph above,
the scope of the people and institutions who are interested
in, or work with, metadata is indeed grand.

Outside of LIS, metadata has traditionally been a proto-
typical infrastructural phenomenon: essential yet mundane

and ubiquitous yet often invisible (Borgman 2003; Edwards
2010; Pomerantz 2015). In the past decade, however, meta-
data has emerged as a critical topic in many contexts. Meta-
data became a topic of political and legal intrigue with the
publishing of stories about the US National Security
Agency eavesdropping on digital communications (Schneier
2014; Mayernik and Acker 2018) and the use and manipu-
lation of metadata gathered by social media platforms
(Acker 2018). Online streaming services for music, movies,
and other forms of personal entertainment rely on metadata
of various kinds to provide recommendations, personaliza-
tion, and categorizations to their users (Madrigal 2014;
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Maron and Carter 2017; Sisario 2019). And anything de-
scribed as involving “big data,” whether in the academic or
business contexts, also inevitably involves “big metadata”
(Greenberg 2017).

When viewed under a knowledge organization (KO)
lens, metadata can be either (or both) something to be orga-
nized and something to use to achieve organization. As
Richard Gartner (2016, 109) noted in a recent book on
metadata, “Metadata is in many ways an attempt to develop
a science for organizing ideas and so creating knowledge.”
Many of the long-term research questions in knowledge or-
ganization outlined by Gnoli (2008) have implications for
metadata principles and practices, including “How can KO
be adapted to local collection needs?,” “How can KO deal
with changes in knowledge?,” “How can software and for-
mats be improved to better serve KO needs?,” and “Who
should do KO?” Similarly, Hjerland’s (2008) list of ap-
proaches to KO, including classification systems, facet anal-
ysis, information retrieval, bibliometric approaches, and the
domain analytic approach, all often involve and/or manifest
as some form of metadata.

1.1 Goals of the paper

This article is an exploration of the concept of “metadata.”
It presents a high-level introduction to the topic with anal-
ysis of key research problems and practical challenges. The
theoretical view taken is of metadata as a sociotechnical phe-
nomenon. Metadata, like data, comes from somewhere
(Gitelman 2013). They have origins, histories, and journeys
(Leonelli 2016). The intention of this paper is to discuss var-
ying understandings of what “metadata” means, the origin
and evolution of metadata as an important topic within in-
formation and data fields, and the central characteristics of
that which gets called “metadata.” The article discusses
metadata as both process and product, illustrating how
metadata is created and used within different kinds of con-
texts.

1.2 Topics beyond the scope of this paper

This article is not a “how to” document that will guide read-
ers through particular metadata schemas or standards.
There are many helpful book-length guides that provide in-
depth instruction on many specific metadata languages, in-
cluding those by Caplan (2003), Foulonneau and Riley
(2008), Sicilia (2014), Zeng and Qin (2016), and Haynes
(2017). The discussion in this article is complementary to
those works, as well as to earlier overviews of metadata by
Jane Greenberg (2005; 2009), by discussing metadata in the
context of the people, technologies, and institutions with
which they are connected. The article also does not focus on
any particular technologies or intellectual domains as many

of the characteristics discussed below manifest across a
range of technical infrastructures and institutions.

2.0 “Metadata” within library and information
science

Although the exact origins of the term “metadata” have
been recounted in different ways over the past couple of dec-
ades (c.f. Greenberg 2005; Giles 2011; Gartner 2016), the
generally accepted view seems to be that the term originated
in the late 1960s in the context of computer system design
to refer to the use of one data element to describe or repre-
sent some characteristic of another data element. A search
of the Web of Science citation indexes in December 2019
shows that usage of the term “metadata” first appears in
1982 with rare and idiosyncratic usage through the 1980s.
It started to become a term of niche usage in the early 1990s
in discussions of information management systems, geo-
graphical information systems, and database design. Aside
from sporadic early use, the term entered the discourse of
the library and information sciences in the mid-1990s, par-
ticularly in relation to the development of digital library sys-
tems and the emergence of the internet and the World Wide
Web as major social forces.

The term “metadata” became widely used during the
mid-1990s to refer to approaches to information descrip-
tion, management, and discovery that differed from con-
ventional cataloging approaches using library-focused
structure and content standards like Machine Readable
Cataloging (MARC) and the Anglo-American Cataloging
Rules, Second Edition (AACR2). The development of the
Dublin Core metadata element set in 1995 exemplifies this
turn toward “metadata” within the LIS communities, both
in concept and terminology. The Dublin Core, so named
because it was formulated in a workshop in Dublin, Ohio,
in March of 1995, was explicitly motivated by a desire to de-
velop a common approach to describing electronic re-
sources that would enable better discovery and collection of
resources on the web (Weibel, 1995; Sugimoto, Baker, and
Weibel 2002). Keeping track of web pages and other digital
information resources with traditional library cataloging
practices proved to be difficult, despite the best efforts of
library professionals, because of the malleable nature of in-
ternet-based materials.

Metadata .

Definition
subtag
Title A name given to the resource

A person primarily responsible for making
Creator

the content of the resource
Subject The topic of the content of the resource
Description An account of the content of the resource
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Metadata ..
Definition
subtag
. An organization or person responsible for
Publisher i )
making the resource available
A person responsible for making
Contributor contributions to the content of the
resource
Dat The date that the resource was published
ate .
or copyrighted
T The nature or genre of the content of the
e
P resource
The physical or digital manifestation of the
Format
resource
" String or number used to uniquely identify
Identifier . L .
the object, e.g., the object identifier (OID)
A reference to a resource from which the
Source . .
present resource is derived
The language of the intellectual content of
Language
the resource
Relation A reference to a related resource
The extent or scope of the content of the
Coverage
resource
Righ Information about rights held in and over
ights
& the resource for rights management

Table 1. Dublin Core metadata standard.

The Dublin Core element set included thirteen fields (later
expanded to fifteen by including Description and Rights),
as stated by Weibel (1995, n.p.) to be “the minimum num-
ber of metadata elements required to facilitate the discovery
of document-like objects in a networked environment such
as the Internet. The syntax was deliberately left unspecified
as an implementation detail. The semantics of these ele-
ments was intended to be clear enough to be understood by
a wide range of users.”

Weibel’s quote displays a couple of important points of
debate that existed at the time (Lagoze, 1996) and continue
to manifest in relation to metadata developments today.

— First, there is tradeoff in the extent of the metadata
that is needed (e.g., minimal vs. comprehensive de-
scription) in relation the goals of the effort (docu-
ment discovery in the case of the Dublin Core).

- Second, metadata initiatives often face challenges
in defining an appropriate degree of standardiza-
tion. In the case of the Dublin Core, it solved a cer-
tain kind of interoperability challenge by standard-
izing the names of the metadata elements but
opened new interoperability challenges by not
specifying the syntax of the information held by
those elements.

— Third, in declaring that the Dublin Core was in-
tended to be clear enough to be used by “a wide

range of users,” the developers were explicitly going
against prevailing approaches in which metadata
standards and practices were targeted towards pro-
fessional experts.

The Dublin Core thus exemplifies how the move toward
“metadata” assumed and asserted that metadata descrip-
tions for resources in the web environment would be cre-
ated by a range of individuals, from expert to novice.

This last point particularly illustrates how early discus-
sions explicitly centered on the ways that “metadata” existed
as a counterpoint to conventional approaches to library cat-
aloging (Greenberg 2005). Michael Gorman, editor of the
Anglo-American Cataloging Rules (AACR) for many years,
was a noted critic of the move toward metadata (Gorman
1999). In a later article simply titled “Metadata Dreaming,”
Gorman (2006) stated that the approach to metadata devel-
opment and implementation exemplified by the Dublin
Core was based on a failed utopian dream of a “third way”
of description (with the bibliographic description approach
and the free-text “Google search” approach being the other
two ways). In a subsequent memoir, Gorman has called
metadata “an inferior, unstandardized species of cataloging
done by amateurs” (2011, 191) that is targeted towards the
“philosopher’s stone of bibliography—high-quality cata-
loging with no or little expense” (203). Gorman was per-
haps one of the more visible and vocal critics but was by no
means the only voice that argued that metadata projects that
lose the more structured and complex approaches used in
the library and archival community would struggle to be
successful over the long term (Howarth 2005).

Such criticisms failed to slow the momentum of the
“metadata” movement. The Dublin Core itself is the center
of a dynamic metadata research and application community
and is now a common reference point for many approaches
to define “minimal metadata sets” for various purposes (Ara-
kaki etal. 2018). It was also integrated into the Open Archives
Initiative Protocol for Metadata Harvesting (OAI-PMH) asa
way to facilitate harvesting of resources from diverse online
sources (Van de Sompel et al 2004). The tensions noted above
regarding metadata completeness, standardization, and con-
sistency have not disappeared (c.f. Lagoze et al 2006; Urban
2014), but it is fair to say that the trends that motivated the
development of the Dublin Core have held true. Namely, as
most information and data systems have moved online and
new types of internet-based information and communication
technologies have emerged, the numbers of people, infor-
mation types, and standards at play in the metadata space
have increased correspondingly (Lagoze 2010).

The term “metadata” is now generally used in an expansive
fashion to refer to descriptive and organizational schemes and
practices broadly, regardless of whether they take place within
information and data institutions or in other contexts. Like

14.01.2026, 13:09:56.


https://doi.org/10.5771/0943-7444-2020-8-696
https://www.inlibra.com/de/agb
https://www.inlibra.com/de/agb

Knowl. Org. 47(2020)No.8
M. S. Mayernik. Metadata

699

its close relative “data,” the term “metadata” has been used to
function as a plural or a collective singular noun (Rosenberg
2013). “Metadata” is commonly used now as a blanket term
for a range of practices, many of which pre-existed the term
“metadata” itself, including library cataloging, archival de-
scription, and scientific data documentation, along with
more recent phenomena, such as automatically generated in-
formation associated with digital images or social media
streams (c.f. Pomerantz 2015; Gartner 2016; Haynes 2017).

3.0 Metadata definitions, conceptions, and relations

As the term “metadata” has spread, it has been defined and
redefined in numerous ways. Many scholars and profession-
als have moved past the most common definition of meta-
data, the literal “data about data,” to more nuanced and
pragmatic discussions of requirements and functions.

3.1 Definitions

The following list provides a handful of definitions of meta-
data to illustrate how such definitions range from fairly spe-
cific to quite broad.

— Greenberg (2003, 1876)—"structured data about an ob-
ject that supports functions associated with the desig-
nated object.”

- Greenberg (2005, 20)—"data attributes that describe,
provide context, indicate the quality, or document other
object (or data) characteristics.”

- Smiraglia (2005, 2)—"structured descriptors of infor-
mation resources, designed to promote information re-
trieval.”

- Gilliland (2008, n.p.)—"the sum total of what one can
say about any information object at any level of aggrega-
tion.”

— Pomerantz (2015, 26)—"Metadata is a statement about
a potentially informative object.”

Within particular application areas or academic communi-
ties, more targeted definitions appear as, for example, in the
following set of definitions of metadata by experts in geo-
and environmental science data.

— Michener, et al. (1997, 331)—"higher level information
or instructions that describe the content, context, qual-
ity, structure, and accessibility of a specific data set.”

— Fegraus et al. (2005, 159)—"the information that de-
scribes ‘who, what, where, when, why, and how’ an eco-
logical data-set was collected.”

— Danko (2012, 360)—"data that describes the infor-
mation so that it will be useful and have value, be under-
standable, and enable collaboration.”

- Gordon and Habermann (2018, 38)—”well-defined
content in structured representations that make it easier
to share and discover.”

Jonathan Furner recently demonstrated how definitions of
metadata also vary within standards established by ISO, the
International Organization for Standardization (Furner
2020). Furner found that 96 ISO standards include defini-
tions of “metadata,” ranging from “data about data” to
much more detailed definitions. Furner concludes that
while one interpretation of these findings is that the ISO
standards represent a problematic inconsistency in what
“metadata” refers to within the information and data
worlds, another interpretation is that these varying defini-
tions represent community-centric interpretations of the
“metadata” concept as appropriate for their applications.
Furner (2020, E41) states:

Perhaps it is actually more important for different do-
mains, or even subdomains as represented by individ-
ual standards, to develop and to record their own par-
ticular definitions of terms, and thereby to make ex-
plicit the otherwise possibly overlooked differences in
the ways in which the same terms are used in different
contexts by different groups of specialists for different
purposes.

One may argue that definitions in standards should take
precedence over literature-based definitions. These two
types of documents, however, tend to reach different audi-
ences and, therefore, serve different purposes. Standards
tend to be read and used by professionals while literature
tends to be read by scholars and students. Therefore, neither
source is more definitive. Rather, specific genres of docu-
ments (and specific individual documents) are more prom-
inent within specific institutional situations. It is true that
standards-based definitions are often developed by commit-
tees of individuals representing a variety of stakeholders. As
Furner’s study shows, however, differences between stand-
ards-making bodies and committees themselves are a source
of variation among definitions of “metadata.”

Definitions in both the research literature and standards,
however, tend to focus on the use of metadata. This leads to
the next topic, specifically, the ways that “metadata” have
been categorized and conceptualized.

3.2 Categorizations and conceptions

If the notion of “metadata” has been defined in a variety of
ways, it has been categorized and conceptualized in an even
more diverse fashion. Categorizations of metadata reflect
the different conceptions and motivations of the people
who generate them and manifest in a variety of metadata ty-
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pologies. Gilliland (2008), for example, in an overview arti-
cle on metadata for library and information professionals,
breaks the term “metadata” down into five types: adminis-
trative, descriptive, preservation, use, and technical. Other
works, however, present different categorizations. A full ex-
plication and comparison of all of the categorizations that
have been proposed is beyond the scope of this article, but
looking across a selection of metadata-focused works
(Greenberg 2001; Greenberg 2005; Lawrence et al 2009;
Pomerantz 2015; Gartner 2016; Habermann 2018), the fol-
lowing categories appear at least once:

- access,
— administrative,
— archive,

— authentication,
— browse,

— character,

— descriptive,

- discovery,

- finding,

— identification,
— linking,

— preservation,
— provenance,

- relationships,
- rights,

— structural,

— technical,

- understanding,
— use.

Clearly some of these terms are related. But the variety of
these categories indicates the generally broad understanding
of what “metadata” might encompass.

Many of these categories represent particular tasks or ac-
tions that might be facilitated by metadata, such as authen-
ticating, browsing, discovery/finding, preserving, or under-
standing information/data resources. This is perhaps the
one commonality among these various definitions and cat-
egorizations of metadata: that metadata is created to be
used, for some purpose(s), by people or computer applica-
tions. Karen Coyle (2010, 6) outlines how metadata is con-
structed, constructive, and actionable:

— Metadata is constructed: It is an artificial creation
not found in nature.

— Metadata is constructive: It is created for a pur-
pose, activity, or to solve a problem.

— Metadata is actionable: It is intended to be useful
in some way.

Richard Gartner (2016, 4) provides a useful summation
that encompasses this conceptualization of metadata as be-
ing designed and implemented for the purposes of particu-
lar uses:

The shape of metadata is designed by human beings
for a particular purpose or to solve a particular prob-
lem, and the form it takes is indelibly stamped with its
origins. There is nothing objective about metadata: it
always makes a statement about the world, and this
statement is subjective [in] what it includes, what it
omits, where it draws its boundaries and in the terms
it uses to describe it.

These characteristics of metadata hold across technologies,
institutions, and decades. As one example, Marfa Montene-
gro (2019) illustrates how the design of the Dublin Core
metadata schema reflects the cultural assumptions of the
people who were involved in its creation, particularly
around notions of authorship and ownership of infor-
mation resources. Information and knowledge that origi-
nate in other cultural contexts, such as within Indigenous
communities, may not fit within the Dublin Core’s frame-
work. As Montenegro (2019, 737) notes:

Two DC [Dublin Core] elements in particular per-
petuate colonial practices of exclusion. Specifically,
the rights and Creator Fields conflict directly with In-
digenous epistemologies and protocols defining the
access, circulation and use of TK [Traditional Know-
ledge] ... Both fields—rights and creator—are formed
upon and replicate legal frameworks that have embed-
ded relations of exclusion. The definition provided by
DC for the rights element presumes that IP [Intellec-
tual Property] laws are universal, however, legal re-
gimes of IP and copyright are culturally specific and
the types of rights they specify, by definition, exclude
all types of Indigenous TK.

In another example, Fidler and Acker (2016) depict some of
the decisions that were at play in the design of the protocols
for information exchange that underlie the internet. The de-
signers of the internet protocols engaged in a range of de-
bates about what metadata needed to be associated with
each “packet” of information that was transmitted over the
network. Discussions took place about the importance of
socket numbers, network addresses of the computers at
each end of the transmissions, as well identifiers for specific
computer processes that were to be invoked by the transmis-
sions. Other pieces of metadata were discussed but ulti-
mately not included in the protocol’s requirements, includ-
ing metadata related to the specific users who were doing
the transmissions. These discussions were targeted toward
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particular purposes, ranging from the technical functional-
ities that were desired to the need to potentially gather in-
formation for billing users for their usage of the network.
Such metadata can be found in the design of any net-
worked information system; indeed, such systems cannot
function without internal metadata that support the net-
works’ communications and functions (Mayernik and
Acker 2018). This makes problematic the notion of meta-
data (or data) as being “exhaust” within technical systems.
This “exhaust” metaphor has become increasingly common
in discussions of metadata within digital systems (c.f.
Mayer-Schonberger and Cukier 2013; Schneier 2015; Ed-
wards 2017). Pomerantz (2015, 126) for example, states that
“Up to this point, ‘metadata’ has meant data that was cre-
ated deliberately; data exhaust, on the contrary, is produced
incidentally as a result of doing other things.” As we see
from the Gartner quote above and the example from Fidler
and Acker, any metadata created automatically within digi-
tal/networked information systems is a designed feature.
There is nothing incidental about its creation. Using such

metaphors as “exhaust,”

smog,” or “waste” when talking
about metadata “implies that these traces are inevitable, a
by-product of human and technical activities that cannot be
avoided, and once produced are out of human control”
(Mayernik and Acker 2018, 178). These metaphors serve to
obscure understanding of metadata rather than illuminate

it.
3.3 Relation to other concepts

This section provides brief overviews of how the concept of
“metadata” relates to other important concepts within the
library and information sciences.

3.3.1 Data

If we take the literal “data about data” definition of meta-
data, then it is straightforward to say that “metadata” is
simply a sub-category of “data.” This is useful in that it al-
lows us to characterize metadata as having certain properties
that prior analyses have denoted for things classed as “data.”
Two definitions of “data” are provided here as illustrations.
Furner (2017, 66) defines data as “concrete instantiations of
symbolic representations of descriptive propositions, in-
formed by empirical observation, about the quantitative
and qualitative properties of real-world phenomena.” Hjor-
land (2018) builds on Kaase (2001, 3251) to provide a more
streamlined and generalized formulation: “Data are infor-
mation on properties of units of analysis.” Both definitions
note that “data” refers to entities that represent or contain
information (“symbolic representations of descriptive
propositions” in Furner’s terms) about other entities,
whether “quantitative and qualitative properties of real-

world phenomena” or “units of analysis.” Put more simply,
Furner refers to data as “representational concreta,” that is,
something concrete (i.e., materially manifesting via some
real-world entity) that represents something else.

In this sense, it is straightforward to consider “metadata”
to be a kind of “data.” The idea that “metadata” refers to “a
statement about a potentially informative object” (Pomer-
antz 2015, 26), or other more specific definitions given
above, fits well within the broad category of “data” as “rep-
resentational concreta.”

Simply considering metadata to be a sub-class of data in
this way is unsatisfactory, however, in that it does not pro-
vide any insight into why one might call a given entity
“metadata” instead of “data.” Common distinctions within
KO contexts, where metadata such as classifications or sub-
ject terms are greatly distilled representations or descrip-
tions of informational resources, do not hold in some tech-
nical systems where the “metadata” stored by the system can
be much bigger than the “data” (Klensin 1995; Brunton
2016).

Additionally, many pieces of information that are con-
ventionally called “metadata” are in fact used by researchers
and professionals as evidence to make particular claims.
Think of the field of bibliometrics, for example, or the re-
cent discussion of “bibliographic data science” by Lahti, et
al (2019). Using something as evidence for specific claims is
a key definition of “data” in the context of scholarly re-
search, according to multiple recent scholars (Borgman
2015; Leonelli 2016). Mayernik (2019) argued that the dis-
tinction between data and metadata may be related to what
is foregrounded and what is backgrounded in the context of
a knowledge claim. In particular, metadata, “however in-
stantiated in local situated activities of scientific research,
are central to enabling something to serve an evidentiary
role, that is, to serve as data. In particular, if data are entities
used as evidence, then metadata are the processes and prod-
ucts that enable those entities to be accountable as evidence”
(Mayernik 2019, 734-735, italics in original).

In sum, calling something “metadata” as opposed to
“data” is a culturally contextual classification that rarely has
a self-evident rationale (Boellstorff 2013). Data and meta-
data are often designated in contradistinction to each other,
depending on the specific situations of origin and use
(Borgman, Wallis, and Mayernik 2012; Mayernik and Acker
2018).

3.3.2 Document

The notion of a document is central to library and infor-
mation science. Library and information work, including
knowledge organization, centrally involves the creation,
processing, and organization of documents. Library and in-
formation science scholars have thus developed sophisti-
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cated understandings of what it means to call something a
“document.” Michael Buckland (1997; 2014) outlines how

»

particular entities can be “made as,” “made into,” and “con-
sidered as” documents. These three views, which are pro-
gressively more inclusive, reflect how: 1) particular things
may be deliberately designed to serve documentary pur-
poses (“made as documents”); 2) human artifacts may be
used as documentary resources even if that was not their
original purpose (“made into documents”); or, 3) naturally
occurring objects such as rocks or animals may be used for
documentary purposes (“considered as documents”). In
these senses, almost any object could be used as a document
depending on their evidentiary value in particular circum-
stances. Being a “document” is, therefore, a role that partic-
ular things play, rather than an inherent property of those
things.

Furner (2016, 303) argues that all datasets are docu-
ments, stating that “the dataset is a species of document.”
Thus, if metadata are a special kind of data, as noted above,
then metadata likewise exist as documents not abstract con-
cepts or information that exists without material form. As
such, metadata can be analyzed via the same conceptual ap-
paratus as documents. See Buckland (2018) for a recent
overview on this topic.

If metadata is a sub-species of both data and document,
it might be worth asking the question about the relation-
ship among all three concepts. In other words, using Venn
diagram terminology, one possible view is that the three
terms are completely hierarchical, with “metadata” being
completely encircled by “data,” which is in turn completely
encircled by “document.” An alternate view is that “data”
and “metadata” are partially overlapping circles within the
larger “document” set. This latter view is a better fit with
the discussion in the previous section of the culturally con-
textual ways in which data and metadata are distinguished.
In other words, documents can be data, metadata, both, or
neither depending on their usage as such in particular situa-
tions. Stated more concretely in relation to Buckland’s con-
ception of “documents” as being roles rather than proper-
ties, being metadata is a role that some documents (or types
of documents) have in particular circumstances (Renear
and Wickett 2010).

3.3.3 Context

A couple of the definitions of metadata presented in section
3.1 referred to metadata as describing or providing context
for informational/data resources. “Context” is itself a po-
tentially slippery concept, generally referring to the setting
or situation in which an action or event takes place and the
factors that influence the action or eventas it happens. Con-
texts can be important in how metadata is designed or in
how it is interpreted (Wickett 2015). Dervin (1997, 14)

notes that context is typically conceptualized, “usually im-
plicitly, as a kind of container in which the phenomenon re-
sides.” Talja, Keso, and Pietilainen (1999, 754) approach
context from a metatheoretical viewpoint, saying “context
is the site where a phenomenon is constituted as an object
to us.” They describe context as the “crossroads between re-
searcher and data.” Dourish (2004) describes how what is
usually referred to as “context” can be better conceived as
being rooted in “practices.” Shifting from “context” to
“practices” allows us to focus on the “engaged action
around artefacts and information that make those artefacts
meaningful and relevant to people” (Dourish 2004, 26). Us-
ing this view, “context” exists both; 1) independently from
the situated actions; and 2) co-produced by people via their
situated actions. Metadata thus serve to create the context
around information/data resources as much as they serve to
describe that context.

As more metadata is produced automatically via compu-
ting systems, context is something that “must be reckoned
in both architectural and institutional terms” (Agre 2001a,
194). In other words, “context,” in the context of compu-
ting systems, includes considerations of both the operations
of the computing hardware and software—from bit-level to
infrastructure-level—as well as considerations of institu-
tional settings in which those computing systems were de-
signed, created, and operated. Metadata associated with dig-
ital objects may be designed to reflect different parts of these
details, depending on the application or situation.

4,0 Characteristics of metadata

As the diversity of the definitions, functions, and roles given
above illustrates, metadata is not a definite and singular con-
cept. Rather, it is a fluid, multiple, and fractional concept
(Law 2004). Metadata is “fluid” in that file naming conven-
tions, catalog records, data descriptions in repositories, user
tags on YouTube, notes in personal Excel spreadsheets,
email headers,and HTML tags can all be called “metadata.”
Metadata, as a concept, is also characterized by “multiplic-
ity” in thatitis enacted differently in different social settings
and situations, from Dublin Core records created by infor-
mation professionals to descriptions in lab notebooks cre-
ated by scientists to document their data. Despite this diver-
sity, some characteristics and points of debate are common
across metadata of different kinds. This section discusses
some of the central characteristics of that which gets called
“metadata.”

4.1 Structured vs. unstructured
A primary point of distinction in some discussions of meta-

data is between structured and unstructured information.
A number of the definitions quoted in Section 3.1 explicitly
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call out metadata as being “structured.” Many structures for
metadata have been formalized into standards, ranging from
general purpose metadata standards such as the Dublin
Core to discipline-specific standards for particular kinds of
resources, e.g., geospatial information (Danko 2012;
Brodeur et al 2019). Standardized schemas and structures
facilitate the interoperability of metadata between systems
and applications (Zeng 2019). Metadata standards are com-
monly organized around a set of elements (such as “title,”
“author,” “date”) that manifest as computer-readable docu-
ments in one of an alphabet-soup set of formats and mark-
up languages, such as MARC, XML, JSON, and YAML.

Structured metadata can be differentiated from other
forms of unstructured metadata, which might also be called
“documentation” (Habermann 2018). Unstructured meta-
data could include any range of traces and practices that
achieve some or most of the same goals as structured meta-
data, namely to create documentation, descriptions, and an-
notations for the purposes of managing, discovering, access-
ing, using, sharing, and preserving informational/data re-
sources. As one example, in the context of data archives, it is
common to include one or more narrative documents that
describe various aspects of the data in more detail than is pos-
sible through standardized metadata structures.

It is important to keep in mind that structured and un-
structured metadata can be hard to fully disentangle. Meta-
data standards commonly include a mix of controlled and
uncontrolled elements. Controlled elements may require
the information therein to conform to a specified syntax
(e.g., “year-month-day” syntax in a date field) or to be cho-
sen from a pre-determined set of values (i.e., controlled vo-
cabularies). Uncontrolled fields, on the other hand, may al-
low any value to be present. Thus, even within highly struc-
tured metadata standards, there can be significant amounts
of unstructured metadata. This characteristic can challenge
attempts to aggregate or discover metadata, even if it is all
structured according to a common standard (Arms et al
2002).

4.2. Metadata-as-product and metadata-as-process

The use of standards to create structured metadata results
in what can be characterized as “metadata products.” Ed-
wards etal (2011), in a discussion of metadata in the context
of scientific research, describe how metadata products al-
most always involve corresponding “metadata processes,”
namely, practices that help people overcome or bypass fric-
tions that occur in the creation and use of metadata. Ed-
wards et al (2011, 684) states:

Well-codified metadata products increase the preci-
sion with which a dataset can be fitted to purposes for
which it was not originally intended, or can be reused

by people who did not participate in creating it. At the
same time, ephemeral, incomplete, ad hoc metadata
processes act as lubricants in disjointed, imprecise sci-
entific communication. This latter category of meta-
data frequently appears alone, in the case of datasets
for which no metadata products exist, but it also fre-
quently appears in the actual use of metadata prod-
ucts.

Some of the examples provided by Edwards et al (2011) and
other related works (Mayernik, 2019) discuss how “meta-
data processes” effectively serve to facilitate data discovery,
sharing, and use in situations where standardized “metadata
products” have not or cannot be created due to time con-
straints or the lack of expertise available. As noted in the last
sentence of this quote, however, metadata processes are also
important in situations where standardized metadata prod-
ucts are being created. As one example, starting in 1988 and
extending into the 2010s, the US Library of Congress pub-
lished a set of “rule interpretations” for use by catalogers
within libraries across the world who were creating catalog
records via the Anglo-American Catalog Rules, 2 Edition
(AACR2). AACR2 provided hundreds of rules for catalog-
ing library resources of all kinds. Applying these rules when
cataloging particular items, however, involved interpretive
decision-making regarding their fit to the details of the item
in hand. The Library of Congress rule interpretations gave
catalogers more detailed guidance on how to apply catalog-
ing rules than was contained in the A4CR2 cataloging code
itself. These rule interpretations covered common cases,
such as how to enter author names when there was more
than one author of a resource and rare cases, such as how to
designate authorship for a conference proceedings, where
no individuals were named as authors or editors. As Barbara
Tillett, former head of the Library of Congress’s cataloging
division, noted (Tillett 2003, 113):

These rule interpretations lead to greater consistency
in applying the rules, which is important for a very
large institution and for its partners who help create
compatible bibliographic and authority records.
These guidelines are not appropriate for a cataloging
code, but are needed for training and daily guidance
to catalogers seeking to provide bibliographic descrip-
tion and access in a consistent way.

The Library of Congress Rule Interpretations (LCRI) were
thus a kind of metadata process that facilitated the creation
of more standardized metadata products. The implementa-
tion of any metadata standard is tied up in local interpreta-
tions and processes (Park and Maszaros 2009). This inter-
pretive flexibility is a characteristic of every metadata stand-
ard or schema (Feinberg 2017). Looking closely at the pro-
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duction of other metadata products would likely show sim-
ilar couplings with attendant metadata processes.

4.3 Metadata and description

In a recent work, Michael Buckland (2017, 113) states that
the “first and original use of metadata is to describe docu-
ments.” Itis thus important to discuss briefly what “descrip-
tions” are and what characteristics they pass on to metadata.
The word “description,” like other similar words such as
communication, illustration, and, yes, information, can be
used to discuss both things and activities. When talking
about metadata, descriptions are most commonly discussed
as things, e.g., descriptions of library resources, archival ma-
terials, or data sets that are held in information systems and
made accessible through catalogs. Decades of sociological
research, however, has focused on description as an activity.
This literature cannot be fully detailed here, but it provides
important insight into how descriptions created and used as
metadata should be understood.

Descriptions, whether verbal or written, are “only more
or less reliable by virtue of their being treated that way for
the practical purposes at hand” (Woolgar 1981, 509). In this
sense, metadata encompasses negotiated shared meanings.
Metadata is typically created with the expectation that read-
ers or users of the descriptions will have knowledge of how
to read and interpret them. As Heritage (1984, 150-151,
italics in original) states, however, “no description is strictly
compelled by the state of affairs it describes. Any description
is thus inherently selective in relation to the state of affairs it
depicts ... [C]hoices which underlie any description ... are all
sources of clues concerning how the description is to be in-
terpreted.” This characteristic, that metadata is inevitably
selective, relates to the point in Section 3.2 above about
metadata being created for specific purposes. Analysis of
the metadata creation process should thus view metadata
description, whether catalog records, classifications, labels,
or technical traces, as a kind of action situated in social set-
tings. In fact, as noted in the last sentence of the Heritage
quote above, the metadata that does exist in some infor-
mation system or social setting can itself be studied as a way
to gather insight into the priorities, expectations, and ac-
countabilities that exist in relation to those systems or set-
tings (Mayernik 2019).

4.4 Search, discovery, and understanding

Beyond description, Buckland (2017, 118) notes that an ad-
ditional use of metadata is to enable searching. Metadata
can be used to provide structures that support consistent
search and discovery of information across broad ranges of
documents. Metadata can also potentially enable distinc-
tions to be made among similar kinds of documents or re-

sources. A search in a library catalog for “Hamlet” or a
search in a scientific data catalog for “climate data” can re-
sult in hundreds or thousands of relevant results. Metadata
that is useful for search and discovery may not be useful in
distinguishing the differences among such large numbers of
results. Users will likely need additional metadata that al-
lows them to understand the resources, not just discover
them (Habermann 2018). Providing metadata for under-
standing is certainly a role of the descriptions noted in the
previous section. For example, annotated bibliographies of
the various editions of Hamlet (Bevington 2019) and com-
parative guides for climate data (Schneider et al 2013) exist
specifically to go beyond search and discovery to enable un-
derstanding. Metadata is not the only way to move beyond
searching to understanding. Interface design and better
search capabilities also have an impact (Marchionini 2006).
But additional and novel metadata kinds and structures are
central to this goal.

4.5 Relationships

One critical characteristic of metadata is that they are often
the carrier of information about relationships within,
among, and between informational/data resources. Many
information and data systems manage and leverage relation-
ships of a variety of kinds, including relationships among
vocabulary terms and content structures (Bean and Green
2001) and relationships between documents and networks
of documents (Mayernik 2018). Research in knowledge or-
ganization centers heavily on how to understand and repre-
sent relationships, both of a conceptual and a documentary
nature (Green 2008; Szostak 2012) and has defined canoni-
cal types of relationships that obtain in the information
arena, including hierarchical, associative, and equivalence
relationships (Bean and Green 2001).

Yet, this aspect of metadata is often underappreciated. As
Geoftrey Bowker (2016, n.p.) noted, “we don’t build our
archives around relationships, we build them around things
(if there is one fundamental flaw in our generic archival
practices, it is this).” Gary Marchionini (2012), in an ac-
ceptance speech upon winning the “Award of Merit” from
the Association for Information Science and Technology
(ASIS&T)in 2011, suggested that “information science is in
search of a theory of relationships,” (20) and stated that the
community would benefit from paying attention “to the
nature of relations in general rather than only identifying
specific new relations” (21).

Rebecca Green (2008) discussed a variety of ways in
which relationships manifest in knowledge organization
systems. Relationships might be expressed via classification
systems, vocabularies and thesauri, subject headings, or via
specific relationship-focused elements in bibliographic rec-
ords. Recent developments in the semantic web centrally in-
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volve the precise specification of relationships between en-
tities (Allison-Cassin 2012; Dunsire, Hillmann, and Phipps
2012). All of these manifest as metadata in some kind of
document and/or information system. When relationship
metadata exists in defined and structured form, they can be
leveraged within information systems to enable information
discovery and understanding, as well as to allow properties
of one item to be transferred or inferred to another (Wickett
2018). When relationship metadata exists as unstructured
information, e.g., as components of narrative metadata,
they can enable keyword-based searching or be used by users
to better understand the item(s) in hand.

5.0 Where does metadata come from?

As noted in the introduction, metadata comes from some-
where (Gitelman 2013). The social settings in which meta-
data are created have a large impact on what form metadata
takes and on who or what creates metadata. Metadata can
be created through both automated and manual processes.
Both of these methods present challenges. This section out-
lines different people and technologies that have roles and
responsibilities related to metadata creation.

5.1 Professional metadata creators

In libraries and archives, the creation of metadata is an insti-
tutionalized task. Catalogers, archivists, and professionals
with titles like “metadata librarian” (Han and Hswe 2010)
are assigned responsibility for creating metadata. Within
these kinds of institutions, metadata work is also frequently
conducted by paraprofessionals who have knowledge, expe-
rience, and training with the relevant systems and standards
(Moulaison Sandy and Dykas 2016). Metadata creation is
also a key responsibility for people working as data manag-
ers within data repositories (Palmer et al 2014; Rasmussen
2014).

Researchers and professionals from the library and infor-
mation sciences (LIS) often approach their work through
developing and applying defined sets of principles. Princi-
ples are discussed at professional meetings and in the litera-
ture, debated in standard-writing committees, and taught as
part of professional education curricula. Principles offer di-
rectives for how information systems and the languages they
use should be designed (Svenonius 2000). Principles depict
how things should be or would be in optimal circumstances
(Gnoli 2012).

The articulation of principles has been a central activity
(and point of debate) within the library cataloging commu-
nity for decades. Cataloging codes since the 1960s have been
based in community-accepted principles, starting with the
“Paris Principles,” which resulted from an international
meeting held in Paris in 1961 (International Conference on

Cataloguing Principles 1971). In the mid-1990s, when new
cataloging code revisions were being debated, no fewer than
three international conferences were held that focused ei-
ther in whole or in part on the fundamental principles that
should underlie the next code (Weihs 1998; Schottlaender
1998; Harkness Connell and Maxwell 2000). Individual
contributions to these conferences debated the implemen-
tation of principles in past codes and presented new princi-
ples for a variety of specific issues, such as principles for cat-
aloging relationships between resources and principles for
cataloging serial materials. The cataloging code that resulted
from these debates, titled Resource Description and Access,
includes a statement of principles in the introductory chap-
ter and notes at the beginning of each subsequent chapter
how each section of rules relates to the stated principles
(JSC 2014). The development of archival practices and in-
stitutions since the nineteenth century has been likewise
driven by principle-based approaches (Gilliland 2014) as
was the development of the Dublin Core Metadata Schema
in the 1990s and early 2000s (Weibel 1995; Arakaki et al.
2018). Information and data professionals are far from hav-
ing a monopoly on metadata creation, however, especially if
the scope of what “metadata” entails is taken broadly.

5.2 Automatic metadata generation

As noted above, digital systems are inherently dependent on
metadata that is automatically created for a variety of pur-
poses (Mayernik and Acker 2018). The more structured the
digital workflow, the easier it is to automate the creation of
metadata, for example, to record provenance information
about how information or data have been derived or
changed over time. Beyond the use of automation to gener-
ate technical metadata, however, automation can also be ap-
plied to generate descriptive or topical metadata. Jane
Greenberg (2004) described how automated metadata crea-
tion techniques typically follow one of two approaches, ex-
traction or harvesting. In metadata extraction, “an algo-
rithm automatically extracts metadata from a resource’s
content” (Greenberg 2004, 62). Common applications of
the extraction approach include automatic abstract genera-
tion for publications and summary displays of web pages
given by web search systems. Metadata harvesting, on the
other hand, involves compiling metadata automatically
from distributed resources, such as collecting standardized
metadata from metadata feeds or web site HTML. As
Greenberg (2004, 63) notes, “the ‘harvesting process’ relies
on the metadata produced by humans or by full or semi-au-
tomatic processes supported by software.”

Automated metadata extraction and harvesting methods
are most robust for text-based documents, for time- and ge-
otagging of digital photos, and the like. But new technolo-
gies and techniques for extracting information from audio
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recordings, video, and images also have promise for the pur-
poses of metadata creation (Riley 2017). Facial recognition
software could be used, for example, to create metadata
about the people that are shown in digital video or image
collections maintained by libraries and archives. Given the
explosion of digital media and the growth of digital archives,
these kinds of techniques may be the only tractable way for
such metadata to be produced (see for example Mihling et
al 2019). The use of facial recognition and other similar al-
gorithmic metadata extraction techniques must be coupled,
however, with strong awareness of the notable ethical impli-
cations that arise when creating information about people
without their awareness (Agre 2001b; Seeman 2012; Craw-
ford 2019; Padilla 2019).

5.3 Metadata creation in everyday life

Outside of information/data institutions and structured
technological workflows, metadata creation can take on var-
ious forms with many opportunities and challenges. Many
of the computational techniques noted in the previous sec-
tion are either in nascent form or are not effective when ap-
plied to unstructured or very diverse informational re-
sources. They may also require specific technical skills to
implement. In day-to-day life, people may create metadata
for information and data in the context of work or home
settings. People may create metadata via folder structures
and file names for personal images, or create one-off notes
documents for particular tasks or resources. All of these are
acts of metadata creation in the general sense.

Internet-based tools for sharing photos, videos, and
other kinds of information commonly enable users to add
metadata as tags to text or objects. Tags are also common
within social media systems, where users of Twitter, Face-
book, or Instagram include hashtags to connect their posts
with other discussions within the platforms, such as
#WomensHistoryMonth, #EmployeeAppreciationDay, or
#data. Library and information science researchers have
studied how the aggregation of such tags can create folk-
sonomies that reflect the vocabularies and language usage of
everyday people in contrast to the structured and pre-deter-
mined taxonomies created and used by information profes-
sionals. Folksonomies have been studied and implemented
as ways to bridge between expert and non-expert vocabular-
ies (Cairns 2013) and potentially to feed into the creation of
formal taxonomies or ontologies (Gil et al 2017). Such
“crowdsourcing” of metadata has benefits and drawbacks.
Enabling users to add metadata via their own terminologies
tend to better support information browsing than search-
ing (Sinclair and Cardew-Hall 2007) but can be very effec-
tive at accommodating and celebrating multiple voices and
perspectives on the resources being described (Srinivasan et
a1 2009).

Metadata created for everyday tasks should be expected
to have different characteristics than metadata created by
professionals for institutional purposes. Such metadata
tends to be idiosyncratic, varying in content and structure
from individual to individual, and from situation to situa-
tion for the same individual. The aforementioned discus-
sion of principles for metadata do not apply. As Chamber-
lain and Crabtree (2016, 569) note in a study of how meta-
data is created and used in the context of personal music col-
lections:

Relevance is a key factor to understanding the nature
of metadata, what is relevant in one context may rap-
idly change as different artifacts, reasons and results
are employed indifferent emerging contexts — meta-
data is not always a static “entity,” in many respects it
consists of different physical modalities, relates to
people (trusted) and has different perceived and ac-
tual temporal qualities. Our fieldwork shows that the
emergence and use of metadata is both part of, and yet
can be separated from the workflow.

Creating metadata in everyday situations is often a task that
has implicit or explicit moral implications (Vertesi et al
2016). People feel morally responsible for keeping track of
important documents and information, such as family pic-
tures, yearly tax documents, or vaccination records for chil-
dren. These types of documents may exist in a variety of dig-
ital and analog formats and in multiple technical environ-
ments (e.g., email, personal computers, mobile phones).
Creating metadata and organization systems for these kinds
of things can thus be a source of emotional and interper-
sonal stress. People thus make context-specific choices
about what metadata to create and in what forms and sys-
tems.

5.4 Metadata collaborations

Metadata creation often involves collaborations between
people with varied expertise and knowledge. People with
special domain or disciplinary knowledge may seek out
metadata experts for help in the creation of specialized col-
lections of resources on a particular topic. Or libraries and
archives may bring in experts on a particular topic to pro-
vide consulting or specialized knowledge for particular col-
lections. Additionally, as more libraries and archives are col-
lecting born-digital resources, such as digital datasets, soft-
ware packages, and other kinds of materials, they often have
multi-step workflows where the contributor of the resource
is required to create metadata for their asset(s), with profes-
sional librarians or metadata experts providing review and
quality control for the resulting metadata.
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Such collaborations can be challenging. People with dif-
ferent perspectives will bring different expectations about
technologies, workflows, and outcomes (Khoo and Hall
2013). The time, energy, and attention involved in creating,
collecting, assembling, checking, and/or understanding
metadata can be significant, particularly for people without
experience in creating structured or non-structured meta-
data. For example, scholarly research data repositories com-
monly experience difficulty in getting data creators to create
metadata, and the metadata that is created can be of mini-
mal quality (Jones et al 2006; Bhandary et al 2018). In some
cases, researchers will refrain from sharing data, because it
takes too much effort to produce the data and associated
documentation necessary for its use (Tenopir et al 2011).

The benefits of such collaborations, on the other hand,
center on being able to take advantage of the different sets
of expertise that different people may bring. For example,
disciplinary topic experts have firsthand knowledge about
how resources related to their areas of expertise are created
and used, and thus can provide useful insight into what
metadata should be created, and how the metadata may be
optimally structured to support use and re-use (White
2010). In the best circumstances, metadata experts and non-
experts work together (Gazan 2003). Information and data
professionals may serve as intermediaries (Mayernik 2016)
to support the optimal usage of the applicable metadata
standards, vocabularies, while topical experts provide rele-
vant metadata content and guidance on usage.

6.0 Metadata futures—conclusions and research
questions

This paper begins with a quote stating that the future of
metadata is grand. The subsequent sections illustrated how
metadata in various forms pervades our institutions, tech-
nologies, and daily lives. The ongoing digitization of our so-
cieties is, if anything, accelerating this trend. As noted by
Richard Gartner (2016, 96):

The growth of the digital seems to need more meta-
data not less. Google and its peers make it possible to
discover new material in ways which we could not
have conceived of before but they need to be comple-
mented by human thought and the metadata by
which it is focussed.

Going forward, researchers and professionals will continue
to grapple with long-lasting challenges related to metadata
creation and use, including questions about how to negoti-
ate cost/benefit trade-offs between structured and unstruc-
tured metadata and between human and machine generated
metadata. Butit s also clear that each new generation of in-
formation and data technology produce and require differ-

ent kinds of metadata than systems that existed before. So-
cial media technologies demonstrate a trend toward what
Ronald E. Day (2019) has called “a posteriori” metadata
generation. Day uses this term to contrast with “a priori”
metadata generation as in library cataloging and classifica-
tion, semantic web ontologies, and scientific data catalogs,
where the generation of metadata tends to come at the be-
ginning of the life cycle of information/data use. In systems
based on “a posteriori” metadata, the metadata that get gen-
erated, stored, and used within the systems are less focused
on the properties of the entities within those systems, in-
stead focusing more on what those entities do (or what is
done to them by other entities). Twitter, for example, may
collect metadata about particular Twitter users, but they
monetize metadata that reflects what those users do. Like-
wise, Twitter generates metadata about each post, but they
monetize metadata that reflects how those posts travel (how
many likes, retweets, and replies are generated), and the so-
cial networks connected to those interactions.

Information and data researchers and professionals who
have expertise in the “a priori” metadata approach have
much to consider in this trend toward “a posteriori” meta-
data. As Day (2019, 138, italics in original) suggests, “4 pri-
ori categories, such as those that result from classification
structures, can be heuristics for investigating entities, but
they are only that.” What does knowledge organization con-
sist of if the value and meaning of particular information
and data resources is “based on statistical calculations of the
use and the relations of data” (141) instead of a priori deci-
sions about subjects, classes, and categorizations based on
inherent properties of those resources? Open research ques-
tions on this point relate to the relative value of both ap-
proaches to metadata creation in relation to the goals of the
metadata being produced. In section 3.2, I listed nineteen
different types of metadata that have been identified in
prior literature (administrative, descriptive, discovery,
preservation, provenance, technical, etc.). Some of these
metadata types are obviously conducive to the “a posteriori”
approach, such as provenance metadata, but with other
types, such as descriptive and discovery metadata, the rela-
tive value of the “a priori” vs “a posteriori” approach to
metadata creation is still an open question.

Day’s reflections likewise provide important considera-
tions for the future of metadata and knowledge organiza-
tion in relation to evidence and evidentiariness in the digital
age. In a time of “fake news” and “deepfakes,” that which is
considered knowledge is tied to the kinds of evidence that
exist to buttress knowledge claims and to the ways that that
evidence is marshalled. The use of documents as evidence
has always been tied up with assessments of the authenticity
of the documents involved. Authenticity assessments in the
digital age rely on metadata to provide (and create) context
and accountability for evidence. When the metadata neces-
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sary for these authenticity assessments is itself subject to ma-
nipulation and/or capitalization, the grounds for using par-
ticular documents or traces as evidence can be eroded
(Acker 2018). Metadata can serve as a kind of capital
(Greenberg et al 2014), that is, economic assets that take
time, energy, and money to create, compile, and leverage
and provide value to those who control and use them. Thus,
open research questions exist about the epistemology of
metadata, namely, how metadata comes to exist, how people
and technologies can learn about their origins, how meta-
data relates to economic and political interests, and how
such interests can also be known and made transparent, po-
tentially through the very metadata that is under question.
What is the role of metadata in supporting evidentiary
claims in the digital age? Tracing and documenting of rela-
tionships is a key challenge in relation to this question. In
digital systems and applications, metadata moves around,
being transmitted, transformed, aggregated, or pulled apart
based on the needs and interests of various stakeholders.
Sometimes such metadata journeys are pre-defined, but
they can also occur opportunistically (Leonelli 2016). Doc-
umenting these journeys involves a kind of reflexivity, where
metadata, its origins, histories, and journeys, must be docu-
mented through (and as) metadata. Open questions exist
about how metadata journeys and relationships can reflect
the “fluid” nature of our societies and cultural practices
(Srinivasan and Huang 2005).

As the kinds of metadata that are created and the sites of
metadata creation continue to expand, these challenges of
authenticity of documentary evidence and, therefore,
knowledge generation and organization will continue to
grow. As stated by Day (2019, 49), “truth is not transcen-
dental, but rather is revealed by performative practices.
Truth becomes evident at indexical points of revelation
made possible through technologies of informational in-
scription.” Metadata thus have a central role in the establish-
ment of knowledge, evidence, and truth. Going forward,
thinking critically about our metadata practices and systems
will be essential for the ongoing evolution of our infor-
mation-centric technologies and societies (Feinberg 2018).
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