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Abstract

The last 30 years have seen significant investments in the development of digital infrastruc-
tures to support archaeological practice. From field recording systems to national data
archives, these have come to play an increasingly dominant role in the collection, man-
agement and access to data used in the creation of new archaeological knowledge. While
archaeologists have paid a lot of attention to the technical creation of these infrastructures,
much less is said about their wider political, cultural and social aspects. Despite this, more
and more countries are building digital infrastructures to support cultural heritage man-
agement, the curation of archaeological data and to provide access for data reuse. A lack of
critical reflection surrounding these infrastructures opens archaeologists, heritage organisa-
tions and their wider user communities to unforeseen outcomes, hidden socio-political and
technical biases, and the promotion of conventions and processes which ultimately carry
consequences for knowledge practice. The way that infrastructures become embedded in
practice means that a critical understanding of their implementation and application — the
opportunities they offer, the constraints they impose, and the perspectives they adopt —
needs to become part of a wider debate surrounding their informed use.
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Introduction

In recent years, archaeology has seen a rapid growth in the collection and
use of born digital data alongside a growing dependence on digital cultural
heritage data infrastructures. During this time, debate surrounding these
infrastructures has been limited and narrowly focused, and many of the
issues remain largely unchanged. In 1981, for example, Gaines (1981b:vii)
wrote of a new focus on databank management in archaeology arising
from the growth in interest in complex questions that required large and
diverse bodies of data. At the same time, she noted problems associated with
access, control, the variability of archaeological data, and issues associated
with the selection and use of thesauri (Gaines 1981a:224). The intervening
period has seen the development of a range of project- and organisation-
based (for example Intrasis, ARK, FAIMS), national (for example ADS,
tDAR, DANS, SweDigArch) and international data infrastructures (for
example ARTADNEDplus), using dramatically faster hardware, cheaper and
more extensive storage, more complex software and more elaborate data
structures. Nevertheless, archaeologists continue to wrestle with many of
the same kinds of challenges.

There is an extensive body of work accompanying such developments,
ranging from discussions of technical standards, requirements and tools
through to perspectives on the creation and management of digital net-
worked archives. Inevitably, this work is presented primarily by those
involved in developing or implementing the systems, in part reflecting the
relative novelty of the tools, but this raises the prospect of what can be char-
acterised as an ‘advocacy perspective’ (Meyer & Schroeder 2015:183), an
‘institutionalized discourse’ (Mongili & Pellegrino 201 4:xxiii) or a ‘master
narrative ... [a] voice which speaks unconsciously from the presumed center
of things’ (Star 1999:384). As a result, it risks a tendency to technosolution-
ism (for example Paris et al. 2023:18), reinforcing a political status quo,
prioritising particular values (for example Slota & Bowker, 2015:2; Gupta
et al. 2023:78), and presenting a narrative bias (for example Pollock &
Williams 2010:529). Certain infrastructures can also dominate the atten-
tion space by virtue of being early, and thereby inadvertently encourage
certain approaches which are deemed useful while closing down others.
For example, the Archaeology Data Service (ADS) is frequently used as
an exemplar because of its early lead as the oldest archaeological digital
repository in the world (Richards 2021), and so has exerted considerable
influence on developments elsewhere.

Coupled with this advocacy perspective is the way in which debates
focus on the components of these large-scale archaeological systems, rather
than on the systems themselves. For example, there are (rightly) extensive
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debates over terminologies, structures, organisation, policies, ethics and
so on, but beyond the desirability of their creation, issues surrounding the
nature of the infrastructures that these aspects contribute to are less com-
monly debated. As Wright and Richards (2018:560) observe,

... there is continued emphasis on technological and methodological innova-
tions themselves rather than on the complex social factors that contribute to
their success or failure and the connections they facilitate, but this has begun
to change.

Discussions which extend beyond this technical/methodological focus
include Wright and Richards (2018) on broader questions of stewardship
and equity, Kansa (2022) on dependencies and sustainability, Optiz et al.
(2021) on the support of transdisciplinarity, and the wider information stud-
ies perspective of Borjesson and Huvila (for example Borjesson & Huvila
2018; Huvila 2019a; Borjesson 2021). However, even in cases such as these,
the tendency is to focus on specific areas or aspects, rather than examine
the development and influence of the infrastructure as a whole. Conse-
quently, there is a sense in which the study of these large-scale systems is
approached in a bottom-up manner, looking in detail at their components
and debating their utility, examining the parts rather than the whole (cf.
Gupta & Devillers 2017:872). As a result, there is a gap in our approach
to digital infrastructures: the focus on components and individual aspects
means that an oversight of the nature of the whole infrastructure is lost
within the detail. What are we building these infrastructures for? How do
these infrastructures influence our practice? Are there alternative concep-
tions of archaeological digital infrastructures to those currently in use?
And, how do the technical, political and ontological decisions made during
the construction of these infrastructures influence the creation of archae-
ological knowledge? To begin to address questions such as these requires
raising the gaze from specific tools, terminologies, structural models and
so on, in order to take a broader perspective on the development of digital
archaeological infrastructures.

What are infrastructures?

(X413

The term infrastructure itself is described as a ““plastic word” often
used to signify any vital and widely shared human-constructed resource’
(Thylstrup 2018:26). Larkin (2013:329) writes of the ‘peculiar ontology’
of infrastructures, in that they are both things and the relations between
things, and this duality makes them ‘conceptually unruly’. The most widely
cited definition of infrastructure is that of Star and Ruhleder (1996:113;
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see also Bowker & Star 1999:35) who characterise infrastructure as being
embedded in other structures, transparent (in the sense of invisible through
habituation, for example, becoming visible through breakdown), extend-
ing beyond a single event or place, learned as part of membership of a
particular community of practice, incorporating standards and conven-
tions, built on and constrained by an existing base (requiring backwards
compatibility with prior works, for instance) and incrementally modified
through negotiation and adjustment to other systems. From this, infra-
structures emerge as:

... complex, adaptive sociotechnical systems, made up of many interacting
agents and components. Some of these are technological: buildings, devices,
software and other artifacts. Others are social: organizations, standards, laws,
budgets and political arrangements. Finally, some are human individuals who
contribute to the infrastructure’s development and maintenance or simply make
use of it in their daily lives (Edwards 2019:356).

Such explicit attempts to define infrastructure are rare in the digital archae-
ology literature, although Huvila (2018:128) echoes Star and Ruhleder’s
characterisation, emphasising the interrelationships between people, tech-
nologies and archaeological practices. Otherwise, a variety of usages can
be gleaned from the context in which the term is used. For example, Huvila
(2019b:149) distinguishes between knowledge management systems which
are primarily project- or organisation-based, infrastructures such as the
ADS or the Digital Archaeology Record (tDAR), meta-infrastructures
such as ARTADNEplus which integrates multiple infrastructures under
one interface, and virtual research environments managing the research
data lifecycle. Alternatively, infrastructure may be used in the sense of
the software system itself or the technical requirements to operate it. For
example, the Field Acquired Information Management Systems (FAIMS)
developed for structured archaeological data collection is described as infra-
structure (for example Sobotkova et al. 2016:338), whereas discussion of
the Archaeological Recording Kit (ARK) refers to infrastructure as the net-
work access required for the software to operate online (Dufton 2016:382).
Likewise, the infrastructure of the Silchester virtual research environment
(VERA) focuses on the broadband and WiFi network together with the
hardware used to run the software (Dunn 2o11:100-T101). Beyond software
systems or technical underpinnings, Niccolucci and Richards (2013:82)
emphasise the human component of a research infrastructure, and Benar-
dou et al. (2017:3) underline the importance of the research community in
their description of infrastructure as ‘scholarly ecosystem’. Closest perhaps
to Huvila’s (2018:128) use of the term, Kansa (2022:1412-1416) takes a
broad view of infrastructure as systems necessary to support archaeologi-
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cal information management and communication ranging across curation
and communication infrastructures, software and data infrastructures,
security infrastructures, social infrastructures and the dependencies asso-
ciated with them.

This inconsistent reference to infrastructure is not unique to archae-
ology; more generally the term is frequently used in overlapping ways and
in combination with others. Unpacking these reveals changing attitudes
to infrastructures and the repositioning of infrastructural studies over a
relatively short period of time. For example, information infrastructures
became seen as key to research via the provision of a wide range of resources
including centres, repositories, standards, visualisation tools and high per-
formance computing (Bowker et al. 2010:98). Recognition of the problem-
atic separation of data from information and knowledge led to information
infrastructures becoming seen as knowledge infrastructures, consisting of:

... the network of institutions, people, buildings, and information resources
which enable us to turn observation and contemplation of the world into a
standardized set of knowledge objects (Bowker 2017:391).

At the same time, information infrastructures became more narrowly
defined, focusing on technical communication architectures, or to national
or international policy frameworks rather than the systems themselves
(Borgman 2015:33). More recently still, the rise of big data approaches and
development of deep learning and neural networks has led to the notion of
thinking infrastructures. These are distinguished from knowledge infra-
structures by their more collaborative, distributed and decentralised nature,
and their elimination of intermediaries. While knowledge infrastructures
generally distinguish between knowledge producers and consumers, think-
ing infrastructures remove this clear separation (Bowker et al. 2019:9), and
by extension, knowledge producers may become the systems themselves, as
large language models applied in natural language processing increasingly
risk being perceived (for example Bender et al. 2021).

Where archaeological enterprises sit in this infrastructural spectrum
is open to debate, although most could be seen as information infrastruc-
tures focusing on the creation and management of resources, with more
developed examples perceived as knowledge infrastructures supporting the
construction of archaeological knowledge through access to large bodies
of data. More realistically, however, the changing conception of infrastruc-
tures and the inconsistent application of the different interrelated terms
means that infrastructures in archaeology contain a mixture of elements
drawn from across these approaches without necessarily falling explicitly
in one category or another.
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Why focus on infrastructures?

The variability in definition and usage highlights the range of concepts that
are embedded in the notion of infrastructure. Its imprecise use within digital
archaeology tends to disguise this, despite the way that ‘Infrastructure both
enables and constrains what we can and cannot accomplish and how we
go about our own work’ (Kansa 2022:147; see also Huvila 2018:138). Few
archaeological digital infrastructures are more than 20 years old. Most are
considerably more recent, and many are in the early stages of development
(for example SweDigArch, and see contributions to Jakobsson et al. 202.1).
None can be thought of as complete. Even older-established infrastructures
remain works in progress: for example, the ADS may be recognised as an
exemplar of best practice but after more than 25 years of effort it is possible
to claim only that ‘it is still far from standard, but the situation is improv-
ing’ (Richards 2021). Similarly, tDAR has had mixed success in attracting
depositors despite legal requirements for the long-term preservation of data
(Witze 2019:42—43; see also Nicholson et al. 2023:64). Infrastructures are
increasingly seen as essential — even transformative — for archaeological
practice, required in order to undertake large-scale data analysis, integra-
tion and synthesis, and to enable archaeology to make a contribution to
large transdisciplinary scientific research questions such as long-term social
dynamics and climate change (for example Kintigh 2006:573; Buckland
& Sjolander 2022:110). Viewed in this light, infrastructures do not simply
curate and provide access to data but provide the means for developing the
discipline in new directions (for example Kintigh et al. 2015:3; McMana-
mon et al. 2017:240; Meghini et al. 2017:2), supporting novel analytical
methods and knowledge creation and thereby increasing the reliance of
practitioners upon their access and use (Borjesson 2021:1642). Investigation
of the nature of these infrastructures before they are considered complete,
wholly disappear into the background, and become taken for granted com-
ponents of archaeological practice, is therefore crucial (for example Mart-
tila & Botero 2017:103; Karasti & Blomberg 2018:237).

This is because infrastructures not only facilitate new methods and sup-
port new opportunities; they also limit practice and close down alternative
approaches, as Kansa and Huvila have previously observed (above). For
instance, most repository infrastructures organise data in particular ways
to facilitate its discovery, requiring conformity with an institutionalised
worldview. From the earliest studies of infrastructures (for example Star
& Ruhleder 1996:113; Bowker & Star 1999:35) one of the characteristics
identified with them is their transparent — as in invisible — nature: a ‘good’
infrastructure is one which disappears into its surroundings (Millerand
& Baker 2020:10). Edwards (2019:358) identifies three forms of transpar-
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ency: hiding or black-boxing the underlying technologies and techniques;
habituation or invisibility through familiarity; and what he calls ‘infrastruc-
turation’, whereby the infrastructure ‘both shapes and relies upon the con-
tinual performances or rehearsals of agents’. Additionally, invisible work is
involved in maintaining the systems that underpin the infrastructure which
goes largely unrecognised (Borgman 2015:34). There are clearly ethical as
well as practical reasons for addressing such invisibilities (for example Den-
nis 2020; Huggett 2021:424—429).

Infrastructures need therefore to become the centre of analysis (for exam-
ple Heine & Meiske 2022:11), rather than simply treated as the means by
which data are gathered and analysed. Examining infrastructures in this
way encourages the study of the formation of knowledge and its contexts
of creation, offsets the advocacy perspective, promotes the invisible labour
entailed within infrastructures and incorporates a range of broader social
and environmental issues (Heine & Meiske 2022:11-12). Ultimately it is
important to recognise that infrastructures are situated culturally, socially,
politically, technologically and spatially (for example Svensson 2015:338),
which should make a critical appreciation of their design, purpose, devel-
opment and implementation a necessary precursor to their use.

Building infrastructures

Infrastructures are best conceived as emergent phenomena rather than being
carefully designed or directed from the outset:

... its eventual ends and forms will not be fully contained in its beginnings, but
rather subject to change through the intricacies of scaling, transfer, consolida-
tion, etc. (Jackson et al. 2007).

Jackson etal. (2007) suggest that ecological metaphors (nurturing, growing
and so forth) might be better associated with the development of infrastruc-
tures ‘to capture the sense of an organic unfolding within an existing (and
changing) environment’ (Edwards et al. 2009:369). Such a representation
fits with the image of the infrastructure as an ‘ecology of people, practices,
technologies, institutions, material objects, and relationships’ (Borgman
20715:4), all of which are in flux with each other. Infrastructures are a pro-
cess of enactment, always in-the-making (Parmiggiani 2017:208). It is an
approach which encourages balance:

... conceptualizing infrastructure as a process over time ensures that the techni-

cal and logistical sides of infrastructure are not privileged over, or seen as separate
from, its social and political, or formal and aesthetic sides (Appel et al. 2018:17).
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EMERGENCE

During its unfolding, an infrastructure frequently encounters unexpected
changes imposed by unforeseen limitations and unanticipated demands
placed upon it. For example, the Archaeology Data Service (ADS) was
originally envisaged as a distributed system, recognising that archaeologi-
cal information was held and maintained by a wide variety of institutions
(for example Richards 1997:1058). Consequently, the ADS was conceived
as a central brokering hub using metadata to link to the datasets held in
museums and local archives and to the data in regional Historic Environ-
ment Records and the National Monuments Records held separately for
England, Scotland, Wales and Northern Ireland. Only orphan datasets
which had no alternative home would be held by the ADS itself. As part of
this distributed focus the ADS supported organisations in acquiring online
access: for example, a joint project between the Royal Commission on the
Ancient and Historical Monuments of Scotland (RCAHMS, now Historic
Environment Scotland) and the ADS saw the launch of CANMORE-Web
for the National Monuments Record for Scotland in 1998 (ADS 1997:6,
1998:8; Richards 1997:1058). Relative to other disciplinary services at the
time, it was always claimed that a unique aspect of the ADS was that its
data was derived from the destruction of primary evidence, but it was this
distributed emphasis that really set the ADS apart. However, in the early
development years the stress on this distributed nature shifted for a vari-
ety of reasons, including the realities of the available technological infra-
structure at the time, slow uptake of internet access by potential partners,
and the need for demonstrable products to satisfy funders’ requirements.
With external links largely unfeasible or unreliable, the emphasis instead
became the development of the central metadata index to resources and the
licensing of copies of datasets to be held centrally by the ADS rather than
accessed remotely (ADS 1998:8).

INTEROPERABILITY

Underlying this ambition for distributed access to data is the infrastructural
concept of interoperability. Interoperability ‘allows digitized cultural mem-
ory institutions to exchange and share documents, queries, and services’
(Thylstrup 2018:67) and is seen as a key feature of data infrastructures.
Interoperability enables the bringing together of multiple datasets while
avoiding their treatment as a single body of evidence (for example Leonelli
& Williamson 2023:7). This is distinct from the integration or aggregation
of multiple datasets, which is a key feature of big data methodologies, for
example, and which places considerable demands on the standardisation
of data and is not feasible where the data are of radically different origins
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(an excavation database versus a national monuments record, for instance)
except at the most general level. Interoperability is a ‘more responsible form
of data linkage’ (Leonelli & Williamson 2023:7), as it enables incompatible
data to be connected without permanently changing their nature, although
the level of standardisation necessary may still be of concern (Williamson
& Leonelli 2023:105). Interoperability effectively creates networks of data-
sets and infrastructures which connect across a range of interfaces:

... numerous systems, each with unique origins and goals ... are made to inter-
operate by means of standards, socket layers, social practices, norms, and
individual behaviors that smooth out the connections among them (Edwards
et al. 2013:5).

Interoperability therefore does not solely operate at the data or the techni-
cal level —it also operates at the social level of infrastructures (cf. Thylstrup
2018:68).

For example, the distributed vision of the ADS did not disappear because
of the early limitations encountered. The ADS launched HEIRPORT in
2002, a proof-of-concept portal for the Historic Environment using the
Z.39.50 communication protocol for the search and retrieval of data over
TCP/IP networks to link the ADS with targets hosted by organisations
across England, Scotland and Wales (Austin et al. 2002). Since the now-
centralised ADS catalogue would always be out of sync with external data
providers such as the regional and national monuments records, live search-
able gateways to these resources would ensure that results returned remained
current (Richards 2002:353). Similarly, the ADS ARENA (Archaeological
Records of Europe Network Access) project used Z39.50 to simultaneously
search data held by six partner organisations across Europe (Kenny & Rich-
ards 2005; Waller 2005). However, the Z39.50 protocol was not as reliable
as it might be, and users were frequently faced with one or more unavail-
able targets, making cross-resource searching something of a lottery. This
kind of direct cross-searching across different data targets has since been
dropped, even though technological developments make it more feasible
than before. Instead, ARENA’s successors, ARTADNE and ARTADNEplus,
employ a centralised metadata catalogue rather than using direct connec-
tions out to data providers, although the metadata does provide links to
source data where available. Similarly, HEIRPORT was not further devel-
oped and the centralised ADS metadata catalogue only links to individual
external records where accessible. In both cases, interoperability becomes
the means by which the centralised metadata index is updated in the absence
of direct cross-searching of local and regional resources. One advantage of
this approach is that it only requires the high-level index terms to be trans-
lated and standardised across the various providers.
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Such accommodations for interoperability illustrate the effects of unfore-
seen limitations and difficulties encountered at the interfaces between infra-
structures. Less obviously, it also demonstrates the importance of social
interoperability through personal networks — for instance, ARENA was
a network of individuals brought together through personal contacts and
common perspectives (Kenny & Richards 2005, sec. 3.1). Similarly, the
original consortium members behind the creation of the ADS were a net-
work of friends and colleagues spread across various universities. Such
social aspects are rarely emphasised in accounts, and the significance of
personal contacts and social engagement in infrastructural development is
largely unrecorded. The ADS example also demonstrates that infrastruc-
tures do not develop in isolation but are more often grafted onto other
existing infrastructures (for example Meyer & Schroeder 2015:183). For
example, the ADS worked alongside a mixture of long-established digital
and paper-based infrastructures including Historic Environment Records,
National Monuments Records, with their own standards, recording sys-
tems, regulations, responsibilities, and funding lines, requiring complex
and at times delicate manoeuvring amongst all parties to ensure social and
political interoperability.

SUSTAINABILITY

Sustainability and resourcing over the long term is a key issue for infrastruc-
tures: indeed, from the outset at the ADS it was recognised that its short-term
funding was in tension with its role as a data archive. This was one reason
behind the proposed distributed model and the emphasis on only archiving
orphan datasets: should funding cease, most data resources would remain
unaffected by the closure of the ADS. Infrastructures are by nature frag-
ile, and long-term preservation and maintenance of access entails cost and
effort, with lack of investment leading to rapid degradation (for example
Borgman et al. 2019:901; Millerand & Baker 2020:21). The invisibility of
an infrastructure embedded into regular practice as a structuring force can
give it an illusion of permanence, the risk only revealed when it breaks down
and its functionality is, even temporarily, unavailable (for example Hug-
gett 2022:271-272). Recognition of the indispensability of an embedded
infrastructure is one way to establish a case for its continued sustainability.

The ADS has depended upon the successful negotiation of cycles of fund-
ing and defunding over more than 20 years. At any point, the sustainability
of the ADS was under varying degrees of threat, and in recognition of this
instability the ADS developed a legacy fund to support the winding down or
transfer of the service should that prove to be necessary. The ADS was ini-
tially established in 1996 as part of a UK university-based e-infrastructure
initiative, the Arts and Humanities Data Service (AHDS), funded by the
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Joint Information Systems Committee (JISC) of the UK Higher Educa-
tion Funding Councils (Richards 1997:1057) with additional funding sub-
sequently provided by the Arts and Humanities Research Board (now Arts
and Humanities Research Council, AHRC). However, the AHRC withdrew
funding for the AHDS in 2008 following a review, making it unviable and
forcing JISC to remove funding (see below). The ADS was unique amongst
the AHDS service providers in being able to negotiate a period of transi-
tional funding following the closure of the AHDS to allow it to evolve to a
commercial funding model. Several factors were key to the negotiation of
this transitional arrangement. The ADS had already developed a charging
policy for depositors and so was able to demonstrate a potentially viable
funding stream (Hardman & Richards 2013:76). The ADS was also unique
amongst the AHDS services in having a close relationship with commercial
and governmental organisations, core to its initial conception (see above).
Furthermore, it was argued that archaeological data had a unique quality
in that they were often the only surviving outcome of the destruction of pri-
mary evidence. In combination, a successful case was made to the AHRC
for a period of transitional funding, the shortfall to be made up by grow-
ing commercial and research project income. This transition was not with-
out its problems, but the fact that the ADS still exists is testament both to
its ability to attract funding and to the level of community support, from
the staff themselves through to data providers and project funders. Recent
changes in policy mean that the ADS is again in receipt of core infrastruc-
ture funding from the AHRC (ADS 2021:3).

These ebbs and flows of funding and consequent concerns about sustain-
ability had a range of infrastructural impacts, both on the technical and
personal side of the ADS. For example, supporting the case for sustainabil-
ity requires constant demonstration of value and in turn this demands not
simply maintenance but also development, albeit in limited areas. Commer-
cial imperatives can be seen in the prioritisation of tools such as ADS-easy
to streamline the deposition of project archives, while the main ArchSearch
interface to the collections remained largely unchanged during this period.
Development work continued elsewhere, such as the implementation of the
ARIADNE/ARIADNEplus portal, but only where project or commercial
funding was specifically targeted. The arrival of significant new AHRC
core funding in 2022 has enabled the public face of the ADS website to
be redeveloped and a new version of ArchSearch will be launched shortly.

The experience of the ADS suggests that a national data infrastructure
can be sustained using a blend of commercial and project funding, but it
is far from ideal and takes a toll on the personnel and the profile of the
organisation. The ADS is certainly not unique in this regard. In the USA, for
instance, tDAR has similar funding challenges in juggling multiple grants
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over time from the National Science Foundation (NSF) and the Andrew
W. Mellon Foundation amongst others (Kintigh et al. 2018:32), including
drawing upon public donation. As Wright and Richards (2018:S61) observe,

Archaeologists are continually encouraged to find ways to make their work
marketable within commercial frameworks and this is invariably part of any
sustainability plan, but rarely produces significant revenue. Successful models
for the long-term stewardship of archaeological data remain limited.

Buckland and Sjolander (2022:125) suggest that access to national funding
is a necessity for these kinds of research infrastructure, particularly appro-
priate if those infrastructures are embedded within a national regulatory
framework. However, while contributions to Jakobsson et al. (2021) show
many of the countries represented have some kind of regulatory framework
in place, infrastructural support for archiving, managing and making data
available does not automatically follow. The requirements of funding bodies
that data should be made open (for example Richards et al. 2021) might sug-
gest that adequate secure infrastructural funding would follow, but again
this is not necessarily the case, or not in large enough or regular enough
quantities. It is therefore perhaps not surprising that in their discussion of
the development of a national data integration infrastructure for the USA,
Ortman and Altshul (2023:99) are uncertain about the most suitable organ-
isational setting for such a service (private company, non-profit, university
or other) given the uncertainties surrounding resourcing. The paradox com-
mon to all is how a long-term infrastructure can be securely established
on the back of largely short-term, one- to five-year funding cycles, and the
consequent challenges associated with the management of the inevitable
periods of financial drought and uncertainties of insecure staffing.

FAILURE

Not all infrastructures are destined to succeed or to survive long-term in the
face of resourcing challenges, technological change or competing infrastruc-
tures. Such issues are expected but unpredictable and associated with the
unfolding nature of infrastructures which do not follow predictable, linear
developmental paths (for instance, Karasti & Blomberg 2018:239). Indeed,
to assume infrastructures are orderly, dependable and immune to social and
technological change is to more or less guarantee failure (Edwards 2003:195).

As discussed above, the ADS faced potential closure in 2008 with the end-
ing of core AHRC and JISC funding for the AHDS. The AHRC withdrew
funding for three reasons (Collins 2012:166): it claimed that researchers had
now gained the technical know-how to undertake their own data curation;
it considered long-term storage and sustainability was best handled within
universities rather than a centralised service; and, consequently, the AHDS
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funding could be best used elsewhere. The AHRC also considered that
relatively little use was made of the resources held by the AHDS, making
the cost unjustified (Robey 2012:150). Despite vigorous objections that the
AHRC had misread the situation and threatened fragile digital resources,
the AHRC withdrawal paid little attention to suitable exit strategies, the
ADS aside. One of the lessons drawn by Robey (2012:153) is the impor-
tance of visibility in relation to sustainability: digital resources need to be
recognised and used as much as possible by their target communities in a
form of network effect. This was clearly a strength of the ADS which sup-
ported its case to move to a transitional funding arrangement rather than
have all core funding abruptly removed (see above).

While the ADS avoided failure amidst the collapse of the AHDS infra-
structure, the Archaeology Data Archive Project (ADAP) was not so for-
tunate. The ADAP was established in 1994 within the Center for the Study
of Architecture, a not-for-profit organisation in Bryn Mawr, USA (Eitel-
jorg I 1995:245). A key reason given for the discontinuation of the ADAP
in 2002 was that it had been unsuccessful in attracting data. According
to Eiteljorg (2011:262), it had failed to attract a single completed dataset
other than one taken from an already-published CD-ROM: ‘only a hand-
ful of scholars’ had deposited files (Eiteljorg IT 2002). With funding for a
pilot project to support the archiving process not forthcoming, it was deter-
mined that the ADAP should cease operation and those files that were held
were returned to their original depositors (Eiteljorg Il 2002). Primarily the
ADAP was unable to become self-sustaining as there was little evidence
that data depositors were able or willing to pay for the service (Eiteljorg IT
2001). Network effects apply again, since it seemed unlikely that a tipping
point would be reached within a reasonable timespan whereby the resources
became useful for analytical purposes and might therefore attract grant
funding (Eiteljorg II 2002).

Arguably the ADAP never reached what might be called infrastructural
status but there are lessons to be drawn from its experience. In compari-
son to the ADS, the ADAP clearly fell short in creating visibility, attracting
resources and becoming embedded in its target community by clearly and
unambiguously demonstrating its use-value. Although, in retrospect, Eitel-
jorg (2011:262) argued that it was ‘unrealistic to expect that a more complex
and costly approach offering no better rewards will succeed where a sim-
pler and much less costly one failed’, paradoxically a charge-free approach
may have discouraged potential data providers unable to envision a long-
term future for the archive. Likewise, the organisational setting (cf. Ortman
& Altschul, 2023:99) may have been a factor: had the ADAP been hosted
within a university or similar institution there might have been more con-
fidence in its future outcome. Furthermore, by 2008 the ADS had already
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become closely associated with larger pre-existing infrastructures across
UK archaeology, including the national governmental organisations respon-
sible for the management of cultural heritage. This provided the ADS with
powerful and influential supporters whereas the ADAP had relatively few
advocates to make the case on its behalf.

Infrastructures and social processes

Social and cultural aspects of infrastructure have not been a strong com-
ponent of archaeological studies although these are frequently implicit in
discussions of archaeological practices which make use of infrastructures
(Huvila & Huggett 2018:93; see also Dallas 2015). More than technical
constructs, infrastructures are not things but ‘bundles of relationships’ and,

... whether in collaboration, deliberation, or conflict, individuals and commu-
nities come together around them and interact in ways that have lived implica-
tions (Carse 2016).

Ethnographic approaches lend themselves to a study of these relationships,
but this has not been a significant feature of archaeological infrastruc-
ture studies to date (although see Huvila 2016; Borjesson & Huvila 2018;
Borjesson 2021, for example). People contribute to the development and
maintenance of the infrastructure while others will simply use it, and these
relationships will change over time (Edwards 2019:356). Other groups of
individuals may exert influence without closer engagement, their involve-
ment limited to its approval and its funding, for instance. Still others may
be part of a broader community who, while not users, nevertheless appre-
ciate knowledge of (and perhaps critique) its existence. The social constel-
lation associated with an infrastructure is therefore more extensive and
membership more flexible than is commonly claimed.

VALUES

This broad collection of communities and individuals influence an infra-
structure in crucial ways:

All infrastructures embed social norms, relationships, and ways of thinking,
acting, and working. As a corollary, when they change, authority, influence,
and power are redistributed (Edwards et al. 2013:23).

Values embodied in the infrastructure may introduce certain biases or poli-
tics into the system (for example Slota & Bowker 2015:2), such as through
the incorporation of a particular set of regulations or standards. Some
values may also be in conflict with each other. For instance, Huvila (2016)
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describes the standardisation approaches of early-established archaeolog-
ical data archives as ‘attempts to seize control and find footing’ in other
areas, which is problematic in terms of imposing restrictive requirements
and yet a necessary component of a successful infrastructure which ‘has to
be established as a network of relationships between all parties’ (Huvila,
2016). Similarly, Buckland and Sjélander (2022:115-116) point to the ten-
sion between researcher-friendly designs, which potentially allow more
imaginative approaches to data analysis, and developer-friendly designs
which are likely to entail efficient coding and documentation and hence
are easier to maintain. There may also be ethical challenges: for instance,
the low spatial resolution of the data used in the Digital Index of North
American Archaeology (DINAA) places restrictions on reproducibility
while being an important means to address colonial issues associated with
disadvantaged descendant groups (Kansa 2022:143-144). Elsewhere, the
Portable Antiquities Scheme (PAS) database for England and Wales restricts
the availability of location data to bona fide researchers to avoid looting.
This restriction is a condition of reporting but may also be a consequence
of collectors seeking to withhold the knowledge in order to preserve exclu-
sive access (for example Barford 2020:108; Brodie 2020:91). In both cases,
influences external to the infrastructure impact on the way in which data
are presented.

COMMUNITIES

Identifying the range of social groups associated with an infrastructure
and their interactions is an important part of understanding that infra-
structure: for example, there may be communities of researchers, ‘inten-
tional’ communities (special interest or support groups), and communities
of practice (Bowker et al. 2010:105). These are frequently grouped under
the heading of ‘users’ as distinct from ‘developers’, although users may be
further categorised in a variety of ways. In a study of the ADS prepared
for JISC (Beagrie & Houghton 2013) users are divided into two categories:
‘depositors’ and ‘users’, collectively referred to as ‘stakeholders’ (Beagrie &
Houghton 2013:6), a narrow perspective which reflects the study’s limited
focus on the value of the collections. As Huvila (2016) argues, such stud-
ies are focused on:

... estimating the (positive) societal significance of the repositories rather than
critically explicating how the repositories are linked to the everyday practices
of the different groups that influence or are affected by the repositories.

Millerand and Baker (2010:141) characterise three kinds of user: the ‘hands-
on user’, who is engaged with the definition and development of the system;
the ‘social actor’, who generates, exchanges, and consumes information
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from the system; and the ‘sociopolitical actor’, whose role and position is
affected and impacted by the system. In the ADS, for instance, the various
management and advisory committees could be characterised as hands-
on users given their role in defining and overseeing the development of
the ADS; the social actors are represented by the data depositors and data
users; while representatives of the various national archaeological bodies
who interacted with the ADS might represent the sociopolitical actors. Of
course, individuals may move between roles or hold several roles simulta-
neously: in the ADS, people may be both hands-on users and social actors,
committee members and data depositors/users, for example.

This remains a partial picture with regard to social roles associated
with infrastructures. For instance, from their case study Millerand and
Baker (2010:143) identify three further groups: ‘informatics specialists’,
essentially the developers who build the tools and work on the metadata
specifications; ‘scientists’, researchers who are users of the system and its
datasets; and ‘information managers’, responsible for curating the data and
implementing standards. Again, there is a degree of overlap with ‘scientists’
broadly equivalent to ‘social actors’, for instance, but these further char-
acterisations usefully broaden the range of social roles beyond the generic
user. In the ADS, for example, applications developers, web developers
and system managers can be seen to constitute the informatics specialists,
while archives officers and collections managers may be identified as the
information managers. Unsurprisingly, this broadly maps onto the staffing
structure that exists within the ADS. A key advantage of this further cat-
egorisation is that it draws attention to the staff operating the infrastruc-
ture who may otherwise be largely invisible in accounts.

Relationships and interactions are not the same for everyone and depend
on how they experience the infrastructure: some may find it supports
their work, others encounter obstruction (for example Star & Ruhleder
1996:112—113; Star 1999:380; Edwards et al. 2013:13; Koch 2018:70-71).
The negative aspects of infrastructure are frequently underestimated in
general, and open to debate in archaeology, although the degradation of
locational data referred to above might be one example. They may also
be evidenced in the form of opposition, resistance, workarounds and the
subversion of processes (for example Edwards et al. 2013:13-14; Huggett
2021:422-423), although this remains a poorly-explored area in archae-
ology. Elsewhere, differences in financial resources between communities,
organisations and nations may negatively affect the ability to create and
employ infrastructures, leading to a bias in objectives, structural charac-
teristics and perspectives that favour the UK, Europe, and North America,
for instance (Slota & Bowker 2015:5; cf. contributions to Jakobsson et al.
2021). It may also raise questions of sustainability in terms of differen-
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tial availability and levels of funding for projects and programmes, and
potentially the ability to support deposit fees and even access charges, for
instance. Identifying the range of infrastructural communities therefore
goes well beyond simply the recognition of audiences.

Infrastructures and knowledge creation

Data-based infrastructures are seen as a new form of cultural memory insti-
tution (Thylstrup 2018:22); indeed, infrastructures may be largely defined as
being all about data (Edwards et al. 2007:31). However, what is lacking is a
critical enquiry into the effects of infrastructural arrangements of data, and
how these affect access and use of data in the construction of archaeological
knowledge (although see Hacigiizeller et al. 2021). As data is incorporated
within infrastructures it becomes institutionalised, and the infrastructure
determines what data and associated information will be available in the
future (for example Borgman 2015:15). Such institutionalisation is seen as
benign, even beneficial, if the alternative is data abandonment and loss, but
infrastructural effects are critical to the use of data for knowledge creation
as well as its long-term curation. Infrastructures reflect the priorities of
the institutions behind them and the socio-political contexts in which they
operate (Fullilove & Alimari 2023:66). Infrastructures are built on certain
expectations or requirements, standards and protocols, which configure
the data and its accessibility, making a critical perspective central to under-
standing their role in knowledge creation (Harvey et al. 2017:16). Both data
and data infrastructures remain always in-the-making, and decisions taken
concerning their treatment will affect the options and opportunities avail-
able to those who come after (Haciglizeller et al. 2021:1710). A potential
paradox therefore exists: data are fundamental to knowledge creation and
reliant on infrastructures to make them findable, accessible, interpretable
and (re)usable (i.e. FAIR [for example see Nicholson et al. 2023]), but at
the same time those infrastructures may limit certain actions, practices and
relations (Van Rossem & Pelizza 2022:3). Discourse becomes centred on
the data as represented within the infrastructure (cf. Lucas 2012:244), and
consequently knowledge may become so deeply engrained that the infra-
structure becomes difficult to challenge, or for new forms of expression or
new ways of knowing to be considered (Bowker 2018:209).

STANDARDISATION

Standards are core to infrastructures: they enable them to behave in pre-
dictable ways to provide universal access, interoperability with other infra-
structures, and assure technical sustainability into the future. The ADS
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archive, for instance, is built on a range of standards at different levels,
from the high-level Open Archival Information System (OAIS) model defin-
ing the basic components and functionality of an archive and its preserva-
tion issues, through a range of data content-related standards to low-level
standards specified for preferred file formats. Standards therefore operate
at every level of the archive, and some degree of standardisation is difficult
to argue against given it is a prerequisite for sharing or linking data from
different sources, even if the resulting complex and ill-defined web of stand-
ards is rarely discussed (Huggett 2012:542-543).

Bowker (2018:217) identifies what he calls a ‘quintessential tension’ with
standards: an opposition between a desire for universality and the need
for change. The risk of universality is that standardisation may encour-
age misinterpretation, disguise doubtful data sources, and facilitate ‘data
arbitrage’ where the availability of data trumps its quality (Edwards et al.
2013:7). Rather than change, the costs associated with standardisation
means there may be considerable inertia (Edwards et al. 2013:9). Once
standards are set, they tend to stick, which is more often taken as a sign of
success than as apathy. More significant than questions of effort or cost,
however, is the way in which standardising data can change the nature of
those data and promotes certain forms of knowing. It also makes some
kinds of data undocumentable, and hence invisible (Van Rossem & Pelizza
2022:2). Strict schemas are problematic for messy archaeological data (for
example Lowenborg 2018:51), and the study by Haciguizeller et al. (2z021)
shows how attempts to create structured data risk smoothing out variabil-
ity or omit aspects which may not be represented within the data model.
A category of data which frequently defies categorisation is the implicit or
tacit knowledge behind the original data (for example Huggett 2020:9-11),
and documenting it requires effort for which there is little resource, even if
the desire is there (for example Opitz et al. 2021).

METADATA

Metadata are data about data but also a standard of standards. They are
key to facilitating interoperability between datasets and infrastructures
(for example Meghini et al. 2017:5). They also structure the data presented
to the user: it is the metadata catalogues that are searched, and the results
retrieved are based on those metadata. The metadata may be created auto-
matically — for example, through a process of text mining to extract meta-
data (for example Richards et al. 2011) — or manually on accession. In either
case, metadata is created as a high-level summary which allows data with
similar characteristics to be identified.

However, metadata are frequently perceived as benign: they are not
data themselves but a higher order of information (Boellstorff 2013, sec. 3),
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underlined by the common view of metadata as providing administrative
information about the data (who created it, who owns it). This attitude
implies a lesser significance than data, yet metadata is more than simply
a finding/linking aid and is capable of being treated as if it were primary
data. Metadata increasingly shifts mode to be used as data in its own right:
for instance, providing basic summary data including information about
site/artefact types, time periods, and location, and used in everything from
distribution analyses to ‘big data’-style studies. Consequently, metadata
becomes the data rather than simply how the data is located or linked,
and is therefore another layer of abstraction at a remove from the original,
primary record. Effectively, therefore, metadata may travel between being
metadata and being data — what is metadata to one may be data to another
(for example Huggett 2020:3; Buckland et al. 2022:19).

Of course, data are always collected and abstracted using criteria accord-
ing to a specific frame of reference and this affects its capacity for knowl-
edge creation. Metadata is no different, but its role in infrastructural data
retrieval and interoperability placesitin a different relationship with archae-
ological knowledge creation since the ideologies, politics, and perspectives
that define the metadata influence the data located and the connections
made in the first place. Metadata therefore increasingly govern what can
be found and what can be known (Borjesson et al. 2020:207—208). The
structuring imposed by metadata carries the biases and worldviews of the
infrastructures that created them, and profoundly impact the meaning that
can be derived from the data (Canning et al. 2022:12).

INTERFACE

If metadata reveals and limits the data that can be presented, the interface
through which most users will experience the digital infrastructure is equally
capable of inclusion and exclusion (Hookway 2014:4). Knowing how an
interface structures our relation to data is essential since it is designed to
function more or less invisibly, but successful invisibility also tends to hide
its affordances. Like the infrastructure itself, it allows certain behaviours
and actions to occur (Drucker 2013, para. 31). The interface acts as ‘cog-
nitive scaffolding’ (Dieter 2015:170), empowering the user, but at the same
time is a ‘device of capture’ (Dieter 2015:173), determining pathways and
reducing autonomy. The interface, like the infrastructure, is not an object as
much as a ‘dynamic, systematized relation’ (Dieter 2022:5). Like standards
and metadata, interfaces are also abstractions, sitting atop a complex sys-
tem and exposing some of that system’s logic while hiding others. The effect
of this abstraction is to distance the user from the underlying system: at the
same time as the interface facilitates discovery and provides access to data,
its underlying design and implementation shape what is revealed or hidden.

CURRENT SWEDISH ARCHAEOLOGY VOL. 31 2023 | https://doi.org/10.37718/CSA.2023.01 29



Jeremy Huggett

For example, the ADS search interface adopts a ‘point and browse’
strategy rather than a Google-like ‘type and hope” approach, enabling the
million plus metadata records to be swiftly reduced to a small, relevant
subset (Richards et al. 2011:35). However, the underlying search method-
ology is hidden from the user despite what otherwise seems to be a trans-
parent interface: it invisibly employs a fuzzy search despite the appearance
of using a specific, constrained classification, which may give rise to initial
doubts about the validity of the output (Huggett 2022:272). The search
interface does not allow control of the Boolean search criteria used, and so
the infrastructure constrains user action.

Burdick (2015:31) has described a series of attributes and qualities that
seek to address such infrastructural restrictions. For example, she proposes
the opening of the interface black box to make the underlying operations vis-
ible, and ideally alterable. She also argues for making multiple world views
available, with the interface configurable using different ontologies rather
than the default infrastructural perspective. Ambitiously, she also proposes
that the interface should be capable of viewing and manipulating data in
an infinite number of ways. For instance, current interfaces are predicated
on text for data retrieval, which may not be the most appropriate method.
As Bugaje and Chowdhury (2018:258; see also Bugaje & Chowdhury 2017)
suggest, data is not read so much as visualised, combined or manipulated,
and an interface which reflects this would be more natural and certainly
more flexible. Addressing these and other design aspirations would help
to support a more sophisticated engagement between infrastructures and
knowledge creation.

Conclusion

According to Star and Bowker (2006:231),

Something that was once an object of development and design becomes sunk
into infrastructure over time. Therefore a historical, archaeological approach
to the development of an infrastructure ... needs complementary sociological,
regulatory and technical studies.

This paper seeks both to start the debate and to set the stage for such exten-
sive studies in relation to archaeological infrastructures. In doing so, it has
largely focused on large-scale data archive infrastructures, but many of
the issues discussed are equally relevant at other scales of infrastructure,
from data management and publication systems (for example Open Con-
text, ARCHES), to field recording systems (for example FAIMS, ARK,
Intrasis), down to the level of the database (for example Burns & Wark
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2020), and the different scales are interwoven in complex ways. In all cases,
there have been discussions surrounding these infrastructures, but they
have been rather piecemeal and consequently lack a clear overview of the
range of questions and concerns encountered. Most contributions are by
those who might be described as advocates for the infrastructure, report-
ing on technical details of implementation and application, but only lightly
touching upon aspects such as the infrastructural influence on practice,
its positive and negative effects, successes and failures. It is crucial, there-
fore, that such debates engage those external to the immediate context of
infrastructure development and implementation, to offset the influence
of advocacy perspectives and technical determinism. Furthermore, while
even long-standing archaeological infrastructures are still in-the-making,
others may never be started, or are delayed, or abandoned, and these are the
norm rather than the exception (Carse & Kneas 2019:9). Archaeology has
seen dozens of digital infrastructure-related developments over the years,
few of which become established in practice, as evidenced in the Computer
Applications in Archaeology (CAA) conference proceedings, for example.
What happened to them and why have they disappeared? Which factors
determined success or failure?

Part of the attraction of infrastructures lies in their combinatorial possi-
bilities: the way in which each digital object made possible via the infrastruc-
ture may be combined and recombined with others, to create new objects
and novel innovations (Baiyere et al. 2023:8—9). The expansion of these
infrastructures into the corners of archaeological practice makes it impor-
tant to understand their emergence, their development, their environment,
their relationships, their social and cultural elements, their implications for
practice and their unanticipated outcomes, as well as their benefits. Given
the ways in which infrastructures infiltrate and influence, empower and con-
strain archaeological practice and thought, it is crucial to develop critical
and extensive overviews rather than more of the fragmentary approaches
adopted to date. A broader and deeper understanding of archaeological
infrastructures today will also ensure that lessons from the past and pre-
sent will carry forward into future developments.
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