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This issue of Science and Technology Studies is the 
fi nal one of four in total published this year focus-
ing on the topic of Knowledge Infrastructures. 
Across the four issues we have presented fourteen 
papers (thirteen research articles and one discus-
sion paper) and four book reviews. In this final 
editorial we fi rst take a look at the issues raised by 
the fi nal batch of articles, then take a step back to 
review the collection as a whole, considering what 
it tells us about the state of the art in Science and 
Technology Studies’ understanding of knowledge 
infrastructures and looking forward to the chal-
lenges still on the horizon. 

Articles in This Fourth and Last 
Part of the Special Issue
The fi rst article ‘The Daily Shaping of State Trans-
parency: Standards, Machine-Readability and the 

Confi guration of Open Government Data Policies’ 
addresses the issue of open standards for dif-
fusing online data in the context of government 
bureaucracies. In common with open data initia-
tives in other substantive fi elds, such as science 
(Borgman, 2007) and cultural heritage (Stuedahl 
et al., in this issue), many governments are now 
committed to the release of open data. Open 
Government Data (OGD) initiatives are construct-
ing ways to store and share data, forming a new 
layer of ‘open data infrastructure’ shaped by the 
development and deployment of data standards 
(Lampland and Star, 2009). While OGD move-
ments to sharing data under non-proprietary 
standardized formats have been highly visible, 
Samuel Goëta and Tim Davies point out that con-
siderably less attention has been given to what 
is happening on the ground around the produc-
tion of standards and the actual consequences of 
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standards for knowledge workers, the issues that 
form the authors’ focus in this article.

Goëta and Davies study three very diff erent 
open data standards, namely Comma Separated 
Value (CSV), General Transit Format Specifi cation 
(GTFS) and the International Aid Transparency 
Initiative (IATI). They operate an ‘infrastructural 
inversion’ by looking at the historical develop-
ment of the named standards and by studying 
ethnographically the ‘back rooms’ of govern-
ment bureaucracies with a focus on the invisible 
work necessary to open the data by using these 
standards. The authors pay particular attention 
to the concrete work practices that go along 
with aligning the standards, the organizational 
arrangements they create, and the way they shape 
the data for others to access and use.

Through the empirical work the authors discuss 
how transparency is or is not achieved by the 
demands for openness and standardization. The 
authors show that the standards substantively 
shape the production of open data. They describe 
how the use of open standards requires intensive 
work in order to transform and adjust datasets 
to the standards; thus, the making of datasets 
machine-readable may increase the complexity 
of releasing data. The authors further show how 
enacting open standards operates “a quiet and 
localised transformation of bureaucracies”, with 
consequences for how open government data 
and transparency agendas are performed. The use 
of open standards has become interpreted not 
only as a sign of a quality dataset, but also used to 
evaluate the progress of the open data program 
itself. The adoption of open standards is increas-
ingly becoming (used as) an indicator of the 
advancement of open data programmes. Further-
more, the authors discuss the particular kind of 
transparency delivered by OGD which reveals a 
rationalisation and representation of the informa-
tion held inside the state, focussing on machine-
mediated transparency rather than transparency 
as a relationship between citizen and account-
giving state.

In addition to the above ‘producer’ side inside 
the ‘back rooms’ of government bureaucracies, the 
authors also discuss the ‘user’ side of OGD. They 
see that the emphasis on machine-readability 
in OGD projects confi gures the primary users as 

‘advanced users’ with a need for technical skills, 
financing and capability to create services to 
make desired re-use of the published data. These 
set-ups (of professional developers and ecosys-
tems) introduce other layers of infrastructure and 
eventually intermediation between citizens and 
the state.

In the second article, Ayelet Shavit and Yael 
Silver discuss the development of long term 
biodiversity surveys and specifi cally focus in on 
tensions inherent in recording locality within such 
surveys. The fi rst case study in the article discusses 
the evolving treatment of locality information 
within the specimen collections of the Museum of 
Vertebrate Zoology at the University of California, 
Berkeley. A formalized approach to recording 
was established early on in the museum’s history, 
requiring both a standardized set of informa-
tion including a record of locality and a narrative 
account of the circumstances surrounding collec-
tion of the specimen in a fi eld journal. This system 
of recording thus combined what Shavit and Silver 
term ‘exogenous’ and ‘interactionist’ approaches 
to locality. The two approaches are associated 
with contrasting epistemic values: an exogenous 
approach to ‘location’ focuses on production 
of representative and reliable data whilst the 
interactionist approach attends to the need for 
comprehensive and accurate data for the location 
in question. Both systems co-existed in the pre-
computerised system of journals, index cards and 
tags, but the advent of computerized records in 
the 1970s began a push towards inclusion of a 
searchable and generalizable version of specimen 
locality in specimen databases and prompted the 
development of a system to map historical locali-
ties to estimated longitude and latitude using a 
standard georeferencing protocol. Subsequently, 
new challenges for the recording of locality 
emerged, as new devices used by researchers 
in the fi eld occasioned a more precise georefer-
encing, producing new forms of data and shifting 
away from narrative fi eld journals to numerical 
data. A separation emerged between the require-
ment for a globally interoperable and easily 
searchable form of locality information and the 
historical collections of narrative data on circum-
stances of collection that were locally held at the 
museum and mined by relatively few researchers. 
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A subsequent workaround involved digitization 
of fi eld journals, allowing this information to be 
linked to specimen records and hence made 
available albeit not in an equivalent searchable 
form to the exogenous locality information.

The second case study in Shavit and Silver’s 
paper focuses on a biological monitoring project 
‘Hamaarag’ initially associated with Long Term 
Ecological Research (LTER) stations funded by 
Israel’s Science Foundation. Shavit and Silver 
track the changing political, fi nancial and scien-
tifi c focus of the project over time, and also the 
tensions over the version of locality embedded 
within the project. As with the Museum of Verte-
brate Zoology, tensions focused on a clash 
between the possibility of developing an inter-
operable infrastructure across the various LTERs 
involved and the very diff erent demands imposed 
by the diff erent species each were monitoring and 
the practices of the groups of scientists involved. 
Shavit and Silver track the diverse and shifting 
pressures that beset the project over time and 
challenge attempts to produce a single over-
arching infrastructure for the project, leading 
ultimately to an approach that favours an interac-
tionist approach to location and includes citizen 
science initiatives alongside research team eff orts. 
Across the two case studies, Shavit and Silver 
identify a tension between diff erent notions of 
locality and an emergent recognition that to 
focus only on a globally interoperable exogenous 
version of locality may entail a loss of a signifi -
cant fl exibility. They conclude that developing 
an infrastructure to sustain local memories of a 
locality and alternating between local and global 
memory practices (Bowker, 2005) may be better 
justifi ed, both rationally and sometimes morally. 
Tracking the movement from a technical thing 
(the technical category of ‘location’) becoming a 
problematic epistemic thing, the article demon-
strates a recurring issue in knowledge infrastruc-
ture work more broadly i.e. the weight that may 
be carried by technical decisions on the represen-
tation of key concepts.

The third article in the special issue, by 
Dagny Stuedahl, Mari Runardotter and Christina 
Mörtberg, focuses on the substantive fi eld of the 
cultural heritage sector. The authors develop two 
case studies of digital infrastructure projects that 

are involved in opening up cultural heritage insti-
tutions to engagement with the public. Whilst 
both projects are working within an environment 
that encourages openness and public involve-
ment, the two case studies contrast signifi cantly in 
their institutional form and in the approach they 
take to defi ning what will count as an acceptable 
open engagement with the public. The fi rst study 
focuses on a “top-down” initiative in the design 
phase: a new infrastructure intended to facilitate 
public access to archival materials. By studying 
discussions in the design phase Stuedahl et al. are 
able to identify tensions and controversies around 
the implementation of the high-level policy imper-
ative to open data and engage with citizens. When 
these imperatives meet with local practices they 
encounter considerable concerns that revolve 
around the extent of openness deemed desirable 
and the quality of content acquired through 
crowd-sourcing, leading ultimately to adoption 
of an approach focused on providing access to 
existing archival data rather than acquiring new 
data. The second case study explores a ‘bottom-
up’ initiative: a local history wiki used by profes-
sional and amateur local historians. Here Stuedahl 
et al. encounter the project when it is already up 
and running, and analyse threads from the discus-
sion forum that demonstrate ongoing negotia-
tions over the categories to be used to structure 
contributions to the wiki and tensions between 
wiki administrators and local historians over the 
extent to which diverse understandings can be 
accommodated within the wiki. 

To draw together the comparison between 
these two substantively similar yet contrasting 
initiatives Stuedahl et al. rely on the concept 
of ‘attachments’ used within STS variously by 
Gomart and Hennion (1999), Latour (1999), 
Marres (2007) and Hennion (2012) to denote an 
array of resources that are drawn on to inform 
and make sense of engagements and actions. 
Attachments are potentially more diff use than 
motivations and more emotionally charged than 
influences, offering a means to identify what 
matters to people as they decide on a course of 
action or design an intervention. In the participa-
tory knowledge infrastructures that they study 
Stuedahl et al. identify attachments used by actors 
to outline what matters to them and position 
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themselves in relation to past, present, and 
future. The authors argue that attachments off er 
a useful alternative way to explore the tempo-
rality of knowledge infrastructuring, stressing that 
sustainable infrastructures may need not only to 
work with the long now (Ribes & Finholt, 2009) of 
an anticipated future but also to display an appro-
priate attachment to relevant values and practices 
of the past as well as attachments to other 
pressures and policies in the present. By high-
lighting the various attachments that actors bring 
to the two case studies they outline, Stuedahl 
et al. bring out the process through which the 
contrasting (and sometimes internally confl icting) 
notions of openness and engagement that the 
two projects arrive at come into being. 

An Overview and Emerging Themes
The fourteen articles published in this special 
issue, while all viewing their material through the 
lens of the knowledge infrastructure, have cov-
ered a range of substantive fields: biodiversity 
(Taber, 2016); cultural heritage (Stuedahl et al., in 
this issue); disease genetics (Dagiral & Peerbaye, 
2016); drug discovery (Fukushima, 2016); e-health 
(Aspria et al., 2016); ecological science (Stuedeahl 
et al., 2016; Shavit & Silver, in this issue); environ-
mental monitoring (Jalbert, 2016; Parmiggiani 
& Monteiro, 2016); open government (Goëta & 
Davies, in this issue); public health (Boyce, 2016); 
social science data archiving (Shankar et al., 2016); 
weather recording (Goëta & Davies, 2016); wikipe-
dia content (Wyatt et al., 2016). While many have 
at their heart a database or other form of digital 
technology, this has not been universally the case: 
Taber (2016) views the herbarium as the focus of 
a knowledge infrastructure. The articles exem-
plify the interdisciplinary trend within Science and 
Technology Studies more broadly. While we have 
not conducted a systematic census of the discipli-
nary origins of the scholars represented here, it is 
clear from their institutional addresses as much as 
their substantive foci that the authors come from 
an array of backgrounds including anthropol-
ogy, informatics and information science, media 
and communications, public health and social 
science in addition to science and technology 
studies departments. The geographical spread 

is also broad, including authors from Australia, 
France, Ireland, Israel, Japan, Netherlands, Nor-
way, Sweden, United States of America and United 
Kingdom.

In the three previous editorials (Karasti et al., 
2016a, 2016b, 2016c) we have identifi ed some 
emerging themes that tie together the contribu-
tions made by individual articles and suggest 
areas of common signifi cance across quite diverse 
manifestations of knowledge infrastructures. 
In the fi rst issue we discussed themes of scale, 
invisibility, tensions, uncertainty, and account-
ability. We also explored methodological issues, 
focusing on the infrastructural inversion and the 
challenges inherent for the researcher in choosing 
levels, locations, and scales to examine. In the 
second issue we explored the performativity 
of knowledge infrastructures and the struggles 
over power, values, and voice that prevail at the 
very heart of infrastructural work. The third issue 
highlighted temporality and labour as key areas of 
connection across infrastructural studies. 

These themes continue to resonate across 
the three articles presented in this fourth issue 
to focus on knowledge infrastructures. All three 
articles deploy a methodological focus that 
encompasses the diverse scales of infrastruc-
tural work and each in its own way highlights an 
otherwise invisible or neglected aspect of that 
work and brings it into the foreground as conse-
quential site for the enactment of values and 
the experience of tensions between different 
practices and sets of accountability. Temporality 
arises with particular signifi cance in Stuedahl et 
al.’s exploration of the notion of attachments, as 
they argue that an attachment to aspects of the 
past can give meaning to infrastructural work as 
much as visions of an anticipated future. 

Beyond the themes already identifi ed, a further 
theme deserves exploration in this editorial: 
the notion of openness. As a value and a set of 
practices the notion of openness has a consid-
erable contemporary significance and yet, as 
studied here, it emerges as a problematic concept 
not necessarily easy to achieve. Openness appears 
repeatedly across the papers collected here: in 
the fi rst issue, Parmiggiani and Monteiro (2016) 
explore the development of an infrastructure for 
monitoring subsea ecosystems and evaluating 
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environmental risk and here achieving a portrayal 
of the openness of data in a public portal plays a 
part in building a new sense of trust; in the second 
issue, Shankar et al. (2016) propose a study of 
social science data archives that pays attention 
to the specifi city of circumstances under which 
open sharing of data arises; in the third issue 
Aspria et al. (2016) explore the metaphors that 
underpin operationalization of a patient informa-
tion portal that aspires to be seen as open and 
inclusive. In this fourth issue, openness receives 
further signifi cant attention: Goëta and Davies 
place the standards that underpin open data 
sharing under the spotlight, and fi nd that these 
standards are a site of considerable labour both 
in development and use and far from a smooth 
route to automatic transparency; Stuedahl et 
al. focus on the movement towards open data 
sharing in cultural heritage contexts and fi nd that 
whilst aspiring to openness may be dictated by 
policy, it still requires considerable negotiation 
to make manageable in practice. When we study 
contemporary knowledge infrastructures we fi nd 
values of openness often embedded there, but 
translating the values of openness into the design 
of infrastructures and the practices of infrastruc-
turing is a complex and contingent process. 

In putting together the special issue we aimed 
to assess the current state of Science and Tech-
nology Studies’ contribution to the understanding 
of knowledge infrastructures. This set of emergent 
themes, connecting across together, exemplify 
the contribution that a set of sensibilities drawn 
from Science and Technology Studies can make in 
this area: by a detailed attention to technology as 
it is enacted in situ and as it is embedded in and 
embeds policies and practices, we can see the 
knowledge infrastructure as a very particular kind 
of achievement with far-reaching yet often over-
looked consequences. We learn in detail about 
the modes of governance that depend upon and 
are enabled by knowledge infrastructures and we 
fi nd out how great the gulf may be between an 
aspiration in the domain of policy and its realisa-
tion on the ground. STS scholars are studying the 
processes of infrastructuring in detail but also 
considering the consequences: what kind of ways 
of being in the world do knowledge infrastruc-
tures enable, to whom do they give voice and who 

do they silence, what do they prioritise and what 
do they neglect or negate? 

Viewed as a whole, this collection of papers 
suggests that the STS-enabled study of knowledge 
infrastructures is on increasingly solid theoretical 
and methodological ground. Across the papers 
we see a confi dence in identifying diverse sets of 
technological developments as knowledge infra-
structures and applying to them a relatively stable 
set of theoretical resources. Among the papers we 
fi nd also theoretical innovations, such as Fukushi-
ma’s (2016) recourse to a Marxist-infl ected notion 
of infrastructure alongside the resources of STS 
or Stuedahl et al.’s (in this issue) deployment of 
attachments as a means to uncover the meanings 
that pervade infrastructural work. On the whole, 
however, the articles wear their theoretical devel-
opment relatively lightly and concentrate on 
illuminating what is being achieved through the 
medium of knowledge infrastructural work and 
how this is being brought about.

Methodologically speaking, also, this collec-
tion of papers speaks to a relatively confi dent 
set of resources being deployed to good eff ect. 
Most of the papers make a broad claim to ethno-
graphic approaches, with the notable exceptions 
of Wyatt et al. (2016) in their study of data from 
editorial discussions on Wikipedia and Taber 
(2016) and Shankar et al. (2016) with historical 
approaches founded on archival data. Ethnog-
raphy, in the knowledge infrastructure context, 
often means a foundation of participant observa-
tion within a key location, taking part in ongoing 
discussions and attending meetings. The temporal 
and spatial complexity of infrastructural work is 
handled through a combination of mobility from 
the research and recourse to programmes of 
interviewing and documentary analysis. Online 
discussions appear as sources of data that give 
a useful insight into day-to-day negotiations 
into the meaning of data, capturing as they do 
a level of detail often otherwise ephemeral and 
hard to capture when work goes on in face-to-
face settings, even for an ethnographer on the 
spot. The increasing recourse to online discussion 
forums for getting infrastructural work done has, 
as a by-product, provided a useful set of data for 
STS scholars interested in how this work is done. 
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Studying the otherwise invisible becomes easier 
when this work is captured in a persistent form. 

The notion of the infrastructural inversion has 
clearly become one of the established resources 
of an STS approach to knowledge infrastructures. 
Responding to Geof Bowker’s call to make material 
infrastructures the central object of study (Bowker, 
1994), many of the papers in this collection used 
the infrastructural inversion in the standard sense 
of a methodological sensitivity associated with 
making otherwise neglected things visible, as 
exemplifi ed by Bowker and Star (1999). In doing 
so, these papers confirmed the pertinence of 
this methodological lens to scrutinize the inter-
dependences between technical components 
and the politics of knowledge production. Three 
articles elaborated on the infrastructural inversion 
to a signifi cant extent: Fukushima (2016) drawing 
out an isomorphism with the Marxist inversion 
of the infrastructure/superstructure relation; and 
both Parmiggiani and Monteiro (2016) and Dagiral 
and Peerbaye (2016) drawing out the use of the 
inversion as a resource by actors themselves.  

There are, thus, promising signs for future 
knowledge infrastructure studies in STS, confi -
dently adopting and developing a mature set 
of methodological and theoretical resources. 
Promising future prospects include possible 
pay-off s from making further use of online data 
and myriad digital traces left by digital work, 
taking on board Edwards et al.’s (2013) challenge 
to infrastructural studies to take more account 
of big data. Future studies may also do more to 
engage in depth with the refl exive work done 
by the actors in infrastructural projects, building 
on the recognition that concepts such as the 
infrastructural inversion resonate strongly with 
what actors themselves do. New methodological 
forms may yet emerge. The majority of the articles 
collected here represent either the work of one 

scholar, or a small group of scholars pooling or 
contrasting a small number of case studies. We 
see little as yet of the larger team-based and 
multi-sited studies that may be necessary in order 
to scale up knowledge infrastructure studies and 
more extensively explore their ramifi cations across 
time and space as Edwards et al. (2013) exhort. 
Similarly, while historical and archival studies 
promise to allow us to extend our interest in the 
evolution of knowledge infrastructures across 
greater time spans, as yet our analytic resources 
for conducting archival studies are relatively 
under-developed (Bowker, 2015). The collection of 
articles presented here demonstrate a healthy and 
vibrant fi eld, with a clearly signifi cant pay-off  in 
terms of illuminating some very powerful aspects 
of contemporary world, yet there is clearly still 
further to go in developing the STS contribution 
in this area. 
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