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Data and the City

There is a long history of governments, businesses, science and citizens producing
and utilizing data in order to monitor, regulate, profit from and make sense of the
urban world. Recently, we have entered the age of big data, and now many aspects
of everyday urban life are being captured as data and city management mediated
through data-driven technologies.

Data and the City is the first edited collection to provide an interdisciplinary
analysis of how this new era of urban big data is reshaping how we come to
know and govern cities, and the implications of such a transformation. This book
looks at the creation of real-time cities and data-driven urbanism and considers
the relationships at play. By taking a philosophical, political, practical and techni-
cal approach to urban data, the authors analyse the ways in which data is produced
and framed within socio-technical systems. They then examine the constellation
of existing and emerging urban data technologies. The volume concludes by
considering the social and political ramifications of data-driven urbanism, ques-
tioning whom it serves and for what ends.

This book, the companion volume to 2016’s Code and the City, offers the first
critical reflection on the relationship between data, data practices and the city,
and how we come to know and understand cities through data. It will be crucial
reading for those who wish to understand and conceptualize urban big data, data-
driven urbanism and the development of smart cities.
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1 Data and the city

Rob Kitchin, Tracey P. Lauriault and
Gavin McArdle

Introduction

There is a long history of governments, businesses, science and citizens producing
and utilizing data in order to monitor, regulate, profit from, and make sense of the
urban world. Data have traditionally been time-consuming and costly to generate,
analyse and interpret, and generally have provided static, often coarse, snapshots
of urban phenomena. Recently, however, we have entered the age of big data,
with data related to knowing and governing cities increasingly becoming a deluge;
a wide, deep torrent of timely, varied, resolute and relational data (Kitchin 2014a;
Batty 2016). This has been accompanied by an opening up of state data, and to
a much lesser degree, business data, the production of volunteered geographic
information, and the emergence of open data cultures and practices (Goodchild
2007; Bates 2012). As a result, evermore aspects of everyday life — work, con-
sumption, travel, communication, leisure — and the worlds we inhabit are being
captured and stored as data, made sense of through new data analytics, mediated
through data-driven technologies, normalized through data-driven infrastructures,
and shared through data infrastructures and data brokers (Amoore 2013; Kitchin
2014b; Offenhuber and Ratti 2014).

This data revolution has produced multiple challenges that require critical and
technical attention — how best to produce, manage, analyse and act on urban big
and open data, make sense of data infrastructures, data cultures and practices, and
understand their consequences with respect to city governance, economy, politics
and everyday life. However, to date, there has been relatively little critical reflec-
tion on the new emerging relationship between data and the city, and how we
come to know and understand cities through data in the present era.

In the rush to create so-called ‘smart cities’, wherein core city services
and infrastructures become digitally mediated and data-driven — generating,
processing and acting on data in real-time to algorithmically manage systems and
calibrate performance — much of the attention has been on how to technically
create and implement suitable smart city technologies, and associated institutional
and infrastructural supports such as data standards, protocols, policies, and a
variety of telecom networks. Such data-driven technologies include: urban control
rooms, e-government systems, city operating systems, coordinated emergency
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response systems, intelligent transport systems, integrated ticketing, real-time
passenger information, smart parking, fleet and logistics management, city dash-
boards, predictive policing, digital surveillance, energy smart grids, smart meters,
smart lighting, sensor networks, building management systems and a wide pleth-
ora of locative and spatial media. Collectively these technologies are generating
an ever-growing tsunami of indexical data (uniquely linked to people, objects,
territories, transactions) that can be repurposed in diverse ways — for example, in
predictive profiling and social sorting of citizens and neighbourhoods, creating
urban models and simulations, for policing and security purposes, etc. (CIPPIC
2006; Batty 2013; Kitchin 2014b; 2016). These data are in addition to large quan-
tities of administrative and statistical data, more traditional sampled survey data,
polling and public opinion data, and any other data the city may collect as part of
reporting and delivering services.

Rather less attention has been paid to more epistemological, normative, ethi-
cal and political questions concerning how data-driven cities and urban issues are
framed and approached; how city development and progress are envisaged; what
kinds of data are being produced and to what purposes they are being employed;
what kinds of cities we ideally want to create and live in (not simply from an
instrumental perspective — solving particular issues such as traffic congestion;
but with respect to issues such as fairness, equity, justice, citizenship, democ-
racy and governance); how these data-driven technologies and processes work in
practice on the ground; what kinds of social and spatial relations they produce;
whom they benefit and disadvantage or exclude; what kinds of subjectivity, citi-
zenship, participation and political action they support; and how they reshape
many aspects of urban life. This is not to say that there has been no consideration
of such questions — as the chapters that follow and the work they reference attest,
there is a growing body of research that critically examines urban data and their
use. However, the work to date is still relatively formative in theoretical and
empirical terms, often considers data-driven systems within the context of smart
cities in general terms rather than focusing specifically on the unfolding relation-
ship between data and cities, and the development and rollout of data-driven
urbanism is largely outpacing critical reflection and interventions.

Data and the city

This volume is designed to help to fill this lacuna through an interdisciplinary
examination of the relationship between data and contemporary urbanism. The
focus is not smart city technologies per se, but rather the essays concentrate on
how to make sense of urban data and the emerging era of data-driven urbanism.
As well as providing synoptic analyses and new conceptual thinking, the chapters
detail a number of illustrative examples of urban data, data-driven systems and
related issues, including data infrastructures, urban blockchains, mapping, urban
modelling, data provenance, data quality, data citizenship, citizen science, data
practices, data cultures, data frictions and city dashboards. Importantly, given the
wide-ranging, diverse and complex relationship between data and the city, and
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the need to bring various expertise and knowledge into dialogue, the contribu-
tors are drawn from a number of disciplines (Geography, Geographic Information
Science, Planning, Sociology, Information Science, Design, Media Studies, Law
and Computer Science).

Allbut three of the chapters were prepared initially for a workshop at the National
University of Ireland Maynooth in September 2015, funded by the European
Research Council through an Advanced Investigator Award to Rob Kitchin for
The Programmable City project (ERC-2012-AdG-323636-SOFTCITY). Each
essay was pre-prepared and submitted in advance of the meeting, then extensively
discussed at the workshop, and subsequently revised for publication. While the
book is designed to work as a standalone text, there is a companion book, Code
and the City (Kitchin and Perng 2016), that focuses predominately on the relation-
ship between software and the city. To provide a structure, we have divided the
book into four parts.

Data-driven cities

The first part considers the relationship between data and the city in a broad sense,
focusing on the creation of real-time cities and data-driven urbanism and how the
ever-greater flows of data are transforming city services, infrastructures, urban
life and how we understand and govern cities.

In the opening chapter, Martijn de Waal examines the creation of ‘real-time
cities’, wherein computation is embedded into the fabric of cities producing
real-time data flows that can be used to know and manage city services in the
here-and-now. He argues that such data-driven systems are changing how we
understand cities in three ways. The first is the adoption of an action-orientated
epistemology wherein the production of real-time data, along with machine
learning techniques, enables a new kind of scientific knowledge about cities that
treats them as complex systems which can be made actionable through smart city
technologies. The second approach is more critical in orientation and, on the one
hand, challenges the scientific principles and epistemology of the first, and on
the other, considers more ontological questions concerning how real-time data
and data-driven systems transform the production of space, the nature of place,
and the experience of living in the city. The third approach asks more norma-
tive questions and argues that cities cannot be conceptualized and approached
as being analogous to other complex systems, such as galaxies and rainforests,
because they are social-cultural-political in nature. Instead, it is contended that a
new science of cities needs to frame data-driven cities with respect to wider con-
cerns about the kinds of cities we want to create and how to produce particular
kinds of ‘cityness’. De Waal argues that more attention needs to be paid to this
third kind of knowledge making and its praxes.

Mike Batty considers the nature of urban big data and the epistemological chal-
lenges of using them to make sense of the city, placing his discussion in historical
context. Adopting an approach that is perhaps characterised as fitting within de
Waal’s first mode of understanding data-driven cities, Batty argues that we have
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always been struggling to extract insights from ever-larger and more dynamic
data as urban technologies evolve and urban computational research struggles to
keep up. He notes that what might be considered small data — sampled in time,
space and by category — soon become very large once the interactions between
data points are examined. Using the concept of a data cube, Batty examines the
characteristics of urban flow data between locations. In particular, he illustrates
his arguments by detailing the difficulties of making sense of traditional transport
interaction data, such as origin (home) to destination (work) flows across a city,
and more dynamic and massive datasets, such as the tap-in and tap-outs of travel-
lers on the London Underground (one of his datasets consists of nearly 10 billion
records generated over 86 days in the summer of 2012). In both cases, urban
science is still struggling to extract and communicate meaningful insight. He con-
cludes that rather than abandoning theory for an empiricist form of data science,
there is a pressing need to develop a theoretically insightful urban science.

In his chapter, Rob Kitchin argues that while there has long been forms of
urbanism that are data-informed, a new era of data-driven urbanism unfolding
as cities become ever more instrumented and networked, their systems inter-
linked and integrated, and vast troves of big urban data are being generated and
used to manage and control urban life in real-time. He contends that data-driven
urbanism is the key mode of production for what have widely been termed smart
cities. Adopting an approach that largely maps onto de Waal’s third approach,
Kitchin critically examines a number of urban data issues, including: the politics
of urban data and production of data assemblages; data ownership, data control,
data coverage and access; the creation of buggy, brittle, hackable urban systems
(data security, data integrity); and social, political, ethical effects (data protection
and privacy, dataveillance, and data uses including social sorting and anticipatory
governance). He concludes that whilst data-driven urbanism purports to produce
a common-sense, pragmatic, neutral, apolitical, evidence-based form of respon-
sive urban governance, it is nonetheless selective, crafted, flawed, normative and
politically inflected. Consequently, whilst data-driven urbanism provides a set
of solutions for urban problems, it does so within limitations and in the service of
particular interests or there is an overreliance on mathematically and engineered
models that do not factor in a city’s social, cultural, historical, institutional and
political complexities; those very things that give cities their character.

Urban data

The second part focuses attention on the nature of urban data, examining them
from ontological, political, practical and technical points of view. Importantly,
the analysis does not conceive of urban data from a common-sense, essentialist
position, wherein they are seen to faithfully and validly represent the state of the
world, but rather consider the ways in which data are produced and framed within
socio-technical systems.

Teresa Scassa provides a critical overview of crime data and their sharing
through open data sites, interactive visualizations, and other media. She details
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how crime data are far from neutral, objective records of criminal, policing and
legal activity, but rather are shaped significantly by legal, institutional and cultural
factors. She argues that crime data are subjective and contested, record certain
kinds of information but excludes others, and are known to be full of gaps and
errors. Moreover, capturing, analysing and acting upon crime data requires human
interpretation and judgement, framed with societal and institutional contexts. And
yet, despite these issues, crime data are often taken at face value and are used to
drive social, policing, security and legal policy and programmes and to underpin
new interventions such as predictive policing. While the data do hold value and
are important in revealing levels of crime and society’s institutional response, she
contends that they need to be treated with caution, with users considering how,
by whom, and for what purposes the data were generated to gauge their veracity
and trustworthiness.

Jim Thatcher and Craig Dalton similarly consider the issues of data veracity
and trustworthiness by considering data provenance. They note that data prov-
enance is presently largely instrumental in nature and concerns information about
the production and history of a dataset. Such information allows users to know
how the data were captured, by whom, using what techniques and technologies,
how they were processed and handled, and so on, enabling them to judge their
quality, shortcomings and suitability for use. Typically, such information is stored
as a metadata — that is, data about the data. However, they contend that such an
instrumental approach to data provenance is limited and too technically orien-
tated, ignoring the wider context in which the data are produced and used. Instead,
they suggest the use of a more-than-technical form of provenance that not only
documents traditional metadata, but also includes situated contextual factors such
as motivation, value and power. They formulate this version of data provenance
as the recording of ‘data encounters’ which capture the always already-cooked
nature of data and the contextual nature of its use.

Jim Merricks White likewise is interested in data encounters, but rather than
focus on provenance, he seeks to follow data from their generation through to
their various uses, exposing how they are cleaned, recombined and put to work.
Using an empirical example of infant mortality and their use in city indicator ini-
tiatives he charts the translation and circulation of data, seeking to document what
he terms ‘data threads’, highlighting the entanglement of data infrastructures and
geography, and their inherent materiality and relationality. He traces how infant
mortality data are generated by messy human and computational practices shaped
by a framework of definitions and standards. These data are then used in varying
ways, reworked to create new derived data, and used in ways not anticipated with
respect to their original generation. He notes that the devastating loss of a child’s
life is rendered first as trace, then as data point, and then as input to derivative
calculations and distant ambitions, in this case various health and city indica-
tor initiatives. With each transformation, he argues the data become increasingly
alienated from their material associations and their meaning mutate to reflect new
discourses and ideologies. Comparing his notion of data threads to that of ‘data
journeys’ detailed by Bates et al. (2016), White provides a useful epistemological
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avenue for thickening the description of data assemblages and how data translate
and are woven together across such assemblages.

Considering the nature of urban data further, Dietmar Offenhuber examines
what makes urban data meaningful, the extent to which data are always cooked
and never raw, and concerns with respect to the repurposing data. Utilizing the
concept of ‘data friction” he examines the issues that arise when data and metadata
generated by different organizations, that utilize different formats and standards,
are moved or bought into contact. He notes that despite difficulties and limita-
tions, data sets can develop a life of their own and be repurposed in diverse ways,
often as data proxies for other phenomena. Offenhuber examines these issues with
respect to Twitter data, which have become widely used in social science research,
and satellite imagery generated by the Operational Linescan System (OLS) of the
US Air Force’s Defense Meteorological Satellite Program (DMSP). He contends
that Twitter data, despite its widespread repurposing, are ‘sticky data’, that is
meaningful when discussed in their original context, but problematic to interpret,
extrapolate and generalize otherwise. In contrast, OLS/DMSP data are relatively
non-sticky, being used extensively to identify city street lighting and act as a
proxy for population density and economic activity, though it is not without prob-
lems. Offenhuber thus concludes that as proxies for urban phenomena, both data
sources offer only partial perspectives and need to be used with caution.

Urban data technologies and infrastructures

The third part examines the constellation of existing and emerging urban data tech-
nologies and infrastructures. The chapters explore a range of political, practical
and technical issues and epistemological and theoretical approaches with respect
to building, operating and making sense of such data-driven systems.

One way in which a plethora of urban data are made sense of by city manag-
ers and shared with citizens is through city dashboards that provide a variety of
visualization and analytic tools which enable these data to be explored. While
such dashboards provide useful tools for evaluating and managing urban ser-
vices, understanding and formulating policy, and creating public knowledge and
counter-narratives, Rob Kitchin and Gavin McArdle’s analysis reveals a num-
ber of conceptual and practical shortcomings. They critically examine six issues
with respect to the building and use of city dashboards: epistemology, scope and
access, veracity and validity, usability and literacy, use and utility, and ethics.
Drawing on their experience of building the Dublin Dashboard, they advocate a
shift in thinking and praxis that openly situates the epistemology and instrumental
rationality of city dashboards and addresses more technical shortcomings.

Pouria Amirian and Anahid Basiri also consider the sharing and analysis of
urban big data, though their focus is more technical in nature. Given the wide
variety of different data-driven platforms being utilized across a number of organ-
izations and domains, and the need to be able to share and integrate such data so
they can be used by many systems and actors, it is necessary to create platform-
independent principles and mechanisms to ensure interoperability. They contend
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that such interoperability is best achieved through Service Orientation Principles
(SOP) along with a new architecture, Organizational Service Layer, that uses
polyglot binding. They detail three core SOP approaches, and their benefits and
shortcomings, currently being utilized to share data and analysis (Web Services,
RESTful services and Geoservices), as well detailing how four types of bind-
ings can be used to provide loose couplings between backend implementation and
other software applications. These bindings enable platform independency and
agile and straightforward communication between systems, thus creating acces-
sible, flexible, scalable and interoperable smart city platforms and more easily
implementable city data portals, urban control rooms and city dashboards.

An alternative and emerging form of data infrastructure for city dashboards
and services are blockchains. Blockchains are sealed and encrypted distributed
ledgers of all transactions ever conducted within a system. Each block records key
metadata regarding a transaction such as information about sender and receiver,
time, value, fees and IP address, and once recorded cannot be altered, thus creat-
ing trust. Each block adds to the sequence of transactions forming a chain that
leads back to the start of the database. While blockchains are most commonly
associated with new financial currencies such as Bitcoin, Chris Speed, Deborah
Maxwell and Larissa Pschetz examine their utility for recording and sharing other
kinds of transactions. To illustrate how blockchains work as economic, social and
cognitive ledgers they discuss their use with regards to finance and work. They
then detail the development of two prototype city ledgers produced in a design
workshop that utilize Bitcoin technology demonstrating how blockchains offer
opportunities to capture diverse social practices and transactions in city ledgers.
They contend that the blockchain has the potential to create trusted city ledgers
(databases), and thus trusted city dashboards, and provide the foundation for deal-
ing with complexity and predicting future outcomes.

Rather than focus on the form, operation, building and shortcomings of building
data infrastructures, Till Straube focuses on how best to theoretically and empiri-
cally make sense of them. He proposes a materialist approach to understanding
the constitution and work of data infrastructures and data-driven systems. Instead
of concentrating on the relational effects of such infrastructures — how they
produce space—time compression or a space of flows — he argues that attention
needs to be paid to the materiality and spatiality of the infrastructures themselves
(programming languages, database software, data formats, protocols, APIs, etc.).
Such a focus, he argues, foregrounds data technologies and infrastructures, their
make-up and practices, and how they are materially embedded into the fabric of
cities and everyday lives. The approach he advocates is a topological reading
of data technologies, underpinned by assemblage theory. Here, emphasis is put
on charting the network of relations between potentially dispersed socio-technical
systems, rather than the topography of their territories; that is, it is concerned
with material connections and power relations that operate across and produce a
relational rather than Euclidean space. He thus forwards an epistemology, what
he terms an applied materialist topology, that seeks to pay close attention to how
data technologies and infrastructures articulate, perform and translate time-spaces
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within a socio-political context. Such an approach also makes clear that as well as
having a materiality, data technologies are never neutral in formulation, operation
and effects.

Tracey Lauriault also aims to make sense of data infrastructures and offers
a nested methodological approach to study the power/knowledge of data mod-
els and ontologies. Drawing on ethnographic work in which she was embedded
at Ordnance Survey Ireland (OSi) examining how the organization introduced a
fundamentally new data model, Prime2, that replaced a map layers model with
an object-orientated model, she considers how cities are captured within data
models and how these models transduce the city. She advances three interlinked
methodological approaches for making sense of the diverse range of empirical
materials she amassed, including interviews, technical documents, procedure and
training manuals, databases, in-field observation and news reports. The first is the
application of her modified version of Hacking’s dynamic nominalism to assess
how the city is ‘made-up’ through the new Prime2 ontology. The second is a
genealogical mapping of the development of the Prime2 data model over time
and the key events in its production. The third is an application of Kitchin’s socio-
technical assemblage as a framing tool to study how the model constitutes one
part of a national spatial data infrastructure. She argues that using these methodo-
logical approaches together enables an unpacking of the discursive and material
production of data models and data infrastructures and how these models and
infrastructures produce space.

Urban data cultures and power

The fourth part considers the social and political configurations of urban data
infrastructures and data-driven systems and who they are operated by, their pur-
poses and who they serve. Far from being neutral and objective in nature and
serving the public good in a general sense, this part examines their data cultures
and data power.

As Jo Bates notes, data do not arise from nowhere. Rather, data are produced
by people and technology embedded within socio-material relations situated
within time and space. They are the result of data practices and modes of data
governance operating within specific data cultures. In other words, data produc-
tion and use is shaped by cultural norms, value systems and beliefs, as well as
the wider political economy and institutional and legal landscape. Data cultures,
and their sites of practice and governance, are historically constituted, dynamic,
open and porous, and thus mutate over time. Bates notes that for each city there
are a multitude of interrelated data cultures operating within and across public
organizations, private enterprise and civic bodies, though these cultures are not
all created equal, with some dominating and subverting others. She argues that it
is important to unpack these data cultures and their sites of data practice to reveal
their assumptions, values, participants, rhetorical and material work, the power
dynamics at play, how they shape the domain on which they operate, and how
they interconnect with other data cultures. In so doing, the inherent politics and
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power of such systems are revealed, enabling us to challenge and reconsider how
they are conceived and work in practice.

Given that data about the city and its citizens are produced to enable the func-
tioning of city systems, monitor and regulate populations, to underpin markets,
or to provide counter-systems they are fundamentally instruments of power and
capital (even when they seemingly enable diverse communication, communi-
ties and play — there are always inclusions and exclusions in their production
and whom benefits from their operation). They therefore raise important ques-
tions concerning citizenship and political subjectivity in the digital age. Evelyn
Ruppert examines the extent to which people are data subjects or data citizens in
the contemporary era and how data citizenship is constituted. She argues that to
understand the relationship between data and the city necessitates asking politi-
cal questions concerning the framing, identity and positioning of digital subjects
and the conduits of power that systems work to reproduce. The data of cities, she
notes, are produced by technologies in the employ of public institutions and com-
panies that confer differing forms of citizenship, though these are not accepted
uncontested. This is evident in ongoing debates concerning the production of
big data and surveillance, privacy, confidentiality, anonymity, security, policing,
governance and data markets. Rather than focusing on the substantive nature of
digital data rights, Ruppert concentrates on who are the subjects of these rights,
their political subjectivity, and the role of subjects in the making and shaping of
data, developing a theory of data citizens.

Muki Haklay approaches the question of citizenship through the emergence of
citizen science. His starting questions are to ask: whether the future being produced
within the smart city vision by data-driven technologies is the one citizens want?
And whether such technologies integrate and foster meaningful and purposeful
social and communal activities or create feelings of alienation? His concern is that
smart city systems represent the interests of city governments and corporate inter-
ests and focus on instrumental issues rather than human values and desires; on
technocratic constraints and management rather than imagination and serendipity.
He explores these issues drawing on the ideas of Albert Borgmann, especially
those relating to the difference between device paradigms (instrumental, techni-
cally mediated engagements) and focal practices (meaningful social engagement).
He argues that smart city technologies tend towards the former, being automated
and autocratic, whereas as citizen science initiatives tend towards the latter, being
more social and community engaged. He thus argues for a more open, democratic
and participatory vision of data-driven city systems in which people play an active
role as citizens, not simply subjects. Such meaningful participatory and collective
action centred on focal practices, he contends, has the potential to transform the
present smart city paradigm.

Future agendas

Taken together, the chapters highlight the diverse ways in which data and cities are
becoming ever more intertwined, transforming how we come to know, manage,
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govern and live in cities. There are several themes that cut across the essays and in
conclusion we want to highlight three that we believe require particular theoretic
and empirical attention.

Data politics and power

Collectively, the chapters that follow make a compelling argument that urban
data are always cooked and never raw, and the data-driven systems and infra-
structures that produce, manage, share and act on them are socio-technical
systems not simply technical ones. Urban data and systems then are never neu-
tral, objective and common-sensical, but rather are inherently political — invested
with values and judgements, are formed and operated within cultural milieu, and
are designed to produce certain effects. This is as much the case for initiatives
that seek to be inclusive and enable citizen-engaged data projects, such as open
data sites, as it is for systems designed for state surveillance or corporate profit.
Certainly, many data-driven city systems and their data practices work to man-
age, regulate and control urban activities; they inherently capture certain kinds
of data and use them to enact particular power relations. Much rhetorical and
material work is invested in reproducing the logic and legitimacy of these sys-
tems, for example through smart city discourses, but they always remain open to
resistance, subversion and transgression.

Data and the City performs important work, we believe, in exploring urban
data politics, cultures and power. However, there is still much empirical and
theoretical research needed to unpack the specific ways in which data are cooked
and utilized to perform political work, however subtle that may be — to examine:
how data are generated, processed, shared, translated and used; how data cultures
form and are reproduced; how data practices operate within and across networks
of actors and data-driven technologies; how data-driven systems produce politi-
cal subjectivity and data citizens; how data cultures, politics and practices create
ethical dilemmas, especially with regards to dataveillance and the work of data
brokers; and the forms and practices of alternative data-driven systems that
seek to enact more participatory and emancipatory politics. Moreover, further
research is required to understand how data influence digital labour, investigat-
ing issues such as how institutional and organizational structures change with
the introduction of new databased regimes, how data ecosystems change gov-
ernment and corporate work practices, and how the database managers and data
scientists become more important within institutions with their knowledge and
expertise becoming privileged over others.

Epistemology

As the chapters make clear, there are a diverse set of epistemologies being deployed
to make sense of urban data, data-driven systems, and the relationship between
data and the city. This varies from more computational approaches, such as the
urban science practised by Batty and the technical mapping of data-driven systems
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by Amirian and Basiri, through to the Kitchin’s unpacking of data assemblages,
Straube’s applied materialist topology, Lauriault’s modified use of dynamic
nominalism and genealogical approach, Merrick White’s strategy of following
data threads, Bates’s mapping of data cultures, and Haklay’s charting of citizen
science. These are by no means the only epistemological approaches being used, as
illustrated by de Waal’s chapter. The sheer variety of disciplinary and philosophical
traditions, technologies and issues make this epistemological diversity inevitable,
and we would not be in favour of trying to advocate for a single epistemological
paradigm. We do, however, believe that much more attention needs to devoted to
the epistemological challenge of providing useful insights into urban data systems
and infrastructure and data-driven urbanism.

These challenges include trying to make sense of highly dynamic, complex and
capricious domains that are full of various actors and actants, interlinked systems,
diverse practices and processes, competing politics and interests, and are often
black-boxed (in terms of the technical processes, but also institutional access).
Moreover, these domains work across scales from single devices to entire cities.
Indeed, there is a need for a balance between detailed and empirically rich map-
pings of individual systems that tease apart their complex relations and workings,
and wider synoptic analysis of how these data-driven systems and cultures are
working together or in conflict to produce data-driven urbanism. The pressing
task then is to, on the one hand, develop conceptual tools for making sense of
data-driven technologies and urbanism, their architecture and workings, and the
transformations they are producing, and on the other to identify suitable method-
ologies for grounding such tools through empirical research. While the chapters
provide some useful starting points, building on longer legacies of related research,
it is clear that there is much more to be done.

Normative questions

Most analysis of urban data and data-driven city systems grapple little with nor-
mative questions — that is, consider in-depth questions about how things should
be as opposed to how they are, or for whom and what purpose are data-driven
cities being created? Instead, analysis is concerned with detailing how systems
are configured and work, either from a technical or social perspective. For those
that develop such systems, the goals are usually defined in instrumental terms —
to make a city more sustainable, resilient, efficient, secure, competitive, and so
on. As a consequence, a fundamental question such as ‘what kind of cities do
we want to create and live in?” has largely been framed technically and instru-
mentally, rather philosophically in relation to issues such as fairness, equity,
justice, citizenship and democracy. By highlighting issues such as data cul-
tures, data power and data citizens, the chapters in Data and the City point to
the need to consider wider normative questions about the goals of data-driven
urbanism and whose interests they should serve. For example, should data-
driven systems be primarily about creating new markets and profit? Facilitating
state control and regulation? Improving the quality of life of citizens? Or all
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three and in what balance? And in what form should they be conceived and
implemented? Exploring, debating and answering these normative questions
is important because they frame how the urban data revolution will unfold and
how policy and law will need to be formulated to produce the kinds of cities
desired. In fact, framing the debate in instrumental terms has been a useful
rhetorical strategy for avoiding such normative considerations because it shifts
the debate into a post-political and seemingly common-sensical register. We
believe it is time to challenge such a positioning.

Conclusion

As we have noted above, there are many political, ethical, epistemological and
normative questions still to be asked and answered with respect to urban data,
data-driven city systems and urbanism, yet the urban data revolution continues to
unfold at pace. There is thus a pressing need for empirical research and concep-
tual thought to make sense of the changes taking place. Collectively, we believe
the chapters in Data and the City provide a productive set of routes into thinking
about these questions that help advance our understanding of the evolving rela-
tionship between data and urban life and forms of data-driven urbanism. As such,
it adds to an emerging interdisciplinary body of work and should hopefully make
for an illuminating and stimulating read.
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2 A city is not a galaxy

Understanding the city through
urban data

Martijn de Waal

Introduction

Ina 2013 report to the UK Economic and Social Research Council, Michael Batty,
the director of the Centre for Advanced Spatial Analysis (CASA), looks back at
the time when computers were first being used in urban planning:

Fifty years ago if you had asked the question ‘what can we do with computers
with respect to cities?’ the answer would have been we can build computer
models of cities — abstractions — that can then be used to pose conditional
questions such as ‘What If . . .

(Batty 2013a: 22)

Half a century later, Batty argues this vision has been turned inside out. Computers
are no longer seen as mere tools to analyse the city, rather they have become part
of the city, embedded into its very fabric. From electronic tolling on roads, to
CCTV cameras with facial recognition detection, to buildings managed by soft-
ware systems, to citizens wielding their cell phones to find a nearby restaurant,
computers have become active agents in the shaping of urban life.

The rise of these various urban computing systems has contributed to what Rob
Kitchin (2014b: xiii) has called a ‘data revolution’ — the availability of ‘a wide, deep
torrent of timely, varied, resolute and relational data that are relatively low in cost
and, outside of business, increasingly open and accessible’. From citizens posting
on social networks to traffic data aggregated by navigation service providers, a con-
stellation of computer systems has started to generate a broad variety of real-time
‘urban data’, producing what some have called the ‘real-time city’, wherein the city
can be known and managed in the here-and-now through control rooms and urban
dashboards (Townsend 2008; Kitchin 2014c; Kloeckl et al. 2012).

This chapter explores how the creation of the so-called ‘real-time city’ is
changing our understanding of cities and creating new scientific approaches to
urban studies. At least three different (partially overlapping) ways of understand-
ing the city through urban data have emerged. The first can be understood as a
new ‘action oriented epistemology’ of the city. Researchers in academia and busi-
ness consultancy have started to claim that real-time data can give us a new kind
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of knowledge in which cities can be understood as complex systems, not unlike
galaxies or rainforests. In turn, these insights can be made actionable through the
deployment of smart city technologies. A second approach has a more critical
and often also an ontological orientation and seeks to understand the production
and experience of urban space mediated by computation. The third approach
has focused on normative theories of urban culture at large. The main argument
to be made here is that cities are different from other complex systems such as
galaxies or rainforests, in that they are social-cultural-political systems that can
be framed and evaluated normatively. After all, it is humans themselves that set —
and can change — many of the rules that govern urban life. What kind of city do
we want to live in? And what do we make of the changes brought about by the
various assemblages that employ software and urban data to manage urban life in
new ways? Besides providing us insights into the workings of a city, as with the
first approach, it is contended that a ‘new science of cities’ should play a role in
addressing these kinds of questions.

An action oriented epistemology

In 2008, in the introduction to a seminal anthology on the then newly emerging
discipline of urban informatics, Anthony Townsend proclaims that the rise of real-
time urban data might lead to a paradigm shift in the way we understand our cities:

if aerial photography showed us the muscular and skeletal structure of the city,
the revolution in urban informatics is likely to reveal it’s circulatory and nerv-
ous systems. I like to call this vision the ‘real-time city’ because for the first
time we’ll see cities as a whole the way biologists see a cell — instantaneously
and in excruciating detail but also alive . . .

(Townsend 2008: xxvi)

More recently, Townsend notes that this line of thought has given rise to at least a
dozen new academic labs, departments and schools that explore this new under-
standing of the city (Townsend 2015b). What is remarkable is that many of these
institutes are not grounded in disciplines such as planning or urban sociology,
but — as Townsend alluded in 2008 — rather seek inspiration in biology, physics
and astrophysics. A case in point: the director of Singapore’s Future Cities Lab
was trained as a rainforest ecologist; the director of the Centre for Urban Science
and Progress in New York is a physicist. What these new institutes seek, accord-
ing to Townsend is to pursue ‘deeply quantitative and computational approaches
to understanding the city’ (Townsend 2015a; 2015b).

The ecological and physical understanding of cities that we find in the new
science of cities is not completely new. The beginning of the twentieth century
already witnessed scientists like the evolutionary biologist Patrick Geddes start-
ing to map cities in order to gain an ‘objective’ understanding of them. Likewise,
the sociologists of the Chicago School in the 1920s were inspired by evolutionary
theories, and sought to understand the ‘human ecology’ of cities as a complex
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system (Sennett 1969; Park 1969). A second wave of this approach emerged with
the rise of cybernetics after the Second World War. The social problems of cities, it
was believed by, amongst others, the newly founded United States Department of
Housing and Urban Development (HUD), could be tackled by modelling cities with
the aid of computers. One of the projects in this program was one of the first geode-
mographic profiling systems, designed by Jonathan Robbin, that was later turned
into the commercial PRIZM database of zip-code based lifestyle clusters (Burrows
and Gane 2006). However, the enthusiasm for the models waned quickly when they
failed to live up to their promises. Both the data sets used as well as the models were
too crude and received much criticism (Lee Jr 1973; Townsend 2015a, 2015b).

What is new this time around is the availability of massive amounts of real-
time data generated by all kinds of assemblages of hardware, software, algorithms
and institutions in the city itself, plus increased computational power and data
analytics utilizing machine learning. Batty (2013a) argues that these may change
the logic of the city and at the same time could give us a new understanding of
cities as complex systems in which the decisions of millions of heterogeneous
individual actors add up to a hard-to-understand system that nevertheless seems
to have an order. This system is not static: as cities grow, they also change qualita-
tively, yet how exactly remains undertheorized. This new understanding is based
on flows and networks, shifting our thinking from the city as a system in place to
a system in time (Batty 2013a, 2013b).

Whereas some of the new institutes addressing the city as a system of flows
are mainly oriented toward finding new theoretical models to understand the city,
others are linking the new insights the real-time city may produce to an agenda of
urban improvement and citizen empowerment. ‘Giving people visual and tangible
access to real-time information about their environment’, claim Nabian and Ratti
(2012: 76), ‘enables them to make decisions that are more in sync with what is
actually happening around them.” The research projects in their Senseable City
Lab aim to explore this idea. For instance, their project Trash Track, that reveals
the ecology of trash collection and waste disposal by adding tracking sensors to
items that are thrown away, gives clues on how to ‘create a more efficient removal
chain’. In addition, the data could be used by local governments ‘to promote behav-
ioral changes among its citizens’ (Ratti and Townsend 2011: 45).

Outside academia we have seen somewhat related (but not completely
similar) claims by professional communities working on theories for the now
widely discussed ‘smart city’ (Allwinkle and Cruickshank 2011; Caragliu ef al.
2011; Hemment and Townsend 2013; de Waal 2014; Kourtit ez al. 2012). As a
research paper by IBM proclaims:

Smart Cities provide a new form of instrumentation for observing in fine
detail the way that people use the city and so may enable new approaches to
theories of cities. Through new sources of information cities hope to create
insight, innovation, opportunity and real jobs that will increase prosperity and
quality of life.

(Harrison and Donnelly 2011: 5)
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Here, the city is mainly understood as a series of infrastructural services that can
be optimized by better understanding their dynamics.

According to some proponents of this trend, this will lead to a paradigm shift
in our knowledge about cities. Rob Kitchin (2014a) has described how a new
empiricist school of thought has emerged that takes the data these computer sys-
tems are generating at face value to produce direct insights in (amongst others)
urban patterns. As one of their protagonists, Chris Anderson (2008), claims:

We can throw the numbers into the biggest computing clusters the world
has ever seen and let statistical algorithms find patterns where science
cannot . . . Correlation supersedes causation, and science can advance
even without coherent models, unified theories, or really any mechanistic
explanation at all.

In their vision, Batty’s observation about the use of computers in the city has
come full circle: computer systems produce data about the city that allegedly
give us a transparent look into the city’s dynamics. In turn, these data can be
used to analyse the city in order to optimize that system. In the feedback loop
that emerges from these assemblages of computer systems, the institutions that
manage them and their users, the software might even start fine-tuning its own
algorithms, producing a new form of an autopoieitic city (Kryssanov et al. 2002).

Where the new empiricists see a system that makes the workings of a city
more transparent, their critics point to the fact that they overlook the social and
ideological dimensions active in the production of data through these systems
(Kitchin 2014b; Greenfield 2013; Batty 2013a; Hollands 2008; de Waal 2014; see
Chapters 2, 5, 10, 12, 15). As such, these systems may reinforce social, political
and economic power relations rather than providing ways to challenge them or
come up with alternatives.

In addition, Batty argues, whereas the new science of cities could provide
new insights into the complexity of the city and the feedback loops between
individual agents and the workings of the system as a whole, many of the
smart city approaches seem to reduce the city to a set of seemingly sim-
ple technical problems that can be monitored, analysed and solved, falling
into the trap of modernism. Rather, he claims cities should be understood as
wicked problems:

Moreover the notion that urban problems are simple to solve should by now
have been dispelled for the experience in everything from garden cities to
green belts, from the provision of public housing to the provision of trans-
port systems over the last 50 to 100 years, has been salutary and sobering.
Problems in cities are ‘wicked’ in the terminology of Rittel and Webber
(1973) in that they are more likely to get worse than better if you attempt
to address them in directly obvious ways which seek simple solutions. The
smart city movement has to yet address this question.

(Batty 2013a: 11)
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To be fair, a number of actors involved in smart city developments — especially
some local governments — have not been deaf to these criticisms, and have started
to look for alternative approaches. One of them is bringing ‘smart citizens’ to the
processes of knowledge production about the city (Saunders and Baeck 2015;
Hemment and Townsend 2013). Others have invited citizens to the design process
of interventions, turning the city into living labs (Concilio et al. 2013; Pallot ef al.
2010; Friedrich et al. n.d.; Coenen et al. 2014). One way these programs now
try to evade the modernist trap is to use urban data to bring various perspectives
to the table in the design process. For example, outside academia, an alternative
urban data movement has emerged in the form of citizen sensing communities
who frame urban issues and the categories of data they need to get a hold on them
in different ways (see Chapter 11). A number of new labs and city programs have
currently moved into this direction. Here, data are not understood as indexical
registrations of urban reality, but as social constructs. Data can be used to produce
insights into urban issues, but they are understood as potentially contested, and
produced in relation to social and political conditions.

Data and the production and experience of urban space

What unites the approaches discussed so far is that they seek a new understanding
of the city through the analysis of urban data in order to intervene in the city. What
has not been fully addressed is this: the rise of urban data does not only produce
a new way of making sense of the city. At the same time, the interventions that
result from the analysis of these data may produce new kinds of spatial organiza-
tions and experiences. If computers are indeed used to run the city, rather than
merely to analyse it, this could lead to new spatial regimes. What are the power
structures and ideologies operative in the ways data are collected, categorized,
analysed and acted upon? How does that affect the production and experience of
place and our ability to act?

A number of scholars have taken up this issue in their research, resulting in a
variety of approaches that seek to understand the role of software and urban data
in the production of urban space and the urban experience. To do this, a theory
is needed that understands the city as a complex system and provides ways to
detangle the various individual actors and their discursive, social, political and
social contexts coming together in the production of space. In this line of thought,
Kitchin and Dodge (2005) argue that space needs to be theorized as ‘ontogenetic’.
(Urban) space should not be understood as a given, but is continuously repro-
duced through the interaction of various actors.

This ontogenetic conception of space acknowledges that the forms and spa-
tial relations of the world around us are clearly not static and fixed; they are
constantly being altered, updated, and constructed in ways that alter socios-
patial relations. . . . space is not a container with pregiven attributes frozen in
time; rather, space gains its form, function, and meaning in practice.
(Kitchin and Dodge 2005: 171-172)



22 M. de Waal

In their article ‘Code and the transduction of space’ they provide a number of
examples of the way software has become a part of this process. Code they assert
‘mediates, supplements, augments, monitors, regulates, operates and facilitates
many everyday task and routines related to domestic living, travel, work, com-
munication, and consumption’ (Kitchin and Dodge 2005). However, this code is
not a given or a neutral factor, but it is produced in assemblages of institutions,
governments, companies and/or individuals that seek to manage particular pro-
cesses with particular aims, as well as the discursive and material practices and
the economic and political context around these processes. Following Latour,
they describe how these (power) relations may become encoded into the soft-
ware, and how in turn this software plays a role in the constitution of material
and discursive practices.

The strength of this approach is that it allows for the un-black-boxing of the
production and use of software by ‘following the actors’ involved. It seeks to
understand the situational context in which tools are produced and used. In The
Data Revolution, Kitchin (2014b) develops a somewhat similar framework for
the understanding of (urban) data. Data itself can be thought of as produced in
particular assemblages: ‘amalgams of systems of thought, forms of knowledge,
finance, political economies, governmentalities and legalities, materialities and
infrastructures, practices, organisations and institutions, subjectivities and com-
munities, places, and marketplaces’ (Kitchin 2014b: xiv), and as such can be
problematized as one of the factors contributing in the production of space.

This ontogenetic approach is a welcome addition to the epistemological ones
described above, as it forwards the construction of data in complex assemblages
and opens up the debate for critical understandings of smart city epistemologies.
As such it fits within a growing interest in urban studies towards ANT method-
ologies (Farias and Bender 2010), bringing in the production and consumption of
data as one of the many aspects of urban assemblages.

Whereas these approaches focus on (our understanding of) the production of
space, and the role of data in it, others have started to focus on the role of urban
data in the experience of space, shifting the vantage point from the production
of space to the experience of the subject. Urban space, as has been theorized
widely, should now be understood as ‘hybrid’ (de Souza e Silva 2006), meaning
that its experience is no longer confined to the physical conditions of a particu-
lar site, but now includes the networks of communication that can be tapped into
through a variety of devices. Gordon and de Souza e Silva (2011: 2) have called
this ‘networked locality’, or ‘net locality’:

Net locality implies a ubiquity of networked information —a cultural approach
to the web of information as intimately aligned with the perceptual realities of
everyday life. We don’t enter the web anymore; it is all around us.

On the one hand these theories foreground the connective affordance of mobile
media networks, providing the ability to connect with others in remote locations.
On the other hand, a variety of digital media interfaces also provide us access to
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(real-time) information about the city or to stored representations of experiences.
In fact, De Souza e Silva and Gordon argue, the mobile phone is a device that
turns our urban experiences into data, allowing others to access these in real-time
or at a later point in time, either as individual experiences or aggregated in data
sets or streams that could reveal particular urban conditions — as for instance in
live traffic information that partly consists out of the aggregation of data gener-
ated by the networks of mobile phone providers.

As Leighton Evans (2015) has pointed out, this availability of communication
and information networks should not only be understood instrumentally — as in a
way to solve a particular problem by accessing information databases, say: where
can I find a nearby restaurant? These devices also change our experience of being in
place in a phenomenological sense, revealing the world ‘poetically’ (Evans 2015),
meaning that they can be used to make meaning of a particular space. A num-
ber of researchers have found for instance how the notion of ‘presence’ changes
(Okabe and Ito 2006; Matsuda 2006), or how citizens use mobile devices to ‘tune’
their experience of place, by tuning in and out layers of information revealed by
their devices (Coyne 2010). Evans himself has shown how devices, such as a
smart phone, allow users to ‘dwell’ (find themselves at home) even in so called
non-places (Auge 1995) through the connectivity of their devices (Evans 2015).
Evans (2015: 6) makes use of Jameson’s concept of ‘social cartography’ to explain
how these technologies can be used ‘as a means of understanding and regaining a
capacity to act’. The apps, maps, social graphs and network updates on our mobile
devices provide us with access to all kinds of urban data, enabling particular ways
to act, and this changes our experience of urban space.

These studies can be seen in a broader framework of urban studies that has
taken an interest in ‘situatedness’ that goes all the way back to (at least) the stud-
ies of Goffman in the 1950s (Goffman 1959). As Goffman demonstrated in his
work, subjects take clues from their surroundings as to what cultural codes are
present, and they might attune their behaviour accordingly. As theories on per-
formativity have shown, in turn every instantiation of these clues into a particular
behaviour, speech act, or more lasting act of (re)design, reinforces the cultural
code as others might take it as another clue. At the same time, this system is never
stable. Dominant codes may be challenged radically, or the performance of them
might be modulated in more subtle ways, leading to gradual change. Similarly,
other theories have given us insights in how people develop a sense of place,
including feelings of belonging to a particular place (Geertz 2000; Gordon 2008).

What is new in our present-day experience of space is that these contexts and
behaviours are no longer limited to the physical scene. Our situatedness is medi-
ated through mobile media networks, giving us on the one hand clues that are
absent in the physical location, and at the same time turning our performances
into data that can be circulated within these networks, both within and outside the
original situated contexts.

The theories referred to here provide us with an inroad to redefine the ontology
of the urban experience as one that is partly constituted through this production,
processing and representation of urban data. On the one hand, these theories allow



24 M. de Waal

us to understand our situated experience of and performances in urban spaces as
partly mediated through urban media systems and their data. On the other hand,
they also allow us to un-black-box these media systems and the role of urban data
in them to understand what power or interest may be operative in them, and how
these might produce a particular urban spatiality.

Urban data and urban culture

So far, we have seen how the ‘revolution’ in urban data has led to new ways to
gain insight into the city as a complex system, as well as to new understandings
of the production of place and our experience of it. The first may provide us with
important insights in the complex logic of urban systems. Likewise, theories that
seek to unpack the production and experience of place are valuable in their own
right and give us tools to understand our cities and evaluate and critique the way it
is constantly being remade. A third approach that focuses on urban culture at large
could complement these new understandings of the city. Here the issue at stake
is the often normative question: what makes a city ‘work’ as a social-cultural
system? What makes cities different from other kinds of complex systems such as
galaxies or rainforests? In other words: what constitutes the ‘cityness’ in the city?
And how is this ‘cityness’ affected now that production and experience of space
has become hybridized and the computational production and analysis of urban
data have started to play a role in them?

Discussion on what it is that makes a city a special form of social organization
go back to the German and Chicago schools of sociology that flourished in the first
quarter of the previous century, when for instance Robert Park wrote: ‘The city
is not in other words merely a physical mechanism and an artificial construction.
It is involved in the vital process of the people who compose it. It is a product of
nature, and particularly of human nature’ (Park 1969: 91). As many have argued,
what makes cities special is that they consist of constellations of strangers: people
who do not know each other, not personally nor categorically, yet who have to
find a way to live together (Simmel 1969; Jacobs 2000; Blokland 2003; Lofland
1973; 1998). That condition is both an opportunity (these strangers are potential
customers for our services, they might teach us something we would like to learn,
bring us excitement, love or consolation), as well as a challenge (can we trust these
strangers? Will they not thwart our ambitions?).

Cultural critics have argued that the city is a cultural system that balances these
two sides of the equation. As Lewis Mumford wrote:

Now, the great function of the city is...to permit, indeed to encourage
and incite the greatest possible number of meetings, encounters, challenges
between all persons, classes and groups providing, as it were, a stage upon
which the drama of social life may be enacted, with the actors taking their
turns as spectators, and the spectators as actors.

(Mumford, cited in Goldberger 2004)
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Mumford describes the city both as a market place and as a theatre. In the city, sup-
ply and demand in various spheres of life are brought together spatially. Strangers
come together physically so they can interact. At the same time, these interaction
spaces function as theatres: we act out our lives for others to see. This is how we
get familiar with the strangers around us and it provides us with opportunities to
identify or distance ourselves from them (Jacobs 2000; Blokland 2003). At the
same time, the ‘sets’ or the ‘scenes’ we find ourselves in, may give us clues as to
how to behave there.

More contemporary, we find a similar argument in the work of Manuel Castells
(2002: 382):

Cities have always been communication systems, based on the interface
between individual and communal identities and shared social representations.
It is their ability to organize this interface materially in forms, in rhythms, in
collective experience and communicable perception that makes cities produc-
ers of sociability, and integrators of otherwise destructive creativity.

Particular social practices, Castells argues, become spatially institutionalized
(‘a material organization’) at particular places in the city, making the chaos of
urban experience legible and manageable: by experience we learn what to expect
where in the city. At the same time, these forms and rhythms produce collec-
tive experiences that in some way or another connect all those individuals that
co-inhabitate the city into a community of strangers (Boomkens 1998). To put it
in the words of Paul Goldberger (2001): ‘The role of the city . . . is to be a com-
mon place, to be common ground, and as such, to support us and to stimulate
us . . . the urban impulse is an impulse toward community — an impulse toward
being together, and toward accepting the idea that however different we may be,
something unites us.’

What unites these theories is that they see the urban public sphere as a crucial
ingredient that makes cities ‘work’, that integrate the otherwise ‘destructive
creativity’. The organization of a broad variety of urban practices in the nine-
teenth and early twentieth centuries produced a type of space that brought
strangers together and allowed them to interact, and at the same time experi-
ence a sense of community. To quote Goldberger (2001) once more:

In a sense, [the city] is the original Internet, the original hyperlink — since
cities are places in which random connections, rather than linear order, often
determines what will happen. Cities aren’t linear, even though they exist in
real space. Random connections are what make them work, and surprise and
a sense of infinite choice is what gives them their power.

What’s interesting in these theories, is that they understand the city itself as an
interface, as a mechanism that through its spatial organization connects its citi-
zens to each other, producing amongst others trust and a sense of community, as
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well as economic opportunities. Cityness then, lies in the spatial organization of
density and diversity, and the somewhat chaotic interaction that results from it,
as well as in the social goods that this may produce: solidarity, creativity, innova-
tion, trust, community. What’s important in this line of thinking is that it’s best
understood as a normative assumption: a city works best when it functions as an
open and somewhat disorderly system with ample public spaces as catalysts for
chance encounters (Sennett 2001; Jacobs 2000; Boomkens 1998; 2006), as it is in
these public spaces that “urban publics’ emerge (de Waal 2014).

As we have seen in the previous paragraphs, the datafication of urban life and
the emergence of the real-time city have led to digital interfaces that have started to
represent what Castells referred to as the rhythms, collective experience and shared
social representations. Even more so: these interfaces have started to function as
the market places and theatre spaces through which citizens perform part of their
lives and forge connections with others. If Castells’s city can be understood as an
offline interface that produces urban publics, our digital interfaces have taken over
some of the functions of the city. Whether it is finding a date through Tinder, a ride
through Uber, a power drill to borrow through Peerby, funders through Kickstarter,
or a plumber through Taskrabbit, the network society has been turning into a plat-
form society. To come back to Batty’s insight: computers are now not just tools
that automate and optimize existing urban functions such as traffic flows, they
have partially taken over essential characteristics of the cityness we find in cities:
their functioning as a ‘market place’ and a ‘theatre’.

Research in cultural geography or urban sociology has just started to give us
some first insights into what this may mean for the way our urban societies come
into being. An interesting example is for instance Manuel Tironi’s research into
the experimental music scene in Santiago de Chile. Tironi describes how the prac-
titioners in this subculture do not have a single hangout in the city, a site where
their practices have materialized and is recognizable for both in- and outsiders
as the locus of a particular scene. In the course of three years Tironi counted 45
different venues in which the scene performed and numerous rehearsal spaces
scattered throughout the city. Yet, he did find the scene had a central meeting
place: the online platform Myspace:

MySpace has become the scene’s place of publicness. In the absence of a
geographical realm in which competing agents can map out the industry’s
innovations, MySpace has become the site where the members of the scene
can watch each other, check their innovations and hear their new products —
to defy, emulate or transubstantiate them. To be sure, MySpace is not just a
promotional platform, a social network on which the scene can observe itself.
MySpace, more radically, is a condition of possibility for the scene.

(Tironi 2010: 46)

Members of the scene used the digital media platform to plan and communicate
activities, to meet up with the likeminded as well as to perform by uploading
audio samples. The website functioned as a market place and a theatre space, and
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Tironi goes as far as to state that without this platform the scene could not have
come into existence at all.

The point here is that whereas a digital platform has taken over some of the
central functions of the ‘cityness’ we find in our cities, it does not substitute spa-
tial activities. Members of the experimental music scene still meet up for live
gigs and rehearsal sessions. But it does lead to a different, networked cultural
geography and new ways of building trust and community organized through the
datafications of musical activities and the algorithms of the platform.

As of yet, we are unsure as to what kind of urban culture this may produce. Various
scenarios abound. On the one hand, this could lead to ‘software sorted cities’, where
public spaces no longer function as Goldberger ‘original hyperlinks’, forging random
connections between citizens. Rather, the platforms will connect us mainly with the
likeminded and guide us to those places in the city where we will encounter them
(Shepard and Greenfield 2007; Graham 2005; Pariser 2011). On the other hand, this
could lead to a situation in which, as William Mitchell predicted in the end of the
1990s, function starts to follow code (Mitchell 2005). Once a connection is made
through a digital platform, a physical meeting could take place anywhere in the city,
rather than in a specialized location per se. And particular locations could be usurped
by a variety of urban publics at the same time. As such, this might increase the den-
sity and heterogeneity of our cities even further (de Waal 2014).

Conclusion

It is beyond the scope of this chapter to provide a full overview of the possible
implications of the datafication of urban life in the constitution of urban cul-
ture. In fact, much more research is needed in this domain, and the new ways
of understanding the city brought out in the first two sections can help to get a
better understanding of these processes. The point here is to demonstrate that
the ‘data revolution’ in urban life should be approached from multiple perspec-
tives. The emergence of computing systems in our everyday life does not just
produce a new way of understanding our cities, and new ways in which space
is produced and experienced. It may also bring about a shift in the ‘cityness’
of our cities, in the functioning of our urban culture. In that respect, cities are
different from galaxies or rainforests. As Rob Kitchin has pointed out, many
of the epistemological approaches ‘wilfully ignore the metaphysical aspects
of human life (concerned with meanings, beliefs, experiences) and normative
questions (ethical and moral dilemmas about how things should be as opposed
to how they are)’ (Kitchin 2014b: 136).

Cities and almost everything they behold from masterplans to algorithms are
different from galaxies in that they are human constructs, that partially operate
according to rules and laws created as outcomes of political (rather than natural)
processes. As such, these rules are not given, but can be adapted to the normative
preferences of those in power. Likewise, the urban data and algorithms that oper-
ate upon them are not neutral products that in a natural way produce a particular
instance of urban culture, but they can be attuned to a particular normative idea



28 M. de Waal

of cityness. In the end, insights in the workings of the city as a complex system
should be combined with such normative discussions: what kind of city do we
want to live in, and what do we make of these changes brought about by the vari-
ous assemblages that employ software and urban data to manage urban life in new
ways? A new science of cities should therefore contribute to our understanding of
cities in addressing these kinds of questions as well.
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3 Data about cities

Redefining big, recasting small

Michael Batty

Introduction

Prior to the industrial revolution, record-keeping was an intensive but modest
affair with manual technologies constraining the growth of data. The development
of mechanical technologies from the late eighteenth century began to change this
and local records gradually became more automated during the nineteenth cen-
tury. The Population Census was in fact one of the only systematic catalogues of
data produced on a continuing basis at a national level until national accounts and
related economic data began to be collected seriously and routinely in the 1920s
(Bos 2011). Automation, however, using mechanical devices continued apace in
the early twentieth century and the first digital computers in mid-century embraced
the challenge of dealing with ever larger data volumes that now form the basis of
all kinds of development in electronic media and communications technologies.
Historically, data were always big with respect to the available means by
which they could be manipulated. There is a wonderful story from the 1950s
about the use of spare cycles in the early computers developed for the Lyons
Tea Company (Ferry 2010) where these computers were used to compute short-
est routes for freight in the rail system so that British Railways could price these
goods accordingly. Dramatic and ingenious manipulations had to be devised
to make this possible, such as stuffing data and intermediate calculations into
all corners of memory and Scotland needing to be treated separately from the
rest of Britain and then stitched back together after separate computation. In the
process, those involved actually invented the well-known Dijkstra algorithm a
year before Dijkstra did so himself and some four years before he published it
(Graham-Cumming 2012). Countless examples such as these exist, which show
how the limits of computation were reached with new algorithms, and data mining
techniques were invented on the back of data which were then viewed as ‘big’.
So ‘big’ with respect to data is a relative concept and some data have always
been big with regards to how they might be manipulated using state-of-the-art
computation. But apart from the sheer volume of data, in cities data have always
been big in another sense. Here, our concern is no longer with location but with
interactions (Batty 2013): relationships between locations are best expressed
by flows. The volume of data contained in flows is, in general, the square of
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the elements that define the locations between which the flows are generated.
If there are n locations, then there are n? possible interactions between them
and thus the data associated with interactions increases exponentially as the
number of locations increases or as locations get finer and finer in terms of
their resolution. Here, the contention is that big data can be generated from
small data through interactions, and that higher order effects are in fact big data.
Although I do not conclude that the big data revolution is a red herring, we will
conclude that ‘bigness’ is never what it seems and that ‘bigness’ in terms of
computational time taken to explore data, which might be quite small in size, is
as important as dealing with massive data volumes.

Classifying city data: the data cube

Introduced by Brian Berry (1964), an early data typology that has withstood the test
of time is the ‘geographic matrix’. This consisted of an array of places — locations —
and their attributes, which he called characteristics. Such a matrix, he argued, was the
essence of geographical analysis in that the dimension of place and its characteristics
or attributes defined the central qualities of any location. To this he added another
dimension, time, though this rarely had the same level of detail of the other two. In
fact, he envisaged these additional time slices to be limited in number, though in prin-
ciple each of these dimensions could take on any number of categories. Although he
did not use the term, the geographic matrix in its three-dimensional form is close, if
not identical to, what in data science is now called the ‘data cube’ (Han ez al. 2011).
Berry then proceeded to use this matrix to explode a spatial data set. In one sense,
the focus was on place rather than its characteristics or its temporal positioning, but
by concatenating these dimensions one might envisage a series of relationships in
single, pairwise or in three-wise fashion. If we label characteristics by their volume
as M, places as NV, and time slices by 7, then there are seven possible combinations of
relations: M, N and T by themselves, M @ N, M ®T and N@T ,and M Q N®T.
Unpacking these further, we might consider relations between M @ M, NN |
and T ®T'. Significant for this discussion is the relation between N and itself which
essentially is spatial interaction — linkages or flows between locations. Berry’s
focus however was on another kind of data explosion that comes from generating
relationships between the dimensions. We will illustrate these here with respect to
relationships between places — spatial interactions — which can also be tagged to quite
fine resolutions of time.

In fact, it is important to be clear as to the way the data cube might be used
in the analysis of city data. Even though it is based on three dimensions, which
can in fact be extended to many more, usually any analysis takes one of these as
being the anchor point — place, characteristics or time — and conducts analysis
with respect to relationships associated with this anchor. Although the data cube is
generic, whenever data are considered in these terms, the problem is usually struc-
tured from one of these perspectives and thus it is important to see the size of data,
its volume and its variety at least in terms of the particular perspective adopted.
It is worth indicating how traditional urban data — urban populations collected
from traditional sources such as complete Population Censuses — can explode
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into big data. This was possible long before the current era and it is very obvi-
ous when spatial interaction is considered. In 1964, Lowry built a state-of-the-art
urban model for Pittsburgh which divided the region into 456 zones between
which the flows of people moving to work, shop and so on were collected. The
data were collected from household interviews intended for traffic studies, but the
volume when considered with respect to the matrix of interactions was huge by
the standards of those times where 456> = 207,936 possible interactions (trips)
was standard. This was in an era when many mainframe computers could barely
store more than 64K numbers and most of the transport models then built always
pushed up against these limits. Indeed, it was one of the main reasons for the enor-
mous problems associated with the earliest urban models, which Lee (1973) in his
famous paper defined as one of data ‘hungriness’ (Batty 2014).

The emergence of big data in cities

Before turning to examples, it is important to get a tangible sense of what the term
‘big data’ means, for it has only become significant in the last decade. This has
coincided with the development and dissemination of countless digital devices
that sense characteristics of objects in the physical environment with respect to
their type, positioning and the time when they are observed. These are, of course,
the three dimensions of our data cube and big data thus tends to be data that are
dimensioned in at least these three ways — by their attributes or characteristics, by
their spatial positioning or location, and by the time instant at which the relevant
objects are observed. The objects can be human or physical, indeed of any type as
long as they are associated with a relevant sensing device.

There are many definitions of big data. The cliché is that big data are defined by
volume, variety, velocity, veracity and value. This simply roots the data in ques-
tions of size (bigness), variety (diversity and extent), velocity (temporal frequency
of collection or observation), veracity (level of accuracy and/or uncertainty) and
value (what it brings to various purposes), but it might be objected that all these
criteria apply to small data. However, the implication is that it is size, scale and
scope that pertain to these characteristics (IBM n.d.). In fact, big data are much
more than these four or five “Vs’. Dutcher (2014) has collected together some 40
definitions from ‘thought leaders’ across the industry and one of the main conclu-
sions is that big data are more about the tools that are needed to process them than
their size or volume.

Often big data are hard to understand because they have little structure, they
are sometimes but not always large, and traditional tools are very difficult to use
in their processing. For example, very large quantities of household census data,
although not any larger in the volumetric sense than at any time in the last half
century, often stretch and confuse traditional multivariate techniques. Even plot-
ting a scatter diagram relating, say, population income to level of education at
the individual or household level for a country the size of the UK requires visu-
alizations of more than 20 million points and most if not all statistical packages
and even statistical interpretations break down when confronted with such data
volumes. Even so, such data would not be regarded as big data by contemporary
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standards for the usual rule of thumb is that the data must be giga- and upwards in
size for it to be classed as big data.

Big data which are streamed in real time represents the cutting edge of new
data about the functioning of cities. Much of these data are streamed from devices
that are simply embedded in the physical environment and transmit data in contin-
uous fashion with little human interference or management, such as loop counters
which record traffic volumes, digital weather stations, and such like. Much of
these are captured in the various dashboards that have been set up to pull together
such data and make them intelligible to interested observers and policymakers.
These dashboards have mainly been produced so far to demonstrate that by visu-
ally synthesizing such data one can gain an immediate impression of the state of
the city (O’Brien et al. 2014; Kitchin et al. 2014). In fact, the synthesis that is
required to make sense of this is very hard to develop as many of the data sources
cannot be easily integrated. Moreover, much of these streamed, real-time data
reflect very different concerns for cities from more traditional data sets.

Real-time data pertaining to the socio-economic structure of the city are much
more problematic to collect using sensing devices. Unambiguous answers to que-
ries which involve the human condition are almost impossible to link to real-time
sensors. Information on people’s choices are fraught with difficulty in terms of
collection and interpretation. The reason why so much data in real time are tran-
sit data is that travel is a relatively routinized activity, whereas collecting data
about unemployment, income, employment activity, migration and so on requires
human and related agencies to put in place systems where people are required
to respond by answering or registering. Some data are being picked up in retail-
ing with respect to sales data from smart, credit, loyalty cards and so on, but
invariably where these data are collected (and sometimes available) in real-time,
various sensing devices are used. Data which are compiled from registrations
are increasingly being made in near real-time, such as house prices. In these cases,
the frequency at which such data are produced is monthly, possibly weekly at best
to date, but these kinds of data depend on the frequency of changes — people make
changes in these phenomena over matters of days and weeks and months rather
than seconds and minutes (Batty et al. 2015).

To illustrate these issues, we will focus on transport where data are intrinsically
big, including traditional data collected from questionnaires about travel patterns
administered to individual travellers or households, smart card usage for collect-
ing fares, real-time movement data from vehicles themselves, and data captured
by monitoring passengers using automated observations. Not only are transport
data big in that much of them deal with how travellers move between origins and
destinations, thus generating spatial interactions, but they are also big temporally
because automated methods can capture data continuously.

Traditional transport interaction data: big data generating complex
visualizations

Ever since transportation planning formally began in the 1950s, the focus has been
on potential interactions or flows between origins and destinations. Different types
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of traffic form the essence of transport models, usually based on different modes,
but the class of models that we will allude to deal with many other kinds of flow
from social networks, to input—output trade relations, to patterns of migration, and
so on. The concatenations that we are focusing on here are flows between places,
thatis N ® N which generate travel volumes that can be substantial as the number
of places N increases, as we noted above for Lowry’s (1964) model of Pittsburgh.
Until quite recently visualizing flows has been stymied by constraints imposed on
graphics. To consider the nature of the problem, in Figure 3.1(a) we show London
divided into 33 separate but contiguous zones for which a journey to work matrix —
flows from any zone (which is an administrative borough) to any other — is almost
impossible to plot clearly. Thirty-three zones generate a total possible number of
trips 33?=1089 which may not appear to be a large number, but is hard to plot
clearly. We show this plot in Figure 3.1(b) where plotting all links from any zone
to another, but excluding the intra-zonal trips and also suppressing the asymmetry
of the matrix where the flow from zone 7 to j is generated by adding the flows as
T; + T}, still produces a map which is hard to interpret. Plotting individual trips
from one origin to all destinations is the only way to make the map clear but we get
no sense of the polycentricity of the system from this visualization and this is what
we really need to detect in the data.

Now this is a very crude characterization of the journey to work in Greater
London. Even 50 years ago, we would not be content with this level of resolution
and therefore we will need to work with a much bigger data set by dividing these
33 zones into their constituent wards — typically local electoral districts which
have on average around 13,500 residents living within them. There are 633 such
zones and immediately the data have exploded to 633>= 400689 potential inter-
actions, which is quite large. We usually calibrate a model for this kind of data
so that we predict each of these flows, but many of the flows for a system of this
size and resolution will be small and quite a few zero in terms of the observations.

In Figure 3.2, we show the more disaggregate zoning system. It is not worth
showing a plot for the full trip matrix as this is simply a mess with no way of
detecting the complexity of the physical form. What we want to do is detect how
close different patterns from different parts of the metropolis are and a first way
into this problem is visualization. The notion of examining trips origin by ori-
gin or destination by destination is an obvious way forward and we do this in

33 zones based on The full observed Trips from and to Trips from and to
London Boroughs 2001 trip matrix Westminster Hillingdon

Figure 3.1 Total two-way trips: a) the zoning system, b) all trips plotted, ) trips associated
with Westminster (the centre), d) trips associated with Hillingdon (Heathrow).
Note that intra-zonal trips are not plotted.
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Figures 3.2(b) and (c) as we did in Figure 3.1 for the coarser resolution system.
Aggregation and animation are ways of dealing with these data in terms of building
up a structured understanding of this complexity, but the problem really becomes
serious once we wish to test comparisons and compute correlations between the
observed trip matrix and any other matrix such as a predicted one. To show how
this kind of problem explodes into big data, which need new methods, we will
compare the 633 x 633 matrix with one that is predicted by the model.

We now need to note the model that we will build to produce the predictions to
be compared against the data in Figure 3.2. The model predicts trips ];j' between
origins O and destinations Djbs which are then compared against observed trips

T;b S Observed origin and destination volumes O°” and D;?’” are computed from the
observed data as 07" = ZjTij”bS and D;?bs =Y
gravity model that computes predicted trips as a function of the observed origin and
destination volumes and an inverse function of distance d;; between each origin and

destination pair. The model can be stated as 7} = K O} bs Djo-bs exp(—pBd,;) where K

and 3 are parameters that meet normalizing constraints. From the model, we clearly
derive predicted trips but also predicted origin and destination totals O] = ¥ ; ]:]’ and
Dj; =%,T; . To measure the goodness of fit of the model with the data, we need to

examine the scatter plots which contain the correlations between O and O , D;
and D;b“, and 7;; and Tl-j”bs.

The scatter plots for origins and destinations are easy enough to visualize as
there are 633 observations in each. However, for the trips, there are a possible
total of 400,869. In terms of the observed trip data, some 64 per cent of these are
zero, and as the data are taken from a 10 per cent sample, this poses a problem.
Should we compare zero cells with predicted ones, which will always be posi-
tive, and should we compare cells with a fractional number with integers? If we
exclude the zero cells, then we still have some 142,291 to deal with, implying
that only 36 per cent of our data matrix is occupied. We illustrate these patterns
in Figures 3.3 and 3.4.

Figure 3.3 is revealing. The three scatters are very different with employment
being predicted rather well, residential population less well, and trips showing

,T?% . The model is an unconstrained

i

633 zones based on London  Trips from and to the ward Trips from and to Heathrow
wards West End airport
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Figure 3.2 Total two-way trips: a) the fine-scale zoning system, b) trips associated with
an inner-city ward, c) trips associated with Heathrow airport.
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a) Employment at 633 origins  b) Population at 633 destinations c) ~ 400,000 trips
r?=0.982 r?=0.453 from workplace to
residence r? = 0.322

Figure 3.3 Predicted against observed data: a) origin employments, b) destination
working populations, ¢) trips from work to home.

that there are at least two regimes characterizing travel in London. In fact, the
scatter of trips in Figure 3.3 reveals a clear density map and in Figure 3.4 we
show this as best we can. The intensity of very small trips is much greater than
larger ones for the distribution of trip volumes follows some sort of power law.
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Figure 3.4 The density of the scatter: different patterns at different scales.
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In Figure 3.4, we have blown up the lower portion of the scatter to reveal this
intensity and this reveals that this kind of data mining must be supplemented by
many other kinds of visualization and analysis so that the true patterning of a
system with this kind of complexity can be laid bare.

Now all this may not look very much like big data, but our current exten-
sions of these models are equivalent to entire systems of cities at the same level
of resolution as the Greater London model zoning system in Figure 3.2. We are
now working on a model with 7,201 zones which have an average population
for England and Wales of some 7,000. Our model is built for all these zones and
immediately there comes a problem of visualizing the scatter of origins and des-
tinations as well as trips of which there are a total possible cells in the matrix of
7,201°= 51,854,401 . Visualizing nearly 52 million points on a scatter graph is
well beyond our capabilities and although only 10 million or so of these points are
likely to be above zero, this is still beyond the capabilities of this kind of analysis.
We show the zoning system in Figure 3.5(a) and when we move to flows, it is
impossible to use the single origin, many destination tool to visualize a set of
flows one by one. What we have done here is to produce a single flow for each
origin to all its destinations using a weighted directional vector. For each origin i,
we compute the average vector as a single arrow showing the average strength and
direction as [x;,¥;1=[(x;3;), (Z,T;[x; —x;1/n,X  T;[y; = y;1/n)]. Much infor-
mation is lost in our visualization but in the system we are developing, there is
zoom capability that is able to illustrate the overall pattern at a coarse spatial scale
and the detail at the finest scale of the zones themselves. We show the coarser
visualization for England and Wales in Figure 3.5(b).

The zoning system for England and Wales Average directional flows from population
centres to employment in E&W
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Figure 3.5 Visualizing big data in tens of millions or more of transport flows.
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Much of this has been possible in terms of data available for the last 30 years
or more but only now that we have computers large enough are we able to exploit
the bigness of these data. This is very different from the big data that we will
present in the next section where the volume comes largely from the temporal
and individual rather than spatial dimension. It does reveal, however, that big data
have been with us for a while and it is computation more than anything else that
determines the size of data set that we can handle, interpret and use fruitfully.

Real-time streamed transportation data at the micro-level

Since the 1950s, data have been collected in continuous time for traffic flow
analysis. Much of these data have been hard to link to origin-destination data of
the kind just examined largely because they are supply-side data pertaining to
vehicular movement and not to intentional trip-making. However, with the advent
of RIFD and related technologies, it is now possible to collect data on where peo-
ple enter and exit a transit system or where they embark and end any journey if
the relevant collector is in place. Devices which are specially devised for the data
collection in question are by far the best as the data that they produce are unam-
biguous (although there may be substantial noise still to be filtered out). Mobile
devices for other purposes, such as phones, can also be used to extract data from
call detail records which locate the phone when a call is made (Chen ef al. 2015).

Because these data are recorded at the exact time when the smart card or mobile
device is linked to the system in question, there is a continuous or at least con-
tinual record of activations which represent real-time collection, either accessible
in real-time itself or for post hoc analysis. In short, the data are as voluminous
as the number of activations. If this is phone calls, then it is the number of calls
made from that device per day or over whatever unit of time and space the data are
aggregated to. Here, we will use data generated by the Oyster card, a RFID smart
card used on all public transport in Greater London. This card stores the money
that travellers use to pay for journeys and the system is designed to recognize the
category of payer as well as the time and place where the traveller taps in or out of
the system. Travellers tap in and out on trains but only tap in on buses.

We have several tranches of data from this system. Our largest set is for
86 days in the summer of 2012 where there were 9,902,266,857 (nearly 10 billion)
taps. Of these taps, 44 per cent were on buses and 56 per cent on rail, which is tube
and overground with some being on the mainline network rail. As there is only
tap-in on buses, we can guess that if round trips are made by rail, then this is about
half of all rail trips meaning that there are about 60 per cent more bus trips than rail.
The data also show that 11,535,090 different Oyster cards are used for these 10 bil-
lion taps, which is 86 taps per unique card, on average about one per card per day.

These data are quite unstructured. They come as a flat files where each tap is
recorded by place and time — subway station, location of bus by stop, etc., and some
classification of the traveller such as whether the card is free, and what the pay-
ment category is. Generally, it is possible to trace the behaviours of an individual
cardholder through time and space. The degree of heterogeneity in the data set is
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enormous and this is a feature that makes them usable for all kinds of temporal mod-
elling at the level of the cardholder conceived of as an agent. However, there are
critical problems. The analysis of one day’s worth of data in November 2010 from
a series we have of three weeks’ data for the 660 tube and overground rail stations
revealed that 6.2 million travellers tapped in but only 5.4m tapped out. Essentially
this was because barriers were up. A large class of Oyster users with free passes
are not fined for not tapping in or out while season ticketholders are also not fined
as their cards are loaded with a fixed amount of money for a period. This is quite a
large loss of data. If you combine this with travellers using more than one card, then
this confounds the data set for transport analysis.

It is possible with some analysis to figure out how many journeys are made by
tracing different travellers in terms of the tap-in and -out activity during the work-
ing day, for rail at least. We have attempted some analysis of buses with respect to
travellers who have a unique identifier and who hop onto buses and trains within
a certain time interval, which we assume captures some multi-modal journeys,
but our analysis is limited and our confidence in extracting multimodal journeys
is low. In terms of the rail system, we are able to produce distinct trips in terms of
segments although the analysis of round trips is more limited. For example, in the
2012 data, we can identify 291 million trips between one station and another in
terms of a tap-in and tap-out with the most popular segment in the system the trip
from Victoria to Oxford Circus and vice versa. Waterloo to Canary Wharf is the
most frequent during the morning and evening peak with Waterloo and Victoria
the two biggest volume hubs in the system.

In understanding cities, origins and destinations of trips, indeed of any flow, is
essential for understanding the rationale of the location where those creating the
flow are based. One of the problems with smart card data that is orientated to transit
systems, such as fixed rail, is that the locations which anchor these infrastructures
do not have the same meaning as origins and destinations in terms of work, shop-
ping, residences, schools and so on which generate trips. It is extremely difficult
to tie places where people enter such systems to the comprehensive patterns of
locations that are described by traditional data. We can quite easily assemble flow
matrices and assign trips to network segments such as lines between stations —
although the precise paths of travel have to be inferred, but tying these to places
of work, residence and so on is difficult. Some headway has been made using
smart card data for Singapore (Zhong et al. 2014) but the problem is perennial and
requires additional data to link points of fixed infrastructure to ultimate origins
and destinations.

We have assembled several pictures of transit systems in operation from our
Oyster card data. Using shortest path algorithms, Reades (2013) has worked on
finding the best routes between stations identified in the data and pieced together
actual flows by assigning origin data from tap-ins to the network, then finding
the shortest routes on lines linking the origin to the destination. He has produced
a computer movie of a typical week from the 2012 data by adding data for sev-
eral typical weeks — excluding the Olympic Games weeks — thence producing an
averaged version which shows the peaks and troughs in the data from Sunday
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to Saturday. The weekend days are very different with much less pronounced
morning and evening peaks while typical workdays show very distinct morning
and evening peaks that in themselves are very different with a small blip in the
central area in the late evening (see Figure 3.6).

We are developing several projects using the Oyster card data but so far these
tend to examine very different aspects of the city from those that pertain to tra-
ditional flow data. The focus is inevitably on questions of disruption and smooth
flowing on a fine-scale temporal basis, but we are not able to relate these to links
between home and work. We are able of course to examine the variability of the
tap-in and tap-out data with respect to the station hubs through two interlock-
ing patterns of entries and exit volumes that reflect two layers of polycentricity
which vary through time and are reflected in the peak and off-peak flow patterns.
The essential challenge is to tie this to other data, such as activity volumes of
employment retailing, residential populations and so on, that come from more
traditional sources.

Conclusions and next steps

Big data are never what they seem. The multiple Vs that have become their
signature definition do not capture the fact that quite small data when elabo-
rated into their second, third and higher order effects can become big in the
sense that conventional techniques and models fail to deal with their extended
volumes. Our first illustrations here focus on quite modest data sets and we
are conscious that really big data volumes that come from interaction patterns

Clips from the YouTube Movie: Oyster Gives Up Its Pearls, made by UCL Engineering from
Jon Reades’s movies of the data

Morning peak hour Lunchtime Monday Evening peak hour
Monday 8 am 2 pm Monday 6pm

Figure 3.6 Visualizations of the flows on the rail segments during a working day.

Movie available at YouTube (www.youtube.com/watch?v=9sAugcb2Qj4)
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are hard to measure in terms of their complexity through visualization. The
visualization of data in countless ways has proceeded in parallel to the big data
revolution, which is focused more on data mining through machine learning
and in essence involves iterative techniques for searching for patterns in such
data that may or may not have substantive meaning. For example, our illustra-
tion of the quality of the fit of our spatial interaction model of journey to work
in Greater London (see Figures 3.3 and 3.4), suggests several features of our
model and data that are quite counter to one another. In fact, the intensity of
points in Figure 3.4 — the fact that a large proportion of points are inside the
core of the scatter — probably need to be separated out.

Our continuing work on contemporary big data is taking many forms but so far
it is mainly dealing with transit. Data on energy flows and usage in the smart city
are not focal as yet, while the analysis of big data associated with social media
may well remain in some preliminary form for many years. Representativeness
is the key issue, as is meaning in such data, and it is not clear as yet the extent to
which these social media data pertain to the social and economic functioning of
the city. In another sense, big data are being created or rather extended and con-
flated through mashups. These kinds of integration are as important as the search
for pattern in such data and as the big data revolution proceeds it is increasingly
clear that the pronouncements on the end of theory, made so vociferously by
commentators such as Anderson (2008), are not being borne out in any sense. The
need to approach big data with clear theory has never been more important.
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4 Data-driven urbanism

Rob Kitchin

Introduction

There is a rich history of data being generated about cities concerning their form,
their citizens, the activities that take place, and their connections with other
locales. These data have been generated in a plethora of different ways, including
audits, cartographic surveying, interviews, questionnaires, observations, photog-
raphy and remote sensing, and are quantitative and qualitative in nature, stored
in ledgers, notebooks, albums, files, databases and other media. Data about cities
provide a wealth of facts, figures, snapshots and opinions that can be converted
into various forms of derived data, transposed into visualizations, such as graphs,
maps and infographics, analysed statistically or discursively, and interpreted and
turned into information and knowledge. As such, urban data form a key input for
understanding city life, solving urban problems, formulating policy and plans,
guiding operational governance, modelling possible futures and tackling a diverse
set of other issues. For as long as data have been generated about cities then, vari-
ous kinds of data-informed urbanism have been occurring.

A new era is, however, presently unfolding wherein data-informed urbanism
is increasingly being complemented and replaced by data-driven urbanism. Here,
urban operational governance and city services are becoming highly respon-
sive to a form of networked urbanism in which big data systems are prefiguring
and setting the urban agenda and are influencing and controlling how city sys-
tems respond and perform. In short, we are moving into an era where cities are
becoming ever more instrumented and networked, their systems interlinked and
integrated, and the vast troves of data being generated used to manage and con-
trol urban life. Computation is now routinely being embedded into the fabric and
infrastructure of cities producing a deluge of contextual and actionable data which
can be processed and acted upon in real-time. Moreover, data that used to be the
preserve of a single domain are increasingly being shared across systems enabling
a more holistic and integrated view of city services and infrastructures. As such,
cities are becoming knowable and controllable in new dynamic ways, responsive
to the data generated about them (Kitchin et al. 2015). I thus argue that data-
driven urbanism is the key mode of production for what have widely been termed
smart cities.
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In this chapter I provide a critical overview of data-driven urbanism focusing
in particular on the relationship between data and the city, rather than network
infrastructure, computational or urban issues. The chapter starts by setting out
how cities are being instrumented and captured as big urban data, how these data
are being used to manage and control cities, and how data-driven urbanism is
underpinning the emergence of smart cities. This is then followed by a critical
examination of a number of problematic issues related to data-driven urbanism,
including: the corporatization of governance (data ownership, data control, data
coverage and access); the creation of buggy, brittle, hackable urban systems
(data security, data integrity); and social, political, ethical effects (data protection
and privacy, dataveillance, and data uses including social sorting and anticipa-
tory governance). More technical data issues such as data quality, the veracity of
urban data models and data analytics, and data integration and interoperability are
discussed in Chapters 9 and 10.

Big data and smart cities

Since the start of computing era urban data have been increasingly digital in
nature, either digitized from analogue sources (manually entered or scanned) or
born digital, generated by digital devices, stored as digital files and databases,
and processed and analysed using various software systems such as information
management systems, spreadsheets and stats packages, and geographic informa-
tion systems. From the 1980s onwards, public administration records, official
statistics and other forms of urban data were released predominately in digital
formats and processed and analysed through digital media. However, these data
were (and continue to be) generated and published periodically and often several
months after generation.

In cases such as exhaustive datasets — for example, detailed framework map-
ping data or national censuses — new surveys are very infrequent (e.g. 10 years
for censuses) and their publication might be 18-24 months after collection, and
longer for specific subsets. For domain specific issues, such as transport and traf-
fic flows or public transportation usage, surveys are conducted every few years,
using a limited spatial and temporal sampling framework (selected locations
for a short period of time). Only a handful of datasets are published monthly
(e.g. unemployment rates) or quarterly (e.g. GDP), with most being updated annu-
ally due to the effort required to generate them. These data typically have poor
spatial resolution, referring to large regions or a nation, and have little disag-
gregation (e.g. by population classes or economic sectors). In cases where data
generation is more frequent, such as remote sensing, only occasional snapshots
are bought by city administrations due to their licensing costs. In other cases,
such as consumer purchasing (as evidenced in credit card transactions), data have
largely been black-boxed within financial institutions. In other words, whilst there
has been a range of urban digital data available to urban managers and policy-
makers from the 1970s through to 2000s, along with increasingly sophisticated
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software such as GISs to make sense of them, sources of data were temporally,
spatially and domain (scope) limited.

Post-Millennium, the urban data landscape has been transformed, with a mas-
sive step-change in the nature and production of urban data, transitioning from
small data to big data, wherein the generation of data is continuous, exhaustive to
a system, fine-grained, relational and flexible across a range of domains (Kitchin
2014a). From a position of relative data scarcity, the situation is turning to one
of data deluge. This is particularly the case with urban operational data wherein
traditional city infrastructure, such as transportation (e.g. roads, rail lines, bus
routes, plus the vehicles/carriages) and utilities (e.g. energy, water, lighting), have
become digitally networked, with grids of embedded sensors, actuators, scanners,
transponders, cameras, meters and GPS (constituting what has been called the
Internet of Things) producing a continuous flow of data about infrastructure con-
ditions and usage. Many of these systems are generating data at the individual
level, tracking travel passes, vehicle number plates, mobile phone identifiers,
faces and gaits, buses/trains/taxis, meter readings, etc. (Dodge and Kitchin 2005).
These are being complemented with big data generated by: (a) commercial com-
panies such as mobile phone operators (location/movement, app use, activity),
travel and accommodation sites (reviews, location/movement, consumption),
social media sites (opinions, photos, personal info, location/movement), transport
providers (routes, traffic flow), website owners (clickstreams), financial institu-
tions and retail chains (consumption, in-store movement, location), and private
surveillance and security firms (location, behaviour) that are increasingly selling
and leasing their data through data brokers, or making their data available through
APIs (e.g. Twitter and Foursquare); (b) crowdsourcing (e.g. OpenStreetMap) and
citizen science (e.g. personal weather stations) initiatives, wherein people col-
laborate on producing a shared data resource or volunteer data. Other kinds of
more irregular urban big data include digital aerial photography via planes or
drones, or spatial video, LIDAR (light detection and ranging), thermal or other
kinds of electromagnetic scans of environments that enable the mobile and real-
time 2D and 3D mapping of landscapes. And whilst official statistics are largely
still waiting to undergo the data revolution (Kitchin 2015), the generation of pub-
lic administration data has been transformed through the use of e-government
online transactions that produce digital data at the point-of-collection.

We are at start of this new big data era and the flow and variety of urban
data is only going to grow and diversify. Moreover, whilst much of these data
presently remain in silos and are difficult to integrate and interlink due to
varying standards and formats, they will increasingly be corralled into cen-
tralized systems such as inter-agency control rooms for monitoring the city
as a whole or what have been termed city operating systems. With regards
to the former, the Centro De Operacoes Prefeitura Do Rio in Rio de Janeiro,
Brazil, a data-driven city operations centre pulls together into a single location
real-time data streams from 30 agencies, including traffic and public trans-
port, municipal and utility services, emergency and security services, weather
feeds, information generated by employees and the public via social media,
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as well as administrative and statistical data, and is overseen by a staff of 400
data operatives (see Figure 4.1 for two examples of urban control rooms).
City operating systems are effectively Enterprise Resource Planning (ERP)
systems designed to coordinate and operate the activities of large companies
repurposed for cities. Examples include Microsoft’s CityNext, IBM’s Smarter
City, Urbiotica’s City Operating System and PlanlT’s Urban Operating
System. With the advent of the open data movement some of these data also
feed into public-facing urban dashboards that provide a mix of interactive
visualizations of real-time, public administration and official statistical data
(Kitchin et al. 2015; see Chapter 9).

Further, the production of these new big data has been accompanied by a
suite of new data analytics designed to extract insight from very large, dynamic
datasets, consisting of four broad classes: data mining and pattern recognition;
data visualization and visual analytics; statistical analysis; and prediction, simu-
lation and optimization (Miller 2010; Kitchin 2014b). These analytics rely on
machine learning (artificial intelligence) techniques and vastly increased com-
putational power to process and analyse data. Moreover, they enable a new
form of data-driven science to be deployed that rather than being theory-led
seeks to generate hypotheses and insights ‘born from the data’ (Kelling et al.
2009). This is leading to the development of ‘urban informatics’ (Foth 2009),
an informational and human—computer interaction approach to examining and
communicating urban processes, and ‘urban science’, a computational model-
ling approach to understanding and explaining city processes that builds upon
and radically extends quantitative forms of urban studies that have been prac-
tised since the 1950s, blending in geocomputation, data science and social
physics (Batty 2013). Whereas urban informatics is more human-centred, inter-
ested in understanding and facilitating the interactions between people, space
and technology, urban science promises to not only make sense of cities as they
presently are (by identifying relationships and urban ‘laws’), but to also pre-
dict and simulate likely future scenarios under different conditions, potentially
providing city managers with valuable insight for planning and development
decision-making and policy formulation.

42 CENTRO DE OPERAGOES
T8 PrerETURA DO RIO

-

g

Figure 4.1 Urban control rooms: (a) Rio de Janeiro, (b) Dublin.
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Urban big data, city operating systems, urban informatics and urban science
analytics provide the basis for a new logic of urban control and governance —
data-driven urbanism — that enables real-time monitoring and steering of urban
systems and the creation of what has widely been termed smart cities. The notion
of a smart city can be traced back to experiments with urban cybernetics in the
1970s (Flood 2011; Townsend 2013), the development of new forms of city
managerialism and urban entrepreneurship, including smart growth and new
urbanism, in the 1980s and 1990s (Hollands 2008; Wolfram 2012; Soderstrom
et al. 2014; Vanolo 2014), and the fusing of ICT and urban infrastructure and
development of initial forms of networked urbanism from the late 1980s onwards
(Graham and Marvin 2001; Kitchin and Dodge 2011). As presently understood,
a smart city is one that strategically uses networked infrastructure and associated
big data and data analytics to produce a:

e smart economy by fostering entrepreneurship, innovation, productivity,
competitiveness, and producing new forms of economic development such
as the app economy, sharing economy and open data economy;

e smart government by enabling new forms of e-government, new modes of
operational governance, improved models and simulations to guide future
development, evidence-informed decision-making, better service delivery,
and making government more transparent, participatory and accountable;

e smart mobility by creating intelligent transport systems, efficient inter-
operable multi-modal public transport, smart parking and sharing services
related to taxis and bikes;

e smart environments by promoting sustainability and resilience and the devel-
opment of green energy;

e smart living by improving quality of life, increasing safety and security and
reducing risk;

e smart people by creating a more informed citizenry and fostering crea-
tivity, inclusivity, empowerment and participation (Giffinger et al. 2007;
Cohen 2012).

In short, the smart city promises to solve a fundamental conundrum of cities — how
to reduce costs and create economic growth and resilience at the same time as
producing sustainability and improving services, participation and quality of life —
and to do so in common-sense, pragmatic, neutral and supposedly apolitical ways
by utilizing a fast-flowing torrent of urban data and data analytics, algorithmic
governance and responsive networked urban infrastructure. Moreover, much more
information is being placed into the hands of the public to aid decision-making,
navigation and participation through a plethora of locative social media (apps that
tell them about the city and which they can contribute to), open data sites, public
dashboards, hackathons and so on.

The notion of smart cities, and the mode of data-driven urbanism, have not
however been universally welcomed and have been subject to a number of cri-
tiques. First, smart city initiatives treat cities as a set of knowable and manageable
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systems that act in largely rational, mechanical, linear and hierarchical ways and
can be steered and controlled, rather than dealing with cities as complex, messy,
contingent cities full of wicked problems (Kitchin et al. 2015). Second, smart city
initiatives are largely ahistorical, aspatial and homogenizing in their orientation
and intent, treating cities as if they are all alike in terms of their political econ-
omy, culture and governance (Greenfield 2013). Third, an emphasis is placed on
creating technical rather political/social/policy solutions to urban problems thus
overly promoting technocratic forms of governance (Morozov 2013). Fourth, the
project of producing smart cities tends to reinforce existing power geometries
and social and spatial inequalities rather than eroding or reconfiguring them
(Datta 2015). Fifth, the approach fails to recognize the politics of urban data and
the ways in which they are the product of complex socio-technical assemblages
(Kitchin 2014b). Sixth, the smart city agenda is being overly driven by corporate
interests who are using it to capture government functions as new market oppor-
tunities rather than serve a public good (Hollands 2008). Seventh, networking
city infrastructure potentially creates buggy, brittle and hackable urban systems
(Kitchin and Dodge 2011; Townsend 2013). And finally, data-driven urbanism
produces a number of activities that have profound social, political, ethical con-
sequences, including dataveillance and extensive geosurveillance, social and
spatial sorting, and anticipatory governance (Graham 2005; Kitchin 2014a).

In the rest of this chapter, I want to concentrate on the last four critiques, and
in particular their associated data issues (rather than other aspects of the techni-
cal stacks of urban socio-technical assemblages, and wider political-economic
framing and effects) as way of further illustrating some of the challenges posed
by data-driven urbanism and the need to further examine the relationship between
data and the city.

Data and the city

The politics of urban data

One of the key arguments for adopting a data-driven approach to urban governance
is that it provides a strong evidence-based approach to decision-making, system
control and policy formation, rather than one that is anecdotal, clientelist or local-
ist. A data-driven approach, it is argued, is less susceptible to political influence
and instead is driven by objective, neutral facts in a technocratic, common-sense,
pragmatic way. Technical systems and the data they produce are objective and
non-ideological and thus politically benign. Sensors, networked infrastructure and
computers it is contended have no inherent politics — they simply measure a value,
communicate those values, and process, analyse and display the data using scien-
tific principles, thus producing measurements, records and information that reflect
the truth about cities. And while data from social systems, such as social media
platforms (e.g. Twitter), are inherently more subjective and noisy, they provide a
direct reflection of the views, interactions and behaviour of people, in contrast to
official surveys which reflect what people say they do or think (or what they think
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the surveyor wants to hear), thus providing better ground truthing of social reality.
As such, big data about cities can be taken at face value and used unconditionally
shed light on cities and to manage and control urban systems and infrastructure and
guide urban policy.

The reality is somewhat different for two reasons. First, there are a num-
ber of technical issues concerning data coverage, access and quality that means
that the view data presents of the city is always partial and subject to caution
(see Chapters 2, 3, 10, 15, 17). Second, data are the products of complex socio-
technical assemblages that are framed and shaped by a range of technical, social,
economic and political forces and are designed to produce particular outcomes
(Kitchin 2014b; see Figure 4.2). On the one hand, what data are produced, how
they are handled, processed, stored, analysed and presented is the result of a
particular technical configuration and how it is deployed (e.g. where sensors
are located, their field of view, their sampling rate, their settings and calibra-
tion, etc.). On the other hand, how a system is designed and run is influenced
by systems of thought, technical know-how, the regulatory environment, fund-
ing and resourcing, organizational priorities and internal politics, institutional
collaborations and marketplace demand. In other words, a data assemblage pos-
sesses a ‘dispositif’, defined by Foucault (1980 [1977]: 194) as a: ‘thoroughly
heterogeneous ensemble consisting of discourses, institutions, architectural
forms, regulatory decisions, laws, administrative measures, scientific statements,
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Figure 4.2 A data assemblage.
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philosophical, moral and philanthropic propositions’. For Foucault, a dispositif
is inherently political producing what he terms ‘power/knowledge’, that is knowl-
edge that fulfils a strategic function. In other words, urban big data are never
neutral and objective, but rather are situated, contingent, relational and framed and
used contextually to try and achieve certain aims and goals (to monitor, enhance,
empower, discipline, regulate, control, produce profit, etc.). Or to put it another
way, urban data are never raw but are always already cooked to a particular rec-
ipe for a particular purpose (Bowker 2005; Gitelman 2013). As such, data-driven
urbanism is thoroughly political, seeking to produce a certain kind of city. It is
thus necessary when examining urban big data to critically unpack their associated
data assemblage (including the entire technical stack — infrastructure, platform,
software/algorithms, data, interface) to document how it is constituted and works
in practice to produce urban processes and formations, and for whose benefit.

Data access, data ownership and data control

As already noted, much of the data presently being generated about cities are
produced by commercial companies, such as mobile phone operators, and private
utility and transport companies. For them, their data are a valuable commod-
ity that provides competitive advantage or an additional revenue stream if sold/
leased, and they are under no obligation to share freely the data they generate
through their operations with city managers or the public. As noted in 2014 by the
British Minister for Smart Cities, Dan Byles MP,! the privatization of public ser-
vices in the UK and elsewhere has also meant the privatization of their associated
data unless special provision was made to ensure it was shared with the city or
made open. Similarly, access to data within public—private partnerships and semi-
state agencies, or state agencies operating as trading funds (such as the Met Office
and Ordnance Survey in the UK who generate significant operating costs by sell-
ing data and services), can be restricted or costly to purchase. Consequently, key
framework datasets (e.g. detailed maps) can have limited access and data concern-
ing transportation (e.g. bus, rail, bike share schemes, private tolls), energy and
water be entirely black-boxed. Even within the public sector, data can be siloed
within particular departments and not be shared with other units within the organi-
zation, or be open for other institutions or the public to use. As such, whilst there
might be a data revolution underway, access to much of that data is limited, and
there are a number of issues that need to be explored with respect to data owner-
ship and data control, especially with respect to procurement and the outsourcing
or privatization of city services. Moreover, even if all data were to be open and
shared it needs to be acknowledged that there are still many aspects about cities
where data generation is weak or absent. For example, in a recent audit of Dublin
datasets to determine whether the city was in a position to apply for ISO37120
(the ISO standard for city indicators) data could only be sourced for 11 of 100
indicators sought (predominately because the data sought was either privatized or
released at an inappropriate scale).
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Data security and data integrity

One of the prime anxieties of networking infrastructure and ubiquitous urban com-
puting is the creation of systems and environments which are inherently buggy
and brittle and are prone to viruses, glitches, crashes and security hacks (Kitchin
and Dodge 2011; Townsend 2013). As Mims (2013) notes, any networked device
is open to be hacked and its data stolen and used for criminal purposes, or cor-
rupted, or controlled remotely, or misdirected, or to spy on its users. The media
report almost daily on large-scale data breaches of commercial companies and
state agencies and the theft of valuable personal data, with several incidents of city
infrastructure such as traffic management systems being hacked, disabled and con-
trolled (Paganini 2013). As Townsend (2013) notes, the notion of smart cities takes
two open, highly complex and contingent systems — cities and computing — and
binds and networks them together, meaning that data-driven, networked urban-
ism has in-built vulnerabilities. Moreover, as urban systems evolve to become
more complex, interconnected and interdependent these vulnerabilities potentially
multiply (Townsend 2013; Kitchin 2016). Creating secure big urban data systems
is thus set to be a significant ongoing task if public trust in their purported benefits
are to be gained and maintained. Another significant element in upholding trust
is how and to what purposes the data are deployed.

Data uses and ethics

Urban big data are presently being used to undertake a diverse range of tasks, some
of which seem relatively benign, such as monitoring city lighting with the aim of
improving the quality of light and reducing its cost, and others more clearly politi-
cal, such as directing policing activity. A significant concern is that as more and
more data about cities and their citizens are generated, privacy becomes eroded
(Kitchin 2016). Privacy is considered a basic human right, a condition that people
expect and value in developed countries. Yet, as sensors, cameras, smartphones
and other embedded and mobile devices generate ever more data it becomes
increasingly difficult to protect, with individuals leaving ever greater quanti-
ties of digital footprints (data they themselves leave behind) and data shadows
(information about them generated by others). Such troves of data are amenable to
dataveillance, a mode of surveillance enacted through sorting and sifting datasets
in order to identify, monitor, track, regulate, predict and prescribe (Clarke 1988;
Raley 2013), and geosurveillance, the tracking of location and movement of peo-
ple, vehicles, goods and services and the monitoring of interactions across space
(Crampton 2003; see Table 4.1). Given the always-on nature of many of these
systems, and the tracking of unique identifiers, such dataveillance and geosurveil-
lance are becoming continuous and fine-grained with, for example, mobile phone
companies always knowing the location of a phone (Dodge and Kitchin 2005).
Moreover, as data minimization norms become relaxed there are anxieties that
data are being shared, combined and used for purposes for which they were never
intended (Kitchin 2014b). In particular, the last 20 years have witnessed the rapid
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growth of a number of data brokers who capture, gather together and repackage
data for rent (for one time use or use under licensing conditions) or re-sale, and
produce various derived data and data analytics (CIPPIC 2006).

Whilst focusing on different markets, data brokers seek to mesh together
offline, online and mobile data to provide comprehensive views of people and
places and to construct personal and geodemographic profiles (Goss 1995; Harris
et al. 2005). These profiles are then used to predict behaviour and the likely value
or worth of an individual and to socially sort them with respect to credit, employ-
ment, tenancy and so on (Graham 2005). The concern is that these firms practice
a form of ‘data determinism’ in which individuals are not profiled and judged just
on the basis of what they have done, but on the prediction of what they might do
in the future using algorithms that are far from perfect, and yet are black-boxed
and lack meaningful oversight and remediate procedures (Ramirez 2013). Such
anticipatory governance can have far reaching effects. For example, a number of
US police forces are now using predictive analytics to anticipate the location of
future crimes and direct patrols, and to identify individuals most likely to commit
a crime in the future, designating them pre-criminals (Stroud 2014). In such cases,
a person’s digital footprints and data shadow does more than follow them; it pre-
cedes them. Data assemblages then do not act as cameras reflecting the world as
it is, but rather as engines shaping the world in diverse ways (Mackenzie 2008).

Table 4.1 Movement and location tracking. Compiled from Kitchin (2016)

Remote controllable
digital CCTV
cameras

Smartphone phone
tracking

Sensor networks

Wifi meshes

Smart card tracking

Active GPS tracking

Transponder tracking

Other staging points

Can zoom, move and track individual pedestrians and vehicles.
Analysis and interpretation increasingly aided by facial,
gait and automatic number plate recognition (ANPR) using
machine vision algorithms.

Location is communicated to telecommunications providers
through the cell masts connected to the sending of GPS
coordinates, or connections to wifi hotspots.

Sensors deployed on street infrastructure such as bins and
lampposts or in shops/malls capture and track phone identifiers
such as MAC addresses.

The IDs of devices which access or try to access a wifi network
are captured and tracked between wifi points.

Barcodes, magnetic strips or embedded RFID chips are
tracked when they are scanned to gain entry to buildings or
transportation.

Embedded GPS in devices and vehicles communicate location
and movement via cellular or satellite networks.

Transponders with embedded RFID chips broadcast their IDs and
are tracked by scanning receivers, commonly used in automatic
road tolling or electronic tagging of people on probation.

Such as using ATMs, credit cards or checking a book out of a
library that leaves a digital record.
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Conclusion

We are entering an era where computation is being routinely embedded into
urban environments and networked together, and people are moving about with
smartphones that ensure always available connectivity and access to information.
These devices and infrastructures are producing and distributing vast quantities
of data in real-time, and they are also responsive to these data and the analytics
undertaken on them enabling new kinds of monitoring, regulation and control.
Cities then are becoming data-driven and are enacting new forms of algorith-
mic governance. However, the data and algorithms underpinning them are far
from objective and neutral, but rather are political, imperfect and partial. The
smart cities that data-driven, networked urbanism purports to create are then
smart in a qualified sense. Their production and operation is based on much
more data and derived information than previous generations of urbanism, but
it is a form of urbanism that is nonetheless still selective, crafted, flawed, nor-
mative and politically inflected. Moreover, while the instrumental rationality of
data-driven, networked urbanism promotes urban knowledge and management
rooted in a quite narrowly framed ‘episteme (scientific knowledge) and teche
(practical instrumental knowledge)’, it is important that other forms of knowing,
such as ‘phronesis (knowledge derived from practice and deliberation) and metis
(knowledge based on experience)’ (Parsons 2004: 49) are not silenced, provid-
ing both a counter-weight to the limits of smart cities and positions from which
to reflect on, critique and recast the production of data-driven urbanism. Indeed,
whilst data-driven urbanism undoubtedly provides a set of solutions for urban
problems, we also have to recognize that it has a number of shortcomings and a
number of potential perils. The challenge facing urban managers and citizens in
the age of smart cities is to realise the benefits of planning and delivering city
services using a surfeit of data, evidence and real-time responsive systems whilst
minimizing any pernicious effects. To do that we have to be as smart about data
and data analytics as we would like to be about cities.
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S5 Crime data and analytics

Accounting for crime in the city

Teresa Scassa

Introduction

Crime data are routinely collected in cities in the course of policing functions and
are of great interest to many different constituencies from government and other
public authorities to the private sector and private individuals. Lomell (2011: 191)
refers to crime data as ‘an old epistemological object’, noting that they have been
counted ‘ever since society “became statistical”’. Crime data generally provide a
record of incidents of crime, including the type of crime, and the outcome of any
police investigation.

Crime data are made available to the public in different ways. Refined crime
data in the form of national statistics are frequently available as open data; that
is, they are made available in reusable digital formats with few or no restrictions
on reuse. Crime data may also be made accessible in a variety of other ways,
such as in reports, tables, charts and through other modes of representation and
dissemination. In some cases, crime data may be made available to the public in
ways that are neither open nor accessible in that the ability to extract the data for
reuse is physically difficult or legally constrained. An example of this is through
visualizations such as crime maps which may create both technological and legal
barriers to extraction and reuse of data.

Crime data are a prime candidate for data analytics. As a result, whether or
how they are made available to the public can be important in determining who
will shape and control their analysis. A number of private sector companies now
offer complex data analytics services to police forces in Canada, the US and the
UK. Among the services offered by these companies are data management tools,
dashboards, visualizations and predictive analytic services. Fundamentally, these
services depend upon the data generated by police in the course of their opera-
tions. While many of the services offered by these companies are intended for
internal police use, these companies also offer police agencies public-facing visu-
alization tools that allow crime data to be made available to the public, although
such data are neither open nor accessible in other ways (Scassa 2016).

The incidence of crime is linked to a broad range of social and economic fac-
tors that influence both victimization and involvement in criminal activity. In this
way, crime data are frequently part of oppositional social justice or crime control
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narratives both within cities and at regional and national levels. Far from neutral
and objective, crime data are subjective and contested, and reveal more in their
inclusions and exclusions than their account of the incidence of crime. Crime data
represent not just a point of contact between individuals and the state, but one
which depends upon human judgment for their interpretation and categorization.
While technology increasingly plays a role in capturing and analysing data about
criminal activity, decisions as to whether to record incidents as ‘crimes’ and to
identify them as specific types of crimes still rely upon human judgement. Thus,
the ‘sensors’ that record crime data are human and their role is not simply to cap-
ture observations. Crime data involve interpretation, judgment and action; crime
datasets are an artefact of the interaction of citizen and state, as understood by
agents of the state operating within particular institutional cultures.

This chapter considers crime data within a context that increasingly relies
upon data and data analytics for planning, decision-making and for informing
public understanding of problems and their solutions. The second section defines
crime data, while the third section explores those factors that limit them. The
fourth section examines how crime data are communicated to the public, includ-
ing as accessible, available and open data and through data visualization. The
fifth section considers ways in which crime data can be used to increase both the
transparency of the systems that produce them and our understanding of crime in
the urban context. While more and different data may enhance insight into urban
crime and policing that can be derived from crime data, these data remain sig-
nificantly limited by their subjectivity and by the legal, institutional and cultural
constraints that shape and control them.

Crime data

Kitchin (2014: 2) describes the current concept of data as ‘capta’, or as ‘those
units of data that have been selected and harvested from the sum of all poten-
tial data’. Crime data are a good example of capta. They display considerable
degrees of both choice and subjectivity in their recording and representation.
Such data are ‘partial, selective and representative, and the distinguishing
criteria used in their capture has consequences’ (Kitchin 2014: 3). At a very
basic level crime data are data about the incidence of crime derived from police
reports. They include the type of crime, the clearance status, and whether any-
one was charged with an offence. In some cases, additional data such as the
demographic characteristics of the perpetrator and/or victim may be included.
Crime data also typically include a geographical reference point — usually the
location of the incident in question. This spatial dimension makes the data more
valuable analytically; for example, they can be used to determine crime ‘hot
spots’ and to inform decisions about the appropriate allocation of police and
other resources. The spatial dimensions of crime data also make them good
candidates for visualization techniques.

Because crime data are derived from police reports, these data relate only to
‘crimes known to law enforcement’ (and not to unreported criminal activity)



Crime data and analytics 61

and thus represent ‘only a fraction of crimes that actually happen’ (Fisher et al.
2002: 72—73). They are also not necessarily crimes that are adjudicated in court.
Thus, although they are typically referred to as crime data or crime statistics,
these data are, more accurately, about policing.

Recognizing that crime data derived from police reports do not reflect a
true picture of the incidence of crime, statistical agencies now try to correct for
underreporting (and to measure underreporting) through victimization surveys
(Fisher et al. 2002). In Canada, this takes the form of the General Social Survey —
Victimization carried out by Statistics Canada. In the US, it is the National Crime
Victim’s Survey, and in the UK it is the Crime Survey for England and Wales
(CSEW) (with separate surveys for Scotland and for Northern Ireland). These
surveys measure the public experience of crime. They are considered to provide a
more accurate picture of crime trends than crime data derived from police reported
crimes because they include crimes that have not been reported to the police, and
they are not subject to variations in police data recording practices.'

Crime data are typically made available to the public in three main ways: in the
form of statistics compiled and generated by national statistical (or other) agen-
cies; as part of visualizations such as crime maps produced or commissioned by
police forces; or as accessible and open data. While statistical data are generally
now available as accessible and open data in some jurisdictions, the more textured
local data used in these public-facing crime maps are much less widely available.
It should also be noted that the data used in visualizations are often not the same
as those used to generate crime statistics; some visualizations use emergency call
data or police response data to populate their maps (Scassa 2016).

The limits of crime data

The superficially descriptive nature of crime data lends them an aura of objectivity.
They are used by public authorities in accounts of the city and may impact deci-
sions regarding the allocation of resources; they are also used by the private sector,
for example, in commercial decisions such as the setting of insurance rates. Crime
data may also influence personal decisions such as where to walk, shop, live or
attend school. However, crime data are affected by a variety of factors which make
them imperfect measures of criminal activity.

Institutional factors

Lomell (2011) observes that the objectives for collecting crime statistics can
change over time, and these changes can impact the nature and quality of the statis-
tical information. In her study of annual police reports of crime in Oslo from 1950
onwards she notes a shift in the reporting of crime data from ‘inputs’ to ‘outputs’.
She attributes this shift to the impact of new public management approaches that
have come to dominate the public sector in Europe and North America since the
1980s and 1990s (Lomell 2011; Hood 2007; Eterno and Silverman 2012). Prior
to that time, crime data were recorded as measures of police workload (input);
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that is, how much crime do police encounter. With the rise of public service
performance-based metrics, crime data shifted to a measure of police performance
(output); that is, how do police activities impact the incidence of certain crimes?
Although in both cases what are recorded are crime data, a shift in motivation
for recording the data affects what is recorded and how.

Eterno and Silverman (2012: 86) argue that performance-led policing in both
the UK and the US arose ‘from a fear of crime, drive for greater police manage-
rial accountability, and enhanced business-oriented police operations’. The use
of such systems in police management requires departments to set performance
standards and then to rigorously monitor progress towards these goals (Eterno
and Silverman 2012). Not surprisingly, the performance standards in the context
of policing are typically expressed in terms of a reduction in crime or at least of
certain types of crime (Chainey and Tompson 2012; Yung 2014). Police forces
may have limited control over the incidence of crime — particularly where cuts
to budgets and staffing make their jobs more difficult and where crime may be
driven by circumstances well beyond police influence such as unaddressed eco-
nomic inequality and social injustice. However, they do have considerably more
control over data about crime. The manipulation of crime data by police forces —
particularly in order to meet performance standards — is well documented (Eterno
and Silverman 2012; Lomell 2011). Indeed, in 2014 the UK Statistics Authority
ruled that crime statistics were no longer to be designated as national statistics
because of concerns over ‘some aspects of the police’s recording of crime data’
(UK Statistics Authority 2014: 1). These data may be specifically manipulated in
ways that fit a public narrative around crime control and public money well spent.

Police as sensors

Another influence on crime data is the manner in which such data are generated
and recorded. Crime data are the result of reports made to the police and actions
taken in response to those reports. At a very basic level therefore, crime data
depend upon two key factors: the willingness of a victim to report the crime to
police, and the responding officers’ assessment of the incident (Fisher 1993).

The handling of sexual assault cases offers a good illustration of how each of
these factors may affect the resultant data. In instances where there is a high dis-
trust of the police, or of the criminal justice system, there may also be a significant
underreporting of crimes. This is particularly (although not exclusively) the case
with sexual assault (Russell 2010; Fisher e al. 2002). Reluctance to report may be
linked to police attitudes towards victims; it may also be linked to concerns over
the shortcomings of the justice system in dealing with such crimes. In some cases,
shame or fear may prevent reporting. Whatever the reason, the substantial under-
reporting of sexual assault is well-documented (Johnson 2012).

Even if a sexual assault is reported to police, how that incident is recorded may
be highly dependent upon factors that are unrelated to what actually occurred
(Spohn ez al. 2014). For example, a subjective belief on the part of the respond-
ing officer that women tend to fabricate stories of sexual assault can lead to the
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recording of incidents as ‘unfounded’ (Women’s Law Project 2013; Johnson
2012; Hattem 2007; Gilsinan 2012). A belief that sex trade workers cannot be
sexually assaulted, or that some women invite sexual assault can similarly lead
to the unfounding of complaints (Women’s Law Project 2013). Victim charac-
teristics such as race, gender, socio-economic status or sexual orientation may
also affect how complaints are dealt with and recorded. In some cases, police
officers may be influenced by their perception of whether a conviction is likely in
deciding whether to “‘unfound’ a complaint (Spohn et al. 2014; Police Executive
Research Forum 2012).

If police are the ‘sensors’ that record crime data, then factors that remove
crimes from police attention also limit the data (Gilsinan 2012). Police are often
not the first point of official contact for victims of crime. Public or quasi-public
authorities, such as public transit agencies or colleges and universities, may have
their own security personnel who are frequently a first (and last) point of con-
tact for complaints (Russell 2010). The growing privatization of police services
(Stenning 2009), a result of neoliberal trends that shift the responsibility for secu-
rity to the private sector and to ordinary individuals (Van Steden and Sarre 2007),
also means that a high number of incidents may be dealt with by private security
personnel. Van Steden and Sarre (2007) observe that the private security indus-
try is diverse and multi-sectoral. Even in 2007, they found that the numbers of
employees in private security industries exceeded those on police payrolls in the
US, Canada and the UK, and privatization of these services has increased since
that time (Rahall 2014). It may be difficult to ascertain how many complaints
in these contexts are reported to police and how many are dealt with internally.
A poor victim experience in a private context may also discourage the victim from
taking his or her complaint to the police.

Choosing data points

Although police files themselves may be rich sources of contextual data, not all
information about incidents makes it into public-facing crime data. The data are
thus also influenced by decisions as to what data points are considered useful or
appropriate for sharing. Recognizing the growing importance of more contextual
crime data, statistical agencies have revised their systems over time to permit
the recording of additional data points, including some demographic information
about victims and perpetrators.

The relevance or usefulness of particular data points may be contested. For
example, data regarding the race or ethnicity of those stopped or investigated by
police could be used to examine whether there are systemic biases in policing,
although how such data are derived is fraught with challenges. Data about race/
ethnicity is frequently reported from the perspective of the police officer and not
the person who is detained or arrested. Such data can also be used to construct rac-
ist narratives around the criminality of certain groups or communities. Concerns
over these issues led to data on race/ethnicity being excluded from official crime
data in Canada, although some advocates have called for a return to the recording
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of race-based data as a means of monitoring the way in which some communities
are policed (Owusu-Bempah and Millar 2010). Other data points may be omitted
out of concern that their inclusion may lead to the reidentification of individuals,
thus breaching data protection laws. Where preoccupations over how data may be
used result in more limited data, their usefulness, including for transparency and
accountability purposes, is diminished (Conroy and Scassa 2015).

Communicating crime data to the public

According to Chainey and Tompson (2012: 230), crime data are made availa-
ble to the public for a number of reasons, including ‘to improve the credibility
of crime statistics, address often over-inflated perceptions about local levels of
crime, provide crime information that engages the public on local crime issues
and empowers them to make decisions that improve their personal safety, and
contributes to local community safety’. Notably, transparency and accountability
are not in this list, perhaps because in most cases, crime data are presented to the
public as part of official narratives about crime. Currently crime data are made
available to the public in two main ways. The first is as statistical data; the second
is through visualizations.

Canada, the UK and the US all collect crime data at local, regional and national
levels. Typically, there is a centralized and standardized reporting mechanism
which allows for data to be collected, compiled and analysed. The national com-
pilation of these local statistics reveals the broader interest in crime data; indeed,
these statistics are used by different levels of government in relation to criminal
justice, crime control and security agendas. Statistical crime data are now rou-
tinely made available as open data at the national level in all three jurisdictions.
This includes victimization survey data.

While national crime statistics tend to be available as open data, local data may
or may not be as easily accessible. In the UK, national crime data are available in
separate data sets for particular regions and by police force. In Canada and the US,
whether crime data are made available as open data by a municipality will vary by
municipality. The parameters of the data sets may also vary. The lack of consistent
practice or standard formats may be due to the fact that both Canada and the US are
federal states; federal systems allow for considerably more divergence at the regional
level in terms of law, policy and practice. Although these differences can make use-
ful analytical comparisons across jurisdictions almost impossible, even without
these variations, such comparisons would be of dubious value. This is because of
the sometimes significant variations from one police force to another in how data are
required to be recorded, as well as issues of local and institutional culture.

One method of making crime data publicly available that has gained great
popularity with police forces in Canada, the US and the UK is the use of visu-
alization. A significant number of urban police forces now provide interactive
online maps that display incidents of crime within city boundaries (Scassa
2016). In the UK, the mapping of crime data was part of a police pledge made
at the national level (Sampson and Kinnear 2009). Mapping is seen as a vehicle
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for providing information to the public in an accessible and interactive format
(Chainey and Thompson 2012). Crime maps allow users to view reported crimes
on local maps, and to zoom in on particular streets or neighbourhoods. Typical
functionality allows users to view reported crimes in specific temporal periods
(e.g. the last 7, 14 or 28 days). Some maps allow users to register for email
updates on crimes occurring within certain defined geographic parameters.

Visualizations of crime data do not solve the problems inherent in the data;
these will necessarily be replicated in the visualization. As Wallace (2009: 16)
notes, ‘crime-mapping is entirely dependent on the categories and bureaucratic
practices of local police forces’. Mapped crimes are only those that were brought
to the attention of the police and that were recorded by police as a particular type
of crime. Some maps rely entirely on emergency call and police response data.
This may result in multiple reports of the same occurrence, and it may also mean
that the mapped site relates to the location of the report and not that of the event
(Scassa 2016). Further, not all crimes are featured on crime maps. Crimes that do
not have a clear location such as fraud, counterfeiting, other white-collar crimes
and Internet crimes tend to be absent from such maps (Wallace 2009). In cases
where mapped data are based on call-for-service data, incidents that are not the
subject of calls to the police are not represented. The absence of commercial and
computer-based crimes from crime maps can lead to a skewed perception of the
nature and incidence of criminal activity within the city, as well as the geographic
dispersion of criminal activity.

Because crimes involve human victims and public sector authorities are con-
strained by privacy law in the release of data, many types of publicly accessible
or available crime data, such as statistics and visualizations, do not include indi-
vidually identifying information. Since location can be a powerful identifier,
crime maps typically reflect steps taken to prevent re-identification. In the case of
crimes where the victim’s identity is protected by law (e.g. sexual assault or crimes
involving children) or where the identity of the perpetrator is protected by law
(e.g. crimes by juvenile offenders), such incidents or categories of crime may sim-
ply be excluded from the visualization (Sampson and Kinnear 2009), although this
is not always the case. More general privacy concerns are typically addressed by
reporting the crimes at the 100-block level. These alterations may have additional
implications for the quality of the mapped data (Chainey and Tompson 2012).

The fact that not all crime is included in visualizations has been the subject of
some criticism. Wallace (2009: 14) suggests that neoliberal biases lead to a focus
on the reporting of vehicle and property-related offences, which are ‘most central
to a private property ownership society’; along with what she characterizes as
‘quality of life’ crimes such as vandalism or prostitution. Crime mapping may
therefore integrate selected data into a particular narrative of crime and crime con-
trol, weaving that narrative into a geographic representation of the city. Wallace
(2009: 16) notes that ‘crime maps reduce the complexity of the space and the
event’ with the result that crimes are clustered along streets and their representa-
tion depends upon the ability to link a crime to a particular geographic space.
Even though statistical agencies maintain that victimization surveys offer a better
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picture of the incidence of crime than data derived from police reports, it is this
latter category of data that is used in crime maps. The visualizations are thus also
incomplete in ways that may not be well-appreciated by the average user.

Wallace (2009: 5-6) also offers a broader critique of crime maps, arguing that
these visualizations of crime data create for the public ‘a new aesthetic of danger’
and place the onus on individuals to ‘ultimately take responsibility for their own
personal safety’. It is possible that the typical option to sign up for email alerts of
crime in one’s neighbourhood also contributes to a subtext of individual respon-
sibility. According to Wallace (2009: 7), ‘faced with an environment of failing
social services and a crumbling state infrastructure, individual citizens now have
the burden of using new media technology to supply information for protection
against danger’.

Crime maps may also be offered to the public as an alternative to open crime
data (Lofaro 2015; Wisnieski 2014). Some of the crime data mapping companies,
such as Bair Analytics (RAIDS Online) and Public Engines (Crime Reports) pro-
vide public-facing crime maps to police department clients at no cost when those
agencies contract for other data analytics services (Paulsen and LeBeau 2012).
The terms of use for these sites specifically provide that the police departments
supplying the underlying data remain the owners of any intellectual property
rights in the data; however, the terms of use also specifically prohibit any re-use
of the data embedded in the maps by any users of the visualizations (Scassa 2016).
These terms of service create a barrier to data re-use (Hochberg 2014). It remains
the law enforcement agencies’ choice to disclose (or not) the same data as open
data. Where data are not provided as open data, the potential for alternative visu-
alizations of urban crime is significantly limited.

Transparency and crime data

In spite of their deficiencies, crime data do provide some account of police
activity. Treated with the caution they deserve, they can be used in an assess-
ment of that activity and in decisions regarding the allocation of resources.
More critical analyses of crime data can be used to build arguments about the
fairness of resource allocation, police practices, or about failures of the system
to properly address certain types of crimes. For example, comparisons between
crime data derived from police reports and victimization surveys can reveal
problems such as a marked gap between the experience of certain types of crime
such as sexual assault and the actual reporting of such crimes to police. A sharp
rise in lesser theft offences accompanied by a surprising decrease in more seri-
ous related offences may be an indicator of changes not in crime itself but in the
way in which it is being recorded, and may thus support critical challenges to
the integrity of the data regarding police activity, as well as to the effectiveness
of police efforts to control crime.

However, as noted above, the shortcomings of the official data suggest that
open crime statistics and publicly available visualizations based upon incident
data are not likely fully to achieve the goals of transparency or to meet the need
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for data to understand crime within the city. One way to improve the usefulness
of the data is to add more data points. Crime data are becoming richer, with data
about more types of crime being collected and made available. For example, in the
UK open crime data are supplemented with other crime-related data sets, includ-
ing stop and search data, forensic data and criminal justice statistics including
data on women and the criminal justice system and race and the criminal justice
system. Statistical agencies have also moved from aggregate counts of crime to
more incident-based reporting, permitting a somewhat more contextual analysis
of crime. In the US, the Police Data Initiative, launched by the White House in
May 2015 was designed in part to make police data more available as open data
and to encourage and support civil society in making use of these data.

Crime data can also be compared to other available data. Some such data may
be in a format that facilitates analysis. Eterno and Silverman (2012) used hospital
data, data on non-index crime and historical crime data (along with qualitative data)
as part of their critical analysis of crime data recorded by the NYPD. Other data
sources can include information from newspaper accounts of incidents. Community
or advocacy groups may also compile and publish their own statistics. For example,
many rape crisis centres provide data regarding how many calls they received or
women they assisted (Lombardi 2009) creating sexual assault data that can reveal
important gaps in official crime data (Yung 2014).

Greater transparency may also be sought from public authorities that carry out
security or policing functions. For example, transit authorities can be pushed to
produce more and better data regarding incidents handled by transit police services
and the police. Martin (2011) notes that data regarding transit crime is sparse; there
is no agreed upon definition; and with the exception of the British Transport Police,
there is no organized reporting of data or public release of such data as open data.

While more crime-related data from other sources can enrich the understand-
ing of urban crime as well as of responses to crime, new incident-based data
will likely suffer from the same problems evident in police crime data. For
example, in the US, federal legislation in the late 1990s imposed requirements
on all colleges and universities receiving federal funds to report campus-based
crime handled either by campus security or police. The legislation prescribed the
required data points and set out the ways in which data had to be reported and
made publicly available. The goal was to increase transparency and accountabil-
ity and to improve public safety. The use of legislation to impose data reporting
requirements on private or quasi-public actors is interesting. However, perhaps
not surprisingly, the effectiveness of the Clery Act? in generating accurate and
useful data has been questioned for many of the same reasons that the integrity of
crime data has been challenged (Fisher et al. 2002). Inconsistencies in how crimes
such as sexual assault are defined by universities and colleges affect reporting
rates (National Institute of Justice 2005), and there are concerns that reporting
may also be affected by institutional concerns about public image in the face of
competition for enrolment (Lombardi 2009). The same issues of underreporting
of crimes by victims — particularly sexual assault — have also arisen with respect
to campus crime (Gardella et al. 2014; National Institute of Justice 2005).
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The growing privatization of policing services also poses some significant chal-
lenges to developing fully accurate data about the incidence of crime. Where data
are collected by private organizations, it is shielded from access to information
legislation. Such data will not be compiled and made more broadly available with-
out the imposition of reporting requirements, and these are likely to be resisted
by the private sector on the grounds that the information about their activities is
confidential business information. In any event, as evidenced by the experience
under the Clery Act, such data are also likely to face the same issues of integrity as
crime data. In addition, corporate culture, including accountability to sharehold-
ers rather than the public, and concerns over legal liability, will shape any such
data sets. As public and private sectors become further intertwined in delivering
‘smart cities’ to the urban public, the clash between the need for data transparency
and claims to confidential business information will need to be addressed.

In some cases, the crowd-sourcing of unofficial crime maps has been used as
a means of providing a counter-narrative to official visualizations. For example,
HarassMap*® invites women to map and describe incidents of sexual harassment in
Egypt, within a cultural context in which such harassment typically remains invisible
and unreportable. While not a crime map per se (as it compiles data on harassment
that ranges from criminal to non-criminal conduct), this is an example of how the
crowd-sourcing of data can draw attention to a problem, and can be used in powerful
visualization tools to create an alternative representation of the gendered experience
of urban space.

While crowd-sourced maps are interesting, they present many challenges.
Stability and continuity are one challenge — both in terms of management of the
project as well as in terms of public participation. In the case of crimes like sexual
assault there are also significant privacy issues, risks of further victimization, other
liability issues, as well as risks that first-person reports could be used by defence
lawyers in criminal prosecutions to discredit victim witnesses. Nevertheless,
crowd-sourcing remains an interesting tool particularly in contexts where certain
crimes are not dealt with effectively by public authorities (Friedman 2014).

Conclusion

Crime data are a good example of ‘capta’ — data that have been selectively har-
vested from a broad pool of available data. They rely upon human ‘sensors’ for
their recording and interpretation, and reporting and recording are shaped by
bureaucratic demands and priorities. Crime data are also dependent upon the will-
ingness of victims to report incidents to authorities. Systemic problems that lead
to underreporting are made invisible in official statistics. Crime data are distilled
from interactions between state and citizen as interpreted and recorded by agents
of the state. As such, official crime data are also affected by institutional culture
and legal constraints in both their recording and their representation.

In spite of these issues, crime data are used to drive decision-making around
policing and are used by public authorities to justify spending, action or inac-
tion. They are used as well in visualizations that communicate public narratives
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of urban crime. The multiple uses for such data suggest a need both for critical
approaches and for analytical strategies to distil useful knowledge from the data
and to improve it. While statistical crime data are more generally available as open
data, urban crime data remains largely under the control of municipal police forces.
Even where crime data visualizations are made publicly available, the underlying
data may not be. Open data allows for different analyses, mashups and alternative
narratives of crime. Both open data and alternative sources of crime data, including
crowd-sourcing, may also assist in understanding urban crime.

Some or all of the characteristics of crime data are shared by other types of
urban data. The lessons from crime data therefore have broader application. A
critical perspective on how, by whom, and for what purposes data are collected is
essential to moving past the superficial objectivity of data. Further, open data at
all levels of government is crucial to allowing diverse perspectives and analyses
that can inform public discourse and challenge official narratives.
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Notes

1 Office for National Statistics. Crime Survey for England and Wales: Guidance
and Methodology, www.ons.gov.uk/ons/guide-method/method-quality/specific/crime-
statistics-methodology/guide-to-finding-crime-statistics/crime-survey-for-england-and-
wales--csew-/index.html.

2 20 U.S.C. §1092(f) (2000).

3 See http://harassmap.org/en/.
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6 Data provenance and possibility

Thoughts towards a provenance schema
for urban data

Jim Thatcher and Craig Dalton

Introduction

Data suffuse society, underpinning how the world is known, planned and governed.
The era of ‘big data’ marks a surge in the generation of diverse, exhaustive data
streams in real-time that can be combined, analysed and exchanged. Data come as
deluge: persistent, swelling streams of information flowing at such rates as to make
storage and analysis Sisyphean feats of engineering. These data shape how we come
to know and experience the world, guiding the systems with which we interact and
tailoring the paths we take to a quantified representation of ourselves and others.
For society, the ever-greater production and processing of data redefine efficient
production, security, privacy discourses, the role of the state and scientific knowl-
edge. In cities, the new big data era fosters ‘smart’ design and growth discourses
that fetishize data in urban life, design, governance and planning. However, for all
that data have come to influence, represent, enable and constrain, the provenance of
urban big data is often left underexplored.

The provenance of a piece of art traces its possession from the artist’s hand to
its current owners. It is the key means of authenticating and assessing the value of a
work. For data, provenance has many related meanings, but broadly refers to ‘infor-
mation about the origin, context, or history of the data’ (Cheney et al. 2009: 959).
The US Department of Homeland Security (2009) has identified data provenance
as one of the ‘hardest and most critical challenges that must be addressed’ for infor-
mation security (INFOSEC Research Council 2005), one whose solution would
significantly improve the nation’s national information security infrastructure. This
understanding of data provenance conceptualizes it as a technical question about
metadata, one that presumes a technical solution is not only possible, but desirable,
not only for data practitioners, but as a general good for everyone.

In this chapter, we use a critical data studies approach to push back against such
instrumental understandings of data provenance. We argue that if cities are to be
‘smart’, then they must move beyond the creation, manipulation and analysis of
data that accepts data as ontologically given, static and discrete phenomena. To do
so, we problematize technical definitions of data provenance to propose a more con-
textual form of provenance for urban spatial data that emphasizes its mediated and
constantly changing nature amidst society and technology. The chapter proceeds
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in three parts. First, we introduce current technical approaches to data provenance.
Second, we problematize those approaches in current urban spatial data by high-
lighting two interrelated issues: a failure to differentiate individual people from data
points derived from their actions, which, in turn, results in an inscription of meaning
into data that may not exist in the world. Finally, we conclude by outlining standards
for a ‘more than’ technical approach to provenance. Building from critical ideas
around metadata and the concept of the data-encounter, we propose a technically
agnostic, contextual schema for the provenance of urban spatial data that involves
both information traditionally found in metadata and situated considerations of
motivation, value and power as the meaning and use of data develops through time
and space.

Provenance in current practice

Much like many other apparently unitary concepts, the terms data and provenance
have multiple and contested meanings across a wide variety of contexts and pro-
fessional fields. Data provenance as it is currently understood and practised varies
a great deal depending on the social purposes and resulting standards behind their
operationalization. Exploring these differences highlights the inherently ‘more
than technical’ nature of provenance.

Provenance itself has a long and developed history in the archival and library
sciences. In archival work more broadly, provenance refers to ‘the origin or source
of something, or . . . the person, agency or office of origin that created, acquired,
used and retained a body of records in the course of their work or life’ (Miller
2010: 98, in Poole 2015: 114).! This principle of organization has been formalized
as the respect des fonds and requires a level of temporal and spatial control of the
object that has been called into question for near-infinitely replicable digital data
(Millar 2002). For scientists, Lauriault ez al. (2007) note how provenance, along
with terms like lineage and integrity, are used as a catch-all for data authenticity.
Theoretically, at its strongest, provenance records not only the source, methods of
collection, and any transformations, but also the biases and assumptions that went
into said processes. Provenance, broadly refers to ‘the source (or derivation) of an
object and [to] the record of the derivation’ (Moreau et al. 2008: 54). For data, it
involves the origins and history of the data and is a core means by which data are
trusted and reused (Cheney et al. 2009; Donaldson and Fear 2011).

While pieces of art with unestablished provenance are viewed with scepti-
cism by researchers and buyers alike, the provenance of digital data is often less
carefully vetted, especially when it is produced by what is considered to be an
authoritative source, such as a government department or a mainstream news
agency. However, there are numerous examples of weak metadata producing data
and stories with suspect provenance. For example, in 2008, Google algorithms
identified a news story from the South Florida Sun Sentinel about United Airlines
2002 bankruptcy that lacked a date, automatically assigned it the current date, and
posted it on Google News (Zetter 2008). Investors, failing to check the factual
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provenance of the story (in this case, temporal accuracy), panicked and United’s
stock briefly lost three-quarters of its value. Such dangers are even greater in situ-
ations where experiments and data gathering are slow and difficult to replicate,
such as policy research (Reichman et al. 2011: 704). Data provenance failures
can result in massive societal and economic losses (see, for example, discussions
around the liability of geographic information/data in Onsrud 1999 and Phillips
1999). While urban policy and planning have long been guided by data, big urban
data, performance metrics and data analytics are increasingly shaping urban
policy and planning (Kitchin 2014a; Townsend 2013). The provenance of data,
particularly geographic data (Monmonier 1995), must then be firmly established
to produce trust and the necessary information required to avoid possible misin-
terpretation or misuses of the data.

Definitions for and examples of data provenance can be found in methodologi-
cal guides, data dictionaries, metadata abstracts and their accompanying articles,
survey questionnaires and elsewhere. As noted, researchers tend to see data
provenance as a technical problem with two basic paths to resolution. In an influ-
ential 2001 piece, Buneman et al. distinguish between ‘where-provenance’ and
‘why-provenance’. Both are technical problems with discrete solutions. ‘Where-
provenance’ refers to the original source of the data, while ‘why-provenance’
records all ‘source data items that contributed to the creation of a result data item’
(Glavic and Dittrich 2007: 229). Tan (2004) describes the situation slightly dif-
ferently, marking a distinction between ‘provenance of data’ as a focus on the
creation processes of the data (in raw form) in contrast to ‘provenance of a data
product’ which focuses on how data have been processed and transformed into a
derived form.? Additionally, provenance can be generated at the time of creation
through the production of associated metadata, which Tan refers to as ‘eager’
provenance, or when it is requested, ‘lazy’ provenance. In professionally pro-
duced data sets provenance is usually formally recorded as metadata; however,
Cheney et al. (2009) note that for many systems provenance is created in an ad
hoc fashion, cobbled together to meet perceived or immediate needs.

We emphasize these multiple forms of provenance to highlight that, whether
dealing with data transformations or focusing on the original source of data crea-
tion, current approaches to data provenance are predominantly technical, capturing
factual, recorded information about a data set (e.g. date/time produced, instrument
and standard used, data structures, file format, etc.). For example, the Provenance
Aware Storage System developed by Harvard University creates provenance by
‘capturing file system events in an operating system’ (Moreau et al. 2008: 58)
and the Chimera Virtual Data Catalog allows for the recording of ‘transforma-
tions, data objects and derivations’ (Glavic and Dittrich 2007: 230). While there
have been attempts to standardize provenance (see, for example, ISO 19115), the
standards are often not practised, as domain experts instead create bespoke sys-
tems to capture information most pertinent for intended use. Less clear and often
elided from such forms of provenance are the recursive sociotechnical processes
that go into the making of data, including handling practices, scientific assump-
tions, and methodological biases. These considerations are necessary to establish
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strong provenance (Lauriault et al. 2007). From a Critical Data Studies stand-
point, the absence of a ‘more than technical understanding’ of provenance limits
what can be known, much less can and should be done with urban data.

Limited possibilities, problems from provenance

The rush to ‘real-time’ and ‘smart’ cities is predicated upon the ability to leverage
big, urban data to make cities ‘better’: more efficient, more profitable and more liv-
able, at least for certain sets of individuals. A litany of critiques push back against
the unilinear myth of improvement sold via big data/smart city parables (Batty
2013; Kitchin 2014b; Crawford 2013; and others). Reduced to a technical problem,
current approaches to data provenance reduce it to one more hurdle to overcome
through standardization and computation. In contrast, drawing on Critical Data
Studies (Dalton and Thatcher 2014; Kitchin 2014c; Taylor 2015), we highlight how
current approaches to data provenance set previously unexamined limits on the use
of urban data. Specifically, we identify two interrelated factors that circumscribe
utility. First, many current sources of data are corporate in nature and, follow-
ing imperatives for profit generation, provenance can be subsumed into privately
owned, black-boxed systems. Second, as data are collected, they are categorically
inscribed with meaning that may or may not align with the data creator’s intent.

Provenance and profit

At times, the rhetoric around data treats them in an essentialist manner as an almost
natural by-product of existence; given off like body heat and lost to entropy unless
captured and stored, as exhaust data. Such a by-product orientation is increasingly
evident in the health care industry as it tries to capture every heartbeat of an as-yet
born foetus through monitoring (Smith 2014). Similarly, the quantified-self move-
ment promises better living through the routine, everyday capture and analysis of
personal data (Wolcott 2013). However, actual data are not inherently produced as a
function of being alive, but through the active and passive recording of actions. And
just as a forest and a map of it are distinct, data about a person are merely representa-
tive rather than constitutive of them. Despite this, many current data practices seek
to collapse said difference. In some cases, this collapse is necessary: if the result of
a medical test is not true for the patient being tested, it serves no purpose. Further,
in such situations a strong and uncompromised provenance is necessary to link the
individual to test result. However, in many existing big data analytical practices,
that correspondence is less integral, subsumed in the interest of profit generation.
Beyond the use value of a medical test, the market value of collapsing an indi-
vidual to their representative digital identity, the assemblage of data points that
refer to them, is potentially massive (Thatcher 2017; Dalton et al. 2016). For
example, in 2011, Acxiom, a single firm selling aggregated personal data points,
recorded $1.1 billion in revenues (Roderick 2014). Managing that much data
necessarily involves metadata standards and provenance. However, the forms of
data and thus considerations of provenance are structured in terms of a particular
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company’s strategies and profit imperatives. For Acxiom, which sells data to
advertisers, not consumers themselves, provenance is an issue to the extent that it
validates data about consumers that appears to predict their (potential) consump-
tive behaviour in the future. This is quite different from data protocols for the
results of a medical test in the past to be shared with a patient. A great deal of
the value of companies like Google, Acxiom and Facebook is based on a strong
presumed correspondence between someone and their data and metadata. For
such corporate enterprises, considerations of data provenance are contingent upon
the larger purpose of profit generation and the data practices it drives.

This is not an inherently new process as social researchers have been build-
ing data sets for the purpose of socially targeting people at small urban scales
for decades, such as geodemographically targeted marketing segmented by
neighbourhood. Digital data sources open a plethora of sources for collection
and combination (mobile phones, government records, social media accounts,
frequent shopper programs, credit card transactions and other data points).
As the price for storing and processing massive amounts of data declines,
companies are developing data ‘doppelgidngers’ (Robinson 2008), highly indi-
vidualized, data-based digital representations of individuals, pioneered by
consumption and targeted advertising and numerous data segmentation proce-
dures and services. Presently, Netflix, a service for renting and viewing media,
uses 76,000 unique data categories to create individualized profiles of its more
than 65 million subscriber accounts® (Madrigal 2014).

Market competition between data-driven corporations drives the black-boxing
of data production and their provenance and attempts to rigorously control access
and veracity. Such corporations not only include targeted advertisers, but also
those involved with local public service provision such as trash collection, law
enforcement analytics and transportation firms such as Uber. Furthermore, the
purpose of leveraging such data is competitive advantage, not austere truth or soci-
etal good. As black-boxed trade secrets, the provenance of digital data produced
or processed by corporations, or even the commodity chain that produced a single
data set, is impossible to trace from the outside. The intentions and the biases they
introduce underpinning data set creation are part of the ‘added value’ corporations
bring to their client cities and/or users’ lives (Thatcher 2014). For private corpora-
tions, provenance can be highly variable, depending on the domain and purpose of
the data for the company. For example, financial data, such as invoices and bank
transfers, must be closely vetted because such payments directly affect the bottom
line and legal liability. However, data generated and used for other purposes that
carry less risk and legal liability, such as consumer targeting, is often less closely
vetted. On the one hand, this seems obvious as risk factors will differ: misdiag-
nosing an individual with cancer has far graver repercussions than sending them
a discount on used car tires for which they have no use.

This distinction in significance of provenance resembles Kitchin and
Dodge’s (2011) demarcation between coded spaces and code/space. The for-
mer are examples of code used to enhance or extend the experience of space,
the latter represent moments where spatial experience is fundamentally created
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through the function of code. While the provenance of data (and code) need
not be spatial, these distinctions parallel some of the differing requirements for
data provenance with respect to how the data may be used. Financial data, such
as payment information, must directly correspond to exterior objects or precise
amounts of existing value, which require a strong provenance to function. A
company’s systems grind to a halt without it. However, a lack of provenance
for much of the data involved in the epistemological leap from individual to
inscribed data does not stop the company’s system of consumer profiling or its
generation of profit (Dalton and Thatcher 2014). For example, in Foursquare, the
intentionality underpinning user check-in data matters little as long as it gener-
ates business and profit: the provenance of the data is less important than its
generative economic function. In practice, the users, and data pertaining to them,
are the product and those buying advertising are the clients (Zittrain 2012). The
bar for actionable, if not ‘true’, information is itself defined not by researched
standards, but by the market. Even if data provenance and accuracy were not
closely guarded trade secrets, the primary indicator of data worth is its literal
exchange value: data are valuable because they, or products based upon them,
can be sold. In many cases, if a company strives for more accuracy than the com-
petition, they would not necessarily reap increased rewards. The price of a trip
on a ride-share service depends not just company data, but also on the market as
a whole. A company that charges much more than the competition is unlikely to
survive. As long as the data are useful in leveraging a profit, as long as they are
superior to their competitors in some way, the imperatives of capital are satisfied.

For open-data initiatives, particularly those pertaining to cities, this collapse
has profound significance. Instead of seeking market value, open-data initiatives
advocate making data free and available for all. The argument is that if more data,
often paid for and maintained at taxpayer expense, were available, then more
individuals would naturally leverage them to address problems within the city.
While there have been both successes and failures in such an approach (Townsend
2013; Goldsmith and Crawford 2014), such data suffer an additional problem
with regards to provenance. While for-profit endeavours often do not seek an
ultimate truth only a market advantage, public data are purportedly meant to rep-
resent the ‘truth’ of a system/domain and to be used for a public good. If cities are
to become ‘smarter’ and ‘better’ through data, then the provenance of urban data
must become more than metadata; it must inscribe the biases and limitations held
within the data set not simply as technical measurements of equipment calibra-
tion and limitations, as some provenance systems already track, but also socially,
culturally and economically in terms of the intentions and meanings inscribed
into the data. It must not leap from the individual to data point, but rather trace the
intentions, design and social biases within a data system.

Inscribing meaning in data

As an aspect of a digital object, data provenance becomes part of larger data infra-
structures. In urban settings, these infrastructures store, analyse, share and host
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data deemed pertinent to the function of society (such as public administration
record-keeping and programs, planning scenarios and disaster response). While
the use and analysis of the myriad of new emerging forms of urban big data pur-
portedly makes such data infrastructures austerely smarter, in reality they function
within an apparatus that is as much social and political as technical, privileging
certain forms of knowledge over others. Drawing on Foucault (1980), Kitchin and
Lauriault (in press: 9) define data infrastructures as assemblages that are ‘never
neutral, essential, objective; their data never raw but always cooked to some rec-
ipe by chefs embedded within institutions’. Such a perspective is absent from
current technical approaches to data provenance, which overlook the inscription
of meaning into data that occurs through their creation, handling, processing and
sharing. This inscription occurs on two levels: first, it is well documented how
biases, goals, and intentions shape data capture (Gitelman 2013; Boellstorff 2013;
Dalton and Thatcher 2014; Kitchin and Lauriault in press). Both institutionally
and individually, data are cooked by the desires and values of those who create
them. There is also a second, less documented dimension: the inscription of mean-
ing that occurs in the leap between data creator and data analyst.

With respect to the latter, this leap occurs when the intentionality of data cre-
ation is assumed or inferred within data analysis. To return to the Foursquare
example, a check-in may occur because the end-user wants to alert their friends
as to where they are, wants to receive a discount for the meal they intend to pur-
chase, or because they are attempting to commit ‘location fraud’ for any of a
variety of reasons (Carbunar and Potharaju 2012). Foursquare can only infer the
reason, but to extract value from the data they must inscribe a meaning and then
act on it as if it is true. Foursquare can only act upon the individual that data can
see, that data created in the epistemological leap from someone’s actual everyday
actions to partial inscriptions thereof (Thatcher ef al. 2016). The creation, capture
and analysis of those inscriptions typically do not allow for, much less incor-
porate, many forms of difference including identity, intercultural silences and
even digital divides (Dalton et al. 2016; Thatcher ez al. 2016). However, just as
Harris states about geodemographic targeting, ‘Given the nature of business deci-
sions, the cost . . . would not be borne if the technique could not prove its worth’
(Harris ef al. 2005: 225), the provenance of said data is ultimately immaterial to
Foursquare so long as the data, in some way, produced a profit.

When said data are used to ‘discover [a city’s] structure’ or model the ‘every-
day experiences of real people’, their purported truth takes on added significance
(Livehoods 2012, in Thatcher 2014). A common critique of the idealized smart
city shows its ‘entangling of neoliberal ideologies with technocratic govern-
ance and the dystopian potential for mass surveillance’ (Shelton et al. 2015: 14)
and, regardless of how smart cities play out on the ground, such critiques illus-
trate the heady mixture of private data infrastructures for purported public good
(see Kitchin 2014b). Like socially targeted advertising, this is hardly a new phe-
nomenon, as social scientists and urban planners have long used data from one
context to find meaning in another. However, as these systems seek less to interpret
the world than to actively produce it (Kitchin ez al. 2015), it is critical to remember
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that the reduction of society to numbers only works insofar as that society can be
remade in the image of said numbers (Porter 1995). In the context of ubiquitous,
multi-stream sources of digital urban data, this inscription occurs without tradi-
tional safeguards. Big, urban data become reality with a provenance that traces
back to the act of inscription, but no further. The intentionality of the creators is
effaced. Strong provenance, therefore, must account not only for the biases and
assumptions that shape a data object, but also the intentionality of those that cre-
ated the object, a recursive process of negotiation between society and technology.
In the concluding section, we highlight how both data provenance and the very
meaning of data itself, its ontological status, exist differently for distinct types of
data. We use these distinctions to suggest a move towards a new schema which
situates data and their provenance as socio-technical issues.

Conclusions and possibilities: becoming provenance through
data-encounter

Companies, non-profit organizations and government agencies will continue
to use digitally born data to interpret, analyse and shape urban environments.
Therefore, data provenance is always a more-than-technical question. It is never
enough to simply document data characteristics and transformations once they
are digital, rather, the contextual limitations and influences of said data must
also be acknowledged. For archivists, Millar (2002: 14) has suggested a move
from respect des fonds to respect de provenance with the latter emphasizing three
areas: ‘creator history, records history, and custodial history’. In some ways, this
shift suggests a return to emphasis upon the rigorous construction and record-
ing of metadata. However, despite the efforts of scholars like Schuurman and
Leszczynski (2006), metadata still are ‘not at the core of definitions for data struc-
tures or interwoven with the operations we execute on data’ (Bergmann 2016: 4).
Given that data provenance is always intrinsically linked to what can be known
and what can be done by and through the data in question, digital urban data
require a provenance that is more than metadata.

Building from concepts of situated knowledges (Haraway 1991), vibrant
matter (Bennett 2010), theories of relational space (Massey 2005), and more,
Bergmann (2016) recognizes the ‘more than’ nature of the composition and
interpretation of spatial data. Doing so moves from the ‘geo-atom’ (Goodchild
et al. 2007) towards reflexive, polysemic interpretation and ‘geo-encounter’
(Bergmann 2016). In its unbounded form, the geo-encounter attempts to repre-
sent relations between individuals, objects, and space that account for reflexivity
of interpretation within a more-than human world (ibid.: 10). In such a formula-
tion, spatial coordinates become just one vector amongst potentially many that
create the contexts ‘relevant for the object. .. to have come to participate in
this particular geo-encounter’ (ibid.). This approach emphasizes the contextual,
ontogenetic production (Dodge and Kitchin 2007; Dodge et al. 2009) of data,
rather than accepting they exist, part and parcel of a neutral, objective science
instantiated in the gaze from nowhere (Haraway 1991).
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Critical data studies invokes data as a socio-technical practice, as more than
digital data themselves. What constitutes data for a marine biologist may be quite
different from what is acceptable for an ethnographer of migrant workers. Thus
far, we explored both the current approaches to data provenance as a technical
problem and, through the conceptual limitations of everyday urban data, the need
for a “more than’ approach to data provenance. Mattern describes how this may be
achieved through increased engagement by librarians and archivists and associ-
ated professional mores (2016). We adopt a different, less professionally oriented
approach, focusing on how the concept of the geo-encounter highlights how the
ontological nature of data need not be fixed, opening an additional, new approach
to provenance.

In Bergmann’s theoretically agnostic formulation, the geo-encounter grows
unchecked, with each new observation, interpretation or analysis of said data add-
ing a new layer of complexity. For urban data, whether leveraged for a ‘smart’
city or other purposes, this presents a problem. On one hand, the situated, contex-
tual, ontogenetic nature of data as they exist in the world adds meaning to how
those data can be and are being used. On the other, an individual accessing their
smartphone to check when her next bus will arrive does not need a data-object that
includes launch dates of the GPS satellites that serve the bus’s GPS receiver. We
therefore propose a mesoscale data-encounter that recognizes both that all data
need not be explicitly spatial and that sets minimum standards for a ‘more than’
technical data provenance for urban spatial data.

Table 6.1 presents what we consider the minimum necessary components for
a data provenance given the existing limitations of urban data. Each new com-
ponent of provenance is listed across from the technical question of provenance
which it complements. In addition, there are two important and intentional caveats

Table 6.1 The ‘more than’ requirements for a data-encounter model of urban data

provenance
Technical ‘More-than’ technical
Time of creation, of collection, of Data structure creator and their purpose — profit
derivation generation, scientific analysis, state records, etc.
Method of creation, of collection, Data user/producer’s awareness of data
of derivation
Databases in which data are stored Data point geographical referent — individual,
area, etc.
Database from which data were Data practitioner’s intended purpose — profit
accessed generation, scientific analysis, state records, etc.
Database format of data Other current and past uses of data
Transformations data have Assumptions in data creation and transformations
undergone
Current ownership, intellectual Lineage of ownership, with varying intellectual
property restrictions property restrictions along the way
Metadata standard Context and purpose of that standard or the

organization that manages it
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to the table. First, we are agnostic about how these new elements of data prov-
enance are to be constituted within the data technically. This is done both because
any attempt at formal procedure for an abstract urban system will inevitably be
rendered useless by the progression of new technologies and data formats and,
more significantly, because we recognize that there already exist multitudinous
ways to achieve these goals. While we are sceptical of efficacy of simply creat-
ing stricture metadata protocols, such a formalization seems technically feasible
at this juncture. We are more partial towards a reformatting of urban data within
graph databases (Robinson et al. 2013), which allow for the data objects them-
selves to be ontologically constituted as diverse sets of objects rather than within
prescribed tables. This latter point drives towards our second caveat, that this
schema is meant as the beginning of a critical data studies approach to data prov-
enance. Given the variability of data across space and time (Dalton et al. 2016),
claiming an austere, objective schematic for urban data provenance would comi-
cally contradict the very situated, socio-technical, ontogenetic concept of data we
are espousing. This meso-scale move towards data provenance as data encounter
may begin a deeper conversation on the ontological nature of data, how it is used
in urban systems, and what data provenance must become.

Notes

1 For archivists, provenance is analogous to ideas of ‘chain of control’ for a data set; it
helps create a provision of trust in the authenticity of an item. See www2.archivists.org/
glossary/terms/p/provenance and www2.archivists.org/glossary/terms/a/authenticity for
definitions.

2 In their survey of current data provenance approaches, Glavic and Dittrich (2007) refer to
Tan’s approaches as ‘source provenance’ and ‘transformation provenance’, respectively.

3 And even then their recommendations are often far from suitable.
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7 Following data threads

James Merricks White

Introduction

In the introduction to their edited collection Standards and their Stories, Star and
Lampland (2009: 11) suggest that one reason why standards have been neglected
as a topic of study is that they are generally perceived as boring. Formal standards,
classification schemes and practices of quantification do indeed seem to fade from
view to become part of the invisibilities of infrastructure (Larkin 2013). If they are
seen at all, it is as technical, detail-oriented and pragmatic — the very character-
istics that confer on them a sense of trust. Like Star and Lampland, I too believe
that these boring things are an overlooked but crucial component of everyday
governance and economic life, and are worthy of examination.

Following Bates et al. (2016), I propose to follow data from their generation
through to their various uses, exposing how they are cleaned, recombined and
put to work. Rather than emphasize the formal development of data standards or
the difficulties faced in their implementation, I attempt to cut across these geog-
raphies by exploring data in translation and circulation. Issues of provenance,
storage, manipulation, standardization and licensing are all open to such an analy-
sis, but only inasmuch as they relate to the particular data being observed. The
approach thus seeks to make an epistemological and methodological contribution
to studies of data by thickening the description of its assemblages (Kitchin 2014;
Kitchin and Lauriault 2014). While Bates et al. (2016) propose a methodological
commitment to uncovering ‘data journeys’, I reimagine the approach as a follow-
ing of ‘data threads’, highlighting the entanglement of data infrastructures and
geography, and their inherent relationality.

In the first section, I illustrate the data threads approach through a story of
infant mortality statistics. Over a two-week period in early 2016, I conducted a set
of interviews with public officials in Toronto, Canada, concerning the production
and perceived value of indicators for international urban benchmarking. Drawing
on these interviews as well as primary and secondary sources on health data in
Canada, I follow how the tragic event of a loss of life is recorded, aggregated
and used as an input to derivative calculations. Next, I compare data threads to
data journeys (Bates ef al. 2016) in terms of materiality and spatiality. While the
metaphors are similar in many respects, they differ in their disposition to matter
and meaning, and therefore diverge epistemologically. I conclude by reflecting
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briefly on the ethical and political work that data threads perform in revealing the
invisibilities of infrastructure.

Before turning to the example, it is important to clarify some of the conceptual
framing deployed in the chapter. Data can be thought of as a boundary object
(Star and Griesemer 1989). Boundary objects are things that have different mean-
ings to different communities of practice. They might sit comfortably between
these different worlds or they might become a site of contestation. Far from being
neutral and objective, data are always imbued with the assumptions and politics
of their generators and calculators — data are never raw, they are always cooked
(Bowker 2005). As they are manipulated, the meanings of data change to reflect
new discourses and ideologies. Actor network theory, especially during its first
decade, referred to these relational shifts as translations (Callon 1986). Actors
enrol others to their particular habits, needs and desires through different mecha-
nisms of translation. For my purposes, the concept offers a useful way to avoid
scaled spatial imaginaries of city, country and globe (Marston 2000). Rather than
attempt to identify obligatory passage points (actors occupying key mediating
positions between two or more networks) or immutable mobiles (actor-networks
that are relationally stabilized so that they can be spatially circulated), I use trans-
lation more loosely to refer to the interfolding of associations. Data threads are
drawn into their various uses through processes of translation rather than sca-
lar transition. Importantly, I want to resist the urge to conceive of this as a flat
geography whereupon all spatial relations are afforded equal ontological status.
Following Tsing (2015), I use the term alienation to stress the significance of
political and economic associations in conditioning the possibility of data assem-
blage. The term is used playfully and provocatively, but with the serious intent of
foregrounding the social and political lives of data. As data are translated and put
to work in various settings, [ suggest that they risk becoming further disentangled
from the phenomena they are intended to represent. While this might be produc-
tive of financial and managerial knowledge practices, it also risks overriding local
contingency and expertise.

The data threads of infant mortality in Toronto, Canada

Whenever a live-born baby dies in Canada the circumstances of that death are
carefully recorded according to the tenth revision of the International Statistical
Classification of Diseases and Related Health Problems (ICD-10). This list of
14,400 symptoms, injuries and ailments attempts to organize social and physi-
ological conditions to account the loss of life (Moriyama et al. 2011). Its purpose
is to systematize and harmonize the generation of hospital data globally. The first
edition of the ICD was developed in the early 1890s by French physician, Jacques
Bertillon. It went through various revisions under the aegis of the International
Statistical Institute before becoming the responsibility of the World Health
Organization (WHO) upon its founding in 1948. The tenth edition was endorsed
by the WHO in 1990, was published in 1992 (WHO 1992), and came into use in
Canada ten years later.
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The ICD is an idiosyncratic cultural artefact that carries the weight of its
history in its more than 2,000 pages. While the ICD is intended to be a standard-
ized and universal coding system, applicable in the instance of any death in any
country around the world, it is biased towards the classification of life and death
in the developed world, detailing a wide variety of ways of dying in societies
with diverse material-consumer lifestyles (Bowker and Star 1999: 76). But even
bodies in the global North do not always fit so easily into the ICD. For example,
consider that it is not uncommon that the elderly in the developed world die
due to a complex of disease symptoms. Precisely identifying the correct code to
be used in such an instance is a difficult task (Rosenberg 1999). Furthermore,
the coding practices that enact ICD-10 are contingent upon all sorts of social
particularities (Bowker and Star 1999; Malley et al. 2005). Different medical
institutions in different locations favour slightly different interpretations of
disease symptoms (Timmermans and Berg 2003). Doctors are educated within
their local and national medical traditions. Their trained gaze sees certain things
that the untrained eye cannot, but also expects to see certain things and so over-
looks the unexpected. Doctors are known to be hasty in diagnosing particular
causes of death, preferring to spend their time and energy on the living (Bowker
and Star 1999: 65). Further complicating matters, the medical record clerks and
coders enact their own translations in turning medical records into an ICD code
(Malley et al. 2005). Standards and databases of the causes of death are far from
the neutral, scientific and objective account that they are often taken to be.

As these things go however, the coding of infant deaths in Canada is fairly
straightforward. Child morbidity and mortality follow a recognizable pattern in
the developed world (You ef al. 2015). Certain congenital defects and genetic
anomalies, present in a minority of births, invariably account for the majority
of deaths occurring within the first year of life (Wen ef al. 2000). Often, babies
are only born with these conditions due to medical intervention. For this reason,
there is a spike in the rate of mortalities within the first 24 hours of life, as some
infants, sadly, are not strong enough to survive for longer than this. After 28 days,
the rate of mortality plateaus and remains low over subsequent months. Between
the first and fifth years of life, congenital anomalies can still be a cause of death,
however other factors such as sudden infant death syndrome, violence, accident
and disease also contribute to the total number (Ananth ez al. 2009).

In addition to its ICD classification, statistics for infant mortality are further
conditioned by the reporting practices in Canadian hospitals. Civic registrations
of births, deaths and marriages (known as vital registrations) are collected by
Ontario’s Office of the Registrar General to produce official birth and death
records. Statistics Canada (2015) pools data from each of the provinces and territo-
ries to compile a national death database. This includes fields for: age, sex, marital
status, place of birth, place of residence, date of death, ICD codes for the cause
of death and the province or territory in which the death occurred. Verification
tables are used to check for instances of unexpected distribution, large absolute or
relative changes in the data, outliers and the percentage and number of unknown
data points (Statistics Canada 2015).
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As we move into different communities of practice, the meanings and values
attached to infant mortality change. For the WHO, accurate death statistics are part of
a strategy to regularize and improve healthcare globally (Brown ef al. 2006; Adams
2016). For Statistics Canada and the Office of the Registrar General in Ontario, the
mechanics of compiling and processing data take centre-stage as part of the man-
date of those government institutions. It is not necessarily the case however that
those who compile administrative data are aware of how data generated from vital
registrations affect decision-making. For example, in 1991, the Registrar General’s
data entry office was relocated from Toronto to Thunder Bay. As a result a lot of
tacit knowledge was lost and coding errors were introduced into the data sets. A
Toronto-based epidemiologist I spoke with described the effects of this change:

[W]e had a problem with birth rate where they were rounding everything to
the half-pound and then reporting things out in grams. Again it was like, this
is looking strange, this is looking quite weird. [We] approached them again
[and they replied] ‘Oh we didn’t know anybody used these data, we thought
it was just for registering the death or the birth.’ . . . The Ministry of Finance
relies on the birth and death data to help figure out population projections.
Businesses rely on these kinds of things once they get morphed out. Like, this
is heavily used data which they sort of continually didn’t recognize.

Vital statistics are taken up by local institutions in a range of different and mean-
ingful ways. It is for this reason that I refer to data threads as boundary objects.
In a general, colloquial sense, data are detached from their intended applications.
They are ‘both ambiguous and clear, at different moments, for different purposes’
(Star 2002: 118). As such, it is important to pay attention to the translations
which data undergo as they are put to work. Having discussed the collection
and processing that originate the data threads of infant mortality, [ now turn to the
manipulations that ground their situated meanings.

According to an interviewee, the Surveillance and Epidemiology Unit of Toronto
Public Health are less concerned with the rates of infant mortality than they are with
analysis of low birth weights. Weights can be more closely correlated with differ-
ences in material living conditions within the city and so paint a far clearer picture of
the social causes of disease and malnutrition. Public health is not simply a reflection
of the quality of an area’s formal healthcare system, but also must consider questions
of who gets sick and why (Raphael 2016). Had Toronto’s Public Health epidemiolo-
gists been more interested in analysing infant mortality rates, they could very easily
have used the data produced in the coding and reporting of mortality to derive use-
ful metrics. This might entail the separation and recombination of data representing
deaths within the first day and within the first 28 days of life. They would not be
inclined to aggregate all deaths occurring in the first five years of life. Nevertheless,
this very figure is calculated by Toronto’s Surveillance and Epidemiology Unit on a
yearly basis and reported to the city’s central administrative body.

Over the past five years Toronto’s City Manager’s office has collected data
in accordance with a set of performance indicators developed by the Global City
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Indicators Facility (GCIF) at the University of Toronto. To achieve this, they
have enrolled the time, knowledge, expertise and database access of a range of
departments within the city’s administration. The employees of Toronto’s City
Manager’s Office I spoke with describe participation in this exercise as a useful
way in which to visualize and benchmark their performance across a number of
governance areas. They hope, with time, to improve their metrics and to learn
from good practices in other cities around the world.

This suite of performance indicators emerged from a World Bank funded
research project to promote urban metrics in the developing world and thereby
address their considerable global variation (Hoornweg and Blaha 2006). After
comparing official statistics from 255 cities, researchers at the GCIF identified
only two data points in common across the data sets. Where cities measured their
performance, they typically did so with indicators attuned to ongoing assessment
against local policy and planning documents. The GCIF conducted a survey of
1,015 indicators and discussed 53 in detail in their final report to the World Bank
(The Global City Indicators Program 2008). In the years following the project
these were adapted and extended, first in consultation with nine North American
city administrations and then at the International Organization of Standardization
(ISO). In 2014, a set of 100 indicators was published as international standard ISO
37120, ‘Indicators for city services and quality of life” (ISO 2014). While formal-
izing the indicators with the ISO lends them credibility, this path is not without its
drawbacks. International standardization stabilizes the measures, rendering them
fixed for the near-term future. More adaptive and locally specific indicators might
be informed by ISO 37120 but the standard does not replace them.

The formal documentation of ISO 37120 includes definitions for the calculation
of its metrics and suggestions as to how city administrations might go about find-
ing the data to meet them. In the case of the indicator compiled by the Surveillance
and Epidemiology Unit, ‘Under age five mortality per 1,000 live births’, the stand-
ard adopts an indicator from the UN Millennium Development Goals (ISO 2014:
31). At the 2000 Millennial Summit, United Nations member states committed to
eight goals for global health and well-being, the fourth of which was to decrease
the under-five mortality rate. Progress on this goal is tracked using figures released
annually by the UN Interagency Group for Child Mortality Estimation (UN
IGME), whose calculations are based on vital registrations when they are available
and survey data when they are not (UN IGME 2015). Many of the difficulties they
have faced in this work are anticipated by ISO 37120 (ISO 2014: 31):

In developing countries, household surveys are essential to the calculation of this
indicator, but there are some limits to their quality. Survey data are subject to
recall error, and surveys estimating under age five deaths require large samples,
because such incidences are uncommon and representative households cannot
ordinarily be identified by the sampling. Moreover, the frequency of the survey is
generally only every three to five years. When using household surveys the user
shall take sampling errors into account. Also, indirect estimates rely on estimated
actuarial (‘life’) tables that may be inappropriate for the population concerned.
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Two points are important here. The first relates to the use of life tables in the cal-
culation: ‘The under age five mortality rate, is strictly speaking, not a rate . . . but
a probability of death derived from a life table and expressed as a rate per 1,000
live births’ (ISO 2014: 31). A life table is a list of the probability of dying at each
year of life, either at a moment in time or for a given population cohort (Statistics
Canada 2016). Where most of the ISO 37120 indicators are found using a numer-
ator and a denominator, in this case the figure is a sum of percentages multiplied
by 1,000. While the final number ought not to be significantly different as a
result — life tables are also derived from vital registrations and survey data — the
use of life tables adds an additional layer of abstraction. The second point con-
cerns the way in which the standard draws external expertise into its enactment.
ISO 37120 bolsters its legitimacy by citing the Millennium Development Goals.
The fact that the UN IGME also publishes numbers for neo-natal and infant mor-
tality rates is not mentioned.

The ISO 37120 indicators are bound together in two ways. They are grouped
into 17 themes intended to capture the principle responsibilities of a city’s
administration. These include areas such as education, finance, health, solid
waste, transport, urban planning and wastewater. They are also separated into
core indicators, which every city is expected to be able to report on, and sup-
plementary indicators, which they may not presently be able to. ‘Under age
five mortality per 1,000 live births’ is one of four core health indicators. The
other three measure a city’s ‘Average life expectancy’, its ‘Number of in-
patient hospital beds per 100,000 population’ and its ‘Number of physicians
per 100,000 population’.

The World Council on City Data (WCCD), a non-profit set up by the GCIF,
is the principal developer and sole certifier of ISO 37120. They work closely
with cities that wish to become certified adherents to the standard. For this ser-
vice they charge $7,500 for the first year and $5,000 for each year thereafter.
One further step removed from the WCCD is their third-party auditor. Their
task is to verify the data submitted by each of the cities, ironing out contingen-
cies in the metadata and ensuring that the figures are of a sufficient regularity.
Cities are awarded different levels of certification (aspirational, bronze, silver,
gold and platinum) depending on their ability to meet the auditor’s demands
on all of the core indicators and a certain number of the supplementary indica-
tors. Through the public use of the awards and the backgrounded work of the
auditors, the WCCD encourage cities to constantly improve the quality of their
submitted data (White 2016). While the purpose of this is presently to bench-
mark cities, in the future the WCCD expect the data to improve calculations
of a city’s insurance premiums and credit ratings. ISO 37120 clearly has the
potential to deepen the financialization and globalization of cities and their
governing bodies.

Three conclusions can be drawn from my analysis. First, to stabilize 100
measurements in the form of an international standard is to foreclose the ongoing
feedback of local domain-area experts. The WCCD do not intend to address the
misgivings of Toronto’s public health epidemiologists. Their goal is to improve
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global transversal analysis (i.e. the comparison of Toronto to Makati, Makkah
and Melbourne) rather than longitudinal analysis within a city. More nuanced and
responsive metrics remain the prerogative of local or regional authorities. Second,
in their efforts to make global city data commensurable, the WCCD prioritize
certain urban geographies over others; ISO 37120 internalizes compromises
made in the selection of what to measure and how. This is not unproblematic.
While under-five mortality rates may be a useful measure in developing cities,
in Toronto the data point is not particularly revealing. Calculations for neo-natal
and infant mortality rates do exist for national-level comparisons made by the
UN, however a choice has been made not to include these amongst the ISO 37120
indicators. This collapses epidemiological nuance into a single figure deemed fit
for the purpose of international urban comparison. Finally, as we move along the
thread, data become increasingly abstracted and alienated from the initial incident
they represent. The devastating loss of a child’s life is rendered first as trace, then
as data point and then as input to derivative calculations and distant ambitions.
Certainly, such data can be used to inform and improve public health services
when conducted in a sensitive and domain-specific manner. However, to award
certification on the ability to meet backgrounded auditing norms overshadows
more embedded ways of knowing and caring for others (Adams 2016).

Revealing data threads

Having shown how the analytical approach of data threads can be used to describe
data standards and infrastructure, I want to shift now into a more theoretical
frame, exploring the implications of the metaphor of the ‘data thread’ in terms of
materiality and spatiality.

Many working within what has recently been called critical data studies
(Dalton and Thatcher 2014) have asserted that data must be thought of as
material or more-than-material (Dourish and Mazmanian 2011; Wilson 2011;
Bates et al. 2016). For example, Dourish and Mazmanian (2011) argue that it is
important to push beyond the mere physical fact of data and to encounter them
in their use. By focusing on data practices they seek to bring the ‘the histori-
cal particularities, cultural specificities, and political consequences’ (Dourish
and Mazmanian 2011: 4) of data in the world to the fore. Drawing on the con-
ceptual framework developed by Haraway (1997), Wilson (2011) unpacks the
material-semiotics of data and data production. Rather than detail data prac-
tices per se, his work interrogates how meaning comes to be associated with
specific data within local communities. Somewhat at odds to these approaches
however, Bates ef al. (2016) push back against the blurring of matter and mean-
ing. For them there remains a useful analytical distinction to be made between
the material and the socio-cultural. Their attention is focused on the ways in
which ‘socio-material structures . .. [are] historically constituted through the
actions of both historic and present-day human actors’ (p. 3). Ideas and values
are important, but they are dialectically distinct from matter. The perceiving and
conceiving human is held apart.
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Before positioning data threads within these debates, it is worth contextualizing
the assertion that data are material. For what else could they be? Important here
is genealogical work on the development of cybernetics and information theory.
Through a close reading of post-war cyberneticians such as Norbert Weiner and
Claude Shannon, Hayles (1999) shows how information came to be understood as a
pattern separate from a material form. This strategy of disembodiment was impor-
tant in allowing information theory to migrate between academic disciplines such
that it could equally be applied to biology or cognitive psychology as to communica-
tions engineering. Implicit in this separation between matter and meaning, however,
is a latent mind/body dualism. Cybernetics, at least in its early years, had an uneasy
relationship with the tenants of liberal humanism. On the one hand, humans, ani-
mals and machines were all thought of as systems capable of being steered through
manipulation of their inputs. On the other, early cybernetics rendered the mind as
information separate from the body. In response to this conundrum, Hayles urges
her readers to reconsider information at the intersection of dialectics of pattern/
randomness and presence/absence. If this is to inform social scientific research,
information, data and meaning all need to be thought through their various and com-
plex embodiments. Hayles work is less interested in the histories of socio-material
structures than the ways in which academic and fictional representations of infor-
mation have their root within contingent and situated knowledges.

Following Hayles and others (Barad 2007; Orlikowski and Scott 2015),
I have attempted to treat the data threads of infant mortality as both material and
discursive by pressing genealogical analysis beyond its anthropocentric and rep-
resentational biases. The point is not only to give data back their body but also to
explore the richness of their more-than-material entanglements and the mecha-
nisms by which they are disembodied and become alienated. Rather than focus
my attention principally on data practices or the material histories of infrastruc-
ture then, I seek to move between the materializations of data and the apparatuses
of signification, categorization and measurement that condition their possibility.
Put differently, I refuse the a priori distinction between the material and the socio-
cultural as it is asserted by Bates ef al. (2016). Matter and meaning are always
already entangled; translation draws attention to how these entanglements unfold
and evolve. By moving back-and-forth between the material and the discursive,
my story attempts to disclose their co-constitutive diffractions (Barad 2007). In
practice, this is most similar to material-semiotics (Haraway 1997; Wilson 2011),
but with a heightened appreciation of the productive capacity of ideas and their
historical context.

By situating the constitutive moment within relations, rather than in their per-
ception, data threads also have implications for how we think about spatiality.
Consider two spatial imaginaries. In the first, a thread might be seen to have a
single dimension stretching from one end to the other. It can easily bend, loop,
turn back on itself and be tied in knots. In the second, it might be observed that a
thread occupies space. It has a length, a thickness and has starting and finishing
positions. Its shape can be described in three-dimensional space and its movement
understood through a dimension of time. While this second spatial imaginary
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lends itself to an absolute, Newtonian reckoning of spacetime, many relational
analytics remain commensurate with this scaffolding.

The ‘data journey’ is a relational metaphor that nevertheless relies on this
second imaginary. Journeys are sequential and like threads can be understood as
linear, circuitous, with a beginning and an end. By observing how data are made
and used in practice, the analytic aim is to ‘situate data across interconnected
sites of practice distributed through time and space, drawing attention to the
movement of data between these sites’ (Bates ef al. 2016: 2; emphasis added).
The metaphor exposes the mediation between differing social worlds. As such,
it is in keeping with the concept of boundary objects. Further, the data journey
is well attuned to the breaks, stoppages and disjunctions captured by Edwards
notion of ‘friction’ (2010) — something that the ‘data thread’ fails to adequately
capture. In foregrounding movement and mobility however, it inevitably requires
a fixed frame of reference.

Whilst academic research in this field has tended to refer to the ‘flow’ of
data within a given context, the term ‘flow’ tends to suggest a disconnect of
data from physical sites of data practice. The concept of a data journey aims
to better locate data in physical space; places which should not be imagined
as ‘self-contained’ units, but as sites constituted in part by social relations
external to their particular locale.

(Bates et al. 2016: 4)

The spatiality of the data journey is one in which data moves from location to
location, intersecting with the complex relations that constitute place.

In incorporating this spatial imaginary into a consideration of the materiality
data however I am left wondering what actually moves. At a technical level, data
are only ever translated, manipulated and visualized with a computer’s interface.
Materially, it is the computer’s memory hardware that stores data as digital rep-
resentations; as voltage on a magnetic strip. These can be physically moved, as
when a USB stick travels within a business person’s suitcase, but it is much more
common that data are sent between locations using network transmission proto-
cols such as TCP/IP. Here, data are broken down into packets and passed along
copper and fibre optic cables in an undetermined manner. But even ‘passed’ and
‘sent’ are metaphorical. What actually occurs, is that the presence or absence of
charge is reinterpreted as the ones and zeros constituting the signal. Electrons do
quite literally flow along cables, however I do not think this is what is meant by
the mobility of data. More accurately, copies of data can be found fragmented and
dispersed at any number of intermediate switches, routers and servers between
the origin and the destination of a data transmission. The ‘data journey’ does not
really capture this — even less so the ‘data thread’. What these metaphors do con-
vey is the more abstracted and relational movement of data; the way in which they
are incorporated into material-discursive practices which take place. The fractious
flow of the materialities of data suggests that the Newtonian imaginary may not
adequately capture the spatiality of data.
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In keeping with my effort to decentre the human observer, I want to develop
what the first spatial imaginary outlined above might mean for data threads. What
is important here is not the unbroken linearity of data nor the spaces which pre-
cede and envelope them. Rather, what I want to highlight are the spacetimes that
are enacted by data practices, or more accurately, with which they are constituted.
Barad (2007) offers a metaphysics in which the material and the discursive are
formed through unfolding spacetimematter manifolds. She uses a metaphor of
dough to help explain this:

Imagine putting drops of colored dyes into a piece of bread dough. As you
knead the dough, the dyes spread out in different patterns of entangled lines
and surfaces. . . . Take a different kind of dough and make a different mani-
fold with different lines, surfaces, and volumes of color. Intermingle the
dough pieces: new entanglements form, new possibilities emerge.

(p- 439)

The spread of the dyes through the dough, used to visualize the entanglements of
matter and meaning within a phenomenal enactment, is consistent with my use of
data threads. As we follow data through their permutations and calculations they are
caught up in all sorts of strange and unanticipated matterings. These are produced
along with spacetimes that reiterate and reconfigure the world — in my example infant
mortality data in the city of Toronto. This is an inversion of Newtonian spatiality.
Everything of concern is moving in and through the manifold but this is principally a
relational space. Movement observed in the frame of absolute space (i.e. any journey
between pre-existing and apparently stable locations) is ancillary to this.

The metaphoric use of data threads begs extension. We might imagine data
knots, frays, breaks or loosenings in line with Edwards (2010). Or perhaps the
warps, wefts and weaves outlined by Ingold (2007) might prove useful to other
studies of data. Threads are a fundamentally relational conceptualization, not only
in their entanglement of matter and meaning, nor in their fully relational spatiality,
but also in the communities of association and dislocation they usher forth.

Conclusion

In this chapter I have introduced the concept of data threads, used them to fol-
low the material and discursive construction of infant mortality data in Toronto,
and explored theoretical positions that underlie them. I hope that this has proven
interesting (or at least, not boring) and might prove useful to other researchers.
In making a commitment to the diffractive reading of matter and meaning, hope-
fully the notion of data threads opens up, rather than forecloses or obscures, thick
descriptions of data.

In developing the concept of data threads I have drawn inspiration from actor-
network theory, feminist technoscience, and the ways in which these literatures
have been adopted by geographers. By closely observing the everyday work of
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scientists, technicians and engineers, these approaches move between naturalist
and relativist accounts of science, describing scientific knowledge as constructed
in practice. They take seriously the agency of nonhuman actors and attempt to
break down the spatial structures of scale that are too easily assumed by more
structuralist enquiry. Their weakness is that as they decentre and move away from
human worlds they lose the capacity to argue convincingly in that register. The
ethics that emerge are far less familiar and grandiose.

Data threads promise a way to draw attention to the bracketing-off of the mate-
riality and material practices that bring about data, as well as the discursive and
ideological regimes that allow them to take form. By foregrounding stories of
inscription, translation and alienation in all their unusual geometries, the term
allows one to denaturalize and perhaps even repoliticize the making of data. From
a methodological perspective, the idea loosens the weave of managerial cultures,
affording researchers the ability to: explore issues of data provenance, licensing
and veracity; follow data threads through their various negotiations and disloca-
tions; and expose the choices which are involved in the bundling and weaving of
threads into a cohesive and strategic fabric of managerial governance. There is a
politics in such a revealing of boring things.
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8 Sticky data

Context and friction in the use of
urban data proxies

Dietmar Offenhuber

Introduction

What makes data meaningful? Is meaning hidden in the values and attributes
of a data set or in the circumstances in which the data were collected and gen-
erated? In his general definition of information, philosopher Luciano Floridi
(2011) describes information as data plus meaning, referring to a single datum as
a lack of uniformity in the broadest sense. This definition implies that a data set
by itself is not necessarily meaningful, since well-formed data can be generated
from random numbers devoid of meaning. Only the imperfections of a random
generator lead to biases and artefacts that can become meaningful when forensi-
cally analysed for breaking codes or identifying machines.

How does meaning emerge from data? A reasonable assumption would be that
meaning is grounded in the numbers and symbols in a data set and the extent
to which they serve as a useful representation of a phenomenon in the world.
However, many scholars in the humanities will also point to the circumstances
and conditions in which data were collected and which are usually not com-
pletely represented in data and metadata records. They remind us that data are
already interpreted expressions (Drucker 2011), always already cooked, never
raw (Bowker 2005: 183; Gitelman 2013). If data are understood as systematic
observations that have been symbolically encoded and stored in some material
form, it becomes clear that assembling a data set involves many human decisions.
These decisions concern the aspects of a phenomenon to be observed, the method
of observation, the rubrics and classification systems to encode the observations,
and finally, how these encodings are to be stored or transmitted in a physical
medium. Some of these decisions might have been provisional, and their justifica-
tions might have been forgotten once the collection mechanism is in place. When
the circumstances of data generation are lost and we only have a data set without
contextual information, we might end up with little in our hands.

Cities and public institutions generally keep accurate documentation speci-
fying the circumstances under which they collect, encode and store their data
records. But this is not always the case when data are the by-product of auto-
matic mechanisms, or collected by private companies, who do not disclose their
data sources and methods. The value of data is also diminished when data and
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metadata are separated, as we are beginning to see in open data portals, where
data sets are often presented without explanation of their institutional context.

Analysts, administrators and the public might not always be aware of the implicit
assumptions embedded in a data set and tempted to take data at face value. For
example, block-level socio-economic data from the American Community Survey
(ACS) is frequently used without considering the significant error ranges resulting
from the small sample size, conveniently ignoring the values in the error column.
In many cases, however, researchers are very familiar with these issues, but choose
to live with the limitations, biases and uncertainties of a data set in the absence of
more reliable sources. Coining the phrase ‘data friction’, historian Paul Edwards
describes the struggles that ensue when attempting to move data and metadata
from one format, organization, scale or context to another (Edwards 2010).

Data frictions concern all forms of data, including those relating to cities and
urban life, and manifest in various ways. Due to different definitions of, for example,
metropolitan areas, data sets from international agencies such as the UN and
the World Bank often remain incompatible. Even within the same institution,
methodical details can change over time and lead to data frictions. Such is the
case in the US Census, where changing geographic boundaries require consider-
able effort to harmonize data from different decades.! Finally, the assumptions
and definitions underlying urban data can be shaped by political agendas that are
not always obvious (Litman 2014).

Despite these difficulties and limitations, data sets, once collected, can develop
a life of their own, and may become useful in ways initially not anticipated. After
all, if the value of data were strictly determined by the circumstances and original
purposes of data generation, there would be little reason to collect data in the first
place. Besides the internal, also the external context is relevant: how observations
relate to various phenomena in the city beyond those of immediate interest to the
observation. The use of proxy data allows studying issues indirectly through data
describing related phenomena. Considering that social science works with abstract
constructs that usually cannot be directly observed, one could argue that most urban
data sources are in some sense data proxies. Like data, proxies are imperfect by defi-
nition, representing some aspect of a phenomenon, omitting others, often conflating
multiple issues that are hard to disentangle.

Twitter as sticky data

Among social media services, Twitter has become a favourite data source for
investigating a broad range of urban phenomena. Several reasons explain this pop-
ularity: tweets are a public form of communication, programmatically accessible
through a public AP1.? The data are well-structured, available in large quanti-
ties and easy to process even for researchers with limited technical background.
Twitter is a medium that is widely used on mobile devices in a variety of different
social contexts, activities and situations. Containing annotated textual content of
a defined length, a timestamp and sometimes a geographic location, tweets lend
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themselves to quantitative, qualitative and spatial modes of analysis. Due to all
of these properties, Twitter has been used as a proxy for studying a broad range
of phenomena. In the domain of urban research, studies that take advantage of
Twitter data can be categorized into three groups depending on how the research
objective relates to the context of data generation.

The first group includes studies that investigate Twitter in its original role as
a social platform instead of using it as a proxy and focuses on its communication
processes as they take place in physical space. This group includes analyses of
topics discussed on the network and their spatial (Lansley and Longley 2016)
and temporal structures (Naaman ef al. 2012). Subjects include social network
and community formation, attitudes and sentiments (Hollander and Renski 2015),
representation of identity (Bailey 2016), or the use of the platform for activism
and collective action (Jackson and Foucault Welles 2016). Also the use of Twitter
as a mode of surveillance falls into this category.

The second group uses Twitter as a proxy for communication, interaction or
information production in a broader sense. It investigates spatial phenomena
that previously could not be studied due to unavailable data or were limited
to small-scale qualitative studies. This group includes studies investigating the
perception of neighbourhood boundaries (Wakamiya et al. 2013), the spatial
distribution of languages (Hong ef al. 2011) and regional dialects (Huang et al.
2016), as well as the global cultural boundaries inferred from these distributions
(Mocanu et al. 2013). Conversely, this group also includes work that investi-
gates the blind spots or absences of information production, for example as a
proxy for the inequalities of digital labour (Graham 2014).

The third group of studies uses Twitter data as a proxy for phenomena not
directly related to communication, for example, to estimate where people are at a
given moment. In this case, Twitter is often merely a choice of convenience, inter-
changeable with any other location-based media service capable of generating
time-stamped geotags. In this group, Twitter data are often used in conjunction
with other data sources to describe and predict phenomena that were previously
modelled through other means. The group includes studies of the demographic
structure of urban populations (Longley et al. 2015), estimations of the number
of pedestrians in public space (Lansley 2014), predictions of influenza infections
(Broniatowski et al. 2013), transport behaviour (Hawelka ef al. 2014; Wang and
Taylor 2016), or land use (Frias-Martinez and Frias-Martinez 2014).

While the first two approaches are directly or indirectly related to the con-
text of online communication, the third group uses Twitter as an opportunistic
data source unrelated to its purpose. In this third group, questions of validity
and accuracy become especially pertinent, as data from different sources need to
be aligned and inherent biases have to be controlled for. However, this does not
always happen — issues of internal validity of Twitter data are ignored in many
studies (Perng et al. 2016).

At present, it seems that data from Twitter and other social media sources
resist the appropriation as data proxies. Many studies share a similar conclu-
sion: due to the limitations of the data source no significant results can be
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reported at the moment, but great future potential is to be expected.® Social
media platforms are used in a multitude of different contexts by different user
groups with a demographic composition that is poorly known and constantly
changing. The inequality in the use of social media among the various urban
neighbourhoods is bigger than the inequality along socio-demographic and
economic dimensions (Indaco and Manovich 2016).

Twitter data seem to be sticky — to introduce a provisional characterization —
meaningful when discussed in their original context, but difficult to separate from
this context, requiring the use of sharp statistical instruments. Tweets are mean-
ingful in their own right, but it is not clear which aspects of Twitter data can be
extrapolated or generalized. Even as a proxy for human presence, the local context
remains sticky, inseparable from the data. Eric Fisher’s maps that compare where
in major cities people tweet and where they take pictures show distinct spatial pat-
terns that can only be explained by the motivations for using the medium in a given
situation.* People tend to take photos rather than tweet on the Golden Gate Bridge
or the Alcatraz Island, but they tend to tweet rather than take pictures in suburban
residential neighbourhoods. These are interesting, perhaps generalizable find-
ings, but they also generate significant data friction. Stickiness does not prevent
marketers, entrepreneurs or social activists from using Twitter data, but for urban
researchers it is important to consider how each aspect of Twitter data set relates to
different phenomena in the city and devise methods to disentangle those aspects.

OLS city lights as non-sticky data

Other data sources, however, seem to involve less friction and serve as relia-
ble proxies for phenomena that are seemingly unrelated to the original purpose
of data collection. A case where a data set has entirely transcended its original
context is the accidental history and the widespread use of satellite mosaics
generated from the Operational Linescan System (OLS) of the US Air Force’s
Defense Meteorological Satellite Program (DMSP). The satellite composites,
provided by the National Geophysical Data Center of the US National Oceanic
and Atmospheric Administration (NOAA) for every calendar year since 1992,
contain the brightness levels of nocturnal city lights, accompanied by the flares of
oil and gas fields, wildfires and the lights of fishing fleets.’

During the past 20 years, OLS/DMSP data have become a ‘workhorse’ for
geographers and economists alike. The radiance values from the satellite mosa-
ics have found their way into data sets and studies that estimate population
density (Sutton 1997; 2003), urbanization and suburban sprawl (Campanella
2012; Sutton 2003), economic productivity (Henderson et al. 2009), rural
poverty (Jean et al. 2016; Elvidge et al. 2009), resource footprints and electri-
fication rates (Elvidge ef al. 2011), measles outbreaks (Bharti ef a/. 2011) and
average wages (Mellander et al. 2013).

Considering the range of phenomena the night-time city lights data have been
used to predict and explain, it is remarkable that even the capability of recording
city lights was an accidental by-product of a system designed for different purposes.
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The Defense Meteorological Satellite Program was launched in 1961 by the US Air
Force after it became clear that an effective photo-surveillance by satellites require
an accurate prediction of cloud cover over the target area (Hall 2001). At the time,
photo-reconnaissance satellites depended on photographic film, which had to be
arduously recovered from re-entry capsules (‘film-buckets’) dropped from the sat-
ellite back to Earth, only to discover, as it was often the case, that the images only
contained clouds.

As detailed by the Army historian Cargill Hall, the development of opti-
cal instruments used for the DMSP satellites involved many iterations, and
led to several discoveries such as the value of the infrared band for detecting
clouds. In 1966, the development of the OLS imaging module started, which
continuously recorded digital luminance data transmitted wirelessly back
to Earth (Hall 2001). A year after DMSP data became available for certain
civilian agencies in 1972, Thomas A. Croft, researcher at the Stanford Center
for Radar Astronomy, expressed his amazement about the images in Nature
magazine: ‘The lights of cities are clearly visible, as are the aurora, surface
features illuminated by moonlight, and fires such as those caused by burn-
ing gas from oil fields and refineries’ (Croft 1973). At the height of the 1973
oil crisis, Croft read the data as a testament to the global waste of energy.
Meanwhile, the army had also found a different use for the city lights — to
locate and calibrate the recorded night-time scenes accurately, and to estimate
the thickness and density of particles in the atmosphere by measuring the dif-
fusion of their contours (Air Weather Service 1974).

By 1977, Croft had compiled a first global atlas of city lights that used meth-
ods for digitization, processing both original films and digital facsimiles, using
pattern recognition to align different viewpoints (Croft and Colvocoresses 1979).
A year later, he published the first global composite of night-time images in the
Scientific American (Croft 1978). In 1992, DPMS data were opened to the gen-
eral public, and the NASA Black Marble illustrations have become one of the
most popular motifs of space imagery.°

Despite its wide use, OLS/DMSP data are limited in many ways. As a proxy
for estimating human presence and activity the data are strongly biased, with
the brightness values for a specific region dependent on many socio-economic,
political and cultural factors. OLS data models therefore always use available
country-level data as controls to allow predictions for places where no such data
are available. Furthermore, since OLS was designed to identify clouds rather than
measure illumination, the brightness values do not allow estimations of luminance
at the source, the values are therefore dimensionless. Fully saturated pixels cov-
ering brightly lit urban agglomerations are a further concern’ as are blooming
artefacts spilling into neighbouring pixels. While the imaging sensor operates
autonomously and stable, stitching the recorded observations together introduces
additional issues that require human decisions. A set of heuristics regulates how
to ensure the best resolution, avoid sun and moonlight and excluding clouds.®
Some of these rules can be implemented algorithmically, such as removing flares
by normalizing brightness over time, others require a human touch, such as the
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identification and exclusion of aurora borealis. Some populated regions are rarely
ever cloud-free, reducing data quality. Studies based on OLS data have managed
to control for some of these limitations; other limitations are accepted simply due
to the lack of alternative sources that have comparable spatial and temporal cov-
erage. For recent years, better alternatives exist. Since 2012, the Visible Infrared
Imaging Radiometer Suite (VIIRS) has superseded the OLS instrument providing
data in superior quality and resolution.’

OLS mosaics are powerful visual artefacts. At first sight, the correlation of
OLS data with human population density appears to be self-evident, yet with-
out additional statistical controls, it is much smaller than expected (Elvidge ef al.
1997). The level of trust inspired by OLS satellite mosaics might be explained by
their obvious realism: their similarity with photographic material from the Apollo
missions and other examples of space photography. However, this assumption of
realism is shaky, as anyone can confirm who has worked with raw satellite scenes,
which usually look nothing like their vibrant published versions. Rob Simmon,
map designer at NASA’s Earth Observatory, eloquently demonstrates that satel-
lite composites are elaborate information visualizations, designed to evoke the
impression of photographs (Simmon 2011). What appears as the translucence of
shallow coastal waters in delicate shades of blue is, in fact, the rendering of a data
set of oceanic chlorophyll activity. The colourful transitions between lush forests
and arid regions were never captured by a photographic lens, but are determined
by carefully crafted colour palettes.

Considering the long way from taking pictures of clouds to measuring urban
economies, OLS data appears to be a non-sticky data source. However, as described
above, its mobilization for research involves a considerable amount of data friction.
The successful use of OLS data as a proxy is only possible because the data source
and its methods are extensively documented and the behaviour of the sensor, with
all its limitations, is well understood — prerequisites for overcoming data friction.'°

Deconstructing stickiness

At first glance, data from OLS/DMSP and Twitter seem to be very different forms
of data. The one an exemplar of mechanical objectivity (Daston and Galison
2007), continuously recording under stable conditions, the other reflecting human
communication in its irreducible richness. On closer inspection, many of these
apparent differences disappear. Data from both sources are indices of human
behaviour, yet on vastly different spatial and temporal scales. OLS feeds and geo-
located tweets both indicate where people are at a given time, each with their
own representations and subject to their own biases. While tweets are initiated
by the user, OLS data sets are not free from ad-hoc human decisions either. Such
decisions involve, for example, trade-offs between cloudless coverage and data
quality for some parts of the globe. The provisional categorization of sticky and
non-sticky data seems increasingly untenable.

Yet, stickiness remains palpable in certain challenges that are unique to social
media, which exist in many different contexts, used by various groups for various
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purposes. While the procedures of generating OLS data are explicated and their
biases are mostly known, less information exists about the demographic composi-
tion of social media users. What is more important, is that the contexts of social
media are not stable but perpetually evolving, as new platforms get adopted and
the use of existing ones evolves. As David Lazer and his colleagues demonstrated
with the example of the declining prediction quality of Google flu trends, a model
that accurately predicts a phenomenon at a given time may quickly become obso-
lete (Lazer et al. 2014). Social media are feedback systems, the behaviour of their
users adapts in response to how they perceive the system (Offenhuber 2014). As
the contexts of data generation on social media platforms are ephemeral, the only
constants are the users themselves. For online marketers, ‘sticky data’ include
user-IDs, email addresses and other indices for personal identification, which
allow them to track users across the multiple contexts of a constantly shifting
social media landscape.'

As proxies for urban phenomena, both data sources offer only partial per-
spectives. They are susceptible to what journalist Joe Cortright describes as
the ‘drunk under the streetlamp’ fallacy, expressed in the dialogue: ‘Did you
lose your keys here? No, but the light is much better here’ (Cortright 2016).
To correct for their inherent biases, both sources require the triangulation with
other data sets. In this context, the law of large numbers, or ‘more trumps
better’ (Mayer-Schonberger and Cukier 2013) is only partially helpful and
should be contrasted with the disclaimer ‘garbage in — garbage out’. Large data
volumes allow for more statistical controls to take biases into account but do
not compensate for missing information. Combining, comparing and integrat-
ing multiple data sources seems the most promising way to go. Many seemingly
unrelated data sources can complete each other as they are already linked in
various hidden ways. This explains why, for example, a survey of noise expo-
sure of a marginalized community can predict the impacts of air pollution on the
same community (Franklin and Fruin forthcoming).

Social media data offer new lenses for observing urban phenomena. They can
complement existing data sources to provide a more fine-grained view into spa-
tial and temporal processes. As cultural expressions, their value and richness go
beyond narrow measures of accuracy of validity. But just as nocturnal city lights
illustrate the unequal distribution of people, the landscape of social media includes
data deserts as well as hotspots of activity. The data footprints of equivalent media
services rarely align. When matching and contrasting the data artefacts of social
media with other sources, the frictions and shifting contexts of data generation
continue to play an elementary role.

The stickiness of social media data resists the operationalization in automatic
pipelines for knowledge extraction and manifests itself in false positives that can
only be identified and resolved by a close reading of the source. This has con-
sequences for the use of big data in urban governance, urban operation centres
and predictive policing — applications that often rely on decontextualized data
and reductive modes of analysis, such as text mining based on trigger words or
dictionary-based sentiment analysis. Ignoring stickiness of context can lead to
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cases where a terrorism suspect identified by unsupervised text analysis turns out
to be the journalist who reported on the issue (Currier et al. 2015). In this sense,
stickiness points to issues of privacy even within the realm of publicly accessible
data sources. As social media scholar Judith Donath notes, privacy fails when
something that is intended for a particular context gets shown in another where it
acquires a different meaning (2014: 212). Ignoring stickiness can also increase the
susceptibility to various forms of manipulation and hacking, such as the practice
of feeding fake information to crowd-sourced traffic systems like Waze in an
attempt to create virtual traffic jams and re-route traffic flows.

The complications of ambiguous data or missing context can rarely be avoided,
since the best proxy is often simply a data source for which no alternative exists.
In the case of OLS data, new remote sensing instruments may allow for more
accuracy and resolution, but lack the historical reach of OLS composites that
cover four decades of global urbanization. Nevertheless, OLS mosaics afford
only a single perspective on urban phenomena that are reflected in many different
representations. Working with stickiness means integrating multiple partial per-
spectives rather than simply relying on a larger amount of data and reducing them
down to the common lowest denominator.

Notes

1 Companies such as Geolytics provide harmonized data products based on the US census.
For more information, see http://www.geolytics.com.

2 Acronym for application program interface, a set of defined methods for accessing data
automatically through scripts or programs.

3 It should be noted that the number of active Twitter users has stagnated over the past
few years. See for example, http://www.statista.com/statistics/282087/number-of-
monthly-active-twitter-users.

4 For his See Something or Say Something project, see http://www.flickr.com/photos/

walkingsf/sets/72157627140310742/.

For further information, see http://ngdc.noaa.gov/eog/dmsp.html.

See http://earthobservatory.nasa.gov/Features/NightLights.

The island of Singapore, for example, appears as a fully saturated blob of light in all

yearly mosaics since 1992.

8 See http://ngdc.noaa.gov/eog/gcv4 readme.txt.

9 See http://jointmission.gsfc.nasa.gov/viirs.html.

10 See for example: http://ghrc.nsstc.nasa.gov/uso/ds_docs/ols/ols_dataset.html.

11 See for example: http://www.towerdata.com/blog/what-is-sticky-data-and-why-do-i-need-it.
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9 Urban data and city dashboards

Six key issues

Rob Kitchin and Gavin McArdle

Introduction

In this chapter we examine six key issues with respect to how we come to
know and manage cities through urban data and city dashboards. We seek to
provide an agenda for critically reflecting on urban dashboards by examining
six related questions:

How are insight and value derived from city dashboards?
How comprehensive and open are city dashboards?

To what extent can we trust city dashboards?

How comprehensible and useable are city dashboards?
What are the uses and utility of city dashboards?

How can we ensure that dashboards are used ethically?

AN kAW~

We start, however, by answering a more prosaic question: what are city dashboards?

City dashboards use visual analytics — dynamic and/or interactive graphics
(e.g. gauges, traffic lights, meters, arrows, bar charts, graphs), infographics and
icons, maps, 3D models and augmented landscapes — to display and communi-
cate information about the performance, structure, pattern and trends of cities. In
effect, key data about cities — related to urban systems and infrastructure, society,
economy, environment, population, etc. — are displayed on a screen, updated as
new data are released and, in many cases, can be interacted with (e.g. selecting,
filtering and querying data; zooming in/out, panning and overlaying; changing
type of visualization or simultaneously visualizing data in a number of ways)
(see Figure 9.1). In some cases, key data are ‘consolidated and arranged on a
single screen so the information can be monitored at a glance’ (Few 2006: 34).
Analytical dashboards are more extensive in scope and are hierarchically
organized to enable a plethora of interrelated dashboards to be navigated and
summary-to-detail exploration within a single system (Dubriwny and Rivards
2004). Both types of dashboard are common in urban control rooms, but they
are also increasingly being displayed in mayor’s offices and public buildings and
made accessible to the general public via dedicated websites.

Typically, city dashboards display seven kinds of data. First, public admin-
istration data generated by local government, state agencies and government
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departments (e.g. housing, planning, education, welfare records, budget infor-
mation). Second, official statistical data typically generated through surveys
(e.g. a census or household/business surveys) undertaken by a national statisti-
cal institution or compiled from public administration data. Third, operational
data concerning the delivery of services by local government or specific agencies
(e.g. road usage or repair, the collection of garbage). Fourth, scientific data relating
to environmental conditions (e.g. weather, water levels, pollution, noise). Fifth,
crowd-sourced data provided by citizens (e.g. reporting incidents). Sixth, locative
and social media data (e.g. geo-referenced data from social media, such as Twitter,
accessed via APIs). Seventh, derived data — that is, data that are created by combin-
ing and analysing the other six types of data (e.g. composite indicators, forecasts/
predictions, benchmarks). Typically, most data within city dashboards — especially
of the analytical variety — are traditional in their ontology. That is, they are sampled
data generated on a set schedule (e.g. monthly, annually). Increasingly, however,
city dashboards are incorporating big data, especially with respect to operational
and scientific data. That is, data that are produced in real-time by sensors, actua-
tors, meters, transponders, cameras and computational devices, but also through
crowd-sourcing and locative and social media.

The use of urban indicator and city dashboard projects have grown in use
since the early 1990s, driven by: the rise of new managerialism and the desire
to reform the public sector management of city services; citizen and funder
demands for evidence-based decision-making; the calls for open data to provide
greater accountability and transparency of service delivery; and the development
of smart city initiatives that seek to develop data-driven urbanism (Innes and
Booher 2000; Holden 2006; Behn 2014; Kitchin et al. 2015). City dashboards
are becoming increasingly popular with city governments and agencies because
they collate diverse sets and streams of indicator and big data into one system
and provide tools to visualize, query and analyse them. In particular, they allow a
user to track and compare over time and space, and in the case of real-time data,
the here-and-now, of different phenomena. As such, they permit the following
questions to be answered: how is the city performing with respect to key con-
cerns? What are the spatial/temporal patterns of different phenomena? How do
different parts of the city compare or how does a city compare with other cities?
What is happening in the city right now?

To date, city dashboards have received little critical attention. In the remain-
der of this chapter we consider the epistemology, scope and access, veracity and
validity, use and utility, usability and literacy, and ethics of city dashboards. Our
analysis draws on an engagement with the wider literature and our own experi-
ences of building the Dublin Dashboard, an analytical dashboard for the city.

Epistemology

What are the underlying scientific assumptions of city dashboards? How do dash-
boards work to generate insight and value? These are epistemological questions.
Dashboards utilize visualizations and visual analytics in order to make data about
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a city legible and interpretable. Visualizations have long been used to summarize
and describe data sets because they effectively reveal and communicate the struc-
ture, pattern and trends of data and their interconnections. Digital visualizations
can also be used to navigate and query data, enabling users to gain an overview
of the entire data set, zoom in on items of interest, filter out uninteresting data,
select and query an item or group of data, view relationships among data, and
extract sub-collections (Shneiderman 1996). These actions are particularly use-
ful for making sense of very large data sets, revealing structure, clusters, gaps
and outliers that might otherwise remain hidden. Visualizations can also be used
as a form of analytical reasoning. Here, a visualization is not simply describing
or displaying the data, but is used as a visual analytical tool to extract informa-
tion, build visual models and explanation, and to guide further statistical analysis
(Keim et al. 2010). Often several different types of visual graphics are used in
conjunction with each other so that the data can be examined from more than one
perspective simultaneously. In addition, data mining and statistical modelling,
such as prediction, simulation and optimization, can be performed and outputted
through visual interfaces and outputs (Thomas and Cook 2006). In the context of
city dashboards, this epistemology is framed within the emerging field of urban
informatics (Foth 2009) and urban science (Batty 2013).

Visual analytics, urban informatics and urban science — and thus city dash-
boards — adopt a realist epistemology that supposes the existence of an external
reality which operates independently of an observer and which can be objec-
tively and accurately measured as quantitative data and be tracked, statistically
analysed, modelled and visualized to reveal the world as it actually is. In other
words, urban data can be abstracted from the world in neutral, value-free, objec-
tive and mechanical ways and are understood to be essential in nature; that is,
representative of that which is being measured (they faithfully capture its essence
and are independent of the measuring process) (Desrosicres 1998; Porter 1995).
And these data when analysed in similarly objective ways reveal the truth about
cities. As such, dashboards have scientific utility because they seemingly trans-
late the messiness and complexities of cities into rational, detailed, systematic,
ordered forms of knowledge; they enable a city to be known and explained and
to assess how it is performing in a neutral, comprehensive and common-sense
manner (Mattern 2014; Kitchin et al. 2015).

Such a framing has been criticized for being too closely aligned with positiv-
ist thinking, being reductionist, mechanistic, atomizing, essentialist, deterministic
and parochial, collapsing diverse individuals and complex, multidimensional
social structures and relationships to abstract data points and formulae (Mattern
2013; Kitchin ef al. 2015). It also wilfully ignores the metaphysical aspects of
human life which are difficult to capture as data suitable for inclusion in a dash-
board and generally ignores the role of politics, ideology, social structures, capital
and culture in shaping cities (Kitchin 2014b). Indeed, they generally deal with
facts, not with intangibles, processes, and complex, multi-scalar phenomena,
and if used in isolation they decontextualize a city from its history, its political
economy, the wider set of social, economic and environmental relations, and its
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wider interconnections and interdependencies that stretches out over space and
time (Craglia et al. 2004; Mori and Christodoulou 2012).

Moreover, it has been contended that city dashboards do not simply present
urban data, but actively produce meaning, generating new visions and under-
standings of a city that re-shape policy formulation and decision-making. As
such, a dashboard is not simply a mirror of a city (with varying levels of meth-
odological imperfections and noise), but acts as a translator by setting the forms
and parameters for how data are communicated, interpreted and acted upon
(Kitchin et al. 2015). This translation is ideologically framed and inherently
political, reflecting design decisions framed within its development context
(Kitchin et al. 2016). Their makers might envisage them as detached, passive,
neutral scientific instruments that communicate the world as is (as can best
be scientifically measured, processed and analysed), or recognize their issues
and practise a form of strategic essentialism, but dashboards are the product
of the ideas, instruments, practices, contexts, knowledges and systems used to
generate, process and analyse them and they actively frame and do work in the
world (Kitchin 2014a; Kitchin ef al. 2015). They are underpinned by normative
assumptions about what should be measured and what should be revealed.

This epistemological critique is not to say that city dashboards do not
produce valuable insights or are not useful. As noted above visual analytics
do produce interesting knowledge about cities and, as discussed below, this
knowledge can be deployed in the management and governance of cities. But
it is to say that dashboards are not objective, neutral mirrors of cities and need
to be understood as producing a particular kind of knowledge that has a num-
ber of shortcomings and silences that need to be appreciated and taken into
account. As the following sections document, these limitations extend beyond
epistemology.

Scope and access

How comprehensive and open are city dashboards? The first part of this question
concerns the scope of the data included in a city dashboard. The second concerns
the extent to which a dashboard and the data it displays are open to dashboard
builders and the wider public.

In general, dashboards process and display factual, quantitative data; that is,
data such as counts, rates, monetary value and scientific measurements that are
numeric in format. Much of these data are generated recurrently meaning they can
be tracked over time/space and are thus termed ‘indicator data’. Indicators can be
direct in nature (e.g. measuring R&D spend to reflect investment in innovation) or
indirect (e.g. using a proxy, such as the number of patents registered). Composite
indicators combine several indicators using a system of weights or statistics to cre-
ate a single value, recognizing that most phenomena (e.g. social deprivation) are
interrelated and multidimensional and cannot be captured through a single meas-
ure (Maclaren 1996). Similarly, urban big data are generally structured, recurrent
quantitative measures.
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The scope of the data that dashboards display is thus limited. This means that
there is an enormous amount of information about cities that are not displayed in
city dashboards. Indeed, as noted, there is a diverse range of everyday activities,
forms of urban living, and the nature of the human urban condition that are dif-
ficult to capture as indicator data. There are also significant gaps and silences in
the data that are displayed. Quantified measures are typically narrowly defined,
sampled and non-exhaustive (do not represent all people, places, times) and aggre-
gated (variance is suppressed). Even with big data it is important to appreciate
that there remains, and will continue to remain, an unevenness in the deployment
of technologies that generate them (e.g. not everyone has a smartphone or uses
smart cards). In addition, there are data sets that are chosen not to be included,
for example, data that are considered to be politically sensitive or embarrassing
(e.g. homelessness or service delivery performance). Further, those data that are
used are strongly shaped by the technologies and instruments (e.g. the quality and
calibration of a sensor) used to generate them which prescribe their parameters
and form.

A second limitation concerns access and whether the data that are generated
are available for re-use. Up until recently all forms of data used within city dash-
boards have been relatively difficult to access. Government data were typically
locked inside institutions and when made available their use was restricted by
cost, copyright and licensing arrangements (Kitchin 2014a). This situation is
starting to change with the move to open data, though it is clear that the level of
openness varies across administrations and places (Lauriault and Francoli 2016).
Data generated by private institutions continues to be a valuable asset and is gen-
erally not available for use without a licence — consequently much of the deluge
of urban big data is not available for city dashboards (though some companies
enable a limited amount of data to be accessed through an API). And when public
institutions are privatized, their data are often similarly privatized and become
closed (see Chapter 5).

Even when data are available there are often issues related to data measure-
ment (e.g. different agencies using alternate instruments, sampling strategies
or classification schemes), data formats and media (e.g. data being released in
alternate file types or forms difficult to process such as pdfs), metadata (that is,
data about the data concerning lineage, characteristics and quality, which are
often missing), data standards (e.g. different agencies using alternate data and
metadata standards), lack of methodological guides or data dictionaries to define
categories and explain codes, and modes of sharing (e.g. different forms of API).
This can make it tricky to process and manage data and to compile comparable
and interoperable data sets.

Further, the dashboard itself might not be openly accessible, being used
operationally by an organization but not shared publicly. And in cases where the
dashboard is made publicly available, the underlying data might not be open to
access for re-use, only being presented for viewing/analysis. In some cases, this is
because the framework data (e.g. base maps) are used under licence (which might
be the case if the base mapping data are sourced from a national mapping agency)
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or because the attribute data (e.g. indicators) are. Similarly, the software used to
create the dashboard might be propriety (produced by a company and used under
licence or provided as a service) or be open source. The Dublin Dashboard, for
example, presently uses a mix of open and propriety software tools. All of the city
dashboards we are aware of have a closed form of development and governance,
meaning that how they are formulated, their underlying algorithms, data sources
and how they are run has limited scrutiny.

Veracity and validity

To what extent can we trust city dashboards? This question refers to data qual-
ity and veracity, the appropriateness of the methods used and the validity of the
analysis produced by and interpretation drawn from a dashboard.

A common warning related to data analysis is ‘garbage in, garbage out’.
In other words, if the data used in a dashboard have little veracity, then the
analysis presented has little validity. All data sets contain instrument and human
error and bias; generating data always involves a process of abstraction (captur-
ing particular measurements from the sum of all possible data), representation
(converting what is being measured into a readable form; e.g. numbers, a wave
pattern, a scatterplot, a stream of binary code, etc.), and often generalization
(e.g. into a set of categories) or calibration (transformation to compensate for
suspected error/bias). They are produced and shaped by technical instruments of
varying specification and parameters, handling procedures, scientific norms and
standards, scientist behaviour and organizational processes. While a fact seems
immutable it is important to note that they are produced, not simply measured
(Bowker and Star 1999). For example, how unemployment is calculated varies
across jurisdictions and changes over time, with each new formula producing
a different rate. Calculating the population of a city seems straightforward but
varies depending on who are selected for inclusion/exclusion (e.g. seasonal
migrants) or where the boundary of the city is drawn. Likewise, altering the
relative weightings of data in composite indicators can have a profound effect
on the resulting score (Gruppa and Mogee 2004). There are then with every data
set concerns about data veracity and quality.

Ideally, these concerns should be minimized through well designed and tested
processes of data generation and handling and be documented so that others
using the data are aware of any issues (McArdle and Kitchin 2016). Indeed,
the importance of reporting data quality is recognized by all scientific bodies.
For example, the International Cartographic Association (ICA) details seven key
data quality metrics that should be documented in relation to spatial data (which
are often used in city dashboards) (Guptill and Morrison 1995):

Lineage: The history of the data including details of the source material and
any transformations or processes applied in order to produce the final data.

Positional accuracy: An indication of the horizontal and vertical accuracy of
the coordinates used in the data, both to absolute and relative locations.
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Attribute accuracy: The accuracy of the quantitative and qualitative data
attached to the spatial data.

Completeness: The degree to which spatial and attribute data are included or
omitted from the data sets. It also describes how the sample is derived from
the full population and presents the spatial boundaries of the data.

Logical consistency: The dependability of relationships within the spatial data.

Semantic accuracy: The quality with which geographical objects are described
in accordance with the selected model. Semantic accuracy refers to the per-
tinence of the meaning of the geographical object rather than its geometry.

Temporal data: The date of observation, the type of update and the validity
period for the data.

Data quality issues are also mandated by several ISO standards, such as ISO 19115-
1:2014 and 19157:2013. These standards do not indicate acceptable thresholds for
data quality, but rather mandate the metadata that needs be generated with respect
to data veracity in order to receive the standard (McArdle and Kitchin 2016).

Despite big data being known to be messy and dirty in nature (Mayer-
Schonberger and Cukier 2013), some have argued that using big data does not
require the same standards of data quality and veracity as traditional data because
the exhaustive nature of the data set removes sampling biases and compensates
for any errors, gaps, inconsistencies or weakness in the fidelity of the data. For
example, Mayer-Schonberger and Cukier (2013: 13) contend that ‘more trumps
better’. Helland (2011) suggests that with very large data sets ““good enough” is
good enough’. And Franks (2012: 211) argues that big data just needs to be ‘clean
enough data’. But what is good enough or clean enough data? And can we trust
such data to underpin critical decisions about city policy, investments and public
safety? What we really require is big data to have the same levels of veracity as
traditional data sets, to have and comply with their own ISO standards, and for
this information to be available as metadata. At present, such veracity measures
cannot be determined for big urban data.

In fact, it is difficult to establish the veracity of much of the data that are made
available through open data sites and displayed in city dashboards. This is because
the data used in city dashboards have no or limited data quality metadata, or such
metadata is not shared. Nor do they detail the process through which raw data
are manipulated for publication. For example, the Dublin Dashboard includes no
metadata beyond source and timeliness. One is simply asked to trust that the data
have veracity and validity.

Similarly, one is also asked to trust that the visual analytics and any calcula-
tions and modelling undertaken are valid. As most methods textbooks highlight,
it is relatively straightforward to either unintentionally or deliberately lie or
mislead with statistics and maps. How data are transformed and presented can
make a significant difference to how they are interpreted. Ecological validity
concerns the legitimacy of making inferences based on the outputs presented.
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1. Electoral Divisions (EDs), 11 in Study Area 2. Enumerator Area (EAs), 56 in Study Area

3. Small Areas (SAs), 237 in Study Area Modifiable areal unit problem (MAUP)
Study Area: Tallaght, Dublin
Housing Vacancy Rate, 2011
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Figure 9.2 Mapping the same data at three different administrative scales.

One of the most common types of ecological fallacy created within city dash-
boards is the Modifiable Areal Unit Problem (MAUP) (Openshaw 1984), wherein
the statistical geography used to display aggregate data can have a marked effect
on the pattern of observations. For example, Figure 9.2 displays the same hous-
ing vacancy data in three statistical geographies, producing varying patterns
and interpretation. Likewise, altering the classification boundaries, or altering
the number of classes, can have a similar effect. In other words, it is possible to
draw very different conclusions depending on how the data are aggregated and
presented. Similarly, the choice of analytics and models, and the selection and
tweaking of parameters within them, can produce markedly different results. Yet
how a calculation or model is formulated is often black-boxed, meaning that its
workings are not made available to others to assess or to replicate. In these cases,
users are asked to trust that the analytics are producing valid analysis which leads
to sensible interpretation.

Usability and literacy

How comprehensible and useable are city dashboards? There is an assumption
that city dashboards — especially those that are publicly available — enable a suite
of urban data to be explored, analysed and interpreted in an easily digestible and
intuitive way without the need for specialist skills or knowledge. In part, this is
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because the systems are point-and-click in nature and require no knowledge of how
to produce interactive, dynamic graphics, maps or analytics. There are three issues
here — navigation of site, use of tools, and data, analytics and visualization literacy.

For a city-at-a-glance dashboard navigation is straightforward. However, for
an analytical dashboard that contains a number of modules navigation around
the site and finding pertinent data and analysis can be more tricky. The Dublin
Dashboard, for example, had 56 sub-modules at the time of writing, some that uti-
lize hundreds of data variables (e.g. census mapping modules). At present, there
is no detailed site map or data directory. There is also no deep sense of navigation,
and there are search and browse issues as there has been no detailed user-testing.
In terms of the tools presented, the Dublin Dashboard utilizes a number of differ-
ent software data visualization and mapping programmes. It is sometimes not at
all clear how to display data, change to new data layers, perform analysis, interact
with data, etc. Nor are there any user guides to explain how to undertake different
tasks. Again, there has been no user requirement or user testing analysis. This is
not uncommon for city dashboards or open data sites. What this means is that city
dashboards provide a sub-optimal experience for non-specialist users and their
full utility is not being realized by most citizens and decision-makers alike.

Dashboards assume that their users understand what data are being presented
(and to take into account issues of formulation, error/bias, etc.), can make sense
of and validly interpret various forms of visualization and maps, and understand
any analytics being undertaken. This, however, is not the case, and data, analytic
and visualization literacy are highly variable across the general public, but also
specialist users such as planners and policymakers. This is especially the case
for analytics such as modelling where it is not clear how the model is calculated
or what the output means. For example, in the case of Boston’s City Score, the
user is presented with a table of numbers, updated daily, that denote how well
the city is performing in relation to a number of tasks (Figure 9.3; www.boston.
gov/cityscore). In the accompanying text the viewer is told that a number above 1
means a target is being exceeded, whereas below 1 the service is deficient and will
be reviewed. However, there is no detailed information on what the tasks being
monitored are, with several unexplained acronyms, and no information on the
form and veracity of underlying data or how the scores are calculated and targets
are set. It is therefore quite difficult to interpret the information presented.

Uses and utility

What are the uses and utility of city dashboards? City dashboards are used in three
main ways: for monitoring performance and managing urban services; for contextu-
ally understanding and formulating policy; and for creating public knowledge and
producing counter-narratives. In addition, they can be used tactically (e.g. for delay-
ing a strategy, substitute for action, deflect criticism), symbolically (e.g. to provide
reassurance or place promotion), politically (e.g. ammunition to support a particular
position) (Hezri 2004), and if the data within them are open they can help facilitate
and promote an open data economy and produce transparency and accountability.
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Figure 9.3 Boston City Score.

The realist epistemology that underpins the logic and workings of city dash-
boards promotes an instrumental rationality in which cities can be steered and
managed through a set of data levers and analytics and that urban issues can be
solved through a range of technical solutions (Mattern 2013; Kitchin ef al. 2015).
Here, city dashboards are used to: monitor and guide operational and policy prac-
tices with respect to specified targets; provide evidence of the success or failure
of programmes and policies; discipline and reward performance; guide the devel-
opment of new strategies; and shape spending patterns (Craglia ef al. 2004; Behn
2014). An example of such an approach is Baltimore’s use of CitiStat. Every
week the mayor and city managers meet in a specially designed room using dash-
boards to review performance and set new targets for the city as a whole and for
each department (Gullino 2009). This approach has been adopted in whole or part
by a number of other US cities. For critics, this instrumental rationality promotes
a technocratic form of governance that: forecloses other modes of governance and
other forms of knowledge (such as phronesis — knowledge derived from practice
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and deliberation; and metis — knowledge based on experience) (Parsons 2004);
fails to recognize that cities are complex, multifaceted, contingent, relational sys-
tems, full of contestation and wicked problems that are not easily captured or
steered (Kitchin e al. 2015); and that urban issues are often best solved through
political/social, public policy and public investment solutions and citizen-centred
deliberative democracy rather than technical fixes (Kitchin 2014b).

In contrast, some municipalities use dashboards in a more contextual way.
Here, it is recognized that cities are not mechanical systems that can be disas-
sembled into its component parts and fixed, or steered and controlled through
data levers. Instead, systems and governance are understood as complex and
multi-level in nature, and the effects of policy measures are diverse and mul-
tifaceted, and neither is easily reducible to targets and performance metrics
(Van Assche et al. 2010). Indicators highlight trends and potential issues, but
do not show their causes or prescribe answers. Conceived in this way city dash-
boards provide useful contextual data — that can be used in conjunction with
other data and initiatives — but are not used in a strongly instrumentalist, mecha-
nistic way to direct management practices (Kitchin ez al. 2015). A longstanding
example of such an approach is that employed within Flanders, Belgium, where
since the late 1990s a number of cities have employed a common City Monitor
for Sustainable Urban Development, consisting of nearly 200 indicators, to pro-
vide contextual evidence for policymaking (Van Assche ef al. 2010). The Dublin
Dashboard follows this model. Nonetheless, in both managerial and contextual
uses of dashboards, they are viewed as providing a stronger evidential base for
city management than anecdote and occasional studies.

In cases where a city dashboard is publicly accessible it is hoped that it
provides the same kinds of utility as open data in general — that is, it enables
transparency, accountability and participation by providing the public with the
data and the tools to extract insight and value from these data (Kitchin 2014a).
In other words, it allows citizens to evaluate the work of city agencies in provid-
ing services and managing and governing the city, and it allows them to take
an active role in contributing to evidence-informed debate and policymaking
and to produce counter-narratives to those produced by authorities and other
vested interest groups. Here, open city dashboards work to democratize the abil-
ity to produce information and knowledge, rather than the power of data being
confined to its producers and those in a position to pay for data and tools.

Ethics

How can we ensure that dashboards are used ethically? There has been a lot
of concern with respect to the generation and use of personally identifiable
information (PII) in the big data age, including those generated by smart city
technologies (Kitchin 2016). However, city dashboards display aggregate and
anonymous data or data that concerns a system rather than people. As such, ethi-
cal issues related to PII, such as individual level privacy and predictive privacy
harms, are generally not pertinent. That is not to say that there are no ethical
issues arising from city dashboards.
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The data within city dashboards can be used to construct place profiles and his-
tories that can be used as the basis for the social and spatial sorting of places and
communities. Indeed, there is a multi-billion-dollar geodemographics industry
that does precisely this, using place profiles to geo-target advertising/marketing
and private investment and to calculate insurance premiums and online prices
(Harris et al. 2005). Similarly, place profiles can be used by the public sector to
determine which areas should receive place-targeted investment, additional polic-
ing or differential service provision. The data can also be used to discriminate
areas of blight and problems and to reinforce territorial stigma, effecting public
perception and affecting local community cohesion. In other words, the data and
tools in dashboards can be used to treat places and the populations within them
differentially in ways that can be discriminatory and affect quality of life. It is
therefore important to consider the ways in which city dashboards are used and
to consider whether their use is fair, equitable or prejudiced and how any issues
might be addressed.

Conclusion

In this chapter we have sought to document a number of key issues and ques-
tions with respect to the production and use of city dashboards. While we have
provided a critical assessment that challenges some of the dominant thinking
with respect to city dashboards, urban informatics and visual analytics, we also
believe that dashboards provide useful insights and have much utility. Indeed,
we have invested much time and effort into building the Dublin Dashboard
and Cork Dashboard and working with Dublin’s open data portal, Dublinked, and
other data providers.

What is required, we believe, for city dashboards to reach their full poten-
tial as a smart city technology that can help produce more efficient, equitable,
sustainable and resilient cities is a number of related shifts in thinking and
praxes. First, there has to be a shift in the underlying epistemology of city dash-
boards to recognize that they conceive the urban in a particular way and seek to
understand and explain the city using an approach which produces delineated
and situated knowledge rather than communicating objective, scientific truths.
Second, limitations with respect to the scope of data and accessing data sets need
to be documented and also tackled by working with agencies and companies to
open key data sets. Third, significant work needs to be undertaken to establish
the veracity and validity of data sets and analytics and dashboards need to be
populated with appropriate metadata and supporting documentation. Fourth, the
usability of city dashboards in general and each specific tool needs to be estab-
lished through user testing, as well as methods to improve user experience, and
training and education tools to aid and improve data/analytics literacy need to be
developed and included in dashboards. Fifth, the instrumental rationality of city
dashboards needs to be reconceived, with dashboards always used in conjunction
with other forms of knowledge and other modes of governance when evaluating,
managing and formulating the delivery city services and policy. Sixth, the factors
shaping the development of dashboards such as licensing, standards, institutional
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practices, local politics, choices about what data to included needs to be acknowl-
edged and citizens need to be consulted about their configuration and deployment.
And lastly, the ethics and potential harmful uses of using city dashboards need to
be further examined and strategies need to be developed to minimize harm.

While this list is by no means comprehensive it provides an initial agenda for
addressing the issues we have discussed. This shift in thinking will allow urban
dashboards to reach their full potential and align them with the vision of the Open
Knowledge Foundation (n.d.) who state that: ‘Open knowledge is what open data
becomes when it’s useful, usable and used — not just that some data is open and
can be freely used, but that it is useful — accessible, understandable, meaning-
ful, and able to help someone solve a real problem.” Moreover, this agenda will
provide useful insights for considering the wider relationship between data and
the city.
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10 Sharing and analysing data in
smart cities

Pouria Amirian and Anahid Basiri

Introduction

Nowadays, the successful and efficient management of a city depends on how
data are collected, shared and transferred within and between various organiza-
tions in a city and how data analytics are used to extract actionable insights for
decision-making. Such data include public administrative records, operational
management information, as well as that produced by sensors, transponders and
cameras that make up the internet of things, smartphones, wearables, social media,
loyalty cards and commercial sources. In many cases, cities are turning to big data
technologies and their novel distributed computational infrastructure for the reli-
able and fault tolerant storage, analysis and dissemination of data from various
sources. In such systems, processing is generally brought to the data, rather than
bringing data to the processing. Since each organization uses different platforms,
operating systems and software to generate and analyse data, data sharing mecha-
nisms should ideally be provided as platform-independent services so that they
can be utilized by various users for different purposes, for example, for research,
business, improving existing services of city authorities and organizations, and
for facilitating communication between people and policymakers. Such sharing
and communication amongst different entities in the city aligns with the vision of
the smart city, which includes use of ICT technologies to improve the efficiency
of service delivery, create sustainable development, as well as engaging citizens
in decision-making.

Platform independency is necessary for providing interoperability from tech-
nical point of view. The interoperability of systems and services at various levels
is an important requirement for public services and it is well defined in initia-
tives like the European Interoperability Framework (EIF) and many national
interoperability frameworks. These frameworks ensure that the exchange of
data is an ultimate enabler for sharing information and knowledge between
organizations. This chapter has a wider view of interoperability in the context
of smart cities, wherein it is also important for enabling service, citizen innova-
tion and civic engagement, providing technical solutions to city problems, and
producing sustainable development.
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In addition to platform independency, in order to make the services as interop-
erable, resourceful and flexible as possible the services need to be designed based
on certain principles. These principles are dependent on the type of application
deployed and the users of those services. It is our view that data sharing prin-
ciples for smart cities should be grounded in the concept of service orientation.
This chapter describes the concept of service orientation principles (SOP) and
explains three core approaches currently utilized for sharing data and analysis
services (Web Services, RESTful services and Geoservices). The chapter dem-
onstrates the need for and proposes a new architecture (Organizational Service
Layer) to implement polyglot binding for flexible, scalable, efficient and inter-
operable implementation of data sharing and analysis services in a smart city.

Service orientation principles

In service orientation, applications are constructed based on entities called
‘services’ (Erl et al. 2013). These services are underpinned by a set of design
principles that are based on previous paradigms and practices in software engi-
neering, such as component-based design, interface-based programming and
distributed computing. The most widely referenced service orientation principles
are loose coupling, abstraction, composability, standardized service contract,
reusability, autonomy, statelessness and discoverability (Erl et al. 2013; Barry
2003; Erl et al. 2014) (see Table 10.1). The service orientation principles form

Table 10.1 Service orientation principles

N  Principle Brief explanation

1 Standardized Any service must provide a formal contract that describes the
service service and defines the data exchange details (Amirian ef al.
contract 2010a). In order to consume services, the service contract is

needed (URL of service contract). The service contract must
be implemented and published using standard and well-defined
technologies.

2 Abstraction Services must be abstracted from the underlying logic and
data. The underlying logic of services is invisible to service
consumers.

3 Loose coupling Services must be decoupled from their surrounding environment.
In any software system, coupling is unavoidable. In fact,
developers add value by implementing a system use case or
a feature by coupling software functionality together. The
loose coupling principle is about avoiding platform specific
coupling. In other words, this principle means the interaction
between services and users must be message-based. The
principle of loose coupling is achieved through the use of
service contracts that allow services to interact with the outside
world via predefined parameters which are defined in the
service contract.
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4  Composability A service can represent any range of logic from any types of
resources, including other existing services. Services can
be composed of other services. However, services must be
designed to participate as a member to the composed services if
service compositions required.

5 Reusability Services must be designed with reusability in mind. The
reusability principle targets all forms of reusability, including
inter-application, composition and utility services. Since a
service encapsulates underlying logic, reusability in this context
refers to generic operations and intelligent messages. In other
words, when the messages contain enough metadata about
the processing instruction, business rules and policies, the
operations that comprise a service become more generic and as
a result the service will be more reusable.

6  Autonomy Services must have a high-level self-governance of their
processing. The logic governed by a service resides within an
explicit boundary. Services can share computing resources
(such as a DBMS) with other services in that boundary and
a service may depend on other services for execution of the
underlying logic. However, at the time of execution, the service
has control over whatever logic it exposes.

7  Statelessness Services must minimize managing state information. The stateful
services (the services that need to keep state data in order to
process the requests) are usually less reusable and cannot be
considered an efficient member in compositions.

8 Discoverability  Service requesters must be able to discover and understand
contracts of services. Often this principle implemented using
service registry systems.

the basis for creating a Service Oriented Architecture (SOA) and cloud comput-
ing (Zimmermann ef al. 2013). The SOA as a conceptual architecture is presently
adopted by many organizations as an efficient means for integrating current
enterprise applications and legacy applications (Amirian ef al. 2010b). SOA is
frequently characterized as a style that supports loose coupling, permitting exten-
sibility and interoperability independent of the underlying technology (Erl ef al.
2014). Service orientation principles and SOA can be implemented using any
platform and technologies. However, Web Services and RESTful services are the
most widely used technologies for the implementation of SOA in an open and
standard manner (Daigneau 2011).

Web Services and REST services

The World Wide Web Consortium (W3C) defines a Web Service as a software
system designed to support interoperable machine-to-machine interaction over
a network. Web Services are implemented using a collection of standards and
technologies. SOAP and WSDL form the core implementation technologies
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(Booth et al. 2004). SOAP is a lightweight, XML-based protocol for exchanging
information in decentralized and distributed environments. SOAP is used for mes-
saging among various SOA components and other systems interact with the Web
Service in a manner prescribed by its description using SOAP messages, typi-
cally conveyed using HTTP with an XML serialization in conjunction with other
Web-related standards. WSDL is XML-based specification for describing the
capabilities of a service in a standard and extensible manner. Technically, WSDL
defines the software interface of a Web Service independently of the platform.

Web Services are based on open standards, so they provide interoperability in
decentralized and distributed environments like the Web. These technologies can
be developed using any software platform, operating system, programming lan-
guage and object model. Web Services are not limited to the Web and can utilize
any transport protocols such as TCP, HTTP and UDP. Web Service technologies
can be extended using other related standards for supporting security, transaction
management, composition, coordination and workflows through second generation
Web Services standards which are called WS-*. Almost all these specifications are
standard and maintained by W3C and OASIS organizations.

Web Services have been widely used for exposing data and functionality
between systems since their introduction. They provide many advanced and
complex features. The advanced features of Web Services are not necessary for
exposing a resource (like reading a small set of data from a database) in many
simple scenarios, such as public Web applications and connected mobile apps.
In this context, REST (Representational State Transfer) has gained widespread
acceptance across the Web as a simpler alternative to Web Services (SOAP and
WSDL) (Erl 2008). Key evidence of this shift in interface design is the adop-
tion of REST by mainstream Web 2.0 service providers. Microsoft, Google and
Facebook have deprecated Web Service-based interfaces in favour of an easier-
to-use, resource-oriented model of REST to expose their services. REST defines
a set of architectural principles which allows designing services that focus on a
system’s resources. REST is primarily used to build services over the Web that
are lightweight, maintainable and scalable.

A service based on REST is called a RESTful service. REST is not dependent
on any protocol, but almost every RESTful service uses HTTP as its underlying
protocol. Its importance is likely to continue to grow as all technologies move
towards an API orientation. Based on REST architectural design principles, only
HTTP methods need to be used explicitly for different purposes (Fielding 2000).
This basic REST design principle establishes a one-to-one mapping between
create, read, update and delete (CRUD) operations and HTTP methods. According
to this mapping: POST is used to create a resource on the server, GET is used to
retrieve a resource, PUT is used to update or change the state of a resource, and
DELETE used for removing a resource.

RESTful services are easier to implement, maintain and utilize, but they
do not have powerful and standard support for features like standard contract
(or machine-readable service description) distributed transactions, composition
and security, which are needed in most enterprise applications, and that is why
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most enterprise applications implement Web Services (Daigneau 2011). In addi-
tion, there is no standard discovery mechanism for RESTful services other than
HTTP OPTION, which only provides the list of available methods that are sup-
ported by a service. In other words, implementation of RESTful services is done
using documentation of the services and there is no such thing as a service con-
tract for RESTful services.

However, both Web Services and RESTful services are not considered as
standard approaches for sharing data and analysis in the geospatial community.
Instead, there are other types of specifications which are maintained by OGC and
they are called OGC Web services (or Geoservices) and are used for almost the
same purpose, but with limited capabilities and scope.

OGC Web Services (Geoservices)

Geoservices are considered the most promising technology for overcoming the
non-interoperability problem associated with current geospatial processing sys-
tems (Sample et al. 2008). The OGC has defined a comprehensive framework of
Geoservices which is known as the ‘OGC Web Services framework’ (OWS). The
OWS allows distributed spatial processing systems to interact over the HTTP
protocol, and provides a framework of interoperability for many Web-based ser-
vices, such as accessing spatial data services, spatial processing services and
data locating services (Percivall et al. 2003). The OWS framework consists of
interface implementation specification for Geoservices and encodings which are
openly available to be implemented by developers and companies. The inter-
face implementation specifications are software technology neutral details. The
encodings provide the standard glue among different parts of OWS. Each service
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of this framework can be implemented using various software technologies and
systems. The most fundamental services and encodings of the OWS framework
are Web Map Service (WMS), Web Feature Service (WFS), Web Processing
Service (WPS) and Geography Markup Language (GML). The fundamental
parts of the OWS are illustrated in Figure 10.1.

GML is an XML-based markup language that is used to encode information
about real-world objects. GML has three main roles with respect to geospatial
information. First, as an encoding for the transport of geospatial information
from one system to another; second, as a modelling language for describing
geospatial information types; and third, as a storage format for geospatial
information (Lake 2005).

The WFS is the main Geoservice for publishing and requesting vector geospa-
tial data in GML format. The WFS specification, also published as ISO 19142,
allows a client to retrieve and update geospatial data encoded in GML from mul-
tiple Web Feature Services. A Basic WFS service implements three operations:
GetCapabilities, DescribeFeatureType and GetFeature (see Figure 10.2). A client
(usually a service or software) can request an XML-encoded capabilities document
(containing the names of feature types that can be accessed via WFS service, the
spatial reference system(s), the spatial extent of the data and information about the
operations that are supported) by sending the GetCapabilities request to the WFS
service. The GetCapabilities operation is required for any OGC Web service. The
purpose of the GetCapabilities operation is to obtain service metadata, which is a
machine-readable (and also human-readable) description of the server’s informa-
tion content and acceptable request parameter values.

The purpose of the DescribeFeatureType operation in the WFS standard is
to retrieve an XML schema document with a description of the data structure
(or schema) of the feature types served by that WFS service. The GetFeature
operation allows for the retrieval of feature instances (with all or part of their
attributes) as GML. A Transactional WFS (WFS-T) includes an optional
Transaction operation to insert, update, or delete a feature (Vretanos 2010).

GetCapabilities Request

WFS Capabilities Document Response ”

Describe Feature Type

GML Application Schema I

Figure 10.2 Operations of WFS.
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The WMS enables maps in graphical form to be delivered in response to
queries from HTTP clients (de La Beaujardiere 2006). In the context of WMS,
a map is a raster graphic picture of the data rather than the actual data itself.
The WMS specification (ISO 19128), provides two mandatory operations
(GetCapabilities and GetMap). The GetMap operation returns a map whose
geospatial and dimensional parameters are specified in the GetMap request.
The GetMap request allows the WMS client to specify distinct layers, the spa-
tial reference system, the geographic area, and other parameters describing the
returned map format (Figure 10.3).

The WPS is a Geoservice that enables the execution of computing pro-
cesses and the retrieval of metadata describing their purpose and functionality.
Typically, these processes combine raster, vector and/or coverage data with well-
defined algorithms to produce new raster, vector and/or coverage information
(Schut and Whiteside 2007). The WPS protocol supports both synchronous and
asynchronous execution of processes. Synchronous execution may be used in
simple and quick computation scenarios, where the data processing takes little to
almost no time. Asynchronous processing is particularly well suited for complex
computation scenarios, which may take significant time. In synchronous mode,
the WPS must support GetCapabilities, DescribeProcess and Execute operations
(see Figure 10.4). In addition to the mentioned operations, in asynchronous mode
WPS must also implement GetStatus and GetResult operations.

Data exchange between WPS clients and servers requires an agreement on
the general data exchange patterns and suitable communication protocols. Data
may be sent to (and received from) a WPS server in two distinct ways: by refer-
ence (usually for large data sets) or by value (usually for atomic values or small
data set). In contrast to the prior version, WPS 2.0 Interface Standard document
provides a core conceptual model that may be used to specify a WPS in different
architectures such as REST or SOAP (Mueller and Pross 2015). But in reality, no
implementation details can be found about the support of REST or SOAP in the
standard documentation.
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Figure 10.3 Operations of WMS.
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Figure 10.4 Operations of WPS (synchronous mode).

The need for integration of SOAP and REST services with
OGC Web Services

Collaboration within and between organizations in a city through sharing data and
analysis services is an important factor in the successful management of a city.
While all types of services (Web Services, RESTful Services and Geoservices)
detailed so far can provide the necessary interoperability, each type of service has
been designed to address certain requirements.

Web services have several characteristics that make them one of the best and
most efficient approaches for implementing enterprise applications in distributed
environments and integration of legacy applications with current applications.
In general, the most important characteristics of Web services are standardized
contract publication, flexibility in composition, transmission protocol independ-
ency and platform neutrality. In order to maximize reusability, accessibility and
interoperability the services in a smart city should provide functionality based
on standard and discoverable interfaces. In other words, the service metadata of
services or service contract must be published using platform neutral languages.
In order to cover attributes of service, such as policy and business rules, security
requirements, quality of service and supported operations of service, the ser-
vice metadata must be based on flexible and comprehensive standards. In Web
Services there are several specifications that provide the flexible and comprehen-
sive foundation for disseminating a service contract, such as WSDL, WS-Policy
and WS-Security. Since there might be various policies, agreements and security
measures for data sharing within and between different organizations, this level
flexibility is a must have feature. Also using a standard service contract, service
discovery and potentially endpoint replacement is easier and can be done auto-
matically using standard service registries.

Another important aspect of working with interoperable services in a city sys-
tem is a capability to compose various services and chain their functionality to
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create repeatable and reproducible workflows. Based on SOP, services must be
designed in a way that can participate as atomic and complex software entities
in business workflows. The services need mechanisms for describing trans-
actions, coordination and composition, as well as security and policies. Using
Web services, WS-Transaction, WS-BPEL and WS-CDL are the most important
specifications for providing such mechanisms in a standard and platform neutral
manner. As mentioned previously, SOAP as a specification for transmitting mes-
sages between service consumers and providers is platform independent. This
characteristic enables SOAP to provide high performance transmission (in inter-
nal secure networks using protocols like TCP) and interoperability with other
enterprise applications over the Web (using HTTP protocol). Also messages in
SOAP are self-contained. This means that they are intelligent enough to carry
information about their processing steps, security and other aspects which are
necessary in complex workflows. All these characteristics are in line with SOP.
The above mentioned flexible and self-sufficient message-based communica-
tion is very important in data and analysis sharing within organizations in a city.
Since different departments in an organization usually have access to an internal
fast network, data and analysis within an organization can be provided using the
fastest possible protocols. This might be also very useful in edge cases, such as
disaster management in a city that needs the close collaboration of various organi-
zations in a city in the fastest possible way. In addition, in complex scenarios and
long-running jobs like batch processing of data using big data technologies, the
features of Web services are very useful (Amirian et al. 2014).

REST services do not have the advanced capabilities of Web Services.
Moreover, they do not have any means for supporting various security schemes,
transactions, coordination, service composition and discovery. For all these fea-
tures, RESTful services are usually limited to the capability of transport protocol
(HTTP). The reason for this limitation is because they are intended for creating
lightweight and easy to use services over the Web. Because of this simplicity
RESTful services have been the de facto standard in Web and mobile application
development in recent years. The most widely used online mapping services, such
as Google and Microsoft (Bing) (which account for more than 95 per cent usage
of online mapping services) provide their functionality through REST APIs.
Most of time REST APIs and mapping services provide the foundation for city
dashboards. In fact, for read-only and public exposition of resources (metadata,
data and analysis), where there is no need for advanced features (like customized
security, transaction control, composition, automatic discovery and coordination),
REST services are the best approach. Moreover, because of simplicity and state-
lessness, RESTful services are highly scalable.

Unlike RESTful services and Web Services, Geoservices do not have strong
support and popularity outside of geospatial community. Geoservices are not
RESTful since they usually are not designed with architectural principles of REST
(for example, they can use POST to get data or GET to update existing data) and
they are not Web Services since in general they do not provide SOAP and WSDL
bindings. However, like RESTful services, Geoservices are limited to HTTP.
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Unlike RESTful services and Web Services, Geoservices provide a predefined
set of requests/responses. In other words, based on Geoservices’ specifications,
the name of methods and input parameters are predefined by OGC. In contrast,
developers can name the methods in RESTful services and Web Services freely.
Unlike Web Services, in Geoservices there is no direct support for security and
there is no specification for creating workflows and composition. Although there
is some proposed solution for creating Geoservice chains and compositions in
several research papers (Yue et al. 2011; Cruz et al. 2012; Weiser and Zipf 2007;
Foerster et al. 2010), they are not applicable and efficient enough to be considered
as a solution especially from performance and scalability for systems with a large
number of users and huge volume of data (like cities) (Stollberg and Zipf 2008;
Foerster et al. 2010).

In summary, Geoservices are important because they are designed and have
widely been used for providing interoperability between various software systems
in the geospatial community, but their non-conformance to trends and technol-
ogies in post-Web 2.0 era is a major issue constraining their wider popularity.
There are some solutions for exposing the functionality of Geoservices using Web
Service technologies, but they are not feasible in the real world. In most cases,
especially when the response from a Geoservice is a XML document (like WFS),
it is feasible to expose exactly same functionality of a Geoservice using a RESTful
service or a Web Service (Erl e al. 2014). For some Geoservices it is difficult and
complicated to provide the same functionality using a Web Service or a RESTful
service. In complicated cases there is usually a need for a customized and non-
standard solution. For example, the response of GetMap request in WMS is an
image (in graphic formats like JPG or PNG formats) which is a binary file and so
although Geoservices can suffer from limited capabilities and popularity (outside
the geospatial community) they are essential in order to expose geospatial data
and analysis to other systems.

Given that each class of service has various functionality, coupled with the fact
that many legacy systems exist, we propose that for efficient and interoperable
sharing of data and analysis all three types of services should be implemented
by all organizations that are responsible for producing or updating data in a city
which will ensure maximum usability of urban data. The next section provides a
general architecture for this technical solution, which is called an organizational
service layer.

Organizational service layer

Figure 10.5 illustrates the organizational service layer (OSL). Ideally, each organi-
zation that is responsible for producing or maintaining data for a city should
implement this layer in their IT infrastructure. Each organization that is responsible
for building/maintaining a city infrastructure (like transportation, water and elec-
tricity) is responsible for producing digital data about that infrastructure. In order
to share data and analysis in the most interoperable, flexible and secure way and
in line with current Web trends, the OSL architecture suggests each organization
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in a smart city provide four types of bindings for their services. The bindings pro-
vide loose couplings between the backend implementation and its contract layer
with other software applications. In other words, bindings in the OSL architecture
separate the service implementation from service communication. By exposing
functionality of a service using various bindings, service design, development,
implementation and maintenance become more agile and straightforward. Another
important advantage of these bindings is that they provide platform independency
inside an organization. Based on the OSL, each department in an organization
can provide different services and each service type should implement appropri-
ate bindings based on the type of service and potential users (see Table 10.2).
In general, bindings are defined by their underlying transport protocol, encoding,
message format and security level as shown in Table 10.3.

Figure 10.5 Organizational Service Layer in an organization.

Table 10.2 Potential users and client applications for various service types in a city

Service  Potential client applications Potential users
type
REST  Web applications (like city dashboard), connected Citizen data scientists,
mobile applications researchers,
citizens, developers
WS-W  Enterprise applications (for running long and/ Developers outside
or complex jobs like service composition, the organization

communication with a big data technology) outside
of an organization
WS-T  Other software applications inside an organization (for Developers inside the
sharing data and analysis in fastest possible way) organization
0GC GIS applications (mostly Desktop GIS applications) GIS developers and
GIS experts
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Table 10.3 Details about various binding types

Service Transport Encoding Message format  Discovery/ Security

type service contract

REST HTTP Text JSON, XML HTTP OPTION Transport level

/documentation

WS-W  HTTP Text, SOAP Service contract Message level and
MTOM Transport level

WS-T TCP Binary SOAP Service contract Message level and

Transport level

OGC HTTP TEXT, GML, KML, Capabilities Transport level

Image JPG, PNG, . .. document

Since Web Services support advanced features (transaction support, message
level security, service composition and coordination), services can use WS-W
and WS-T endpoints in complex scenarios that need those features (for access to
sensitive data, updating data, inserting new data or calling services to run com-
plex processing jobs). The complex scenarios might be a long-running processing
job using single service (for example, batch processing of a huge amount of data
using a big data technology or executing a workflow based on composition of
several services). In this context, WS-W services can be consumed (called) by
the users outside of the organizations using Web or be utilized as standard com-
munication point for push services. For users inside the organization the WS-T
provides the fastest possible communication speed. Also WS-T can be consumed
by other organizations in a city if they have an appropriate service level agree-
ment. Developing applications using WS-W and WS-T bindings is easier for
professional developers (or enterprise developers) because the services have a
machine-readable contract and creating consumer applications (proxy classes) is
almost automatic using integrated development environments.

REST endpoints can be used for accessing data and analysis which should
be publicly available. The REST services are usually consumed for developing
Web 2.0 applications and connected mobile applications (mobile apps that need
to be always connected to the internet). A good example of such Web applica-
tions is a city dashboard which shows various aggregated metrics, reports and
indicators from several organizations. The aim of city dashboard is to provide
interactive data about all aspects of a city (see Chapter 9). A city dashboard can
be used by citizens and companies to better understand city and by city manag-
ers to grasp the dynamics of the city and to monitor the progress of city projects.
Also data scientists (in both academia and industry) can use the RESTful ser-
vices to access public data about the city. Finally, OGC Web services which are
very popular in the geospatial data community should be implemented using
OGC binding to provide the same functionality of WS-W and RESTful services
(and in accordance with OGC specifications) be consumed by mostly desktop
applications in the geospatial community.
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Conclusion

In this chapter an ideal architecture for sharing data and analysis in a smart city
has been proposed. The architecture intends to provide flexibility, scalability,
accessibility and interoperability at the same time. Since no technology stack or
standard stack provides the requirement of this architecture, we have advocated
the use of a polyglot binding for implementing services contracts and service ori-
entation for the design of services. Using polyglot binding and service orientation,
functionality of a service within and between organizations can be invoked and
composed in a flexible, interoperable and scalable manner. By implementing the
OSL architecture, implementation of city dashboards, city data portals and city
service hubs will be more agile.

Since the architecture provides flexible techniques for data and analysis shar-
ing, communications within organizations, between organizations and between
citizens and organizations can be improved. This is an important requirement for
cities and citizens. With the rise of citizen data scientist and the corporate use of
urban data, sharing data about cities using various bindings is advantageous. The
architecture also can efficiently communicate with big data technologies. Current
city dashboards are useful tool for now-casting. With big data technologies and
data science, cities need to have other systems for sharing data using polyglot
bindings and providing indicators and metrics about city for future (forecasting)
using predictive analytics.
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11 Blockchain city

Economic, social and cognitive ledgers

Chris Speed, Deborah Maxwell and
Larissa Pschetz

Introduction

City dashboards are typically representations of a city’s accounts, manifest
according to values set by the stakeholders. The currency of the data within a
dashboard is typically reduced to an assessment of the performance of services
(such as traffic flows and crime statistics) largely derived from quantitative
sources. Whilst such databases may be useful for mayors to report on the perfor-
mance of a local government, or to set targets that lead to penalties or bonuses,
the city workers and inhabitants that are complicit in the production of data are
rarely aware of the nature of how data are collected or the ‘ledger’ that they
are contributing to. As a consequence, dashboards cannot describe many of
the transactions that take place between people, nor can they make explicit the
values that are brokered between the myriad of city occupants.

This chapter explores different perspectives upon economic and socio/geographical
ledgers and the complexity that they involve as they inevitably collide with concepts
of chronological time, representation and actions. Three means of approaching the
concept and practice of the ledger are discussed: (1) money, time and the blockchain:
an exploration of how the representation of money shifts from material represen-
tation within fiat currencies (i.e. those underpinned by governments or precious
metals) to the blockchain, the sealed distributed ledger that supports the Bitcoin
cryptocurrency; (2) city as ledger: a recovery of the role of time in the production of
economic geographies with a focus upon Hégerstrand’s approach to time-geography
that accounted for personal and group actions within temporal and spatial frames,
and inevitably a recovery of Marx and the obfuscation of histories and geographies;
and (3) cognitive and practice-based ledgers: an introduction of the use of filmic
storytelling as a cognitive ledger using the Dardennes’ film 7wo Days and One Night.

These three theoretical perspectives on ledgers set the scene for two prototypes
utilizing Bitcoin technology that emerged from a design workshop facilitated by
the Design Informatics studio, University of Edinburgh. These prototypes begin to
explore temporal and social potential for using ledgers within design experiences.
By reflecting on the role of ledgers across different forms, this formative chapter
establishes the complexity of capturing and producing data across a myriad of
social practices using linear systems.
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Ledger 1: money, time and the blockchain

There are many clements that make Bitcoin an interesting alternative currency,
but critically it is the development and implementation of the blockchain — a dis-
tributed ledger that contains all transaction records ever conducted. The Bitcoin
blockchain is an encrypted, cumulative ledger composed of ‘blocks’ of transac-
tions that are verified by miners and which lead back to the first ‘Genesis’ block
whose instance is timed as 18:15:05 GMT, on 3 January 2009, signifying the start
of the currency. Blocks can contain the social, economic and geographic infor-
mation about the senders and receivers of Bitcoin wallets, time of transaction,
amount of Bitcoins being transferred, fees and IP addresses from which loca-
tion can also be identified. Transaction blocks are generated approximately every
10 minutes, a timing that is calibrated by the network — if blocks are completed
quicker, the difficulty of the mining is increased, and vice versa. Each new block
(and not a huge single list) provides an opportunity for transactions to be verified
and thus takes place within a reasonable and anticipated amount of time — in many
ways forming both the ‘tick’ and the check-sum of the platform. This process
is verified by miners who compete to complete ‘proof of work’ functions, that
is, computationally intensive algorithms, to check if every block that follows is
legitimate (Maurer et al. 2013: 264). In addition, each new block essentially con-
catenates the previous block with the new set of transactions, creating the chain,
which leads all the way back to the initial Genesis block. Once mined, the block is
sealed and, currently, 12.5 Bitcoins are released as a reward to the winning miners,
thus incentivizing the expensive mining activity and steadily populating the peer
network with more currency.

This linear association, connecting one block to the next through the integrity
of the encrypted mathematical codes, keeps the chain intact, and, along with the
massively distributed, multiple copies of the currency system, helps to prevent
fraud. The linear, cumulative nature of this system is of particular interest to the
authors, and in particular how this differs from current, centrally controlled, fiat
currencies that regulate the release and removal of money in the system (physical
and virtual) to attempt to manage the market.

In stark comparison to the blockchain, fiat currencies are released as promis-
sory coins, notes, mortgages or loans according to an assessment of how much
money there should be within a society according to the values of that particular
economic system. Monetary representation has become increasingly abstracted
from the goods and services that it can be used to trade in, and this is central to
Marx’s concern for how value has become commodified, not in what is needed
but what is desired. Since originating in the bartering of actual goods and tools
such as animal skins, salt and weapons, for a long time the physical representa-
tion or tokenization of a currency corresponded with the goods being purchased.

The form that money takes, and its association with the value of the miner-
als that it is either made of or is connected to, has become increasingly slippery
(Maurer 2006: 27). In 1816, the Bank of England changed the basis of English
money from silver to gold through the Great Recoinage and at this point the
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value of silver in a silver coin was less than its representational value, and so
coin transformed into a token. As global trade required ‘modern’ organization
through the early part of the twentieth century, the Bretton Woods agreement
was signed in 1944 by committed countries in order to maintain exchange rates
to a fixed value in terms of gold. On its failure in 1971 — due to the dollar’s
inability to retain value in the light of a global recession — the detachment of
monetary value from a mineral ore to a new system of floating exchange rates
‘de-materialized’ money (Harvey 1990). As the representation of value contin-
ues to become further abstracted from goods and services, for example, through
electronic BACS transfers and online and mobile banking, we soon arrive at the
role of money in society today.

In the abstraction of value from a material representation to a promissory token,
both time and identity become obfuscated. Although the jurisdiction of English bills
was encoded in such a way to manage the spatiality of economics, it mattered not
who the bearer of the coin or note was and when it was exchanged. Once released
into a system, the use of individual monies was not monitored or tracked — only
the health of the system. In this way, there are significant differences with Bitcoin
and its reliance on a blockchain. Given the nature of digital systems, perfect copies
of money are conceptually even easier to make than the counterfeiting of physical
money. The radical invention of the blockchain uses multiple copies of a single
ledger distributed across a network to deal with the ‘double spending’ potential
of digital money, that is, duplicating currency and spending it twice or more, is a
central feature to the Bitcoin platform. In fiat currencies, third parties, for example,
banks, balance the books at the close of each trading day. In Bitcoin, ‘double spend’
is prevented by ensuring digital scarcity through the verification of transactions
through the mining process and transaction blocks.

These differences represent two entirely different models of time for each form
of currency. The inflation and deflation of prices, the savings and overall growth
within the system vary according to market values, goods or purchasing power of
the currency and trading with foreign currencies. In this case, time is suspended
and does not offer a metric through which individual transactions can be recorded.

The ‘minting’ of the Bitcoin currency is bound to the ledger that records the
spend of the currency, resulting in a close relationship between time, value and
ultimately power, that is, as time progresses the reward for mining depreciates and
demand for more computing power increases. Furthermore, the algorithm knows
there is a finite maximum amount of Bitcoins that can be created, a figure of 21
million. These are released at a fixed amount that halves every four years and are
issued to winning miners who validate each transaction block. As the computing
power has increased in line with the complexity of the maths, the distribution
of miners has shifted from a distributed global community toward four mining
companies based in China owning almost 70 per cent of the activity. Unlike the
anonymous accounting of people spending the same material money over and over
again (e.g. coins or notes) in the cash registers of disconnected shops, the spend-
ing of Bitcoins is inscribed in the blockchain and forever associated with specific
transactions within a distributed network. The sealed, distributed nature of the
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blockchain means that the integrity of the currency is reliant on a linear model
that looks back, before it generates money forward (DuPont and Maurer 2015). In
contrast, fiat currencies project money forward and balance their books retrospec-
tively according to the performance of spending across a system. Compared to the
speed of the blockchain in checking the integrity of its system (approximately two
hours), it is rumoured that it takes 58 days for the UK civil service to understand
its GDP in any given month.

Ledger 2: city as ledger

The introduction of the clock into mediaeval society was connected to the man-
agement of land and was closely tied to both the development of the written word
and the use of ledgers to account for the production and trade. From an era when
‘natural rhythms dictate the pace of life and work and the content of language’,
and any expectation of a future ‘centres on a short lifespan and the imminence
of the Day of Judgement’ (Thrift 1996: 180), Thrift draws attention to the influ-
ence that writing technologies have upon our sense of time. Originating in the
technology of the written word, Thrift argued that the linear process of writing
and its evidence in the form of texts, revealed a ‘consciousness of time past’
(Thrift 1996: 180). This in turn informed time present, which became ripe for
reorganizing, and consequently daily events became accountable, and inevitably
associated with monetary values.

At the time, power of the controlling the ledger was in the hands of a new gen-
eration of literate monks and members of the King’s Court who gradually began
cataloguing the use of the land as a means of calculating profit and eventually
monitoring performance and efficiency. “Thus, financial accounts may now seem
the most obvious way of stating time as money’ (Thrift 1996: 184). Clocks were
the next step toward a synchronization between the church day and the individual,
instead of responding to the church bell, people could be organized in to more spe-
cific blocks of time. The term ‘organized’ is used because the owner of the clock is
the one with power, and, as Harvey reveals, ‘such time discipline crucially depended
upon the construction of distinctive spaces of surveillance’ (Harvey 1996: 225).
Consequently, it is not long before a recognizable ‘modern’ system is in place.

In the late sixties and early seventies, Lund University in Sweden established
important relationships between time and geography. Amongst many, Hagerstrand
worked hard at eroding the ‘compositional’ view of the world that most social
scientists were using to talk about how people make sense of space. Taking a situ-
ation as a snapshot, and seeing it as a complex construction of ‘objects’ that are
acting upon one another, Hagerstrand suggested that the compositional view could
only deal with context and was constrained by establishing fixed relations between
artefacts, preventing the opportunity for movement and change. Whilst it aspired to
objectivity, the compositional approach lacked point of view and subjects became
items. In contrast, the time-geographic approach attempts ‘to capture the com-
plexity of interaction at the scale of the smallest indivisible unit which for human
population is, of course, the individual’ (Parkes and Thrift 1980: 244).
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Much of the time-geography work concentrated upon developing methods of
describing people and their journeys through space in time. Inevitably the work
identified a linear series of events that make up a person’s day, suggesting that the
nature of these events (called a project) motivated individuals to move through
space to see them fulfilled. The subsequent documentation of these various
‘projects’ formed a ledger of a group’s activities and could be analysed to under-
stand social, spatial and temporal relations.

Criticism of the time-geographic approach has since been targeted at the appar-
ently linear, and indeed Cartesian, approach of conceptualizing time and space,
although the Lund school argued that they merely absorbed given models in order
to make their point clear. Another problem is the lack of focus that the models
show for dealing with a psychological conception of space since the Cartesian
parameters dominate the representation of events and places. Finally, and perhaps
the most interesting problem with the time-geography model for considering the
city as a database, was the participants’ honesty (and apparent lack of interest) in
what happens when the linear paths cross and cause conflicts in the completion
of the tasks. The spatial and temporal ledger of social practices that Hagerstrand
constructs provides a valuable insight into personal and group activities, offering
a chance to reflect and consider how individual projects are connected to partners,
groups and communities.

As databases across the city develop, Hagerstrand’s time/space projections of
the interweaving of social and material relations is to some extent possible as the
potential of machine learning promises to uncover more and more correlations
between datasets. A question remains though to the extent to which the city wants
to reveal all of its social and geographical relations.

Constructing a form of digital ledger for geographical and social relations,
Ian Cook’s ‘Follow the Things’ project provides insight and discussion into the
background of consumer products from food items to clothes, and electricals to
health and beauty products (http://www.followthethings.com) (Cook 2015). For
instance, the collection of reports on celebrity perfumes that was authored by
Gethin Chamberlain and originally published in the Guardian in 2010.' The article
primarily focuses upon the poor working conditions and pay of Indian employees
of the Pragati company for packaging celebrity branded perfumes including Katie
Price and Jade Goody. The financial markups of individual bottles retailed for
£19.99 in UK pharmacies, whilst the average take-home for its 7,000 employees
was a low as £2.05 per day. Follow The Things therefore becomes a form of
socio-geographical ledger for a wide range of products, and supporting discussion
and debate to better understand the ‘veil’ that is placed over desired artefacts that
obfuscates their histories and boosts their economic value.

Ledger 3: cognitive and practice-based ledgers

Beyond the various forms of metric ledgers that record financial transactions,
citizens, times and space, cultures are underpinned by shared stories told through
a series of passages, chapters and accounts. Within literate society, books and
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films share a great deal in common with ledgers as they rely upon a linear time
base across which a story or an account is experienced by the recipient. Limited
to only articulate one line of activity at a time, the author shapes the reader’s
experience by moving in and out of the activities of characters to reveal and hide
circumstances that sustain the narrative.

However, the reading of a book or watching of a film constructs a ‘cognitive
ledger’ in the mind of the reader who navigates the narrative to develop an indi-
vidual understanding of the meaning and consequences of each of the interactions.
In the case of a film taking place over a 90 to 120-minute period, the management
of the director and the skill of the editor can offer a highly compelling experience
whereby the audience moves through a visual ledger that suspends reality and
invests them the actions and affairs of the onscreen characters.

One explicit manifestation of such a cognitive ledger (and perhaps closer to
our theme) is the 2014 film Two Days, One Night by the Dardenne brothers. The
film follows Sandra Bya, a working mother who returns to work on a Friday fol-
lowing a nervous breakdown to find that her 16 workmates have voted to take a
€1,000 bonus in place of her job. Supported by her husband and her workmate
Juliette, she lobbies her boss to ballot the workers again on Monday morning.
Successful in her appeal, she has the weekend to canvass each of the workers at
their homes in an attempt to persuade them to change their mind. Following 16
meetings on door steps, back gardens, launderettes and street corners, Sandra
returns to work on Monday morning for the new ballot to understand her fate.

The film plays out as a ledger of interactions in which the audience develops a
running balance of those who would prefer to keep Sandra, and those who would
prefer to take the money. However, the brief insights into each co-worker’s lives
describe complex personal circumstances which in the mind of the viewer compli-
cates the running total as to whether Sandra deserves to keep her job. However,
Sandra’s activities between negotiations are as interesting as the co-workers’ lives
and values that are represented through their partners, children and living con-
ditions. Dominated through acts of consumption, we develop an understanding
of Sandra and her family’s economic disposition through her drinking of bot-
tled water, take-away pizzas, eating of ice creams and purchase of artisan bread,
whilst her mental state is portrayed through an attempted suicide as her encounters
(positive and negative) all challenge her sense of identity. In the end, the audience
is left divided according to how they balance the books between the welfare of
Sandra and her co-workers, alongside wider politics of fairness.

In an interview with Larry Rohter for the New York Times (2014), the direc-
tors discuss the influence of a study by Michel Pialoux that became part of
Pierre Bourdieu’s edited book The Weight of the World: Social Suffering in
Contemporary Society (1999). The book, a collection of studies that read like
short stories, provides insight into the lives of a range of people whose lifestyles
were affected and disrupted through the inequalities, politics and determin-
ism of late twentieth-century economics. The Pialoux study, entitled ‘The old
worker and the new plant’, reflects on a conversation between the author and two
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employees of the Sochaux Peugeot plant in Haute-Sadne, a French department
of the Franche-Comté region. For the Jean-Pierre Dardenne, the experiences of
Gérard and Christophe became of particular interest: ‘The book had probably
15 case studies and 15 analyses, and one of these stories was a worker cast aside
because of the influence of managers, who got the other workers to agree to push
him aside. This worker was probably a little less productive at his job, and there-
fore that team was never getting its bonuses.’

In many ways, the workers’ experiences are situated in a particular epoch of
transition for the automobile industry as linear car production began to struggle,
and companies looked to Japan for a solution. The result was a move from Henry
Ford’s never-ending production line as a linear production ledger to the Toyota
model in which production contained a reflexivity much closer how we might
understand the blockchain; that is, how people become part of these systems and
could develop practices within them.

In 1970, Toyota launched the Toyota Production System (TPS), a method that
managed car manufacture and employees more effectively than the failing Fordist
model, which had struggled in 1950s and 1960s in Japan. ‘Just-In-Time’ was the
title of the manufacturing and conveyance model that informed the demand of
car parts in terms of which part was needed, when it was needed, and how many
were required. Just-In-Time used a Toyota model for time ‘Takt-Time’ that was
used to monitor the production time against the volume required (Ohno 1995: 29).
Coupled with ‘Jidoka’, a term referring to the ability to quickly stop and modify
production lines if problems arise, TPS became a prime example of post-Fordist
production models, and one that enabled Toyota to respond to consumer demands.
Through TPS, both supply and quality were monitored constantly and allowed the
company to build cars in such a way that consumers felt they had more control
and individual choice, as colours and specifications could be relayed from the
showroom to the factory (Ohno 1995: 30).

The transition from the traditional Fordist production lines to those influ-
enced by TPS has not been easy for many Western manufacturers. Intrinsic
differences including the role of unions and the speed of technological change
made it difficult to change from old methods to new practices. Returning to
the worker experiences at Peugeot, there is a genuine conflict in the power
relations within the new teams that developed as the plant adapted to new
manufacturing models.

Whilst the Dardennes’ screenplay uses cinema to construct a cognitive ledger in
the mind of the viewer, Pialoux’s study of the worker experiences at the Peugeot
plant describe the impact of more complex models of car manufacture as the pro-
duction becomes part of a ledger of actions and check sums. TPS revolutionized
Toyota, and subsequently other car manufacturers such as Peugeot and GM, and
the empowerment of the teams within production areas to strive for quality over
quantity has constructed a form of blockchain, as the control over the production
line acts as a calibration within the system to ensure that mistakes are not passed on
down the line.
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Designing with ledgers: a design case study

In April 2016 the authors and the Centre for Design Informatics were invited
to develop a 48-hour workshop for Martyn de Waal’s ‘Design & The City’ pro-
gramme in Amsterdam. The workshop entitled ‘Blockchain City’ was intended
to expose ‘contemporary design methodologies, and their relationship with liv-
ing labs and smart cities’. A software platform was developed to enable design
solutions from participants’ exposure to the principles of ledgers as trust plat-
forms, and programmable money such as Bitcoin. The simple premise was
that whilst blockchain and the functions of Bitcoin remain abstract for many
people, developing a platform to allow physical engagement would actualize
characteristics of the technology, as well as lead to critical applications for
social and or urban contexts.

In its own words, ‘Design & The City’ explored citizen-centred design
approaches for the smart city. Central themes were the role of design to create
opportunities and practices for citizens, (social) entrepreneurs and policymakers
towards more liveable, sustainable and sociable urban futures. The workshop was
located along the Amsterdam Knowledge Mile that runs from the Amstelplein to
the Nieuwmarkt. The mile represents Amsterdam’s digital economic initiative
involving ‘universities of applied sciences, citizens, municipality, organizations
and companies to form an applied research ecosystem to develop, test and display
smart solutions for metropolitan challenges in the area’. In this way, the social and
economic context in which the lab was located was intended to stimulate ideas
and reflections within the workshop. Physically located within the commercial
Student Hotel, previously home to the editorial offices of some of the country’s
most important newspapers, Blockchain City aimed to engage participants with a
location-based software platform that encouraged them to associate acts of trust
in the local community with Bitcoin transactions.

A key stage in scaffolding the participants’ ability to design new social eco-
nomic experiences was the development of a piece of software called ‘GeoCoin’
that served as an introduction to what programmable currencies could offer in
a technical sense, but also allow participants to test them in an urban context to
support the development of their own ideas. ‘GeoCoin’ was a mobile application
run from a web browser that used location information to pinpoint the partici-
pant within a map of Nieuwmarkt area of Amsterdam. Using the Bitcoin client
Electrum, we were able to associate geofences (GPS locations) with transactional
functions. On the map the participant was also able to see three types of icons:
small bags of money scattered across the area, red hot spots and green hot spots
(see Figure 11.1). In the bottom left corner of the screen two numerical amounts
appeared preceded by the terms: Confirmed and Unconfirmed. Without further
information, participants were asked to leave the workshop studio and venture
out in to the surrounding area to discover what the three icons and the numerical
values would do as they approached them.

Day 1: The structure of day 1 of the workshop was very simple, consisting
of an introductory talk followed by a participatory exercise ‘Block Exchange’
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that was developed by the Centre for Design Informatics that uses Lego to intro-
duce the principles of the blockchain. More importantly however, it serves to
dismantle cultural expectations between the representation of value, and the val-
ues that currency can potentially represent if we consider the role of a distributed
ledger. Following a conversation over lunch regarding what the Lego activity
had revealed we introduced the beta version of the GeoCoin software that would
become the starting point for participants to redirect its purpose. Aware that
designing applications that use a new representation of value (Bitcoin) is rather
challenging, our software provided participants with a head-start toward design-
ing critical applications based upon insights from the Block Exchange exercise.
Introducing the software meant going outside and experiencing its functionality;
following this, participants spent the remainder of the afternoon coming up with
new applications of the software. At the end of first day the software was adapted
overnight ready for testing on the second day.
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Figure 11.1 Smartphone screenshot of the GeoCoins software featuring bags of
coins, and red and green GPS hotspots.
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Day 2: Whilst Hadi (remote project software developer) continued to develop the
two iterations of the platform on the morning of the second day, participants self-
organized into two teams and were asked to develop very short explanatory videos
that introduced, contextualized and demonstrated their new applications. By early
afternoon the teams were able to test and refine the software with Hadi remaining
online to troubleshoot bugs. The teams presented their videos during a short presen-
tation and summary of the Blockchain City Lab during a reflective evening event.

Once outside, it became relatively clear to people that the small bags of money
would disappear when a participant’s location correlated with the GPS coordi-
nates of an icon, and within moments the unconfirmed number would increase
on their screen. On returning to the studio participants described their interpre-
tations of how the red and green hot spots worked, and why Unconfirmed and
Confirmed numbers fluctuated. Many had guessed that we had used a digital
currency such as Bitcoin and distributed fractions of them across the landscape.
Less easy to understand, because there was no instant feedback from the icons
(unlike the bags of money that disappeared as you walked over them), the group
began to realize that if their location corresponded with the GPS coordinates of
a red hotspot then their Unconfirmed numbers would decrease, and that if they
stood on a green hotspot their Unconfirmed numbers would increase. Whilst
these elements were relatively easy to understand, the question of why numbers
across the Unconfirmed and Confirmed lines fluctuated was less comprehensi-
ble. The difference in the two variables was explained as being the time it took
for the blockchain to ratify a transaction within a block. At this point the value of
experiencing the time between Unconfirmed and Confirmed transactions began
to expose some of the characteristics of a currency that requires confirmation
through an entire digital network. Body storming (Schleicher et al. 2010) the
type of transactions that a programmable currency such as Bitcoin offers was an
important step in supporting participants towards the design of their own deriva-
tions of the software, and based upon the results, the ability to perform economic
software within an urban landscape informed both the conceptual development
of ideas but also the representations of their work.

Following their forays into the local area surrounding the student hotel,
the six participants formed two groups of three people, and began developing
responses to both the Block Exchange Lego workshop and their experiences of
the GeoCoin software. The two ideas that emerged corresponded to the ideas
and values evoked during the Block Exchange workshop. During the final round
of the Lego workshop participants are invited to trade anything that they desire
as long as it can be valued by somebody else and written down on to the ledger.
As facilitators we wrote down the subject of these exchanges because they
tended to follow a pattern of participants realizing that they can trade anything
as long as the ledger is trusted. The pattern follows that people begin with trad-
ing material goods, then they realize that they can trade services which tend to
become increasingly outlandish, before settling down to trade services that are
for the common good. This workshop was no exception with the teams moving
from trading pens (that were vital to write transactions into the ledger and were
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therefore rare assets), through providing service such as kisses, singing songs
for people, before finishing with Lego blocks that are required by everybody
and finally a common fund. This pattern from materialist desires toward social
projects reoccurs as participants place increasing faith in the trusted ledger, and
for the two groups it provided the stimulus for two distinct iterations of the
GeoCoin software.

Civic Blocks (Project Team: Dorota Kamrowska-Zaluska, Hanna
Obracht-Prondzynska, Eileen Wagner)

Civic Blocks transposed the value of a fraction of a Bitcoin into a vote for how
a City Council should spend a proportion of its budget. The team suggested that a
City Council could convert a proportion of its capital resource budget into Bitcoin,
perhaps 10 per cent. Using the unique capabilities of Bitcoins to divide them into
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Figure 11.2 Screenshot taken from smartphone displaying the Civic Blocks software
in use. The position of the user is denoted by the marker who is
spending their vote/coins on a bicycle rack project.
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fractions, 10 per cent of the budget would be distributed to all citizens of a city that
are eligible to vote. Citizens are then invited to spend their vote/coins by dropping
them at locations generated by fellow residents including proposals for spending
council monies on schools, parks and roads, or they can choose to generate their
own spending project by creating a new geofence and naming it with their own
cause. With the GPS coordinates, name of the project and the value of accumulated
coins/votes inscribed in to the blockchain, council monies are locked into particu-
lar projects. Through the technical support of Hadi, the team were able to design a
fully working prototype that allowed workshop attendees to spend their votes on
social projects in the local area (see Figure 11.2). The team also produced a short
video explaining the principles of the platform: https://vimeo.com/163760240.

HandFastr (Project Team: Corina Angheloiu, Max Dovey,
James Stewart)

The second group became very interested in the potential for the blockchain to
record smart contracts that could reconfigure social pledges and transform spending
powers. Adopting marriage as a social contract, the team designed a mechanism to
support social economic bonds in the form of temporary mobile agreements using
smartphones. As explained by Max Dovey, a member of the team:

Marriage, with all its connotations, can be whittled down to one of the oldest
forms of contract that binds two people from two families to create financial
security. Arranged marriages, short-term fixed marriages or visa weddings
all utilize the contract to secure wealth, security or freedom between differ-
ent parties. We adapted the practical and functional aspects of marriage into
the GeoCoin platform to enable impromptu financial commitments between
people in public space.

Figure 11.3 Still from the Handfastr video developed by participants to describe how
their prototype software allows people to form temporary smart contracts for
shared banking and spending.
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Through negotiation with Hadi, a platform was developed that placed geofences
in the vicinity of the workshop that when consenting participants agreed to ‘get
married’, the software would transfer Bitcoins that were previously held in sepa-
rate wallets, into a conjoined wallet. As long as the partners (can be any number)
remained married, they could only spend the currency when they were in the same
GPS location. The team also produced a short video to introduce the platform:
https://vimeo.com/163565402 (see Figure 11.3).

Conclusion

The database city is entirely based upon a multitude of ledgers — all owned by dif-
ferent parties, and all constructed to account for different transactions. Registering
a database is as easy as buying a book, from signing up for Facebook to installing
the MySQL databases that sit behind our personal blogs and local government
Customer Relationship Management systems. All of them provide an account of
social, spatial and economic interactions. However, rarely do they describe the
city — that complex, messy, contested environment that is completed every night
for some participants, and falls apart for others. It is impossible to escape the
ledger as we are entangled in the accounting of ourselves, our friends and stran-
gers. This chapter has set out to explore the experiences of being in a culture in
which the ledger has become an intrinsic, if generally unrecognized, part of the
data city. Not new, but now networked, ledgers offer to some extent the potential
to resolve the cities greatest problems of complexity — prediction and instability.
By looking for patterns within databases and building feedback loops to support
public involvement in managing the city, the ledger is the history and the future
of the city.

The chapter used three perspectives on the historical use of ledgers in the
accounting, mediating and representation of value in order to better understand
how the linear inscription of transactions forms is a habitual characteristic of
social and economic practices. Through an introduction to the workings of the
digital currency Bitcoin and the nature of the blockchain, the chapter explored
the relationship between time and money. In particular, attention was drawn to
the intrinsic and immutable association between bitcoins and the transactions that
they are written into the blockchain, unlike material coins that become a proxy
for value, and remain independent of the accounts that describe what they were
used to purchase.

The growth of writing through the church, and in particular the accounting
of labour and goods was used to demonstrate the close association between the
documentation of time and the space. Hégerstrand’s time-geography explicitly
used temporal and spatial ledgers to map the simultaneous activities of indi-
viduals within groups. The disaggregation of individual practices that are carried
out through ‘projects’ within time and space reveal the social, economic and
environmental constraints in which members of a group operate. The differ-
ence between members’ responsibility, mobility and freedom are laid bare in
the time-geography ledgers to hint at levels of agency. As temporal, spatial and
material data become increasingly associated with goods and products as they
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move through the value chains of production, distribution and consumption, pro-
jects such as Follow the Things extends the role of the ledger to involve not only
humans, but the things that we buy.

In the third section, a dispute in a Peugeot factory that provided the inspiration
for the Dardenne brothers’ film Two Days, One Night, offered an opportunity to
explore the tensions between established Fordist methods of car production in
which the speed of production led to a ledger of poorly assembled cars, to the
influence of the reflexive Toyota model that involved workers in the quality con-
trol of each car. Introduced as cognitive ledgers, the engagement of the individual
to be involved in the evaluation of each transaction, whether it was the cinema
audience who tried to retain a ledger of Sandra’s interactions with her co-workers,
or GM and Toyota employees that could halt the assembly line to rectify errors,
the examples reminded us of how we enact ledgers.

At the time of writing, applications of distributed ledger technologies were still
being developed and trialled within different sectors. As the technology finds its
niche we can be confident that platforms that offer trust will support and encour-
age its members to trade any imaginable commodity. To illustrate, the authors
used a case study to explore what designers would chose to exchange when they
are given software that allows them to associate values to Bitcoin transactions in
an urban context.

In summary, as the virtues and limitations of the blockchain and DLT technology
begin to become part of the architectures of an internet in which trust is a key char-
acteristic, the chapter reveals the complex relationship that we have between trusted
lists, temporality and situated practices. Involving people in the co-authorship of
a ledger suggests that we have an opportunity to understand the values that they
intended to represent. Whatever form the city dashboard of the future takes, their
function as visualizations of complex social, economic and environmental systems
valued by all parties will require trusted methods for the capture and representation
of values.
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12 Situating data infrastructures

Till Straube

Introduction

When writing about digital technologies and the city as a human geographer it is
a widely adopted convention to open with a brief fictional vignette: a woman is
navigating urban space with her smartphone, friends run into each other because
of Foursquare, somebody is lured into a store by a location-aware app, or a similar
situation showcasing urban life being mediated by geodata in its various forms.
These examples taken from (supposedly) everyday experience routinely serve as a
point of departure for texts setting out to critically analyse the effects of new media
and digital information on society at large, and their relation to urban spaces.

As a literary device, the vignette elegantly accomplishes several goals that
should be prioritized by any good account. It offers anecdotal proof that digi-
tal devices influence the lives of real people, thereby establishing relevance
of the technologies in question (and of the research presented). It additionally
aims to facilitate the reader’s intuitive understanding of an otherwise abstract,
technically complex subject matter, advancing the text’s relatability. Understood
as a spatio-temporal reference, the vignette positions the suggested analysis in
the here-and-now: at the time of this writing, an Uber ride would be a much more
likely candidate for such an opening passage than a Facebook check-in. Finally,
adhering to a style reminiscent of field notes from ethnographic research, the
vignette also seems to add to the authority of the account.

However, the vignette also sets a narrative frame that makes some avenues of
critical analysis appear more intuitive than others. Situating the lives and expe-
riences of ‘people like you and me’ centre-stage reinforces an understanding of
data and digital technologies as ‘new media’ — intermediaries, mediators — in rela-
tion to social processes.' The devices and technologies themselves remain largely
‘black-boxed’ and are considered only in regards to their effects on society (or as
cultural expressions, for that matter; this is not a question of technological vs social
determinism). This treatment of contemporary data-driven phenomena sustains the
popular notion of ‘the digital” as an immaterial sphere of relational intensities, and
for some time underpinned some of the most influential analytical concepts guid-
ing geographers’ inquiries into this problematic — from time-space-compression
(Harvey 1990) to the network society and the space of flows (Castells 1991; 1996).
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Situating data in the city means to engage with spatial aspects of informa-
tion and communication technologies (ICT). I propose to approach data-driven
phenomena through digital infrastructures (programming languages, database
software, data formats, protocols, APIs, etc.) and to understand their relation
to space on their own terms: by closely reading documentation materials, techni-
cal specifications, and code. In this chapter, I outline a possible mode of inquiry
that avoids relegating data devices to mere mediators of the social, or resorting to
other grand abstractions. The entry point here is the problem of space: how can we
account for the overflowing of spatial frames of reference by digital technologies
without resorting to notions of immateriality?

This approach sets out by insisting on the constructed nature of the digital/
physical dichotomy (among others) and proposes a radically materialist first
analysis of ICT. In a next step, the problems of space and context are explored
through an analytic lens building on assemblage theory, following the methodo-
logical principles of symmetry and free association. Taking further cues from
science and technology studies (STS), the possibility of a topological reading
of data devices is explored, and in a final step extended by reading it against a
diverse set of additional texts and brief examples.

The present text, then, will have to make do without the all-but-obligatory
opening vignette. Relevance is assumed: in a post-Snowden era, who would
question the social and political importance of ICT and their critical analysis?
Relatability comes at a too costly a price: when investigating technically com-
plex digital infrastructures, there is a danger of losing nuance to simplification.
Instead, this approach heeds Star’s ‘call to study boring things’ (Star 1999: 377).
Reference to specific technologies will not provide a precise spatio-temporal
context: the programs and protocols in question are far more ubiquitous and
longer-lasting than specific data sets, end-user applications or hardware genera-
tions. Finally, I make no claim to authority (or to a sound ontological stance):
the veracity of the approach outlined here should be measured only against the
quality of accounts it can facilitate.

Digital technologies as a spatial problem

Binary computation is materially constituted by processes that ‘take place’ beyond
human perception, be it almost-real-time interactions across globe-spanning dis-
tances, or computations ‘at a scale of operation so small and fast as to be beyond
direct human sensing’ (Kitchin and Dodge 2005: 27). The mobilities and muta-
bilities facilitated by ICT are therefore greatly incongruent with those of (older)
everyday things, and fundamentally challenge anthropocentric space-images. It
is no surprise, then, that code and data are commonly thought of as consisting
only of abstract connections, inhabiting a “virtual” world that is separate from our
tangible environment. Geodata may be conceived of as forming an annotating
‘layer’ to urban space, but its ethereal nature remains decidedly other to the hard
materiality of storefronts, bricks and concrete.
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Since the earliest attempts to make sense of the unfolding information revolu-
tion, the internet was often construed as an alternate immaterial realm where the
laws of our physical world do not apply. The term ‘cyberspace’ was employed
liberally to describe an exciting new reality brought forth by the internet — a world
where bits and pixels seemed to float around freely and a whole new quality of
possible mobilities and encounters emerged (Batty and Barr 1994; Graham 1998).
At the time, thinking about digital phenomena followed ‘a paradigm . . . that was
firmly ensconced in the notion that digital networks ran parallel to and remained
separate from real life’ (Gordon and de Souza e Silva 2011: 8). Cyberspace was
thus first and foremost a metaphorical space (Bell 2009).

To be sure, more recent efforts to theorize the relationship between the
spheres of the digital/virtual and the physical/geographic insist on their mutu-
ally dependent relationship (Batty 1997; Aoyama and Sheppard 2003; Thrift and
French 2002). For instance, the entirety of online geographical information is at
times conceptualized as an additive dimension that is intricately intertwined with
physical space: a ubiquitous virtual layer that is at once separate from, paral-
lel to, and mutually constitutive with material places (Zook and Graham 2007).
Research surrounding the ‘digital divide’ explores spatial (and other) inequalities
in terms of internet availability, access to datasets and digital literacy (van Dijk
2006; Graham 2011). The increasingly popular (but fuzzy) notion of amalga-
mated virtual-material ‘hybrid spaces’ (Gordon and de Souza e Silva 2011: 86)
that are imagined to flatten and fuse geometries of distance and scale through
digital interfaces is intended to allow for consideration of both physical locales
and digital processes simultaneously and coequally.

Without a question, these approaches to spatializing data and digital technolo-
gies have given rise to a wide range of fruitful critical research in geography and
beyond. Ultimately, however, even the closest conceptual integration of digital
information with physical settings relies on essentialized notions of both cate-
gories. Rather than any specific proposed relation between the digital and the
physical, it is the a priori distinction between these two spheres that I wish to
subject to scrutiny.?

Assemblages of digital matter

Following Fuller’s assertion that ‘the idea of software’s “immateriality” is ultimately
trivializing and debilitating” (Fuller 2008: 4), I propose a materialist first analysis of
digital technologies. This is to say nothing more than that digital communication,
binary computation and data storage are strictly material phenomena (i.e. magnetic
flux on a disk, electrical currents, photons in an optical cable, etc.) and that any pro-
posed external reality (content, representation, meaning) cannot be taken for granted
and should be treated with suspicion. The term digital matter is used here to indicate
those tangible objects and infrastructures (like mobile phones, CPUs, screens, server
parks, cables and so on) that do work in the world through ICT.

Insisting on the materiality of digital phenomena is hardly a novel move.
Kittler famously stated that ‘[t]here is no software’ (Kittler 1995), pointing to



Situating data infrastructures 159

the hard-wiredness of all computing processes in the last instance. Notions of the
materiality of digital technologies also underlie the study of embodied practices
of global financial traders in front of their screens (Knorr Cetina and Bruegger
2002). Kitchin and Dodge’s work can be read along similar lines: drawing on
Mackenzie’s elaborations on technicity, transduction and individuation, they
propose an understanding of embedded practices scripted by computer code that
continuously and open-endedly structure ‘code/spaces’ (Kitchin and Dodge 2005;
2011; Mackenzie 2002). As Kinsley (2014) shows, these concepts — originating
in deconstructionist philosophy and Simondonian thought — can be fruitfully
employed to deconstruct ‘virtual’ geographies and engage with problems of
materiality. Finally, Parikka calls for a ‘multiplicity of materialisms’ read against
media theory:

Such methodologies and vocabularies need to be able to talk not only of
objects, but also as much about non-solid and the processual — the weird
materiality inherent in the mode of technical media — so that we can under-
stand what might be the specificity of this brand of materialism that we
encounter (but not always perceive) in contemporary media culture.
(Parikka 2012: 99)

As the above referenced accounts show a materialist reading of ICT does not
preclude an engagement with sow digital matter works — on the contrary: when
trying to account for the unexpected, emergent configurations and associations
brought into being by digital technologies, a close look at the actual mechan-
ics and (coded) inscriptions becomes indispensable. As Latour remarks, ‘the old
dichotomy between function and form . . . is ridiculous when applied to a mobile
phone. Where would you draw the line between form and function? The artefact
is composed of writings all the way down’ (Latour 2008: 4).

The dichotomies between digital and physical and between form and function
are not the only ones that are called into question. In a strictly material analy-
sis there can also be no natural distinction between code and data — they are
handled exactly the same on the mechanical level of physical storage, transmis-
sion, the CPU and so on. Instead, this distinction is introduced by development
practices and conventions, and supported by digital infrastructures like program-
ming languages and database software. It should therefore be handled with care:
data (e.g. a bitmap file) are always-also code (to display an image), and exten-
sive infrastructures like Git exist for the sole purpose of handling code-as-data
(or ‘code as traffic’; Mackenzie 2016). Even in everyday development practice
the line between code and data is blurry at best, and one would be utterly useless
without the other.® Unlike notions of ‘big data’ or ‘the algorithm’, the com-
prehensive concept of digital matter avoids referring to only code or only data
(and risk forgetting the integral role of the other).

Finally, this focal shift also draws on Whitehead’s critique of the bifurcation
of nature and culture — arguably the central starting point of STS and the schools
of thought that followed (Stengers 2008; Latour 1993; Callon 1986; Law 1992).
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Rather than media that unproblematically relay messages, or a type of resource,
or instruments or circuits of power, digital matter comes into view here as the
stuff of society itself. Following Latour (2005), mobile phones, lines of code and
QR stickers are enrolled in associations just as complex as those of software engi-
neers, users and other (human) members of society.

To account for this symmetry of humans and non-humans, and circling in on
the problem of spatializing ICT, I further propose an examination of assemblages
of digital matter. By employing the assemblage as an epistemological device,
I want to draw attention to three defining ways in which it can inform thinking
about digital technologies.*

First, the assemblage considers heterogeneous materials, including knowledge
and practices. When deployed as an assemblage, devices of digital matter are defined
by their relations not only to users and developers, but also to documentation, skills,
best practices, standards and so on. Their analysis requires careful consideration of
all the elements that are immediately involved in keeping them working.

Second, rather than static constellations, assemblages are never complete and
always in the making. As an anti-structuralist concept, the assemblage allows
for investigation into contingent arrangements that are temporarily stable, while
taking into account their open-endedness and uncertainties regarding success or
failure. The assemblage is derived from an active verb, and the intended purpose
(for which a technology is deployed) and simultaneous over-determination of
digital matter (resulting in unexpected behaviour or usage) are a source of tension
that the proposed perspective draws on (Pickering 2003; 2008).

Third and most important for the problem of situating ICT, the assemblage not
only challenges scalar thinking by rejecting the micro/macro distinction, but also
blurs the line between inside and outside. In other words, there are no ‘parts’ to a
‘whole’, and assemblages are impossible to territorialize definitively. Looking at
Google as an assemblage, for example, requires thinking about algorithms, server
parks, developers, Web design, GPS satellites, stock prices, etc. — each for itself
infinitely more complex than any imagined comprehensive entity: ‘The whole
is always smaller than its parts’ (Latour ef al. 2012: 590). What is more, each of
these materials comes with its own spatio-temporal logic, and it is only within the
assemblage that they are negotiated, translated and attuned to one another.

The proposed materialist reading of ICT is not at all intended to suggest, then, that
digital matter can be unproblematically located in any ‘physical’ container space. But
neither are arbitrary, generalized abstractions (like cyberspace, or the space of flows)
productive in the envisioned goal of engaging digital technologies on their own
terms. The contradictory spatialities and temporalities inscribed in and performed by
assemblages of digital matter will be left unresolved and serve as a source of tension
for the proposed topological solution to the problem of situating ICT.

Topology: an ambiguation

In geography, topology is most commonly understood as an antithesis to topog-
raphy; whereas topography locates things on projections of the surface of the
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Earth, assigns coordinates, measures distances, and so on, topology is to describe
connectivities and qualities of relations. If topography follows the logic of terri-
tory, topology is said to follow that of the network (Amin 2004). As an analytical
tool, this reading of topology is employed to examine geographically dispersed
networks and questions of power relations that escape Euclidian space. In shifting
from topography to topology, measurable distances lose their meaning, and it is
an ‘other’ form of connectedness that makes up a strictly relational space.

This reading of topology is at times illustrated by Serres’s metaphor of the
crumpled handkerchief (Serres and Latour 1995) or Euler’s solution to the prob-
lem of the seven bridges of Konigsberg (Shields 2012). Its usefulness has been
demonstrated especially by accounts aiming to incorporate actor-network-theory
into geography (Latham 2002; 2011; Allen 2011; McFarlane 2009; Murdoch
1998). The term ‘network topology’ is employed in computer sciences precisely
in line with this understanding: it designates a description of how nodes in a com-
puter network are connected to each other (rather than where they are located in
relation to each other in Euclidian space), and it has become all but commonplace
to remark that the connectivities introduced by ICT generally require topological
rather than topographical analysis.

But this is not the only way (by far) in which topology is understood in its
post-mathematical sense; a brief ‘ambiguation’ is in order. Martin and Secor
identify a ‘dizzying diversity’ (Martin and Secor 2014: 2) of texts that use
topology to mean vastly different things. They suggest that superficial readings
of topology and its use as a vague heuristic device put the ‘clarity and preci-
sion of [geographers’] theories of space’ at stake (Martin and Secor 2014: 9).
Specifically, they summarize a criticism of the topology-vs-topography debate,
arguing that ‘the point is to understand Euclidean space as one possible topol-
ogy among others’ (Martin and Secor 2014: 11; emphasis in original). Along
those lines, Sha (2012) questions the suitability of the bridges of Konigsberg as
an example for topology. He posits that Euler’s solution did not establish topol-
ogy itself, but only graph theory, a precursor to topology. ‘Topology is (much)
more than graphs’ (Sha 2012: 225). It seems indeed curious that ‘topological
space’ is commonly understood as lacking metrics, when mathematicians rou-
tinely engage with metric topologies (Munkres 2000).

While an exhaustive discussion of post-mathematical topology is well beyond
the scope of this text, I will briefly outline some alternative topology concepts that
have been employed to think about data and digital technologies. Marres (2012),
for example, uses topology synonymously to a Latourian symmetry in socio-
technical arrangements. Rogers (2012) employs topology to recount specific his-
torical geometries of the internet. Other scholars focus on effects of continuity
and change in auto-spatializing practices of sorting, comparing and calculating:
an algorithmic spatiality (Lury et al. 2012; Parisi 2013). Ruppert (2012) employs
this perspective in her analysis of UK government databases and their conceptu-
alization of individuality. Finally, researchers at the University of Technology in
Darmstadt identify a series of relational spaces structured by (digital) technologies
in their ‘Topological Manifesto’ (Graduiertenkolleg Topologie der Technik 2015).
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From these diverse texts linking technology and topology, there are two
aspects especially that will inform my proposed approach going forward. First
is the notion of auto-spatialization, which is understood here as the capacity
of (specifically data-oriented) technologies to impose their own spatial logic
(of referencing, sorting, linking, categorizing) onto the world. It resonates
strongly with the notion of transduction, and with the above proposed spatial
deployment of assemblages of digital matter.

Second, as Martin and Secor assert: ‘If there is something that unites geog-
raphers’ uses of topology, it is a move to conceptualize the dialectic between
continual change and enduring relations’ (Martin and Secor 2014: 3). In a mate-
rial analysis of digital infrastructures this tension between continuity and change
takes centre-stage: when an e-mail is translated from a series of keystrokes to an
electrical current, to an optical pulse, and to pixels on a screen, there is really no
material continuity at all, and yet we can speak of the ‘same’ (textual) data. What
changes, what stays the same, and how?

For articulating the mode of topological inquiry envisioned here, the main
point of departure is the work of Law and Mol who employ topology to insist on
a multiplicity of space, and propose a reading of objects in terms of the spaces
folded into them (Law 2002; Law and Singleton 2005; Law and Mol 2001). This
approach’s analytic usefulness becomes clearest when they interpret the figure of
the immutable mobile in this context:

[W]e find that the immutable mobile achieves its character by virtue of
participation in two spaces: it participates in both network and Euclidean
space. And such is Latour’s trick. To talk of an ‘immutable mobile’ is to
elide the two.’

(Law and Mol 2001: 612; emphases in original)

For the authors, this understanding of topology — that is, the deployment of
concurrent spatialities — is not a heuristic device, or a result of epistemological
uncertainty, but an ontological assertion. And yet, their topology does not amount
to a model explaining the world, but should instead be read as a methodology with
which to engage in research (Law and Singleton 2005). Along empirical examples
as diverse as medieval Portuguese vessels, the Zimbabwe Bush Pump, aerody-
namic calculations for a military aircraft and alcoholic liver disease, this group of
authors develop notions of ‘network’, ‘fluid” and ‘fire spaces’ which are as much
at work in these objects as Euclidian space.

The intent of these alternate topologies was to trouble conventional notions of
movement and continuity: for example, the form and function of the Zimbabwe
Bush Pump changed as it travels through time and space through replication
and recontextualization, and thus appears to the observer as a ‘mutable mobile’
(Laet and Mol 2000). But read through a topological lens, it is not the pump that
changes: its mutability is simply an effect of a consistent object traveling through
fluid space, observed from the vantage point of Euclidian space (Law and Mol
2001; Shields 2012).
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For the remainder of this contribution, I will expand on this topology of mul-
tiplicity by reading it against some additional literature and short illustrative
examples in order to put it to work in situating data infrastructures as assemblages
of digital matter.

Towards an applied materialist topology

The mode of inquiry I wish to develop here can be called an ‘applied materialist
topology’, envisioned as an empiricist perspective that pays close attention to the
concurrent articulation, performation and translation of multiple time-spaces by
reading technological inscriptions in their socio-political contexts. It builds on
Law and Mol’s topological methodology and extends it by four epistemological
moments, which are outlined below: arbitrary performation, post-human time-
spaces, interlaced articulation and technical criticism.

Arbitrary performation

There is a certain danger to looking at things through the lens of Law and Mol’s
topology: one runs the risk of seeing instances of fluid- or fire-like behaviour every-
where; of imposing them onto the object of study (or even introducing yet another,
more appropriate associative spatiality; see Sheller 2004). This temptation should
be resisted by steering clear of neatly fitting metaphorical spaces, and insisting
instead on the fundamental arbitrariness of time-spaces as performed by digital
matter. In a way, this means reading Law against himself: how could the clean-
cut ‘elemental’ topologies (as in fire, fluid or solid networks) ever account for the
full complexity — for the ‘messiness’ (Law 2004) — of the various spatio-temporal
behaviours of digital matter?

For example, consider a topological reading of the Web’s quintessential
immutable mobile: the Internet Protocol (IP) is the technology that breaks up
data (e.g. HTML files or bitmaps) into packets of manageable size, which are
then independently routed through a network of computers, and finally reassem-
bled at the recipient’s end. Packet switching technology lies at the heart of how
the internet works. IP packets are (super-)mobile in the sense that they traverse
the World Wide Web in a matter of microseconds. They are (super-)immutable
in that they require strict adherence to a predefined protocol. In IPv4 the destina-
tion address is determined by reading bits 128 through 159 of the packet. If one
were to change just one bit in the header, the packet would become meaningless
‘noise in a pipe’.

I argue that the IPv4 packet has nothing at all to do with Euclidian, network,
fire or fluid spaces. Instead, I want to read the spaces it participates in directly
from the object and its technical specifications: it is immutable in its specific
sequence of ones and zeros — a one-dimensional topology of minimal (binary)
difference — and mobile within a network of connected computers, each reading
its header and passing it on towards its destination. Even its ‘time to live’ that
prevents packets to travel around in circles (defined in bits 64—82, and originally
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intended as an integer value of seconds) has in practice become a ‘hop count’
reduced by one each time it passes through a node in the network. When the count
reaches zero, the packet is discarded.

Taking cues from Callon’s (2007; 2009) notion of performation, it can be said
that this is an instance of an assemblage of digital matter performing the topolo-
gies of packet switching technology. These time-spaces are arbitrary in that they
overflow — or rather are ‘skew’, or at odds with — preconceived notions of time
and space (linear, Euclidian or other). To unearth them, to submit them to critical
analysis, they need to be read for what they are rather than moulded to something
that is already understood.

Post-human time-spaces

Consider another example: Git is a popular free and open source versioning
system developed by Linus Torvalds. It allows software engineers to keep track
of changes made to a codebase over time and to cooperate on projects. Changes
(or ‘commits’) are recorded for individual lines of code rather than files, allow-
ing for a fine-grained transparency and flexible ‘merging’ of versions that have
made changes to the same file. The technology follows a distributed approach,
that is, instances of the same Git repository can exist independently on differ-
ent machines and be selectively recombined without the necessity for a central
server (like Github).

As previously noted, Git nicely illustrates the difficulty of the distinction
between data and code. It also negotiates a variety of spatialities: hierarchical file
systems, networks of developers, textual matrices of code, and of course its own
tree-like logic of consecutive commits, branches and forks. Additionally, it can
be understood as a tool for managing temporality. Git can be used to roll back to
older (working) versions of a buggy software, and because individual commits
contain only the incremental difference between two versions of individual lines
of code, old commits can be removed or applied to newer branches, or entire
branches can be ‘rebased’ to newer commits. Git allows for flexible re-ordering
of a consecutive, incremental timeline of modifications — in other words, the
changing of a code’s history.

Inspiration for a critical analysis of such modulation of temporality comes
from Amoore (2011), who shows how possible futures are folded into the pre-
sent through risk scores calculated by self-normalizing security systems that are
employed in air travel security. While geographers engaging with topology tend
to focus on questions of space, others are concerned primarily with time (Serres
and Latour 1995; Connor 2004). An applied materialist topology should be con-
cerned, then, with non-linear temporalities as much as non-Euclidian spaces.
Ideally, it transcends this distinction, and asks: what time-spaces are performed
and negotiated by an assemblage (of digital matter)?

To further complicate matters, nothing warrants the expectation that the time-
spaces performed be commensurable to human experience. For example, it is not at
all out of the ordinary to employ more-than-three-dimensional calculative spaces,
or nested loops and recursions in software programming. It is imperative, then,
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to be prepared for encounters with time-spaces that are difficult or impossible to
relate to, without reducing them to some more intuitive framing (just as mathemat-
ics is equipped to handle topologies well beyond human capacity for imagination).

Literature surrounding feminist materialism and critical readings of cyber-
netics has a history of engaging with problems of agency and subjectivity in
post-human ontologies and lend themselves to widen a topological perspective to
include notions of time-spaces that escape human imagination (Pickering 2002;
Barad 2003; Hayles 1999; Haraway 1987). Drawing on experiments in quantum
physics, Barad develops the notion of ‘spacetimemattering’ to point to the inex-
tricability of frames of reference and their ‘dis/continuities’ from those material
arrangements that are employed in their observation (Barad 2010: 244). In order
to further investigate the complex spatialities one invariably encounters in data
devices, one would do well to draw on these literatures.

Interlaced articulation

A superficial reading of Law and Mol’s topology might suggest that Euclidian,
network, fire and fluid spaces exist a priori and coequally as a sort of universal
constant. Indeed, the authors never address the questions of how these spaces
relate to each other, and where they originate. An applied materialist topology can
engage this problem head on by examining the articulations and translations of
time-spaces directly within the various inscriptions of digital matter.

What comes into view is more than just an interdependence, but a series of inter-
laced, convoluted articulations and translations. The rendering of a website — read
as a matrix of colour values assigned to pixels in a ‘screen space’ — is articulated
within the textual space of HTML and translated by the browser software, which is
in turn articulated in the programming language C++, recurring back to the hierar-
chical space of the file system, articulated by the operating system, and so on. GPS
would not function if the satellites’ clocks did not take into account special and
general relativity: surprisingly, the calculation of spacetime curvature is necessarily
involved in the articulation of the ‘simple’ container space of a navigation system.

‘We are thus confronted by an indefinite multitude of spaces, each one piled
upon, or perhaps contained within, the next’ (Lefebvre 1991: 8). Multiple topolo-
gies should be understood as articulated (or coded) within another and connected
through diffuse passageways (Connor 2004; Serres and Latour 1995). The pro-
posed mode of inquiry is therefore concerned with the ‘pivot points’ that translate
between time-spaces: how smooth or disruptive are the shifts, or parallaxes,
between the frames of reference performed by digital matter? Where are these
‘topological operators’ found, how do they put time-spaces in relation to each
other, and in what spaces are they themselves articulated?

Technical criticism

An applied materialist topology as proposed here is committed to technical detail
in an effort to avoid generalized abstractions relating to the spatial and social
being of digital technologies and information. It is easy to construe an objecting
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position that accuses this approach of being descriptive and ‘forgetting about
power relations’. But the critical quality of the envisioned mode of inquiry is not
rooted in an account of embedded power dynamics (or ‘geometries’). Following
Latour (2005), I am instead interested in a perspective that decentres the subject,
puts asymmetries under scrutiny, and understands power not as explanans, but
as explanandum.

In his work on the interface as a cultural spatio-temporal operator that frag-
ments and augments subjectivities, Hookway (2014: 23) proposes a conceptual
distinction between sovereign power that ‘define[s] and impose[s] order’ on the
one hand, and control that works ‘on the threshold’, through ‘translations, trans-
positions, hybridizations, and phase shifts’, on the other. An applied materialist
topology rejects notions of the former, and concerns itself with the latter.

The mode of critique envisioned here is most closely aligned to the notion of
‘technical criticism” developed by Ong and Collier from Weberian thought:

[This critical stance] involves neither a sociological reduction to ‘structure’ or
a logic of power nor a cultural reduction or relativization of such ‘universal’
phenomena. Rather, it suggests a careful technical analysis — a technical
criticism. Such a technical criticism would examine both the ‘mechanical’
foundations of these phenomena and the actual processes and structures that
define their scope and significance.

(Ong and Collier 2005: 10; emphasis in original)

Context matters. Precisely because the proposed perspective is invested in technical
detail, and because it steers clear of far-reaching generalizations and grand abstrac-
tions, it should be applied within contexts that need critical understanding, rather than
to observe everyday practices and extrapolate from there. As Tsing (2010) points out,
every account necessarily deploys its own frame of reference (or ‘worlding”) that
sorts, orders, links and confines its materials. Even if one tried, then, it would be
impossible to write a ‘neutral’ description of code, data and their technical workings.

When investigating the multitude of ways in which cities in the twenty-first-century
enter into complex relations with data devices and digital infrastructures, it is there-
fore advisable to consciously deploy the spatio-temporal workings of ICT towards a
technical understanding of the socio-political implications of data. I propose that an
applied material topology can help such analyses by challenging preconceived dual-
isms of code and data, or the digital and the physical realms, and by widening the array
of permissible spatialities deployed in forthcoming research.

Notes

1 McLuhan’s work, famously stating that ‘the medium is the message’, can be read as an
early intervention into this predominant framing of media as a passive carrier (McLuhan
1994 [1964]).

2 Latour makes an analogous argument regarding sociologists’ various efforts to come to
an arrangement between interaction- and structure-based perspectives: ‘The combination
of two artifacts could only produce a third, yet more annoying, one’ (Latour 1996: 234).
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3 Notably, some functional programming languages (e.g. Lisp) follow the principle of
homoiconicity, that is, they allow any piece of code to be handled like data, and vice versa.

4 For a more encompassing discussion of the assemblage in the social sciences and geog-
raphy more specifically, see Marcus and Saka (2006) and Anderson and McFarlane
(2011), respectively.
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13 Ontologizing the city

Tracey P. Lauriault

Introduction

This chapter presents a methodological approach for critically examining a data
model. The central question examined is, how is a city translated into code and data,
and how does that code and data transduce and reshape the city (see Figure 13.1;
Kitchin 2011)? More specifically, what are the technopolitical processes by which a
city is modelled or translated into a database? What does that database model look
like? In what ways does that model transduce space and reshape the city? Is the
relationship between model and city recursive and can a city database eventually
learn about itself from itself and simulate the city? What would be included and
what would be left out of the database in order to avoid the similitude problem of
Lewis Carroll’s map of the city at the scale of a ‘mile of a mile’ (Carroll 1893), or
where cartography is so perfect that a map includes each house, mountain or tree
represented by just that, the houses, mountains and trees as Borges satirically wrote
in ‘On exactitude in science’ (1946)? Finally, who decides?

Data models look deceptively simple (see Figure 13.2). A data model is an
ontology, a formal description of the entities of a domain. At its simplest, the pur-
pose of a data model is to logically classify and uniquely identify things — material
artefacts, ideas, people, concepts — and their relation to each other according to a
set of rules in order to create a database of the things that form part of the main

Disconrses, Practices, Knowledge, Models

Translation:
/- City into Code/Data

SOFTWARE/DATA | THE CITY

\* Transduction:
Code/Data Reshapes City

Medzation, Augmentation, Facilitation, Regulation

Figure 13.1 Translation and transduction of data and the city (Kitchin 2011).
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object of the model (i.e. Ireland). The object of a model or the domain could be
the geography of a nation and its constituent elements, and in the case of a city its
buildings, transport and utility infrastructure, waterways and land coverage, etc.
Modelling in this sense entails the transformation of things into related conceptual
objects and sorting them into classifications (Bowker and Star 1999). Once a data
model is operationalized in a functional database, it gains momentum and becomes
normalized throughout a socio-technological system (Hughes 1994) — such as the
spatial database of a national mapping organization and the institutions that rely on
its data (e.g. government departments, utilities or the education system). In turn,
the classes and their relations seemingly become ‘natural kinds of things’ or ‘real
things’ (Hacking 1991). For Hacking, a socially constructed class becomes known
and acted upon as if it were an actual thing, and the thing (i.e. a tree) is only known
by the qualities of how it has been classified.

Once a model becomes accepted infrastructure (Callon 1987; Star and Ruhleder
1996), it becomes difficult to change the model, and eventually harder to imagine
the modelled objects and the object modelled in any other way (Lauriault 2012).
The modelled database and its data become an objective reality, and once embed-
ded into a data infrastructure, the model becomes largely invisible except for the
rules articulated into algorithms encoded into the system. The machine however
knows, and to a lesser extent the model becomes part of the tacit knowledge of
its community of data producers and maintainers. The model eventually recedes
into the background, becoming distant from its constructed and conceptual roots.
Just like a well-functioning infrastructure, it becomes the substrate of other things

Reference
Polygon

Ireland

Figure 13.2 Basic schematic of the OSi data model.
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with agentric-like qualities (Hughes 2004; Allen and Hecht 2001) — the model
produces the data infrastructure and is a product of it, and the use of the data
infrastructure transduces the city.

Models abstract a world view and once operationalized into a database they
can: influence how the world is viewed; can change the world of work, including
tools, techniques and practices; and transform the structure of an organization
and how that organization interconnects with others. If new standards are set,
the organizations that are interconnected with it also change, and depending on
the scale, they can influence the political economy of a particular databased eco-
system. Simple models are elegant (Figure 13.2), but are often deceptive, not
being as simple as they appear given they capture and represent a complex world.

In order to illustrate data models and their utility, this chapter discusses a case
study of the construction and deployment of the Prime2 data model and data plat-
form created by Ordnance Survey Ireland (OSi). Prime2 is a real-world object
data model that applies a ‘skin of the earth’ blanket metaphor (OSi 2014). In this
model, the entire surface of Ireland is overlaid with a ‘consistent blanket’ that
is shaped like the island and consists of millions of unique geometrically and
relationally accurate (topological) patches of land covers and the outlines of struc-
tures (polygons) geographically stitched together by their topological relations
and their geographic coordinates in such a way that there are no holes or gaps but
for a few exceptions (such as cross over patterns, i.e. a bridge that crosses a river).
Some features are overlain onto the blanket (i.e. buildings, structures and network
lines), while polygons are seamed together with patterned stitching (i.e. networks
of water, rail and ways), much like a modern quilt would be. This model is the
guiding framework for the official digital geographic record for the state. These
objects, however, need not be mapped or visualized, the data can be used in other
ways. For example, they can be plugged into a direct mailing system to dissemi-
nate election ballots or census forms; questions can be asked of the database, such
as how much of Ireland’s land surface is paved; and the paved surface data can be
plugged into a pavement management system. The Prime2 data model underpins
the design and construction of OSi’s data infrastructure and is the culmination of
a seven-year national data re-engineering project.

The objective of the case study was to study the technological transformation
at the OSi as a consequence of the implementation of this new data model in order
to assess if it changed how space is understood, more specifically urban space,
and if it produces different kinds of cities. In other words, does this model funda-
mentally alter how Dublin is known and if so how? The first section introduces
Ordnance Survey Ireland, describes the Prime2 model, and details the case study.
This is followed by a description of the theoretical assumptions guiding the study
and how these informed data collection. The chapter ends with some prelimi-
nary observations given the analysis of the massive quantity of data collected is
ongoing and concludes with some final remarks on the importance of empirically
studying data models, and calls for critical data studies scholars to make data
models a focus of analysis.



174 T. P. Lauriault

Socio-technological transformation of Ordnance Survey
Ireland (OSi): a case study

Ordnance Survey Ireland (0Si)

Ordnance Survey Ireland (OSi) was established in 1824 and is the Republic of
Ireland’s national mapping organization (NMO). It has undergone a number of
institutional transformations. Most notably, its mandate changed from being a
colonial surveyor and military mapping organization under the British to a NMO
just after independence in 1922. More recently, in 2002 it became a state body
with both state and commercial functions under the Ordnance Survey Ireland
Act 2001. In December 2016 a new National Mapping Agreement was officially
signed with the government and the OSi’s mandate will once again change when
it merges with the Valuation Office and the Property Registration Authority some-
time in 2017 to become Tailte Eireann. OSi is a well-established institution, every
child studies its maps in school and all utilities and government offices rely on its
maps and data to deliver services and programs. OSi has been actively engaged in
the depiction of Ireland in maps and data for close to two centuries and has helped
construct an empirical and scientific geographical imagination of the country.
One of the questions of the case study is to consider whether or not Ireland will
be imagined differently given the new ontology employed in its Prime2 database?

OSi is renowned for its mapping innovation internationally. Ireland was the
first nation in the world to be completely scientifically surveyed in 1837—-1846 by
the British at the height of the empire’s colonial era. The technique was exported
throughout the colonies and surveying has become a norm and an established
state apparatus globally. Like many NMOs it went digital in the mid-1970s and
OSi implemented a series of geometrical framework models, created a new digi-
tal data collection, and developed new mapping techniques as computing power
increased, the internet grew, new software and hardware tools were developed,
and instrumentation improved and as earth observation (EO) technologies and
imagery became more precise and accessible.

More recently, between 2007 and 2014 OSi and 1Spatial (a geospatial con-
sultancy) created the Prime2 National Spatial Information Platform and together
remodelled and re-engineered OSi data, institutionalized a new geospatial data
management system, and built a new operational infrastructure. The objective
was the provision of a single vision of the geographic ‘truth’ of the state, one that
is standardized to align with OSi’s mission ‘to create, maintain and provide the
State’s definitive mapping and geospatial information services to support citizens,
business and government’, and its vision to be ‘the national provider of trusted,
maintained geospatial data and platforms to ensure the State’s location data is
easy to find, share and use’ (OSi 2016). OSi, as one of the scientific arms of the
state, typifies biopolitics both in terms of the management of territory and govern-
mentality with respect to doing so (Foucault 2010; Garland 1997).

In September 2014, Prime2 was launched at the 1Spatial Big Data Roadshow
in Dublin.! 1Spatial is a private sector firm that helps large data producing organi-
zations transform their data using an enterprise-scale, rules-based approach that is
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Figure 13.3 From Ireland in maps to databased Ireland.

cross-platform and automated at all stages of the data lifecycle (1Spatial 2017). It
was at this event that I realized that Ireland was being ontologized in an entirely
new way. My hunch was that this was nothing less than a major socio-technological
transformation, perhaps one of the largest OSi has ever undergone. Furthermore,
this innovation, it seems, will influence the direction of other national mapping
organizations around the world. This was made more poignant since Ireland was
home to the world’s first national survey.

The OSi was transitioning from the production and maintenance of a cartographic
data system (Prime) produced exclusively for national mapping, toward spatial data
as a big data database with mapping as just one application. In a seven-year period,
the OSi re-engineered its data assets from sheet, tile and vector-based cartographic
mapping to a seamless, scale independent real-world object oriented model approach.
In a sense, Ireland became a real-world, feature-based information, national-scale
spatial data platform (see Figure 13.3) which consisted of the sum of its materi-
ally defined parts defined by rules with topologically accurate, uniquely identified
objects with spatial coordinates, attributes and spatial relations (OSi 2014). It is no
longer a map, but a database of potential maps (Dodge et al. 2009).

High-level description of the OSi Prime2 data model

In this model, Ireland is a set of objects that are topologically defined in relation
to other objects, but also in relation to a reference object, which in this case is the
geometry of the islands of Ireland (see Figure 13.2). These objects are topologi-
cally related, as seen in the few examples provided in Figure 13.4. While depicted
as images for illustrative purposes, in the database, objects are described in code
as having geometry, coordinates and attributes. In the OSi model, objects can be
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Figure 13.4 Selection of polygon based topological relations in the Prime2 model.

contained within objects. For example, a building is located within a land area
covered by a lawn. Objects can also intersect (e.g. a road intersects another) and
they can touch and share a point or a boundary (e.g. the lawn surrounds the four
sides of house and touches a fence). There are also grouped objects, which are
a collection of objects that share common attributes but do not have a persistent
geometry (e.g. a mall area). In this case, their geometry is derived from the union
of all the objects in that group (e.g. a university campus and its parking lots and
green areas, etc.). Finally, some objects may overlay others and are defined by a
z-order priority, an object in this instance can be one or two or more orders above
the skin of the Earth (e.g. a bridge over water) or below it (e.g. aqueduct).

The OSi model includes five skins of Earth objects (see Figure 13.5): (1) way,
which is all driveable and walkable roads and pathways; (2) water objects, flow-
ing, non-flowing, natural and human-made; (3) vegetation, which is all real-world
vegetation cover from grass to forests; (4) artificial objects, which represent human-
made ground cover such as concrete, rail beds and even gardens; and (5) exposed
objects, which represent non-vegetative ground cover, which may be natural, such
as sand, or human activity such as quarries. There are also superimposed objects
that sit on top of these skins, such as buildings, building units, building groups,
structures, divisions and service lines. In addition, there are networked objects,

1. Way

Reference Object
2. Water
Sites \ /

Locals
4. Artificial

Superimposed

Reference
Polygon

3. Vegetation

Ireland
Networked {Polygon
5. Exposed
Objects Skin of the Earth Objects

Figure 13.5 Basic schematic of the OSi data model with object titles.
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derived from the centreline of objects such a water and ways; and finally, there are
sites (e.g. grouped objects) and locals (e.g. areas with fuzzy boundaries, such as a
mountain range). Ireland becomes millions of classified and related objects which
all refer to one master object, each uniquely identified and defined by rule sets.

Case study

Rarely does one get to bear witness to such a massive technological change, and
while at the Roadshow, I wondered what this meant in terms of understanding
Ireland and if this new ontology was going to change how Ireland would be
imagined (Lauriault 2012)? That same evening I spoke with representatives from
1Spatial who helped design the model and re-engineer the data as well as those
involved with the process at OSi. They confirmed that this was in fact a massive
change, part evolutionary and part revolutionary, and they were delighted that
someone outside of their daily work observed the magnitude of this undertaking
and took an interest. I proceeded to ask if they would be amenable to having a
researcher examine the work they were doing, and in principle they thought this
was a great idea. In consultation with Rob Kitchin, I designed a research case
study proposal which was approved by the director at OSi, Colin Bray. Lorraine
McNerney General Manager for Geospatial Systems and the person responsible
for spatial data and systems helped me liaise with the institution. The resulting
fieldwork included:

e conducting, recording and transcribing 30+ semi structured interviews and
group meetings with executives, experts, data base managers, surveyors,
cartographers, model designers, marketing managers, boundary experts,
a variety of technological teams, accounting official and the procure-
ment officer at the OSi, as well as designers and database engineers from
1Spatial;

e a tour of the OSi offices and facilities in Phoenix Park;

e a one-day visit of OSi offices in Sligo where the survey unit is based, and
an on-site real-time demonstration of the data collection of a survey site and
data flow line;

e studying data workflows, data lifecycles and data management before and
after Prime2;

e studying ontologies and classification systems as these pertain to Dublin,
cities/urban areas before and after Prime2;

e cxamining the data related to the lifecycle of properties and objects in Prime2
related to Dublin;

e studying the algorithmic approaches to map making before and after Prime2;

e studying the algorithms/processes of object creation and representation in
a general sense as it pertains to Dublin and cities/urban environments in
Prime2;

e tracing the social and material affects of this new mapping infrastructure,
especially as it pertains to changes in how space has been reconceptualized.
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In addition, grey literature was collected, such as:

e documentation related to the conceptualization and design process as well as
the implementation of data models, concepts and objects, etc.;

e documentation related to timelines and key milestones on the implementation
of the Prime2 National Spatial Platform;

e documentation (vision and implementation plan, requirements, specifica-
tions, instruction and operational manuals) related to the design, architecture
and infrastructure (hardware, software, dbases, storage, standards, etc.) and
to the implementation of the PRIME?2 National Spatial Platform;

e software requirements, implementation process documents, documentation
related to algorithms, how the system interconnects with other systems,
installation processes, instruction manuals, operational manuals, policy and
procedures, licences, databases, data storage, etc.;

e organizational structure diagrams, with roles, responsibilities and skill sets
of OSI staff as a result of the implementation of Prime2 National Spatial
Platform;

o catalogue/list of datasets/types collected and technologies related to the
national surveying infrastructure which inform/populate PRIME2 National
Spatial Platform;

e  OSI ethical, normative and legal framework documents of the data;

e procedure and training manuals, reports, etc.

Finally, this was supplemented by the following tertiary data:

e reports, press releases, newsletters, web screen captures, presentations;

e news reports, clippings, videos, etc.;

e academic literature, theoretical, critical, pragmatic and methodological
related to Object OP, OOD, software and database vendors, other implemen-
tations, standard, software studies, etc.

Most data collection work took place on site at the OSI between March and
April 2015.

The OSi arranged private office space and full access to its staff. Being embed-
ded in the organization and participating in meetings allowed me to get a sense of
the place and to get to know the people working there.

Theoretical approach

The approach taken to examining how a city is translated into code and data, and
how these then reshape the city was a discourse analysis of the Prime2 data model
and platform, with Dublin as the city. The analysis was structured by three nested
frameworks: (1) an unpacking of the socio-technological assemblage (Kitchin
2014); (2) a Foucauldian genealogy of its development (Cosgrove 2001; Foucault
2003); and (3) an implementation of a modified version of Ian Hacking’s dynamic
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nominalism and making-up people/places (Hacking 2001-2002; 2007; Lauriault
2012). These three approaches provide the means to study the OSi’s national map-
ping infrastructure, of which the data model is a key component. Although these
are different theoretical approaches, they share similarities and are interrelated
through Foucault’s ideas about the constitution and operation of power/knowledge.

Socio-technological assemblage

Critical data scholars, situated broadly in the domains of critical social science
and science and technology studies, accept that the usual technological conceptu-
alization of data is limited and narrow and consider data to be more than neutral,
unbiased, objective and scientific facts about the world. They contend that data
do not exist independently from the context within which they were created, and
the systems and processes that produce them (see Figure 13.6). The Prime2 Data
model and platform is no exception. In order to study data in their ‘habitat’ and
‘ecosystem’, Kitchin (2014) offers a socio-technological assemblage approach to
guide the empirical analysis of data (see also Kitchin and Lauriault 2014). The
assemblage can be conceptualized as a constellation of co-functioning, loosely
coupled heterogeneous elements, and it is these elements that guide data collec-
tion. Here, the assemblage is both a tool for research as well as a theoretical
framing of data (Anderson et al. 2012). In essence, the elements in Kitchin’s
assemblage are the elements of an infrastructure, the hard and soft components, as
well as the institutions and the environment within which it is situated. To make
sense of an assemblage requires unpacking how it is constituted (Kitchin and
Lauriault 2014). For this aspect of the case study, the databased transformation
of the OSi infrastructure is the object of study. More specifically, infrastructure
is understood as an assemblage, whereby the context that frames the model as
well as the system is part of the infrastructure, as are the processes that perform
the tasks of the model. For example, infrastructure is not simply hardware and
software, it is the systems of thought that led to its creation, including how object-
oriented modelling came to be and how that model materializes into code and
algorithms which reformulated the entire data production flowline and its asso-
ciation with not only the equipment used by surveyors, but the entire database
stack. It is only by looking at the model and how it came to be through database
specifications and requirements, the observation of data production on-site in real
time and in communication with database designers and mangers, that attributes
of an infrastructure’s assemblage can be observed in their state of play. What a
cursory analysis shows is that the process of modelling is situated in the domain
of object-oriented programming, the semantic web, GIScience, modelling soft-
ware, taxonomies, the burgeoning database and GIS industry, modelling schemas,
mathematics, consulting firms and offshore data re-engineering companies.
Furthermore, data modelling requires a particular form of logical abstract
thinking, in the case of the OSi and 1Spatial those that were involved in the mod-
elling exercise were very senior, experienced and renowned spatial data experts,
all formally trained in spatial database design and maintenance as well as spatial
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Figure 13.6 Kitchin’s socio-technological assemblage.

analysis at the enterprise level. The design and testing of a model is very labour
intensive, recursive and incredibly expensive. At the OSi, this work was not done
in-house, thus requiring the enactment of a procurement process to cover this
major expenditure, and because of this, and because the model is key, it is a high-
stakes tendering process.

Genealogy of a data model

The Prime2 data model is part of the OSi’s spatial data infrastructure, but the will
and the act of modelling has its own provenance, discourse and language. Once a
model is operational, it is hard to imagine its messiness and provenance. A genea-
logical approach provides for a deeper analysis of the evolution of power/knowledge
of a data model and historically situates it in a very specific knowledge production
process. Models do not just appear readymade. It took seven years to operationalize
Prime2. The concept of remodelling at the OSi, however, goes back even further to
the late 1990s, as part of early discussions between the CEOs and chief technology
officers at OSi, OS Northern Ireland and OS Great Britain. Also some time was
spent studying the trial and error of models deployed at other organizations, attend-
ing conferences and testing systems.

Figure 13.7 is an early schematic of the genealogy of the development of the OSi
Prime2 data model. It is still a work in progress, but it nonetheless illustrates the
sequence of key events and actions. For example, the research process of seeking
documents and speaking with OSi employees revealed that details about models
can be found in procurement documents since models need to be formally designed
by experts, who will sketch out their version of a model requirements documents
that will specify how that model can be encoded into software. A call for tender is
required in order to hire those experts. The call for tender is a legal procurement
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process, as per public service regulation in Ireland but also according to European
Union requirements for open, transparent, fair and objective tendering. Because
modelling is complex, an education and communication strategy between OSi and
those who are bidding on the contract is required, and this must be done equally
with all those who answered the call, and this process is designed by a procurement
specialist and comes with a set of documents. The decision to pick a specific solu-
tion is therefore not only contingent upon the art and science of databased modelling
and database technology, but also on the procurement process, as well as con-
tracting processes and bureaucratic knowledge. Applying a genealogical research
methodology allows for these processes to become clear. In this case early model
requirements were articulated in documents specific to the political economy of this
form of procurement, in the proposals, the prototypes and in discussions between
OS:i and those bidding on the jobs.

Moreover, the new model does not completely separate itself from the old
model, with Prime2 having echoes of Prime. New data uploaded into Prime2
are topologically situated in the past as Prime data remain the core having been
re-engineered into Prime2, thus bridging the past within the present but also keep-
ing the etymology of that change. Given the constant uploading of new data, the
model is continuously and dynamically coming into being.

Dynamic nominalism and making up places

Ian Hacking, as a philosopher of science and a contemporary of Foucault,
deconstructed classification systems, primarily in the health sciences, in order
to understand how these in turn produce knowledge about the work these do in
the world, especially when classifications become understood as being the ‘real
thing’ (1986; 1991). Hacking suggests that there are two interrelated processes
at work within a data assemblage which both produce and legitimate a class,
and those processes shape how that class does work in the world. In addition, he
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observed that nominal classes are not firm constructs. He calls this dynamic nomi-
nalism, wherein there is an interaction between data classifications and what they
represent that leads to mutual changes in the things classified and how classifica-
tions are understood across time and space. In the case of the Prime2 data model,
Hacking’s approach illustrates how ‘real-world’ objects and their attributes, and
the things those objects represent, stay the same or change between the old Prime
system and the new Prime?2 system in terms of how Dublin is captured and repre-
sented. Hacking (2001-2002; 2007) calls the first part of this process ‘the looping
effect’ (Figure 13.8). The looping effect concerns how data are classified and
organized; in other words, how a data ontology or model comes into existence
and how that can reshape that which has been classified. The loop has five stages:

1 Classification: or objects in this case (see Figure 13.8) are the grouping of
things regarded as having shared characteristics.

2 Objects of focus: in this case, are the ‘real’ material things such as buildings,
trees, or roads understood by people who then act toward these through the
classification.

3 Institutions: that institutionalize classifications (ontologies, models) and
manage the data infrastructures that operationalize these.

4 Knowledge: that is used to formulate, reproduce and tweak classifications
(ontology, model).

5  Experts: those within institutions who produce and exercise knowledge,
implementing the classification (database managers, modellers).

It is through this looping effect, Hacking argues, that the process of ‘making peo-
ple up’ is found, or in the modified approach developed and applied by Lauriault
(2012), where the process of ‘making places up’ occurs in data systems, such as
a spatial data infrastructure. This is where the systems of classification work to
reshape spaces and places in the image of a data ontology; for example, when
‘sites’ such as Phoenix Park become a prestigious city treasure that are acted upon
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Figure 13.8 Modified dynamic nominalism and making of spaces framework.




Ontologizing the city 183

in such a way by citizens. In Prime2, Phoenix Park as an object is a site with a
geometry derived from the sum of topologically related objects such as vegeta-
tion, buildings (including the President’s residence, Dublin Zoo, military training
grounds and the OSi offices), ways and other sites.

The second set of the processes is what Hacking terms ‘engines of discover-
ability’, that extend beyond simple methods, which he discusses using a medical
lens, and which Lauriault (2012) has modified to incorporate the making up of
spaces as well as people. Hacking (2007) posits that there are a number of such
engines, the last three of which are derived engines and these are:

a  Counting, the volumes of different phenomena (e.g. surfaces covered in
pavement).

b Quantifying, turning counts into measures, rates, classifications (e.g. ratio of
pavement to greenspace).

¢ Creating norms, establishing what might or should be expected (e.g. the
ratio of pavement to greenspace for rural areas would be x while urban areas
would be y).

d  Correlation, determining relationships between measures (e.g. remote rural
areas have a particular ratio and are considered underdeveloped).

e Taking action, employing knowledge to tackle and treat issues (e.g. the ratio
suggests further development and funding).

f  Scientification, establishing and adopting scientific knowledge (e.g. the
right ratio for specific places is considered the objective formula for that
kind of place).

g Normalization, seeking to fashion the world to fit norms (e.g. Phoenix Park
is prestigious and therefore only prestigious institutions are associated with
it, while the ratio of greenspace to pavement is optimal and other like places
with that ratio should be created).

h  Bureaucratization, putting in place institutions and procedures to administer
the production of expectations and undertake action (e.g. ensure that the fac-
tors associated with the success of Phoenix Park are encoded in by-laws and
adhered to).

i Resistance, to forms of knowledge, norms, bureaucracy by those that are
affected in negative or positive ways and who suggest altering the form that
makes up that (e.g. those who live on the outskirts of the Phoenix Park wall
want to slow traffic speeds and increase traffic in the empty space of the park
and want to increase the number of gates to make the park more accessible).

Hacking’s framework, as applied here is a methodology to understand not only
the ontology of the OSi model, and how these play out and shape the world, but
also how they come into being and then change.

Observations

In a sense, all three frameworks — assemblage, genealogy and dynamic nominalism —
mutually reinforce the fact that data do not exist independently from the context they
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are situated in and the systems and process that bring them into being, are deployed
and acted upon. All three frameworks in essence, employed as methodological
approaches, are useful to empirically study Prime2 at different scales and from dif-
ferent angles, as an infrastructure or a large socio-technological system, from the
historical roots of the model’s provenance and the act of modelling as a system of
thought, and at the micro-level to examine the objects themselves. Taken together
the frameworks reveal the social construction of the Prime2 data model and platform.
The re-modelling of the OSi data involved, among many things: the development of
a data model; the adoption of a new ontology; the re-engineering of existing data; the
restructuring of workflows; the hiring of and the retraining of personnel; the transfor-
mation and transmission of historical cartographical knowledge into a database but
also the transfer of this knowledge to a new generation of employees via a database
that is systemized and automated. It is also a process that: leaves behind tile-based
cartography and layering and replaces them with the acquisition and implementation
of new database technologies; involved the re-kitting of the surveyor’s tools; and
transformed the entire software and hardware environment. The new model changed
the organizational structure of the OSi, where database managers become the scarc-
est and most desired resource. It also spearheaded the creation of a new e-commerce
system and new relationships with old clients and a new set of relationships with
new clients. This transformation aligns with OSi’s stance that there should be one
sole source of authoritative geographic ‘truth’ for Ireland, in this case a rules-based
real-world, object-oriented geometrically accurate one.

This re-modelling entailed not only internal transformation, which will con-
tinue to have repercussions beyond the OSi as an institution since current clients,
most notably those who rely on these data as foundational or framework data for
their workflows and decision support systems (such as utilities, city planning and
transportation) and will have to change their workflows. In addition to changing
the technological and databased relationships with current clients, it augments big
data possibilities, since the databased infrastructure is as much about topological
and geometric accuracy, reliability, authenticity and standardization, as it is about
location-based services, semantic interoperability and moving beyond a visual
representation of the ‘fixed” form of material entities. Function is now captured
in the model, current and past, while changes in form are also traceable. While
not an archive, the etymology or the provenance of things in the model is now
possible, the objects in the system are therefore also records in the archival sense
of the term, and the unique ID systems provides linkages to all the permutations
of related objects across space and time.

The cartographic representation of the material (i.e. building) and conceptual
(i.e. boundaries) objects which constitute Ireland is no longer the only ‘repre-
sentation’ of what is, as unique identifiers allow for topologically consistent
‘real-world objects’ which are scale-independent and can to be connected with
any number of other databases and attributes (such as archaeological informa-
tion and artefacts, postcodes, place names, valuation and cadastre, social media,
historical letters and maps, statistics, genealogical records, loyalty cards, mobiles
devices, in-car navigation systems). This provides for the possibility for linked
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data for which the OSi is experimenting (Debruyne ef al. 2017). A map need not
be rendered for some applications, as the results of a database query may suffice.
This re-modelling away from old school cartography therefore allows for new
institutional relationships to emerge and a new political economy, which will be
spatial and databased but not necessarily map-based.

Much more analysis of this treasure trove of data the OSi so generously offered
to this case study is required. This will hopefully lead to answers to the research
questions posed at the beginning of this chapter, but also, will provide empirical
results to better critically study data; to better see how the elements of the assem-
blage are articulated in a large socio-technological system such as the OSi; and
to see how data and code take shape and where power/knowledge is enlisted to
produce places.
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14 Data cultures, power and the city

Jo Bates

Introduction

Data have consequences. The nature of these consequences is the outcome of
people’s interrelationships with the complex socio-material conditions they
encounter as they think about and work with data. These relations frame people’s
engagement in practices of data production, processing, distribution and use, as
well as their efforts to enable and restrict their own and others’ data practice. At
different sites of data practice and data governance, we can observe forms of data
culture begin to coalesce in response to the socio-material conditions encountered
by participants. These data cultures influence whether and how data are produced,
processed, distributed and used; they shape what can, and cannot, be viewed
through an informational lens, as well as the particular qualities of that lens. They
shape the ‘material properties’ of data — their persistence, durability, spatiality,
size, mobility, etc. (Dourish and Mazmanian 2011), and influence the develop-
ment of the physical infrastructures that data depend upon. Through their practice
these data cultures contribute to how we understand the world around us, and to
the development of material conditions of production. In this chapter, I consider
what questions need to be posed of the emergent data cultures found at differ-
ent sites of data practice and governance, and begin to explore how participants
in these spaces are influencing our perceptions of cities and the socio-material
conditions of their future development.

Big data and the city

In 2013, IBM (2013) calculated that 90 per cent of all data in existence had
been created in the previous two years. Significant amounts of these data are the
by-product of our everyday interactions with digital information and communica-
tion technologies. For many in business, government and research funding, this
is the era of big data and new sources of data and data analysis techniques that
will fundamentally change how societies are governed, and business and science
conducted (Kitchin 2014a). The World Economic Forum (2016) has proclaimed
that such developments, in part, constitute a ‘Fourth Industrial Revolution’.
Commercial organizations, universities, public bodies, governments and citizens
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are increasingly questioning how they should respond to developments within this
shifting data landscape. Organizations currently face a variety of technical and
labour barriers to processing these vast quantities of largely unstructured data. For
many people, their priority is addressing how best to exploit these data in order to
improve organizational intelligence, drive decision-making processes, and inform
various other forms of value generation. However, these emerging practices of
data production, processing, distribution and use also raise a multitude of complex
social and ethical concerns that need to be addressed.

In cities, public and private efforts are converging to explore ways in which
these data can be used to make cities more efficient, responsive and competitive
within the global economy. A range of consultancy and data analytics firms,
from major corporations such as IBM, CISCO and Pricewaterhouse Coopers
(PwC) to smaller niche firms, are working with public authorities and other pri-
vate sector organizations to assist them in extracting value from data in order to
gain a deeper insight into urban dynamics, often generating even more data in
the process. Across local and national government, and the wider public sector,
organizations are beginning to explore the possibilities of data-informed public
policy (Cabinet Office 2015), data-driven urban dashboards (Mattern 2015), and
other ‘Smart City’ initiatives (Batty ef al. 2012). Citizens and businesses have
also demanded that data held by governments and public bodies be ‘opened’
for them to access and re-use so that they can develop their own information
resources and applications using public data (Bates 2013; Kitchin 2014a).

The rationale behind many of these initiatives tends to be based upon a series
of assumptions regarding the contribution data can make to developing and grow-
ing urban economies and improving the quality of life in cities, often with the
intention of enhancing the city’s competitive position in relation to other urban
centres (Hollands 2008). Developments often aim to improve the management of
a range of socio-material aspects of cities from democratic engagement to public
transportation. Investments of time and money are being made by businesses and
public bodies in order to explore how best to draw out these, and other forms of,
perceived value.

Within universities, academics are being called upon to join these efforts
through engagement in collaborative and interdisciplinary projects that aim to
develop insight through data, and in some countries significant investments
are being made to tackle a perceived quantitative skills deficit amongst social
science students and researchers (British Academy 2012). In some cases, these
developments have contributed to academics being encouraged by funders and
universities to take on uncritical and enabling roles working closely with politi-
cally and economically powerful agents. In other cases, academics have aimed
to understand and critically engage with the underlying assumptions and meth-
odologies of collaborators, in order to try and influence the direction of projects
away from the uncritical forms of empiricism that can be prevalent in data and
computational science (Ruppert 2013; Kitchin 2014b). Such collaborative efforts
are important, and whilst the agency of critical researchers engaged in them is
necessarily constrained by the power dynamics of the collaboration and the wider
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societal context (Viseu 2015), such research has the potential not only to increase
understanding about cultures of data practice and governance at particular sites,
but also to become part of and influence the development of the projects they are
embedded within.

Data cultures

The concept of a data culture has been drawn upon in a variety of settings. In
academia, the notion of a ‘local data culture’ was articulated by Bowker (2000) in
relation to the diverse range of data coding and classification norms and practices
that exist amongst biodiversity researchers. More recently, the concept has begun
to emerge within anthropology, with ethnographers in the Research Data Alliance
beginning to document and analyse the diverse data cultures that exist within the
alliance.! The idea of a data culture is also recognized within the corporate sector.
For example, Microsoft has adopted the term for a series of ‘Data Culture’ work-
shops, delivered in partnership with KPMG, Hortonworks and Hewlett Packard,
which aim to assist data specialists in the development of ‘game changing’ data
cultures within organizations.? All of these instances of the term data culture refer
in some way to what others, including Kitchin (2014a) and Lauriault (2012), have
identified as the different cultural norms, value systems and beliefs that inform,
frame and justify people’s practices of data production, processing, distribution or
use (data practices), as well as their efforts to govern and shape particular forms of
data practices through a variety of social and technical means. Sites of data prac-
tice and governance include small groups or teams, distributed networks, different
types of organizations and other social collectives, each of which evolve their own
complex data culture. Similar to Massey’s (1994) conceptualization of space, we
can recognize these sites of data practice and governance as historically consti-
tuted, dynamic, open and porous. Each local data culture develops in relation to
the specific ways in which it interacts with the complex socio-material conditions
that stretch beyond that particular site of data practice: ‘the global as part of what
constitutes the local, the outside as part of the inside’ (Massey 1994: 5). From this
perspective, a data culture can be understood as a specific articulation of socio-
material relations situated within time and space. Whilst all data cultures are in
some way interrelated, they are not all created equal. The socio-material conditions
that these sites and cultures of data practice and governance emerge within enable
and encourage some ideas and activities, whilst restricting and constraining others
to varying degrees and in various ways.

Within the context of a single city, we can observe a multitude of interre-
lated data cultures across sites of data practice and governance located in public
organizations, private enterprises, research settings and amongst citizens. Further,
the development of a city is also heavily shaped by data cultures external to its
geographical boundaries, for example those of finance, corporations, government,
etc. Close examination of the cultures of these sites of data practice can, in part,
help us to begin to answer questions regarding how participants in these spaces
are influencing our perceptions of the city and the socio-material conditions of
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its future development, and ultimately to uncover some of the power dynamics at
play in these processes.

In order to illuminate such processes in relation to a particular data-driven initia-
tive in a city a number of different questions might be asked:

o First, what sites of data practice and governance are engaged in the data-
driven initiative both inside and outside the city? Where are these sites located?
How are these sites interconnected? What is the relationship between them?
How do data move between these different sites? What socio-material factors
(e.g. policies, infrastructures, finances, etc.) are influencing the development
of, and relationships between, these sites?

e Second, what is the data culture of each of these sites? Who participates in
each site? What are the demographics? How do participants perceive data?
How do they imagine the relationship between data and the reality they aim to
represent? What explicit and implicit values, assumptions and beliefs do par-
ticipants bring to their data practice? What forms of value do they perceive in
the data and practices they are engaged in? What are their overarching aims
and how do participants perceive their practices contribute to them? What
opportunities, risks and limitations do they perceive? How do these percep-
tions frame and give justification for participants’ data practices?

e Third, how does power shape relations between these data cultures, and
between them and the wider socio-material context? What tensions exist within
and between data cultures and how do these play out? How does the wider
socio-material context influence how data cultures imagine and engage with
data? Who has more or less power to shape data cultures and their practices?

e Fourth, what are the possible implications for how we perceive the city?
How do these factors contribute to the socio-material conditions of its future
development? And, who might this advantage and disadvantage?

The following section will go on to begin to explore some of these questions in
more depth, drawing on illustrative examples from ongoing research examining
cultures of data practice and governance in the UK.

Sites of data practice and governance

Sites of data practice and governance are hugely diverse. They vary in relation to
size, structure, longevity, connection to physical place, participants, purpose and,
crucially, power. Important sites to consider in relation to the development of
cities include those within local government, public bodies, regulatory agencies,
universities, citizen-led groups and private sector data analytics firms and consul-
tancies that are engaged in new forms of data work. Each of these sites of data
practice and governance are interrelated with the wider socio-material context —
an ‘assemblage’ of historically constituted public policy, legislation, political
economy and various other factors that inform and shape how ideas and practices
around data unfold (Kitchin 2014a).
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As an example, we can observe that in the last decade groups of citizens have
formed open data groups in a number of cities around the world in an effort
to extract data from public authorities and use it for a variety of ends — civic
and commercial. These local groups can be conceptualised as sites of both data
practice and governance. They are to varying degrees interconnected with other
citizen-led open data groups and networks in different locations; other types
of citizen-led interest groups — including open government and transparency
campaigners who have been working for the release of public data for many
years; policymakers at local, national and international levels; civil servants
and employees of other public organizations; research and other staff based in
universities; and commercial re-users of public data and other private interests —
each of which have their own different data culture and different objectives
regarding the opening of public data.

In the UK, the convergence of these different sites of data practice and govern-
ance, in a broader socio-material context of technological, political, economic,
legislative and policy developments impacting the management of the national
data infrastructure, led to these small city-based open data groups being able to
have significant influence on other sites of data practice and governance within
their respective cities. For example, the Manchester Open Data group played an
important role in the development of the Data GM open data portal and a range
of data-driven projects in the city. Similar observations can be made in other
cities, for example, Sheffield and London. However, the specific changes in local
authorities’ data practices, for example which particular datasets have and have
not been opened, have to a great extent been shaped by other sites of data practice
and governance beyond the direct influence of these local open data groups. This
demonstrates that it is important to map the complex network of sites and assem-
blages that are engaged in shaping emergent data practices, as well as considering
the influence of the broader socio-material context that they exist within.

Cultures of data practice and governance

Certain ways of thinking — beliefs, values systems, perceptions — tend to cohere
as a form of ‘common sense’ (Hall 1987) at particular sites of data practice and
governance as participants work together to respond to the wider socio-material
conditions they encounter. These ‘common sense’ ways of thinking also emerge
and spread across networks of interconnected sites. However, no site of data prac-
tice and governance is culturally homogenous. Common sense is ‘necessarily
fragmentary [and] contradictory’ (Hall 1987), and tensions of varying degrees
of magnitude emerge amongst participants as they work to construct shared
understandings. The depth and nature of such tensions can help to illuminate the
dynamics of power within a particular site, as well as its relationship with other
sites of data practice and governance, and the wider socio-material context. The
nature and relational dynamics of these ‘common senses’ that frame and give
justification for data practices, can be identified as data cultures. As articulated
above various questions can be asked of a data culture, here we draw out some of
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these in more depth, focusing specifically on philosophical beliefs, socio-cultural
values and assumptions, and how the value of data practices is perceived.

Philosophical beliefs

Important indicators of the nature of a data culture are the dominant epistemologi-
cal and ontological beliefs it has about what data represent and how participants
perceive the role of people in the construction and interpretation of data. Many
that work with data on a regular basis are aware of the fallibility of data produced
by poor quality methods or equipment, although this level of data literacy cannot
be assumed across all data cultures. Beyond basic data literacy, it is also impor-
tant to examine the more subtle philosophical assumptions of data cultures, such
as whether there is a deep understanding of the ways in which data are socially
constituted, or whether high quality data are perceived to be scientific or objective
facts independent of social and cultural influence.

How a data culture perceives the nature of reality, and whether there is
an assumption that all aspects of reality are empirically observable, can also
be explored. Observers of sites of data practice have identified a dominant
empiricist orientation amongst the participants of many emergent data cultures
(Kitchin 2014c). Philosophical assumptions about the relationship between
data and reality, and how these beliefs inform practice are therefore important
to unpack. For example, is a simple relationship between empirical data and
social reality assumed, or is the complexity of this relationship acknowledged?
Is there an underlying assumption driving the data culture that social reality in
its entirety is an observable phenomenon given the correct data collection and
analysis techniques and tools?

Empiricist assumptions are prevalent, to a greater or lesser degree, within
many data cultures, however such approaches are limited in terms of what they
can observe and say about the nature of social reality (Archer 1998). In order to
address questions of power, for example, the concepts and frameworks of the
critical social sciences and humanities can contribute to explaining and theorizing
patterns observed in empirical data. The degree of openness of a data culture to
such forms of interdisciplinary engagement can illuminate how participants imag-
ine the nature of social reality, as well as how they perceive their role as producers
of knowledge, how they understand and relate to different ways of knowing, and
how the data culture imagines its position within the power-infused processes of
knowledge production (see Gaventa and Cornwall 2008).

Of course, to recognize that data practices are the product of a socio-material
context and are limited in terms of what aspects of reality they can represent
does not mean the scientific knowledge they might inform should be discred-
ited (Edwards 2010: 436—438). Data can be very accurate and reliable enough
for particular purposes. For example, the high-quality climate datasets generated
by weather stations such as Sheffield Weston Park are reliable enough to give
climate scientists a strong understanding of changes to urban climates over the
last century and more (Jones ef al. 2012). Whilst such accounts of reality remain
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partial and are an informational representation of the world emerging from a par-
ticular socio-material context, they are in many cases good enough for the ends to
which they are being put.

Socio-cultural values and assumptions

The socio-cultural values that are part of the data culture at Sheffield Weston Park
Museum weather station have contributed significantly to the accuracy, com-
pleteness and reliability of its 135-year climate dataset. The museum curator who
currently looks after the weather station, its historic written logs and more recent
digital records, takes great pride in ensuring the quality of the data produced
by the station. He recognizes the weather station as part of the fabric of the city,
and the data it produces as part of the cultural heritage of Sheffield that belongs to
the people of the city. Drawing on a cultural value system that champions public
service, civic duty, scientific integrity and responsibility to his local community,
data users and previous generations of curators who have maintained and run the
station, the curator works hard to look after the physical infrastructure of the sta-
tion and ensure the data it generates abide by international standards and are as
accurate as possible.

Such cultural values are not unbiased in relation to the social world, how-
ever. When they surface in other contexts of data practice their influence may
not always be as benign, for example when observing the social world such value
frameworks may hide unacknowledged and implicit biases and assumptions that
are brought into play as practitioners produce and engage with data (Greenwald
and Krieger 2006). These biases might be political, social or cultural, and can
impact significantly upon what people perceive to be of interest, what they prior-
itize, and whether and to what extent they look for and try to identify their own
and others’ underlying biases. It’s important to gauge how much critical attention
a data culture pays to the ways in which data practices are influenced by these
subtle socio-cultural assumptions that enable some forms of data production and
restrict others, and how they shape what data practitioners observe and desire to
observe, how they perceive the relevance of the things they observe, whether they
decide to try and capture these observations as data, and if so, how they influence
how that data gets produced, processed, distributed and used.

As observed across diverse fields, from cartography to librarianship, criti-
cally reading the outputs of data practices as texts can begin to illuminate some
of the hidden biases at play when people produce informational representations
of the world, whether they be maps (Crampton and Krygier 2005), library cata-
logues (Bates and Rowley 2011), classification systems and standards (Bowker
and Star 2000) or other forms of information resource. Often these hidden
biases go unnoticed both within data cultures and amongst users of their prod-
ucts. Data produced by experts in trusted institutions such as national statistics
offices are often assumed to be objective and complete representations of the
world (Burkert 1992), with little recognition that those data are a representation
of the world from a particular perspective. Whilst the perspective offered might
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be good enough to meet the needs of some data cultures, it may simultaneously
be limited from the perspective others, particularly less powerful, marginalized
subjectivities. As an example, it is clear that there is an often unacknowledged
masculine culture driving many sites of data practice that are engaged in pro-
jects aimed at the datafication of cities (e.g. local authority technical teams,
consultancy firms, open data groups, data analytics companies and academic
researchers etc.). Where such demographic biases of gender, class, race and so
on are perceived in a data culture, it is especially important that critical attention
is directed at how dominant subjectivities may be becoming embedded into the
data and data-driven insights that these cultures are producing.

Perceived value of data practices

What value a data culture perceives in producing, processing, distributing and
using data is also a product of its socio-material context, and will shape decisions
about investments of time and money in data practices. A data culture’s percep-
tion of the value of their and others” work can give insight into the underlying
drivers behind data practices and forms of data governance, as well as how the
data culture relates to other sites of data practice and governance, and the wider
socio-material context. Different value frameworks may place greater or lesser
emphasis on factors such as scientific, commercial, economic, social and cultural
value of data practices.

In many data cultures, emphasis is placed upon the commercial and economic
value of data practices, for example their contribution to generating private profits,
research funding, economic growth or organizational efficiencies and cost-savings
(e.g. see Manyika et al. 2013; Kitchin 2014a). At some sites of data practice, for
example, in private firms and some parts of the state, extracting economic value
from data is likely to be a primary concern, albeit tempered in some cases with
consideration of social, ethical, environmental and other values. Similarly, at sites
of data governance, creating a policy environment that promotes data’s contribu-
tion to economic growth might be of central importance. However, at other sites
the relationship between different value systems can be more complex, and not
immediately discernible to either participants or researchers. For example, surface
level political or social values may obscure underlying economic drivers, as seen
in some forms of data-driven corporate well-being initiatives or data-driven inno-
vations in public service design which are framed by a need to respond to deep
public spending cuts. Similarly, participants in a data culture might recognise and
welcome the economic value of data as important given these socio-material con-
texts they encounter, but ultimately see this value as secondary to other forms of
value production that they are engaged in, for example, social, cultural, political.
Observations of data cultures shaping urban spaces in the UK suggest that many
people perceive that data analytics offers a valuable opportunity for tackling the
complex challenges faced by public organizations and citizens in the context of
late neoliberal capitalism, particularly the challenge of providing more personal-
ized services, to more people, for often significantly less money.
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The development of urban dashboards that present a range of quantified
metrics about the functioning of a city are one way in which people are using
data to inform decisions and drive efficiency savings within such a context.
Whilst used differently in different cities, in some cities these dashboards are
being shaped by data cultures in an effort to supplant more complex, messy
and situated forms of knowledge with the cleaner, more efficient quantified
metrics offered by dashboards, without full consideration of their relation-
ship with social reality or their efficacy for addressing the complex challenges
cities currently face (Kitchin ef al. 2015). Similarly, some smart city initiatives
aim to utilize data analytics and other emergent technologies supplied by the
global technology industry in order to drive efficiencies in urban systems and
management, without critical examination of the underlying drivers for such
efficiencies, or their compatibility with the development of sustainable, ecologi-
cally sound forms of political economy (Sadowski and Pasquale 2015).

Differences in perceptions of what is important and valuable across sites
of data practice can also impact upon the production of data about cities, and
feed into how people choose to respond to encroaching forms of ‘dataveillance’
(Clarke 1988). In sectors with heavily quantified audit cultures, it can be observed
that the value of such data production and processing is seen differently by dif-
ferent actors, and that power relations between such actors play out in people’s
data practices. For example, people will fail to provide accurate data for a variety
of reasons including resistance or apathy towards requests, attempts to game the
system, or simply an inability to produce the data being demanded. These subtle
forms of struggle and resistance identifiable at such sites impact upon the repre-
sentation of social reality provided by the data they generate. Similar forms of
agency are also seen when people engage in activities that manipulate the data
traces that their digital devices generate, for example through selectively limiting
or subverting the production of accurate by-product data that capture particular
forms of behaviour. These various biases and exclusions have a significant impact
upon data-driven representations of cities that are increasingly informing various
forms of urban governance and decision-making.

Data cultures, power and the city

As data-driven insights, decision-making and automation become more deeply
embedded in the development and governance of cities, it is important to step back
and address critical questions about what sort of future these practices are in the
process of creating. The consequences of our data practices are not independent of
the complex and contested socio-material contexts from which they emerge. The
nature of these consequences is the product of people’s interrelationships with the
socio-material conditions they encounter as they think about and work with data.
At various sites of data practice, people are attempting to extract different forms
of value from data in an effort to prosper, survive, understand, engage with and
explain the world around them given the socio-material conditions that they find
themselves within and which, in some cases, are attempting to ameliorate. It is in
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these spaces, where structure meets agency, that the data cultures that frame and
give justification for data practices coalesce.

Through illuminating the nature of these data cultures, we can begin to understand
how power is being worked out in data-driven urban developments. We can observe the
ways in which subtle biases and philosophical assumptions arise and advance within
and across data cultures, and how they become embedded into digital artefacts such as
urban dashboards and open data platforms that are increasingly being used to inform
urban processes and developments. We can also recognize how different types of value
framework influence the development of data practices, and better understand how
the material conditions of data’s production, processing and use, for example external
funding priorities and the need to be commercially competitive, frame and give justi-
fication for data practices, and whether and how social, ethical and cultural factors are
taken into consideration when economic considerations are driving practice.

It is important that rather than focusing predominantly on what these data-
driven platforms and initiatives can tell us about cities, we also read them for gaps
and silences, biases and underlying agendas. In this way, we can bring to the sur-
face the ways in which these data-driven accounts are always partial, and always
framed by both the limited possibilities of data and the particular subjectivities of
the data culture that generate and process them. In so doing, we can draw attention
to the data-driven gaze of these cultures of data practice, and increase understand-
ing of the implications of such biases on the social world.

It is important to address such questions, not because the cultures of data prac-
tice are interesting for their own sake, but because they are shaping the world we
live in. In asking such questions of the data cultures that are responsible for gener-
ating and using these data-driven insights about cities, we can begin to illuminate
how power relations are being reproduced, disrupted, hidden and made visible
through these practices, and ultimately contribute to the development of more
critical and reflexive forms of data practice.
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Notes

1 www.rd-alliance.org/bof-session-data-across-disciplines-ethnographic-project-understand-
diverse-data-cultures-practices.

2 www.microsoft.com/en-gb/enterprise/event/microsoft-data-culture-series.aspx#
fbid=Hwa_58PJp9L.
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15 Where are data citizens?

Evelyn Ruppert

Introduction

I pose the question of where are data citizens in two senses. The first concerns
conceptions of and relations between ‘online’ and ‘offline”’ lives, and ‘virtual” and
‘real” spaces. To pose the question of where are data citizens involves problema-
tizing these conceptions and then asking where is the space of their becoming?
The second concerns conceptions of agency and power and assumptions that sub-
jects are either controlled or free. To pose the question of where are data citizens
involves problematizing this binary and then asking through what processes do
data subjects become data citizens? Those are my questions for this chapter and
they start from the proposition that studies of the internet and empirical analyses
of specific digital platforms are proliferating, yet we lack concepts for framing
and interpreting what these mean for political subjectivities and their relation to
the data that are generated and interpreted. My objective is to provide a theory
of digital acts and digital citizens that builds on this proposition to provide an
approach for more detailed empirical investigations of data, citizens and the city.

The claim of this chapter is that to know and understand cities through data
requires a conception of who and where are digital subjects and the power
relations through which they become digital citizens and data about them are gen-
erated. The data of cities are ultimately the outcome of relations and struggles
between and amongst people and technologies, relations and struggles that bring
into being both digital citizens and what I will define as cyberspace. Such a move
is politically important in the context of current debates about digital data rights
such as privacy and anonymity. While important these debates usually do not
attend to the various power relations through which that data are constituted. It is
also conceptually important in light of questions about the making and meaning of
digital data for governing, research and other uses. To address these debates and
questions we need a political and conceptual understanding of the acting subject
and the power relations of which she is a part in the making of data of the city.
Thus, rather than investigating digital rights in terms of their substance my focus
is on who is the subject of these rights, or more precisely, who are constituting
themselves as political subjects of especially data rights.
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The consideration of rights is important especially in relation to critiques of
data-driven urban governance and what is commonly termed ‘smart cities’. As
other contributors to this collection note, rather than neutral, data of the city are
political in myriad ways from questions of data ownership and control to those
of privacy and surveillance. While critically attending to how data of the city
is generated through socio-technical arrangements of usually ‘interested’ and
‘powerful’ political actors, what is marginalized or not elaborated is how we
might understand the acting subject of these arrangements. That is, beyond noting
the arrangements, contexts and provenance of data, how might we conceive of the
role of subjects in the making and shaping of that data? That is what I bring into
focus through a conceptualization of the power relations that bring both digital
citizens and cyberspace into being. It is a conceptualisation that draws from and
builds on Isin and Ruppert’s (2015) book, Being Digital Citizens.

Who is the digital subject? Who is the digital citizen?

During the 1990s and early days of the internet, ‘cyberspace’ was heralded as
a new space and it enjoyed considerable popularity to describe being ‘online’
(e.g. Barlow 1996; Gibson 1984; Katz 1997). While variously defined, it has con-
tinued to function in contemporary discourse as evident in its many derivatives
such as cyberwar, cybersecurity, cyberfeminism and cybercrime. It has also been
subject to critical debate and resignification especially by feminist scholars for
its connection to cybernetics (e.g. Braidotti 1996; Haraway 1991). While it has
somewhat fallen out of fashion and concepts such as online versus offline have
become more common, I think it is useful to return to some of the promises in
early conceptions of cyberspace. As [ will argue, I will (re)appropriate the concept
and its early conceptions because they expressed two possibilities that I think are
worth reclaiming: the first is a conception of cyberspace as space of relations and
the second that its subjects can also be understood as citizens.

Cyberspace was initially conceived in literary texts as an-other world (e.g.
Gibson 1984) and in political texts as an independent space where ‘digital citizens’
were inventing new ways of conducting themselves politically. Rather than
emphasizing technology early debates focused on its inhabitant as a digital citizen.
Indeed, for some authors such as Jon Katz (1997) the internet marked the birth
of this new political subjectivity. He thought that although digital citizens were
libertarian, they were not alienated nor were they isolated but instead they made
up a political movement and a common cause based on values of sharing, pros-
perity, exchange, knowledge and openness (Katz 1997). In another well-known
declaration, John Parry Barlow (1996) of the Electronic Frontier Foundation
imagined a space without social distinctions and which anyone could enter. Early
and well recognized books contributed to such euphoria such as Sherry Turkle’s
(1995) Life on the Screen and Nicholas Negroponte’s (1995) Being Digital. Both
celebrated the digital lives of sovereign subjects who were understood to be
doing things through the internet. Such optimism of course has not translated into
experience. Rather, we are now inundated with determinist analyses that imagine
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people as relatively passive subjects who participate ‘online’. Notably, Sherry
Turkle (2011) no longer celebrates but instead critiques the internet for isolating
people from more meaningful and ‘real’ face-to-face human interactions such that
especially young people are now ‘alone together’.

Numerous other popular critiques such as Nicholas Carr’s (2010) The
Shallows and Evgeny Morozov’s (2011) Net Delusion also critique digital lives.
While such declarations have been a good correction to utopian visions, they
have replaced sovereign subjects with obedient ones. In this way, they reflect
a reversal of the understanding of power advanced in modern political theory,
which posits a divide between modernity and tradition where a subject to power
(tradition) was replaced by a subject of power (modernity). However, such
binaries are problematic as critical political theorists contend. Indeed, both the
divide and its displacement need to be questioned and in its place an under-
standing that captures subjects as composites of multiple forces, identifications
and associations. This is a very brief summation of an understanding of power
advanced by Etienne Balibar (1991) through his reading of Michel Foucault.
Balibar argued that being a subject to power involves domination by and obedi-
ence to a sovereign whereas being a subject of power involves being an agent of
power even if this requires participating in one’s own submission. He conceived
of the citizen as not merely a subject to power or subject of power but one who
embodies both. But critically it is through this combination and the subject’s
participation in submission that the possibility of subversion is made possible
and this is what distinguishes the citizen from the subject: she is not already
formed and inhabited by external forces but a composite subject of obedience,
submission and subversion where all three are always-present dynamic potenti-
alities. This is an understanding advanced in critical citizenship studies, which
I discuss later in this chapter.

This critical conception of political subjectivity moves away from asking how
subjects are being ‘liberated’ or ‘controlled’ in relation to the internet to instead
inquiring into the complexities of ‘acting’. Who then is the digital citizen? She is
both a subject to and of power that comes into being by acting in relation to the
mediations, regulations and monitoring of the platforms, devices and algorithms
or, more generally, the sociotechnical conventions that format, organize and order
what we do, how we relate, act, interact and transact through the internet. This is
the configuration of power relations and, in short, the meaning of what I will refer
to as ‘acting through the internet’. It is these complexities of acting and their rela-
tion to political subjectivity that are often ignored when digital data generated by
devices and platforms are harvested and interpreted.

Where then is the digital citizen located when she acts and when data about her
acts is generated? Where is she when she acts through the internet? In short, as
I will elaborate below, she is an embodied subject who is both in and part of the
relations that bring cyberspace into being. Rather than networks or arrangements,
cyberspace can be understood as a space of relations of embodied subjects who
act through the sociotechnical arrangements that make up the internet. That in
brief is the argument I will develop in the next section.
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Where is the digital citizen?

As noted, cyberspace has been understood as independent and separate from ‘real’
space. This dominant understanding has been challenged by critical scholars such
as Dodge and Kitchin (2001), who argue against not only utopian and determinist
claims but also social constructivist and political economic analyses, and Jayne
Rodgers (2003) who also complicates this view. Much more has been written
on cyberspace since the 1990s; here I will summarize two recent examples from
legal scholars since their focus on cyberspace concerns the rights and agencies of
subjects, which is the concern of my argument.

Julie Cohen (2007) summarizes and challenges metaphoric uses of cyberspace
especially for how they have treated it as a separate space that is different (excep-
tional) or the same (unexceptional) as physical space. Cohen is a law professor
who critiques exceptionalist understandings of cyberspace that have formed the
basis of cyberlaws. As she notes, while legal scholars no longer accept that cyber-
space is more ‘free’ than ‘real space’, legal theories have been classified in ways
that treat ‘cyberspace’ as different from ‘real space’ and this has come to affect
the formulation of legal rules. However, while critical of the uses of the term, she
implicitly if not inadvertently accepts a distinction between cyberspace and an
ostensibly ‘real’ space. Cohen rightly notes that ‘[c]yberspace is in and of the real-
space world, and is so not (only) because real-space sovereigns decree it, or (only)
because real-space sovereigns can exert physical power over real-space users, but
also and more fundamentally because cyberspace users are situated in real space’
(Cohen 2007: 217-218). She concludes that:

theories of cyberspace as space fail not because they lack the proper under-
standing of whether ‘cyberspace’ is different from ‘real space,” and indeed
that debate simply muddies the issue. Rather, they fail because they lack
appreciation of the many and varied ways in which cyberspace is connected
to real space and alters the experience of people and communities whose lives
and concerns are inextricably rooted in real space.

(Cohen 2007: 225)

She describes this connection as an interplay between real and digital geographies.
While usefully challenging the separation, she nonetheless continues to maintain
it by thinking of cyberspace as connected to and interacting with embodied and
lived spaces and through her continued use of online and offline to describe the
two in her later work (Cohen 2012).

Another legal scholar, Laurence Lessig, while routinely questioning the uses
of cyberspace, similarly maintains a separation by insisting that cyberspace is
fundamentally apart from and exceptional to other spaces. In 1996 he considers
the internet and cyberspace to be more or less the same thing and uses the meta-
phor of cyberspace to understand the internet and the ways in which it is different
from what he called ‘real’ or non-virtual space (Lessig 1996). What Lessig sug-
gests is that cyberspace constitutes a new mode of power: one submits to code.
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In this way, he attributes a sovereign power to code and it is because of code that
freedom is lost in cyberspace. He later develops a slightly more nuanced idea
of the difference between cyberspace and the internet, yet he still insists on a
basic difference between cyberspace and real space (Lessig 2006). Lessig thinks
cyberspace, like geographic space, has architecture, and this architecture is the
code: algorithms govern hardware and software switches and regulate access to
its specific zones. The difference between ‘real’ space and cyberspace is that real
space is structured around public spaces that have access to everyone. By contrast,
cyberspace includes many zones that are off limits to many and is constituted by
code, which means “You can resist this code — you can resist how you find it, just
as you can resist cold weather by putting on a sweater. But you are not going to
change how it is’ (Lessig 2006: 93).

While Cohen affords more agency to the subject and her understanding of
power is less determinist than Lessig’s, both conflate the internet with cyber-
space and maintain a separation between cyberspace and real space. However,
the internet and cyberspace are not the same and their conflation is problematic.
By elaborating the meaning of ‘acting through the internet’, I distinguish between
the two in a way that is also helpful for transcending a separation between offline
and online.

As advanced by others, the internet is an interconnected network of comput-
ers (and information and communication technologies (ICTs)) using standard
and negotiated protocols to transmit information converted into binary numeric
form known as digital objects which can be sounds, images, words or numbers
(Deibert 2009). It includes governments, corporations and organizations that own
and operate infrastructures that transmit digital objects as well as internet service
providers (ISPs) who own and operate infrastructure that connects users to the
internet; software such as operating systems, code and cryptography; and hard-
ware such as routers, switches, cables, transmitters, receivers and servers. Such
infrastructures also include all of the people who maintain, operate and configure
them, as DeNardis (2012) notes in a useful description of its complexity and layers.
However, the internet is only one part of the relations that make up cyberspace;
Dodge and Kitchin (2001), for example, argue that ICTs that make up the internet
support a cyberspace, a conceptual space that extends the relationship between peo-
ple and place. However, it is more than a conceptual space. The people who relate
to the internet are embodied subjects who act through its sociotechnical arrange-
ments that are made up of conventions that include humans, devices, norms, values,
affects, laws, ideologies and technologies. Conducting ourselves means to act with
others as we take up and establish our social positions — something that Foucault
captured by defining power as ‘action upon action’ or ‘conduct of conduct’. We
are not online or offline but part of a space of relations that we bring into being as
embodied subjects who act through the internet. Cyberspace is thus the outcome of
subjects’ relations to and struggles with the conventions that make up the internet,
struggles that also occur in relation to the actions and struggles of other subjects.
It does not pre-exist these struggles but it is through those power relations and
struggles that cyberspace comes into being as a contested space.
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What then are the forces that configure the complexities of acting and also in
turn the production of cyberspace? Here Henri Lefebvre’s (1991) work, which
has been advanced by many critical geography scholars, continues to provide a
conceptual approach for conceiving of these forces and for undoing the separation
between online and offline worlds. Lefebvre elaborated three registers involved in
the production of space — conceived, perceived and lived. Conceived spaces are
rendered by objectifying practices that code, recode, present and represent space
to make it legible and intelligible. Perceived spaces are symbolic representations
that guide imaginative relations to space. Lived spaces are those that we inhabit
through the things we do in or by living and are the spaces through which we act.
Lefebvre argued that we experience being-in-the-world through these simultane-
ous but asynchronous registers that are distinct yet overlapping and interacting: by
inhabiting them, we produce them.

Scholars who study cultural, social, legal, economic or political spaces also
advance such an understanding of the relations that make up these different
spaces, such as Bourdieu’s (1988) discussion of social space. Their assumption
is not that such spaces are separate and independent from other spaces people
inhabit. To speak of a social space, for example, is an analytic means to concen-
trate on the subset of relations that make up this space and thereby open it up to
a deeper understanding of how people inhabit it as simultaneously conceived,
perceived and lived. The point is that just as critical geographers understand geo-
graphic space as not only physical but involving three registers in its production,
s0, too, can we understand cyberspace. But rather than registers, these three can
be conceived as subjectifying forces that are neither sequential nor parallel but
simultaneous and intertwined relations of power. The legality of cyberspace con-
sists of the forces of rules, regulations and other codes that govern (or attempt
to govern) it and which are often unseen but embedded in the organization and
requirements of sociotechnical arrangements. The performativity of cyberspace is
the lived spaces that are brought into being by subjects who act through the inter-
net and bring it alive as it were. Imaginaries then are the perceived images, ideals
and ideologies of cyberspace that organize how we think, what we desire and want
it to be. Like other social spaces then, cyberspace is not designed and arranged
and then experienced by passive subjects but is brought into being through acting
bodies and the interplay of legal, imaginary and performative forces.

This is different from dominant conceptions of online versus offline worlds.
The difference is exemplified in how the role of social media has been interpreted
in relation to protests, uprisings and occupations staged in cities. Christian Fuchs
(2014), for example, outlines four ways the role has been interpreted — from social
media as technological determinants, to their having no impact, or to being just
‘useful’. Instead he offers a fourth interpretation, that the subjects of these events
had already been formed into social groups able to recognize each other and it is
that formation and recognition that enabled them to mobilize each other for action
through social media. In other words, the objective conditions that led people
to protest found mechanisms for expressing subjective positions, thereby help-
ing organize these protests. However, while Fuchs is critical of assuming that a
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space exists that is separate and independent of squares, he does not offer a way
of conceptualizing this space. Cyberspace is that space that comes into being by
relations between and among embodied subjects who act through the internet.
These bodies can be collective (institutions, organizations, corporations, groups),
cybernetic or social, as advanced by Judith Butler (1993) and Donna Haraway
(1991). As both authors contend, bodies as inherently social and not prior to their
socialization; collective, technological and biological bodies are all social bodies.
Embodied subjects acting through the internet are engaged in struggles that are no
less or more ‘real’ than those that occur in social space or cultural space which are
indeed inextricably connected to and through embodied subjects.

How do digital subjects become digital citizens?

How then does the digital citizen come into being? Building on the conception of
power outlined above, they are subjects who act in ways that submit to but also
go beyond and transgress the conventions of the internet. In doing so they are not
simply obedient and submissive but also subversive in the making of cyberspace.
This follows a conception of the citizen advanced in critical citizenship studies,
which positions the citizen beyond its modern configuration as simply a member
of the nation-state (Clarke et al. 2014). Instead citizens are understood as subjects
who make rights claims by contesting or struggling against existing regimes such
that citizenship is a site of contestation rather than made up of bundles of given
rights and duties.

How then do subjects make digital rights claims and become digital citizens?
Words are of course one way that they make claims to rights such as speech,
access and privacy. As John Austin famously argued, language is a means of
social action: it can be performative such that people do things with words (Austin
1962). However, making claims was not one of the five classes of speech acts
(judgments, decisions, commitments, acknowledgements and clarifications) that
he identified as having performative force. Claims are thus a sixth speech act and
key to the becoming of a citizen. To be sure subjects make rights claims through
what they say as many individual and collective declarations attest. Chelsea
Manning says, ‘We’re citizens, not subjects. We have the right to criticize gov-
ernment without fear’ (Manning 2015). While these words may not have legal,
if not performative force, their imaginary force can be powerful. There are many
other examples of how subjects make claims such as those who call upon authori-
ties to inscribe digital rights through regulations and legislation and give them
legal force. The declaration of the UN World Summit on the Information Society,
and the International Charter of Human Rights and Principles for the Internet that
followed, are two examples of declarations. They pronounce digital rights claims
such as the right to access, liberty, security and freedom of expression, or right to
information, freedom from censorship or hate speech to right to privacy and data
protection and many more (see Franklin [2013] for a detailed account of these
declarations and claims). Collectively, they not only create a cumulative force but
also disseminate this force through the internet.
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However, what subjects do through the internet involves not only doing things
with words but also the reverse of Austin’s principle: they also say words with
things of the internet. Bruno Latour (2000), while not referencing Austin or the
internet, reversed the principle to state that people ‘do words with things’ and
that this is also a social activity. In relation to acting through the internet, subjects
challenge, subvert or resignify conventions through their deeds, by doing words
with the things that make it up. From downloading, uploading, forwarding and
blocking to encrypting and cloaking their actions, subjects make claims to rights
such as to access, share or make private what they do through the internet and
in making these claims they become citizens. While whistleblowers and hactiv-
ists are often highlighted as the vanguards of digital rights, there are many more
political subjects of the internet who not only make rights claims by saying things
but also by doing things through the internet. The everyday social life of com-
municating, interacting and networking therefore can be understood as part of the
struggles and contestations over the emergence of this new political subjectivity,
that of the digital citizen. So, when we study conventions such as microblogging
we can ask: how do such platforms both configure everyday social actions and
at the same time create possibilities for subjects to appropriate the platform in
creative (and possibly subversive ways) and act differently and become digital
citizens? What are the possibilities of thinking, speaking and acting differently,
of challenging and resignifying conventions of the internet and thereby enacting
digital rights through what we do and not only say?

Taken together subjects make rights claims both in and by what they say and
what they do through the internet — their digital acts, be they virtuous, malicious,
righteous or indifferent — and it is through making claims that they move from
being data subjects to being digital citizens.

Where are data citizens?

The question that I posed for this chapter has two meanings. It asks about the
space of relations of which data citizens are a part and at the same time about their
absence in much current work concerning the data of the internet. We know about
the power of platform owners, corporations and governments and ways in which
data are being commodified, traced, analysed and traded; how issues and concerns
about data ownership, privacy and protection are being debated and contested;
how people use various platforms to do politics such as organize and mobilize
political protests and engage in citizen journalism or forms of digital activism;
how the sociotechnical arrangements that make up the internet seek to organize
what people do and format the data that is generated; and how internet data are
being analysed by corporations, governments and researchers to enact and know
social worlds in ways that are challenging other sources and methods. But what
do we know about the subjects and citizens of the internet?

I have argued that we know a lot about the internet and have many good
critical investigations, but we have yet to provide a theoretical conception of
who are the political subjects and citizens of data. One conception we do have
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is that of citizen scientists who challenge dominant data regimes by formulat-
ing, organizing and operating their own data gathering devices and platforms.
As such they constitute one kind of data citizen, one who expresses rights to
data through what she does by engaging subjects and enabling them to shape
and influence how data are generated. Yet such a conception does not attend to
the varying subject positions that they take up and the ways of acting that such
devices and platforms also configure and bring into being. To turn instead to
what subjects are saying and doing through the internet draws attention to what
varying acts in relation to platforms and devices mean for the data that are gen-
erated. Bringing the political subject into the centre of concern interferes with
determinist analyses of these data and hyperbolic assertions about its emancipa-
tory potential or impact, both which tend to imagine subjects as passive data
subjects. It also interferes with interpretations of data that implicitly assume that
they are a simple description of the action and behaviour of subjects. Instead,
I have offered a way to investigate how subjects are composites of obedience,
submission and subversion and that this matters in the making of data. Rather
than singular, a range of subject positions can come into being through the inter-
play of imaginary, legal and performative forces.

As Lefebvre theorized, urban spaces are composed of struggles involving rules
and laws, ideals and the practices and experiences of subjects. Many studies of
urban spaces have taken this up to reject a flat ontology that posits the existence
of an objective, natural, or physical space separate and independent from repre-
sented or lived spaces (Soja 1996). What they argue is that when the conduct of
subjects in urban spaces are observed, recorded and analysed — from the everyday
to protests and occupations — such conduct can be interpreted as the product of
the interplay of these forces. Nicholas Blomley (2004; 2011), for example, has
advanced a similar understanding in his analyses of how urban spaces are enacted
and ‘taken’. The same can be said of cyberspace and the conduct of subjects.
The data that are generated are also products of the actions, interruptions and
appropriations of subjects.

How subjects act is not only in relation imaginary and legal forces but also
performative ones that involve the recitation, repetition and invention of new
conventions and meanings. Consider how specific internet platforms shape but
are reformed and transformed through the performance of subjects, their repeated
actions, demands, interruptions and appropriations and who do not just follow
but play with and subvert or seek to modify their conventions. Tweeters have, for
example, transformed the meaning of ‘what’s happening’ to ‘what do we want to
make happen’ through their calls to action and protest. Tweeters are embodied
subjects acting among and with other bodies through the internet and that acting
involves not simply following or being determined by the technical configura-
tions and conventions of the platform. They act in relation to rules and laws about
what is sayable (e.g. as recent rulings on racist, offensive or misogynist tweets
attest) or respond to imaginaries of the internet (e.g. libertarian ideas). And it is
through their recitation, repetition and invention of new conventions that they
engage in a whole series of relations as embodied subjects that act with others.
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The data of the internet are not apart from these relations and forces; how
to attend to these and their consequences for the interpretation of data is one of
our many empirical challenges. Interrogating the multiple ways that subjects act
through the internet and as the product of the play of forces and diverse subjec-
tivities would be one approach. For example, with ever more tracing and tracking
and selling and trading of data, how are subjects making rights claims by taking
actions such as blocking and filtering, encrypting communications, creating mul-
tiple identities, deploying bots, gaming trending algorithms and so on? Do we
ignore or account for them when we interpret data? Even for those subjects who
obey and adhere to conventions, how do they act in multiple and not only pre-
formed or expected ways? That is not to ignore dominant forms of subjectivation
but even these call for closer analysis in relation to how subjects are formed and
act. This is similar to an argument advanced by scholars of surveillance studies
who have critiqued the strong tendency of researchers to focus on the impact of
powerful institutional actors and relations of domination; however, in doing so
conceptions of how this might be otherwise are not developed (Monahan et al.
2010). To reduce all forms of acting to one unexamined mode is to overlook the
potentialities and possibilities of acting otherwise.

This challenge of how data are constituted is a question that surely can and
has been asked of other forms of data. Survey data are often critiqued for being
shaped by the way questions are formulated, the mode of asking questions
(telephone/face-to-face interview, self-completion), the medium (paper, internet)
and variations in the performances of subjects (memory, disinterest, misunder-
standing, deceiving). Such questions can be raised about internet data when
researchers seek to understand the relation between the configuring work of plat-
forms and the actions of subjects. This is the case when researchers interrogate
the multiple possible meanings and intentions behind the use of like buttons,
search engine queries or locations saved on Google maps or when they seek to
understand varying patterns in mappings of mobile phone data. In these instances,
subjects do not merely follow but interpret, invent and circumvent ways of acting.

These questions are especially critical given the tendency to treat digital data
as raw. We now have myriad studies that are challenging this by accounting for
the relations between people and technologies that come to make it up. But we
also need a conceptual framework to understand how these also involve power
relations between and amongst embodied subjects and citizens who act through
the internet and in doing so are part of the making of cyberspace and data through
which we come to know cities.
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16 Beyond quantification

A role for citizen science and community
science in a smart city

Mordechai (Muki) Haklay

Introduction

The underlying assumptions of smart cities and the production of urban big
data, namely the over-valuation of efficiency and productivity need to be exam-
ined and critically assessed (Su et al. 2011; Chourabi et al. 2012; Greenfield
2013; Nam and Pardo 2011). This requires an examination of how specific
values get embedded in technologies deployed in the city. This chapter argues
that human and environmental values should also be part of the design and
implementation of smart city systems, especially since these systems influence
the way cities operate.

A good starting point for unpacking embedded values is to take notice of how
cities are portrayed within smart city discourses. Historically, cities have been por-
trayed as either tame or feral, as ordered and chaotic, as natural or engineered. Most
often smart city discourses enlist these same tropes to promote the procurement
of and investment in these technologies in order to support a particular political
and developmental path. For example, the proliferation of closed circuit television
(CCTV) cameras progressed from individual in-store cameras, to networked feeds
from multiple cameras in public urban spaces, to the integration of image-process-
ing algorithms such as number plate or face recognition software (Coleman and
Sim 2000; Graham 2005), all in order to improve urban ‘security and efficiency’.
Such regimes of data collection are often glossed over and presented apolitically,
framed as a form of urban ‘intelligence’ coupled with the ‘smart’ application of
information and communication technology, such as environmental sensors, the
measuring of city dweller digital footprints, analytical and statistical techniques,
including the use of complexity modelling and advanced visualization. These smart
city data and technology assemblages (see Chapters 2, 3, 4) are deployed with the
ideal to promote efficiency, productivity and safety and to reduce uncertainty. Is
this the future that citizens want? Is the future envisaged as one where efficiency
and minimizing risk is considered more important than chance human encounters,
imagination and dialogue; where the city is so numerically and technologically
managed and where serendipity is considered a threat to efficiency?

Are proponents of smart city technology and data modelling designing a
future in which the city and its citizens are ‘all watched over by machines of
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loving grace’ (Brautigan 1967)? Do city managers and politicians assume that
the societal impacts of technology are benign and beneficial, while technol-
ogy and data are value neutral? More critical and philosophical approaches
(e.g. Feenberg 2002; Dusek 2006) have demonstrated that technologies have
built-in values and can lead to the ‘black-boxing’ of ideologies and conceptions
of how society should run, which then impact on daily life. This is the case for
many smart city platforms, software and code (Kitchin and Dodge 2011). To
return to the CCTV example, the location of cameras combined with advances
in image-processing algorithms represent a specific conceptualization of place,
where some places and people are worthy of protection and order and others are
considered a threat to be managed and policed (see Fussey 2002).

This promise of the smart city is predicated on knowledge, information and
data, such as that collected from sensors on personal devices and wearables as
well as from environmental sensors installed by city governments, engineers
and researchers. And like technology, data and their related algorithms are not
neutral. Smart city data and related infrastructures pose deep epistemological
and ontological problems as these promote a mostly quantitative approach to
the study of societies, seemingly making the city ‘knowable and controllable’
(Kitchin 2014). Similar issues were debated in the wake of the first ‘quantitative
revolution’ in the social sciences in the 1960s and 1970s (Marshall 2006). Smart
cities in a sense represent a form of ‘quantitative revolution 2.0’ with many of
the critiques (e.g. Greenfield 2013) resembling those seen in earlier discussions
of positivism in geography and urban studies (Wyly 2014).

One of the central questions of this chapter is: in the context of smart cities how
we can ensure that the computing and sensing abilities that are being developed
are integrated with meaningful and purposeful social and communal activities?
This question is explored paying special attention to the meaning given to the
data that are collected. This is framed with respect to concepts from philosophy of
technology and, in particular, the ideas of Albert Borgmann (1984; 1999; 2010)
concerning device paradigm and focal practices. These are used as conceptual
tools to assess if participatory sensing can form a more meaningful and complete
approach to collecting data to produce a smart city, one which emphasizes social
practices in addition to the technical and the quantitative.

Device paradigm and focal practices

In the early 1980s, Albert Borgmann observed that modern technology tended to
adopt a myopic ‘device paradigm’ in which specific interpretation of efficiency,
productivity and a reductionist view of human actions was taking precedence
over ‘focal practices’ which bring people together in a more meaningful way. For
example, Facebook textual messages is one form of communication that demands
attention from the sender and the receiver, but only for a fraction of time, while
meeting a friend for coffee with phones switched off and put aside, and paying
full attention to mutual needs for a chunk of time might more conducive to foster-
ing companionship and a deeper more engaging social interaction. By reducing
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human interaction to moments of communication it can be argued that Web-based
social networking offers a more ‘efficient’ way of maintaining social links. As
Sherry Turkle demonstrated in Alone Together (2012), this reductionist view of
social interaction is limited and, indeed, meaningful social relationships degrade
and are being lost by relying on information and communication technology
(ICT) as the main conduit for social relations. Consider, for example, the seem-
ingly efficient sharing of images of grandchildren on Facebook, leaving them for
anyone, compared to handwritten letters which includes a physical drawing from
said grandchildren. The issue is not one of sentimentality only — for example, a
synchronous engagement through a video call over Skype between the grand-
parent and grandchildren, which requires mutual presence and concentration, is
qualitatively different from the Facebook sharing and fleeting ‘likes’.

Borgmann’s analysis is especially important to the question of technology and
the city since he frames his investigations toward the development of a meaningful
and fulfilling human life — thereby addressing the age-old philosophical ques-
tion of ‘the good life’ within technological societies (Higgs ef al. 2000; Verbeek
2002). He notes that modern technology operates by disburdening human effort
from activities that are laborious and by doing so turns them into commodities.
For example, a hearth, which requires a wood supply, a fire to be attended to
and regular cleaning, is replaced with central heating, which is now controlled
remotely from an app on a smartphone. While the very narrow result of ‘warm
and comfortable room’ is achieved with both technological settings, something
more profound happens. The hearth is a ‘thing’ that requires tending to and effort,
it is also part of a group of objects and activities that are ‘focal things’ — things
that facilitate wider human activity and make sitting in front of the fire especially
meaningful in comparison to the ‘device’ of central heating, wherein the service
of heating is commodified and easily accessible to the degree that it become invis-
ible. Importantly, this move from ‘things’ to ‘devices’ is changing the way people
relate to reality. ‘Focal things’ facilitate ‘focal practices’, such as gathering in
front of the hearth in the evening and having a conversation about the events
of the day — something that is lost with the convenience and availability of the
app-controlled central heating system. A device paradigm is therefore a general-
ized trend in which technology promises to enrich and disburden people’s lives.
However, while successfully delivering on these promises it takes away a fuller
engagement with others and the material reality. Bormann emphasizes that this
is not to say that we should ignore the toil, efforts and the many costs of pre-
technological generation of warmth, rather than to be aware of the central para-
digm of modern technology, which commodifies and separates the ends (warmth)
from the means. Such a separation opens the door for far-reaching manipulations
of the means, and while enjoying the fruit of technology, we should consider its
fuller societal impacts.

With ICTs, a device paradigm increases and, as the social networking plat-
form companies have demonstrated, once other aspects of human life have been
commodified (heat, housing, transport, communication), human relationships
themselves are seen as ripe to be reduced to their technical essence and monetized.
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This is what Borgmann (1999) predicted in his differentiation between natural and
cultural information, which for him are focal things and practices, while techno-
logical information, which, like devices, can mislead us to think that, because it
is available and easy to access, it makes the world knowable and controllable. We
need to pay attention to three classes of information, which he defines specifically.
According to Borgmann, natural information is the information that we receive
from the natural world such as that received from a meandering river which direct
us to walk a specific way or direction; cultural information is information that we
used to construct reality, to act and do things in the world — music sheets for exam-
ple are used to play music, a map is used to construct and plan a route; finally, he
qualified technological information as something different — information as reality.
This is when information claims to be such a detailed representation that it can
replace reality for all intents and purposes, as demonstrated by the highly detailed
images and visualizations in digital globes such as Google Earth. Borgmann’s (1999)
use of the words natural, cultural and technological is very specific and differs from
their everyday use, and this difference is important. What is important to note is
that according to his definition, technological information obfuscates our ability to
understand the world and to deal with it in a meaningful way (see Sieber and Haklay
2015). ‘Big data’ that the smart city produces are a kind of technological information,
claiming to make material and social reality transparent and knowable. However,
by necessity they fail in this task since a perfect system that will include all the data
from sensors are providing partial descriptions of the world will lead to a situation in
which ‘nothing any longer presents itself with any authority . . . Anything might as
well be an impediment to inquiry’ (Borgmann 1999: 177). In other words, if we are
capturing reality fully, we are back in our starting point, trying to decipher signals
from the overall cacophony and complexity of the city.

Borgmann is not being nostalgic or suggesting that we destroy our central heat-
ing systems. Instead he asks us to consider how technology is altering life and
then find the ways to protect or restore the focal practices and things that we have
lost. His approach opens the possibility to reform technology and to allow for a
wider social discussion about its future directions and applications (see Feenberg
2002; Haklay 2013).

Data creation as a focal practice in citizen science and
participatory mapping

Cities offer opportunities for deep and meaningful, yet ‘inefficient’, human
encounters — and we should be attentive to how technologies are developed, the
assumptions that we put forward in support of them, and to ensure that those types
of encounters remain plentiful.

Is it possible to nurture those types of connections within smart city agendas, either
by subverting them or by using the data resources that are available? One such way
is to use smart city assemblages of sensors, data sources and algorithms to address
problems and challenges that individuals and communities are faced with in cities,
such as urban agriculture, monitoring pollution or addressing energy use. Citizen
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science is a scientific practice where non-professional researchers are involved in the
process of conducting research (Silvertown 2009), and it is a type of science which
can insert agency and control into the smart city. It is possible to imagine groups
coming together in an inclusive and open way, discussing urban issues they would
like to address and using existing sources of data combined with their own reporting
and analysis to address them.

The emergence of community/crowd/user-generated digital maps (Haklay
et al. 2008) provide some evidence for activities that, at their worst, fall into the
trap of a device paradigm and at their best demonstrate the potential of new focal
practices that are facilitated by technology. Projects such as OpenStreetMap
(OSM) (Haklay and Weber 2008) exhibit complex relationships between the
contributor to the mapping product and the user of the map in terms of their
understanding of data, as well as making decisions about what will be captured
and how. For the OSM mapper, who is commonly interested in her local area and
walks through it to record specific objects, the process of mapping is an exam-
ple of a novel way to engage with the world (Budhathoki and Haythornthwaite
2013). In a project such as OSM, in which mappers state that their affiliation
to the project is linked to the project’s goal, which is the production of a freely
available accurate digital map of the world (Budhathoki 2010), this is especially
true, although there is some evidence that people who update Google Map Maker
are also doing so because they identify an error in the map in their local area and
are concerned with the way it is represented to the world. In both these cases,
the process is about creating an empirical representation of reality in a digital
format, of identifying a road or amenity in reality and creating a representation
of it using the location information from a GPS receiver or identifying objects
on detailed satellite images and describing them. Moreover, for the OSM map-
pers themselves, the process of mapping can become a focal practice. While a
very small minority of the total volunteer mapper community attends meetings,
for those who contribute significantly to these projects, face-to-face meetings
and discussions about the practice of mapping are significant and meaningful
events. Arguably, even the unruly and often impolite discussions on the projects’
‘Internet Relay Chat’ (IRC) channel or on mailing lists demonstrate how mean-
ingful the activity is in the life of the mappers. The act of mapping itself can be
an act of asserting presence, rights or expressions of personal belief in how the
world should evolve and operate (see Gerlach 2015).

Even the solitary activity of a mapper, or a citizen scientist, can be deeply
meaningful and transformative, as Russell (2014) described so vividly. Russell,
a citizen scientist, shared her experience of deciding to study an unknown detail
about the life of tiger beetles by studying them in the Gila River, near her home.
The tasks that she took upon herself (and her family) included chasing beetles
and capturing them, growing them in terrariums at home, dismembering some
and analysing them under a microscope and so on. This quest was sparked by a
statement from Dick Vane-Wright, then the Keeper of Entomology at the Natural
History Museum, that: “You could spend a week studying some obscure insect
and you would know more than anyone else on the planet. Our ignorance is
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profound’ (Russell 2014: 15). This is not only true about insects, or animals, but
also the night sky, or our understanding of urban air pollution. Russell explored
many other aspects of citizen science, from online activities to observing the
changes in nature over the seasons (phenology) and recording wildlife footprints
in the sand. Her love of nature in her area comes through in the descriptions of
her scientific observations and also when she describes a coming storm or other
aspects of her local environment. In her journey, she overcame difficulties from
following instructions that seem obvious to professional entomologists, to figur-
ing out what the jargon meant, to the critical importance of supportive mentoring
by professional scientists. As her book title, Diary of a Citizen Scientist: Chasing
Tiger Beetles and Other New Ways of Engaging the World, expresses, citizen
science is a focal activity for those who participate in it.

Meaningful engagement can also be true even for what might seem, at first
sight, to be the epitome of a device paradigm within citizen science activities —
volunteer computing. Volunteer computing — the act of participating in a scientific
project by downloading and installing software that utilizes the unused process-
ing cycles of a computer or a smartphone — is the automation of the process of
participating in a scientific project. Inherently, the level of engagement of the
participants is assumed to be very low — merely downloading a piece of software
and configuring it once in a while. Since 2010, I have been involved in volunteer
computing as part of the IBM World Community Grid (WCG) project, as a way
of experiencing volunteer computing on my work desktop, laptops and later on
my smartphone. Even though I am only one of 378,000 participants in the project,
I am part of the long tail — ranking 20,585 with my top contributions being for
Fight AIDS@Home and Computing for Clean Water projects.

The operation of WCG transformed my volunteering into a ‘device’ and it dis-
burdened me from actively dedicating time to support the project. From time to
time, I notice the screensaver on my computers and am pleased to see the IBM
WCG icon on my smartphone in the morning, knowing that it has used time since
being fully charged for some processing. I also notice it when I reinstall a computer,
or get a new one, and remember that I need to reset it. I do not check my ranking,
and I do not log-in more than twice a year to adjust the projects that I’'m contrib-
uting to. I have therefore self-diagnosed myself as being a passive contributor in
volunteer computing. When compared to Russell’s experience, my participation in
the WCG project would not be a focal practice (see also Nov et al. 2014).

But then came the downtime of the project on 28 February 2015. I missed
an advanced message. When I looked at my computer that day, I noticed a ‘No
Work Available to Process’ message. This eventually bothered me enough to
check the state of processing on my smartphone, which was also not process-
ing. I later searched the internet to find out what was going on with the system
and discovered that the main site was down and continued to look around until
I found a Twitter message announcing scheduled maintenance. Even so, I could
not stop looking at the screensaver and was relieved when processing resumed.
What surprised me about this episode was how much I cared about it. The lack of
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processing annoyed me enough to spend over half an hour trying to find out what
was wrong. For that afternoon, and only for a short moment, volunteered comput-
ing got elevated from a device to a focal thing.

The difference between Russell’s deep engagement and my fleeting WCG
one can be associated with the nature of the data and information produced. For
Russell, data were captured through the intimate connection with the tiger beetles
and seasonal change in her area. In contrast, in the WCG project, I have no con-
trol over the data that are produced, nor will I have the ability to scrutinize them.
These data are created by algorithms set by scientists who access to them and are
able to control collection and use. My engagement with the WCG projects lacks a
relationship with the data that are produced.

DIY science as focal practice

The city is also a place for collective action and communal activities with good
potential for developing new focal practices around data collection, process-
ing and use. The degree to which users of existing technology are allowed to
change the meaning of how it is used, or to apply it toward other unintended
uses (Haklay 2013), is central to its potential to serve as a ‘thing’ and not only
as a ‘device’. This is especially true in the area of Do-It-Yourself (DIY) science.

DIY science is emerging from the same technological trends that make the
smart city a possibility, but with a fundamentally different ethos, focus and pro-
cesses. The continuing decrease in the cost of electronics and sensors has enabled
people from all walks of life to access and use devices either within embed-
ded commodified devices, or as components that are ready for prototyping and
experimentation. Consider, for example, the sensing ability of an average smart-
phone. It is, in effect, a sophisticated sensing machine, with sensors for sound
(microphone), visible light (camera), location (GPS receiver), direction (com-
pass), speed of movement (accelerometer), air pressure (barometer) and many
other functions. The smartphone became widespread, the costs of sensors dropped
and became widely available, and it is now possible to find a GPS chipset for
less than $3. Sensors also appear in other industrial areas, such as the automo-
tive industry and office machinery, and these also increasingly became cheap.
These components provide the basis for new forms of DIY electronics where
participants use open source licences, procedures and tools to share knowledge
about the development of devices that can sense and act in the world. Combined
with the growing availability of small-scale and local manufacturing facilities
(known as fab lab, makerspaces and hackerspaces), technically able participants
construct from these cheap components affordable sensing devices. The practice
of sharing the code that drives the devices, as well as device blueprints, allows
other people to take existing designs and adapt them to their own needs.

The Public Laboratory of Open Technology and Science (aka Public Lab) is a
demonstration of this (Dosemagen et al. 2011; Wylie et al. 2014; see Figure 16.1).
Born out of environmental activism resulting from the ‘Deep Horizon’ oil spill,
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Public Lab mixes online and offline communities of interest, in which members
develop tools that can be used by any community to monitor different types of pol-
lution and carry out various scientific investigations. Public Lab activities focus on:

civic science in which we research open source hardware and software tools
and methods to generate knowledge and share data about community environ-
mental health. Our goal is to increase the ability of underserved communities
to identify, redress, remediate, and create awareness and accountability around
environmental concerns. Public Lab achieves this by providing online and
offline training, education and support, and by focusing on locally-relevant
outcomes that emphasize human capacity and understanding.

(Public Lab 2015)

In practice, they rely on open hardware and software in which both the blueprints
(in the case of hardware) and the code are available for anyone, free of charge, and
open to modification. The technologies that they are developing are inexpensive
(many well below $100) and, recognizing that not every community or individual
would want to build the tools from scratch, they sell kits that can be used with
detailed instructions provided on the Web. Finally, they encourage members to
share their experience in developing tools through ‘research notes’ on the organi-
zation’s website, as well as during an annual gathering that is called ‘barn raising’
after the communal practice of building a barn together.

A major theme of Public Lab activities is the development of very cheap aerial
imagery tools. These enable participants to use a standard digital camera, plastic
bottle, string and a balloon or kite to take highly detailed aerial photography.
After the flight, images are stitched together and linked to existing geographical
information using the ‘Map Knitter’ software, they can either be printed on paper
or shared in Google Maps. Members of the Lab emphasize the value of mapping
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with balloons and kites, in which the operator is tethered to the data capture device
as a demonstration of transparency in contrast to the hidden operators of CCTV,
satellites or drones. This makes the act of capturing the imagery itself a purposeful
demonstration of a civic data collection activity. The process of selecting images
that will be used to create the mosaic, stitching the images and annotating the
resulting maps was designed with tools to ensure that the data and information are
owned by those who create them as well as expressing the message that they want
them to convey. Thus, the balloons, cameras and software that are used within
Public Lab activities are focal things and practices.

Another example concerns ‘meaning hacking’ and ‘deep technical hacking’ (see
Haklay 2013) which also enable focal practices as evidenced in the EveryAware
community project monitoring noise around Heathrow airport (Becker et al.
2013). Here, the process starts with an app that utilizes the sensing abilities of a
smartphone. The app, WideNoise, records the level of sound in decibels (dB) and
qualitative observations submitted by participants (such as the emotional scale
of love/hate and adding a description through tagging), in addition to location
and time information from the phone’s sensors. The tool can accurately indicate
sound ranges as being low, medium or high, though acoustic laboratory testing
demonstrated that it could not be relied upon to capture exact dB values. Once
the app was presented to a community organization in the area of Heathrow its
use was welcomed with enthusiasm. Even though participants were aware of the
technical limitations of the device, the activity of going out and recording inci-
dents of airplane noise with emotional tags was considered meaningful. In turn,
the community used these data to demonstrate the level of community concern to
a governmental committee that is considering the expansion of the airport.

As a result, community-led data collection and the potential of new DIY elec-
tronic devices was discussed within the community (Nold 2015). Among the
proposed devices was a noise meter that is programmed to send a Short-Messaging-
System (SMS) message every time the level of noise breaches a predefined value
to be used to alert a local or national decision-maker to the event. While the devices
on offer were created as prototype interventions to spark a debate (see Nold 2015
for a full discussion), they led to interest within the community to construct a noise
monitor that is accurate enough (within less than 2—-3 dB from calibrated meters),
can be installed in their attics and can record the nuisance throughout the day and
can be attributed to specific flight events. The effort to construct the devices and
install them are ongoing.

Both aspects of the process — the use of the WideNoise app and the develop-
ment of a noise monitor — demonstrate that, even in minor participatory sensing
events, the devices can act as a ‘focal thing’, bringing people together in a pur-
poseful and meaningful social activity that is significant to participants.

Towards meaningful data production

In this chapter, Albert Borgmann’s concepts of device paradigm and focal prac-
tice were used to challenges normalized understandings of the smart city and
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pointed to some of the shortcomings of deploying sensors and collecting data as
an efficient instrumentalist process in lieu of participatory sensing activities.

The crowdsourced mapping, citizen science and DIY science examples
discussed, as well as numerous other emerging examples around the world, dem-
onstrate the potential for reconsidering smart city technologies and their social
role and the possibility of them functioning as focal things and practices. To make
the smart city socially meaningful, however, requires technical support and active
interventions by government actors and those who develop the technologies or
hold the know-how to use data sources and turn them into useful and meaningful
information. It is also important to get people together to develop technologies,
discuss data collection protocols, or understand the analysis, as these activities
can provide meaningful communal events that can nurture new and existing links
between individuals and communities.

Borgmann’s typology of information offers an alternative option for digital
engagement. Generally, digital data and information are considered as merely
technological (information as reality); through citizen science and participatory
sensing (see Haklay 2016) it was argued here that it can be also cultural data
and information (information for reality). By becoming cultural information used
through meaningful participatory and collective action, the smart city paradigm
can be transformed — or at least enhanced — with focal practices that bring people
together. The Public Lab examples, and especially the Heathrow and the Gila
River examples, demonstrate that this is possible. By opening up smart cities to
allow for such data — and data collection practices — as an integral part of deci-
sions about what will be collected and how, the potential of expressing competing
visions and values of the city can be accommodated.

Although these citizen science approaches may develop new avenues for
discussing alternatives to the efficiency and productivity logic of smart cities,
it remains important to not absolve those with resources, power and knowledge
from responsibility. There is an urgent need to ensure that the development and
use of the smart city technologies be created open to democratic and societal
control, and that they are not being developed only because technologists and
scientists think that it is possible to do so or to capture cities as new markets
of accumulation.
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