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FOREWORD

The very idea of “data,” of that which is given to us in experience, has
preoccupied many philosophers, from David Hume’s naturalistic notion
of impressions as unmediated sense data to cruder versions of twentieth-
century positivism that contend that data are just “out there.” There have
also been multiple reactions to these positions and their shared com-
mitment to the “myth of the given.” Commonly understood under the
umbrella concept of “postempiricism,” these reactions argue that, even
though feedback from natural reality constrains what we can say about it,
observational data and the instrumentation through which data are visible,
is irredeemably theory and value-laden. Indeed, at the extreme, some pos-
tempiricists point to the self-referential, self-reproducing and closed world
of scientific theories and their data—particle physics being especially ame-
nable to such claims. Yet notwithstanding these and other nuances within
postempiricism, it is united by a broad consensus that data are a matter of
construction and organization. Furthermore, what count as data depend
on notational and other, often invisible, practices of carving the world into
elements that might be compared, aggregated, and processed. So while it
may be too much to say that “anything goes,” data are nevertheless not
a given but are themselves an outcome and a matter of organized human
construction and demarcation.

Given the wider influence of these reactions to positivism on sociological
and managerial theories, it is all the more striking, as Cristina Alaimo and
Jannis Kallinikos remind us in their study, that data in digital form have not
yet been fully subjected to similar critical and constructivist sensibilities and
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analyses. While the technical reach and transformative nature of the digital
age have understandably received considerable attention from scholars—
big data, surveillance, blockchains, and algorithms are continuing objects
of fascination and extensive debate—the foundations of these develop-
ments in digital data have been more or less unproblematized within main-
stream theorizing of platforms and ecosystems. Accordingly, Alaimo and
Kallinikos develop an explicit manifesto for an interdisciplinary approach
to digital data that deconstructs the positivism of the raw click in order to
understand how it is an outcome of subtle and understudied datafication
processes. They set themselves and others the task of turning data making
into an area of inquiry in its own right, which reverse engineers the seeming
hardness of digital data. This analysis matters because data encode reality
in specific ways, with formative implications for meaning, cognition, and
communication. Furthermore, Alaimo and Kallinikos suggest that the con-
struction of digital data provides the underlying infrastructural conditions
of possibility for the entities that we call “networks” and for the problems
addressed by network economics. In this way, they show us how data are
deeply implicated in rewiring the market economy.

Critical accounting scholarship is closely aligned with Alaimo and Kal-
linikos’s project. It is now widely accepted that the data that are used to
produce organizational accounts are an outcome of conventions about
what to make visible and what remains invisible, and therefore unac-
counted. Reductive forms of quantification have played a key role in gen-
erating the distinctive facticity and performativity of accounting, which
comes to appear natural to human actors and which gets hard-wired into
systems, both manual and digital, such as for enterprise resource planning.
The critical accounting project can be defined in terms of challenging this
naturalism and technicism, exposing its institutional and political founda-
tions, and proposing new representations and counter accounts informed
by different values and data constructions.

Yet for all these parallels between Alaimo and Kallinikos’s present study
and the history of accounting, record keeping, and practices of monitoring,
they show how the stakes for digital data constructivism are much higher.
They argue that the speed and accumulative character of digital data, as
well as the manner in which they pile up, have explosive organizing poten-
tial in two important ways. First, they have led to architectures of control
that decenter the traditional organizational form largely assumed by critical
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accounting and require a more ecological approach. Second, and as a conse-
quence, they blur the distinction between transactional and social relations
that have been important to studies of corporate social reporting, financial-
ization, and social impact. Hence, much more is at stake than the role of
digital data as a reality filter; they underpin and drive new organizational
forms, which in turn overflow traditional regulatory and governance frame-
works. Digital data do not only accumulate; in doing so, they create forms
of connectivity and capabilities for traceability, tracking, and surveillance
that did not exist before—food supply chains and social credit systems
being much discussed in empirical settings. In turn, these capabilities gen-
erate new practices of performance measurement and organizational orders
that demand further articulations of digital data. Hence, as Alaimo and Kal-
linikos show, data do not have a life entirely apart from all their many
applications; they are recursively related and mutually formative.

In sum, Data Rules: Reinventing the Market Economy demonstrates how dig-
ital data have their own semiautonomous sociology of formation, which is
as important for understanding the forces shaping our contemporary world
as the major and more visible technological developments. It is a sociology
that cuts across these developments and interrogates their material con-
ditions of possibility, which might otherwise be overlooked, ignored, or
underestimated.

Cristina Alaimo and Jannis Kallinikos are leading scholars working at the
intersection of information systems and organizational studies. Their dis-
tinctive genre draws extensively on many intellectual currents in sociology,
science studies, and social theory. In this compelling book, which brings
together many themes from their prior work, they provide us with the
untold story of digital data, their making, and their performativity. They
also open our eyes to a new cross-cutting agenda that should engage scholars
across a wide range of disciplines, as well as the reflective public, since all of
us are touched in one way or another by the issues that they raise.

Michael Power
London, July 2023
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1 INTRODUCTION

DATA AND SOCIOECONOMIC TRANSFORMATIONS

The primary objective of this volume is to analyze the forces that install data
at the center of contemporary life and reinforce the functions that they per-
form in the economy and society.' Such an objective differs from the wide-
spread understanding of data as technical items that can be technologically
amassed and computed to address social, economic, and business issues.
Our focus is on something other than the techniques and models which
use big data to carry out managerial, economic, and societal interventions.
Here, we deal with the long-standing developments in social cognition and
communication that have converged to make data critical media for such
interventions, a fundamental means through which social situations are
read, instrumented, understood, and acted upon. From this perspective,
we examine the social and economic transformations associated with the
unprecedented diffusion and increasing socioeconomic relevance of data.
Data undoubtedly moved to the forefront of social and economic life
thanks to the digital revolution that brought, gradually but inexorably,
the rendition of a bewildering array of facts and life situations to data that are
possible to manage apart and beyond the contexts in which they are gener-
ated (Couldry & Mejias 2019). A close inspection of these changes suggests
that they are more profound than what is usually acknowledged. The data-
fication of life and its accompanying sociotechnical machinery infrastruc-
ture social interaction (Alaimo & Kallinikos 2019; Weick 1979) and relax
a variety of constraints that, over the course of modernity, have shaped
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2 CHAPTER 1

the prevailing modalities of work and communication and the enterprise
forms that commanded the production and consumption of goods (Beniger
1986; Castells 1996; Luhmann 2002/2017, 1995; Polanyi 1944/2001). Well-
established boundaries of modern societies, such as those between work and
private life or between the economic and the social spheres, are less clearly
demarcated from one another in the data age. The effects of such profound
transformations are already in place. The diffusion of digital platforms as
organizational arrangements, the erosion of traditional market practices by
platform-based business ecosystems, and the transformation of the con-
temporary workplace are all closely associated with the functions that data
perform as semiotic (sense making), epistemic (knowledge making), and
communicative means. These developments, we suggest, are instrumental
in rehearsing the relationships of individuals to collective entities (e.g., com-
munities, organizations, and the state) and rebuilding economic institu-
tions (Alaimo & Kallinikos 2021, 2022; Lyytinen 2022; Power 2022).

The digital revolution, however, has deeper and more diverse roots. The
interlocking of data with socioeconomic institutions has a line of descent
that stretches back to venerable commercial and administrative practices
of data management and record keeping (Bowker & Star 1999; Cline-
Cohen 1982; Muller 2019; Power 2007; Quattrone 2009). The American
business historian Alfred Chandler (1977) traces the emergence of modern
corporations in the first half of the twentieth century to the systematic
generation of a variety of internal records (e.g., operations, sales, account-
ing, and financial data) through which management came to monitor
and assess corporate performance across functions, production sites, and
periods. Chandler’s historical outlook is crucial, as it retraces the links that
tie together the production and use of records to the birth of institutions
(e.g., corporations), a theme that we feel has been largely overlooked in
recent discourses on data. A closer reflection on the structural and eco-
nomic transformations in modern times reveals the strong bonds modern
institutions have maintained with broader sociocultural shifts in modes
of cognition and communication, the diffusion of technologies such as
the printing press and the spread of literacy and, later, numeracy (Beni-
ger 1986; Cline-Cohen 1982; Eisenstein 1979; Hoskin & Macve 1986; Ong
1982; Porter 1995; Yates 1989). Changes of this sort have marked modern
life irreversibly along several frontiers and shaped what prominent scholars
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INTRODUCTION 3

recognized as the modern institutional order (Goody 1986; Heller 1999;
Luhmann 1982; Weber 1947/2012, 1978/2019).

Awareness of the practices by which data as systematic records have been
made a vital element of the modern social and economic fabric helps put
current trends into broader perspective. Among other things, it contributes
to avoiding a narrow and widespread misperception of data as just tech-
nical inputs to standardized computations, reinforced by the diffusion of
digital technologies and the recent advance of data science as a scientific
field. Approaching data as records conjures up their image as tools of cogni-
tion and institutional memory (and thus knowledge) and means of com-
munication (Borgmann 1999, 2010; Bowker 200S; Eco 1976, 1986, 2000,
2014). Much as they become digital tokens in a technological world where
they are regularly piled up and computed along standard lines, data retain
their constitution as diffuse epistemic and semiotic elements and commu-
nication media. A “like” on social media is a computational token and a
way of communicating approval or agreement that is often read as a mark
of preference and profile building (Alaimo & Kallinikos 2017). Only as a
mark of individual preference can a like become the kernel around which
a novel “like economy” operates (Gerlitz & Helmond 2013). Mere clicks
do not build complex market exchanges. Clicks make sense only against
assumptions, practices, and beliefs in which they are unavoidably inserted
and from which they emerge as meaningful pursuits. Similar claims can be
made about data generated in manufacturing and service industries, health
care, and education (Alaimo & Kallinikos 2021; Bowker & Star 1999; Espe-
land & Sauder 2007; Leonardi & Treem 2012, 2020; Timmermans & Berg
1997, 2010).

Their formal and technological makeup notwithstanding, digital data
continue to work as instruments of reality marking, as complex artifacts
of cognition that encode facts (or what pass as facts; see Poovey 1998), and
record and transmit information and knowledge. Therefore, assessing the
critical role that data assume in the current, predominantly digital world
calls for rediscovering their semiotic and epistemic foundations (Bowker
2014; Leonelli 2014, 2015; Strasser & Edwards 2017). It is vital to link these
foundations to the new forms of interaction that data promote and the new
economic practices and institutions that they establish (Mennicken & Sal-
ais 2022). We find it a fascinating intellectual challenge to explore whether
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4 CHAPTER 1

and how the technological nature of digital data renews, expands, modi-
fies, challenges, or annuls long-established semiotic and knowledge conven-
tions, and also reweaves the institutional fabric in which data qua records
have traditionally been embedded.

The discourses that have been associated with the ongoing data revo-
lution tend to overlook the origins of data as artifacts of cognition and
knowledge and media of communication. The narratives of big data (Ayres
2006; Kitchin 2014; Pentland 2014), surveillance through data, and control
(Clarke 1988, 2019; Zuboff 2015, 2019) do not make data the objects of
their concerns. They are primarily interested in how data might become
involved in shaping contemporary events through their technological
affordances (e.g., data mining, tracking, and computation), and how their
use may serve specific political or economic interests. They leave much of
the data dynamics that shape the direction and character of current socio-
economic transformations virtually unexplained. Wittingly or unwittingly,
the prevailing accounts of big data, surveillance, and control sidestep the
dense communicative fabric into which data are embedded and overlook
the variety of cognitive (semiotic and epistemic) and communicative func-
tions they perform (boyd & Crawford 2012; Ekbia et al. 2015).

User tracking and surveillance are widespread in current societies while
big data analytics has over the last decade or so grown to become a perva-
sive exercise. Nevertheless, the recognition of these practices by no means
exhausts the many other things that people and institutions do with data.
A fuller appreciation of the rising relevance of data and the socioeconomic
implications of their diffusion, therefore, requires rediscovering the func-
tions that data perform. This translates to deconstructing and analyzing
the texture of details by and through which data work as encoding devices
and reality filters, instruments of knowledge, and media of exchange and
communication. Such a task becomes imperative as one moves from the
neat world of big concepts to the impressive variety of details that underlie
the ways that data are involved in rehearsing and rebuilding social and eco-
nomic practices (Alaimo & Kallinikos 2021, 2022; Edwards 2010; Monteiro
2022).

These broader concerns provide a glimpse of the background against
which we seek to approach the social and economic transformations under-
lying the diffusion of data. We associate these developments with the estab-
lishment of new enterprise configurations and novel social and economic
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practices emerging from data-shaped patterns of living and forms of
organizing (Bailey, Leonardi, & Barley 2012; Faraj, Pachidi, & Sayegh 2018;
Turow & Couldry 2018; Von Krogh 2018). The picture is complex, quickly
shifting, and challenging to describe in definitive terms. Yet it is shown in
the diffusion of digital platforms and the formation of large, often global,
and platform-gravitating value networks or ecosystems (e.g., Ciborra 1996;
De Reuver, Sgrensen, & Basole 2018; Iansiti & Levien 2004; Jacobides, Cen-
namo, & Gawer 2018; Phillips & Ritala 2019; Shipilov & Gawer 2020). Many
of these arrangements and the practices underlying them cluster around
tasks and exchanges that are, in most essential respects, instrumented, con-
ducted, and assessed by recourse to data and the services that data enable
(Kornberger, Pflueger, & Mouritsen 2017). While characteristic of commer-
cial platforms and social media, these developments have lately spread across
a wide range of fields, including agriculture and traditional manufacturing,
whose obstinate materiality once seemed to evade their rendition into digital
bits (Alaimo 2022a; Greenfield 2017; Monteiro & Parmiggiani 2019). It is in
this broader sense that the title of this book should be interpreted.

DATA, TECHNOLOGY, AND ALGORITHMS

The observations that we have advanced here suggest that the perception
of data as technical items does not do justice to the semiotic, epistemic,
and communication functions that data perform in economy and society
(Turow & Couldry 2018). It is reasonable, though, to wonder to what degree
the technological nature of digital data and the formalized operations
embodied in software systems and devices by which they are produced and
managed shape these functions. This is, no doubt, an intricate question
that echoes vexed issues of content versus form or medium, recurrent in the
history of communication, in arts, semiotics, and cognition more widely
(Ahonen 1993; Goodman 1976, 1978; Ong 1982; Sontag 1966/2009; Toma-
sello 1999). The medium is never an innocent carrier of the content that it
conveys; rather, it is variously involved in shaping it, a condition that has
found its most memorable expression in Marshall McLuhan’s hyperbole
“the medium is the message” (McLuhan 1964).

The facts that digital data mediate are undeniably shaped by the tech-
nical prescriptions by which they encode the life incidents they capture,
the formal rules and principles of large data repositories (databases), the
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6 CHAPTER 1

standards and protocols required for their transmission, the metrics that
make specific data visible, and the hardwired functionalities of software sys-
tems through which they are produced and shared (Dourish 2017; Ekbia &
Nardi 2017; Lyytinen 2022). These operations, furthermore, are contingent
on the inexorable logic of bitstrings and how lower-level computing opera-
tions support higher-level, semantic functions (Borgmann 1999; Faulkner
& Runde 2019; Hanseth & Lyytinen 2010; Yoo 2010; Yoo, Henfridsson, &
Lyytinen 2010).? All these formal prerequisites compromise content spec-
ificity or detail (context) for recognizability, retrieval, and other similar
cognitive benefits. In addition, data are often generated on the assump-
tion that they matter in conjunction with other tokens in a large enough
scale to disclose novel configurations of similarities and differences (usually
expressed as metrics) (Desrosiéres 1998). As the practice of recombining
and repurposing data across domains diffuses, the variety of circumstances
that these massive data volumes bring about necessitates additional formal-
ization and standardization. The growing institutional immersion of artificial
intelligence (AI) applications and emerging technologies further reinforce
these trends (Bailey et al. 2022; Iansiti & Lakhani 2020).

All these conditions are undoubtedly responsible for the widespread per-
ception of data as mere technical elements, at a remove from the fields
in which cognition, action and knowledge, and communication unfold. A
closer reflection on these conditions nonetheless indicates that the produc-
tion of digital data is inescapably associated with the establishment of a
semantic layer that is not reducible to the underlying technological princi-
ples and operations, no matter how much it is contingent on them (Alaimo,
Kallinikos, & Aaltonen 2020; Beyes et al. 2022; Gitelman 2013; Mingers &
Willcocks 2014). Whether in the form of social data produced by online
interaction and communication or sensor-generated data, the incidents of
life that pass through the lenses of digital data unavoidably embody opera-
tions of filtering, describing, or otherwise, positing a meaningful reality
and acting upon it. Traffic monitoring, user whereabouts on social media,
machine utilization metrics in industrial platforms, and patient records in
health care all transcend the formal (logical, computational) and material
(digital, electrical) underpinnings of data qua technological elements. In
other words, the production and use of digital data are related to mean-
ing creation, knowledge development, and management (Iliadis 2023). In
most of their technological incarnations, data still furnish the means for
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INTRODUCTION 7

bringing about distinctions that help lift areas of social and economic real-
ity out of the dense background to which they belong and make them the
objects of social and economic interference.

Digital data grow at the crossroads upon which computation encounters
signification, the mechanics of data processing turn upon meaning, and
technological affordances fuse with communication modes and practices
(Alaimo & Kallinikos 2019, 2022; Borgmann 1999, 2012; Buckland 1991;
Kittler 1997; Zuboff 1988). There is, no doubt, a steady friction but also an
interpenetration between data as technological items on the one hand and
data as signifying, representing, and communicating tokens on the other.
The diffused practice of combining digital data across diverse domains and
regularly repurposing and reusing them (Markus 2001) indicates the mutual
implication of their technological and semantic qualities. Even if amenable
to machine processing and management, data remain instruments of com-
munication, cognition, and representation (Kittler 1996; Swanson 1999,
2022; Tuomi 1999). This hybrid makeup grants digital data their distinc-
tive and fascinating character and renders them a ubiquitous companion
of contemporary socioeconomic life.

While offering a vivid contrast to the widespread misperception of data
as technical items, these observations also qualify the impact that algo-
rithms have been claimed to have upon persons, work patterns, and insti-
tutions (Kellogg, Valentine, & Christin 2020; Orlikowski & Scott 2014).
The variety of functions that data perform as reality filters, instruments of
knowledge, and media of communication are hardly reducible to the com-
putational procedures that algorithms (even learning algorithms) embody.
Some time ago, the computer scientist Peter Wegner contrasted algorithms
with interaction. His argument is complex, but it can be summed up by
the claim that interaction is critical to the performance of many compu-
tational systems, as it provides the data input and learning capabilities
that the adequate functioning of these systems require, a task that can-
not be accomplished by algorithms alone (Wegner 1997). The acumen of
this observation, advanced long before algorithms acquired the traction
that they currently have, is unambiguously manifested by the history of
computing technologies. A quick reflection on the transition from large,
centrally controlled, computationally intensive, and yet interaction-dumb
mainframes to desktop computing, the development of the Internet, and
the diffusion of tablets and smart phones along with the Internet of Things
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(IoT) provides a forceful reminder of the evolutionary trajectory of digi-
tal technologies (Arthur 2009; Aspray 1990; Mumford 1934/2010; Winner
1986). The immersion of computing technologies and devices in the con-
text of daily living and the interaction of machines with other machines
and with heterogenous users (Zittrain 2008) are the most revolutionary
developments of computer technologies after their invention as universal
machines of computation (Agar 2017; Ceruzzi 2003; Cortada 2011). These
conditions bespeak the ongoing importance of data and the broader mind-
scape in which the uses of current technologies and devices are embedded.
To equate these processes to algorithms amounts to mistaking “multipart
complex systems for simple, singular ones” (Bogost 2015).

While vital to current forms of cognitive automation, algorithms are
only one (albeit pervasive) element of far more complex technological and
institutional machinery (Kallinikos & Constantiou 2015). The black box-
ing of the workings of this machinery and the dependence of algorithmic
outputs on the scope, semantic variety, and quality of data upon which
algorithmic operations are predicated risks compromising the complex-
ity and subtlety of the bigger picture. It is important not to lose sight of
the fundamental fact that algorithms maintain the connection with their
surroundings through the data that they are fed. Data are, as it were, the
“sensing arms” of algorithms, the means through which algorithms tran-
scend their operational closure as procedures of calculation (i.e., mechani-
cal operations) and link and interact with reality. Through data, algorithms
communicate with their environments and get to “know about” and “learn
from” what is happening around them. Algorithms without living data are
no more than sheer mathematical exercises (Gillespie 2014). Contrasting
data with algorithms may ultimately be pointless. It is, though worthwhile,
against the background of the widespread, reified use of algorithms to
stress their mutual implication and underline the patterns by which they
presuppose and reinforce one another. The impact of algorithms on work,
management, organizations, societies, and economic practices (Barrett et al.
2012; Lebovitz, Lifshitz-Assaf, & Levina 2022; Waardenburg, Huysman, &
Sergeeva 2022) is heavily shaped by the life situations that data mediate,
and thus by the scope, size, and quality of these mediations upon which
algorithms operate (Alaimo & Kallinikos 2017, 2021; Dourish 2016, 2017;
Glaser, Pollock, & D’Adderio 2021).
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DATA AND SOCIAL INQUIRY

The tension and interpenetration of the formal nature of digital data with
the semiotic, epistemic, and communicative functions that they perform is
a fundamental motif of this book and a critical frontier that we explore in
its pages. Given this, it takes only a small step to realize that data making
and data use constitute essential areas of social inquiry, distinct from con-
temporary data science and the framing of data in predominantly technical
terms. Data making and data use are areas of social inquiry as far as data
serve several semiotic and knowledge functions and shape interaction and
communication; and by the same token, as far as the terms by which things
and life situations are first marked and then transcribed to data are bound
up with the social values, cultural schemes, and institutional predilections
of the settings in which data are generated and made a widespread cogni-
tive currency and communication medium (Borgmann 1999, 2010, 2012;
Turow & Couldry 2018). Put differently, data are political artifacts (Winner
1986) that become objects of social inquiry insofar as they serve a variety of
social and economic ends and are involved in the making of social institu-
tions and society.

Several insights ensue from these observations. To begin with, the social
and cultural foundations of data challenge their widespread perception as
hard facts and contest the status of data as inevitable, “out there,” or objec-
tive in the sense of physical entities. Although there is significant variation
in the conditions and methods by which data transcribe things and life
incidents and relate to other data, these operations (transcription and relat-
ability) and the content that data carry are never inevitable. The facts that
data records convey might have been otherwise (i.e., different facts might
have been reported) had the specifications, cultural values, and assumptions
of their making been of another kind (Hacking 1999). This applies as much
to the encoding of user behavior or opinions into data (e.g., how social
media encode interaction) as to the recording of commercial transactions
or to the transcription of physical things and processes to data (e.g., sensor
data encoding signals from vehicle traffic, body functions). It takes much
hard work to unpack these predilections and reverse engineer the process
of data generation. In a good deal of cases, predilections are hardwired into
the operations of institutions and serve the prevailing orders. Accordingly,
contesting the inevitable status of data does not make data negotiable and
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the terms by which they have been produced malleable. It may nonethe-
less open a vista of intriguing questions along which the social impact of
data can be contemplated, unpacked, understood, critiqued, and eventu-
ally changed (Couldry & Mejias 2019, 2020; Grisot et al. 2019; Hildebrandt
2015; Tliadis & Russo 2016; Lindgren & Holmstrém 2020).°

As in all systems of signs and notation, data become marks (semiotic
tokens) only on the tacit assumption that the things they mark (or repre-
sent) could have been marked in other ways (Eco 1976, 2000). The fact that
data are not inevitable, therefore, suggests not simply that they could be
otherwise, but also that the semiotic, epistemic, and communication func-
tions that they perform are part and parcel of a plural ecosystem of knowing
(Bateson 1972/2000; Knorr Cetina 1999; Star 1995; Star & Griesemer 1989).
The noninevitable nature of data is a consequence of the cultural roots of
human cognition and the perception and interpretation of reality along mul-
tiple avenues and from alternative perspectives (Searle 1995, 2010; Toma-
sello 1999). Data are the outcome of operations that encode or translate
facts and relations out there that could have been encoded and translated
in other ways. But data also are the result of a variety of strategies of cogni-
tion that make the world knowable and expand, as it were, its confines (Kal-
linikos 1999, 2010; Latour 1986, 1987). This complex ecosystem of knowing
and the variety of communication and signification functions that it allows
grant data their signifying potency and the importance that they acquire in
the socioeconomic transformations that characterize our time. These ideas
provide a first approximation of the complex fabric of social and economic
relations into which data are embedded. Data are essential and pervasive
artifacts of cognition and knowledge that are deployed to mark off areas of
social and economic reality and establish the practices that develop around
the mastery, exploitation, and use of these areas.

The systematic production and use of data lead to the establishment of
social entities or objects that would hardly exist apart from the data that
target, delimit, describe, and manage them. Unemployment rates, credit
or reputation scores, and health records are all examples of objects made
of data. Studying these objects is an essential pursuit of a social science of
data. Through data, social and economic areas are marked, separated from
others, and given ontological independence and stability through the stan-
dardized descriptions and metrics that various forms of data enable. Thus
objectified, these areas (e.g., health, education, productivity, innovation,
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and criminality) become central reference points around which social, eco-
nomic, and institutional practices and relations develop. Similar claims
have earlier been made, in the aftermath of Michel Foucault’s writing, by
diverse scholars such as Desrosieres (1998) (in the areas of statistics and
social objects); Hacking (1990) and Porter (1995) (statistics, social welfare,
psychiatry); Espeland and Sauder (2007) (university rankings); Miller and
O’Leary (1987); and Power (2007) (accounting, economics), among others.

The far-reaching significance of social objects, engineered out of data,
underscores the need to study them in ways that respond to their social
and economic complexity and the challenges raised by the technical devel-
opments we briefly referred to earlier, which we expound in more detail
in the pages of this book. A good deal of the social objects that populate
our lives these days and pervade the operations of organizations and insti-
tutional actors are brought into being, revised, expanded, and eliminated
through the objectification of things and life situations that digital data
afford (Alaimo & Kallinikos 2022; Leonelli 2014). Thus conceived, social
objects unravel the stability and institutional embedment of social prac-
tice (see, e.g., Knorr Cetina 1999, 9; Lounsbury & Crumley 2007) and help
circumvent a good deal of the hyperbole and undue simplifications that
perceive it as just the local accomplishment of situated actors.

These ideas indicate that the diverse and dispersed constitution of digital
data, along with the methods and techniques by which they are produced,
shared, repurposed, aggregated, and commercialized, require the estab-
lishment of new structural arrangements or enterprise forms that can host or
accommodate novel social practices. The digital rendition of things and life
situations occurs on a much larger scale than earlier forms of disembedment
(such as writing or counting; Giddens 1990) and brings about new forms of
interaction and exchange. It also exhibits frequent and recursive feedback
loops in real time between local events and global conditions that would
have been beyond reach, without the technological affordances upon which
data management practices rely (Lyytinen 2022). Consider the work of music
or film recommender systems and how they connect individual users to stan-
dardized global infrastructures in interacting feedback loops. These develop-
ments provide a good deal of incentive for revising traditional architectures of
control underlying economic organizations. In fact, the dispersion and het-
erogeneity of data and the institutional fragmentation underlying the ways
by which they are procured or repurposed, aggregated, and commercialized
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call into question the foundation of organizations as concentrated systems
run predominantly on data derived from internal operations, well fenced off
from organizational surroundings (Chandler 1977).

These transformations signal a change of paradigmatic import associ-
ated with the decentering of organizations. The notion of firms (and formal
organizations more broadly) as centered systems makes sense when these
systems can keep an external world at arm’s length and obtain a relative
operational independence from it. This partition into an internal set of
contingencies that could be paid heed to and managed on a continuous
basis and an external world that is attended to only periodically is increas-
ingly undone by the machinery of digital data, their dispersion, heteroge-
neity, uncertain origin, and steady reproduction and renewal. We analyze
these epochal transformations in considerable detail in part II of this book
(chapters 6, 7, and 8), in connection with the advent of digital platforms
and digital ecosystems.

As these observations suggest, our take on digital platforms and digital
business ecosystems takes stock and yet diverges in several respects from
the quickly mushrooming body of literature on these subjects (see, e.g.,
Adner 2017; Brynjolfsson & McAfee 2014; Jacobides, Cennamo, & Gawer
2018; McIntyre & Srinivasan 2017; Brynjolfsson & McAfee 2014; McIntyre
et al. 2020; Parker, Van Alstyne, & Choudary 2016; Van Alstyne, Parker, &
Choudary 2016). We connect the emergence of platforms and ecosystems
to the diffusion and institutional embedment of data, conceived along the
lines briefly described in this introduction. The overwhelming majority of
research on platforms and ecosystems overlooks the functions of data as
artifacts of cognition and knowledge and media of communication, remain-
ing oblivious to the far-reaching role that data play as agents of social and
economic engineering. Digital connectivity and the affordances of digi-
tal technologies alone do not establish links among social and economic
actors, nor do they shape their interactions. To achieve these goals, digital
technologies rely upon the variety of functions data perform as semiotic,
epistemic, and communicative elements.

It hardly comes as a surprise that the prevailing research on these matters
fails to observe the social and institutional repercussions of the diffusion of
platforms and ecosystems. A central argument of this book is that digital
platforms and digital business ecosystems are not only novel organizational
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forms and arrangements, but also vehicles for transgressing the institutional
separation of transactions from social relations upon which the operations
of markets and organizations have been predicated in modern times (Luh-
mann 1982, 1993). This transgressing could occur only with the massive
rendition of facts, relationships, and life situations into data. The reading
and commercialization of the biological body, the domestic room, and the
public space (Greenfield 2017, 32) achieved by sensors and IoT constitute
a case in point. Far from being simply novel organizational arrangements,
platforms and ecosystems are institutional expressions of far-reaching socio-
economic changes. Their diffusion points to the fact that the separation of
the economy from society and the reservation of a private space, distinct
and apart from institutional operations that have defined the modern social
order (Giddens 1990; Luhmann 1982, 2002), are no longer as relevant and
operative as they once were.

OUTLINE OF THE BOOK

After this introduction, chapter 2 retraces the epistemic foundations of data
and unravels the multiple ties that data have maintained with cognition
and social action. The chapter reconstructs some of the modalities by which
data, through various material means and across widely different historical
contexts, have been constitutionally intertwined with collective knowledge
dynamics and novel institutional forms. We briefly recount the use of clay
tokens and show how the structure of clay-based systems of record mak-
ing supported the rise of general concepts and complex practices such as
the economic exchange of goods and the social structures that developed
around them. We then move on to tracing the function of data as statistical
quantities connected to the development of the modern state. In conjunc-
tion with furnishing the means for constructing novel social objects, such as
crime and unemployment rates, data came to be widespread instruments
of intervening upon and governing social life. The chapter further outlines
the role that data records have played in the development of modern cor-
porations and the establishment of management control practices.
Chapter 3 investigates the patterns through which the mechanization
of records and the emergence of computational science have changed the
makeup and the epistemic functions of data. The technological rendition of
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data introduced an artificial separation between data and their informative
and communicative content, which has been further reinforced but also
modified by the advent of personal computers and the Internet. With the
arrival of the web, data emerged both as a key medium of interaction and
the cognitive infrastructure through which a good deal of organizational
processes and everyday chores take place. Despite these path-breaking
developments, the prevailing mindset sees data as solely algorithmic input,
factual data points, or economic resources. Drawing on a variety of social
science contributions, we advance an alternative conception of digital
data as multilayered technological artifacts that are agnostic, in terms of
the content that they mediate; homogenizing, in that they transcend the
intrinsic qualities of things encountered across regions of the real; and non-
neutral, in the sense of embodying a variety of social and technical predilec-
tions. Taken together, these conditions make data potent medium of social
encounters, economic orchestration, and exchange.

Chapter 4 delves further into these details and examines the processes by
which data are made and become standardized and aggregated into objects
that can take on novel social and economic lives. We analyze and illustrate
how the making of data always entails a series of predilections on what
things, incidents, and social relationships to capture and encode into the
medium of data. This is followed by the exposition of the patterns under-
lying the piling of data into aggregate objects used to circumscribe and man-
age organizational tasks and processes. Such novel data objects become the
center stage upon which organizational knowledge and practices unfold.
The core of these ideas is that the making of data is a complex interactive
and nonlinear process whereby individual data tokens reflect wider social
and technical conditions while remaining vital elements that renew and
expand these conditions. Moving further along this road, we reflect upon
and analyze how data become commodities (i.e., are packaged and traded
across a variety of situations). Making data into commodities entails a few
critical operations whereby their validity, facticity, and economic value are
constantly held in check, reinforced, and expanded.

Chapter 5 is an excursus into surveillance and some of the issues raised
by user tracking and monitoring. Our objective is to draw on the ideas put
forward in the preceding chapters to reappraise the quest for regulating
the terms by which data are generated and used. We first outline the dif-
ficulties of separating data tracking and monitoring from the background
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of technological, social, and institutional relations in which they occur.
These difficulties, we suggest, are aggravated by the diffuse nature of the
cognitive and communicative functions that data currently assume in the
lives of people and the operations of organizations and institutions. This is
followed by our effort to reapproach surveillance in ways that go beyond
the “Big Brother” deadlock of watching and being watched. We contrast the
Big Brother approach to modern forms of surveillance (e.g., Foucault 1988;
Hacking 1999), which, we claim, make up a complex relational game where
those subjected to it are required to be active and (critically) capable game
participants. Approaching surveillance in these terms allows us to obtain a
critical yet more inquisitive account of the risks and opportunities associ-
ated with the centrality of digital technologies and the generation and use
of digital data across most walks of life. Most important, it allows us to move
the discussion forward by reconsidering how the diffusion of data, of which
data-driven tracking and monitoring are conspicuous manifestations, is both
a cause and an expression of a major, underlying social trend whereby the
distinct spheres characteristic of the modern social order (e.g., economy,
politics, and personal and domestic lives) increasingly lose their sharp out-
lines. We conclude with a few reflections on these path-breaking develop-
ments and a call to ground regulation in an adequate understanding of
what data are and how they work as agents of social and economic change.

Chapter 6 sets out to explore the implications of the developments out-
lined in the preceding chapters for organizations and the emerging systems
and practices of producing and trading goods. None of these objectives
can be pursued adequately, short of the appreciation of the position that
the modern business enterprise has occupied in the production machinery
of industrial and early information economy. We accordingly retrace the
principles that have made the modern business enterprise the diffuse insti-
tution of the resource conversion and value creation process in modern
times. Revisiting key versions of the theory of the firm in economics and the
prevailing conceptions of organization in the decades that followed World
War II in organization theory, we show how the modern business enterprise
has essentially been instrumented as a bounded and concentrated system,
whereby the conversion process and the development of organizational
capabilities occur under relatively controlled environments and with ref-
erence to largely internal circumstances (i.e., assets, technologies, people
and professions, and their relations). The diffusion of digital data and their
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involvement in personal, public, and economic lives, as analyzed in the
preceding chapters, challenge most of the presuppositions on which the
modern business enterprise has been predicated. The dispersed, heteroge-
nous, and shifting matrix of relations out of which data are currently gener-
ated and made economically relevant reorders the significance that internal
exigencies have assumed in the structuring of organizational operations and
challenges the relatively self-contained nature of firms and organizations. The
cumulative upshot of these developments is the decentering of organizations
and the diffusion of economic arrangements and organizational forms that
increasingly rely on data to organize a much wider, dispersed, and steadily
shifting range of tasks and contingencies than it has been the case. These
transformations are evidenced by the rise and ongoing diffusion of digital
platforms and digital business ecosystems.

We further explore these developments in chapter 7 by first tracing the
origins of the concept of the digital platform in product architecture and
the management and innovation literature in which platforms have been
construed as configurations of a stable core and variable peripheral com-
ponents that promote market adaptation, cost reduction, and ultimately
innovation (design rules). We then consider a populous research strand that
approaches platforms as multisided markets and virtual exchange systems
made of several types of participants, whose platform relationships are gov-
erned by the dynamics of network effects (market rules). We reconstruct
this dynamic and show how network effects are essentially measures of
the sociality of goods (e.g., recommendation and personalization systems
and other similar items) that are systematically captured in the form of
data and further used in aggregate form as the basis for reinforcing network
effects and the vital role that they play in platform establishment, take-
off, and dominance. This is followed by a brief review of the literature on
digital business ecosystems. We revisit the notion of business ecosystems
and outline how ecosystems differ and are linked to platforms. In particu-
lar, we focus on the importance that the concept of complementarities has
assumed for ecosystem formation, retrace the origins of the concept in the
interlacing of production systems, and outline the ways that complemen-
tarities work in comparison to network effects. At the end of the chapter,
we make a summative assessment of the key propositions and perspectives
of this rather miscellaneous body of literature and show how reflection on
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data and data technologies is virtually absent from the mainstream theoriz-
ing and empirical research on platforms and ecosystems.

In chapter 8, we further explore many of the ideas developed in the
preceding chapters. The importance of design rules and market rules not-
withstanding, we show the significance data rules have acquired in shaping
ecosystem dynamics. A key point that we make is that cast in the digital
medium, the structure of relations that lead to ecosystem emergence and
evolution is essentially a structure of relations constituted and managed
by data, whereby different data types are brought to bear on each other in
ways that fashion value-reinforcing complementarities. As distinct from
interdependencies formed from physical resources, activities, or output, data-
derived complementarities are revocable, and thus shifting and opportunis-
tic. With looser bonds to specialized knowledge, sector-based procedures, or
established industrial relations, ecosystem participation, and the data inter-
dependencies it features, posits several coordinative dilemmas that must be
addressed in new ways that respond to the hypertechnological context in
which they are embedded. In such data-pervaded or data-made ecosystems,
formed by heterogeneous tasks, relations, and actors, such dilemmas are regu-
larly addressed by the structuring of participation via data objects (chapter 4)
and other technologies such as application programming interfaces (APIs).
Data objects work as the cognitive and behavioral scripts that can orient
user actions and execute ecosystem exchanges. By furnishing the prevailing
modalities by which relations are continuously constructed and maintained
and novel socioeconomic interdependencies are forged, data objects shape
the various actors’ roles and positions within the ecosystem. We conclude
the chapter with a broader reflection on data and the nature of relations that
lead to digital ecosystem structure and behavior and the implications that
these developments have for data and ecosystem regulation.

Finally, in chapter 9 we retrace our journey through and with data and sum-
marize the implications. We reassert the semiotic, epistemic, and communica-
tion functions that data perform and link these functions to the foundations
of a new economic order in which platforms and ecosystems figure promi-
nently. We also state that platforms are novel enterprise and organizational
forms engaged in the mediation of the contribution of platform participants
as distinct from the focus on the resource conversion process, characteristic
of traditional firms and organizations. In an analogous fashion, we portray
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ecosystems as arrangements of collaboration and competition that develop
around the pursuit of complementarities that often cross the boundaries of
traditional products and industries. Taken together, platforms and ecosystems
both extend and challenge the functions of organizations as major sites of the
resource conversion process and of markets as coordinative arrangements. It
is a central attribute of the performative order of the current economy that it
draws social interactions into the circuit of its operations. For the first time in
history, social interactions as distinct from economic transactions are made
a straightforward productive force and the management of the whereabouts
of large populations an essential quality of the economic machinery that
rules the current world. These ideas make imperative the analysis of data and
the ways that they are involved in weaving the socioeconomic fabric from a
point of view that captures their importance as pervasive forces of economic
restructuring and social engineering. We conclude with a call for a social sci-
ence of data distinct from data science, which does justice to this importance,
as well as the variety of functions that data perform as filters of perception,
instruments of knowledge, and media of communication.
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2 THE EPISTEMIC FOUNDATIONS
OF DATA

The interlocking of data with socioeconomic practices and institutions has
a long line of descent that stretches back to record keeping and the inven-
tion and use of several notation technologies. During the Upper Paleolithic
(20,000 years ago), people used marks on cave walls or portable sticks to
record observations or count events.' Clay tokens in the Near East have
been used to record and represent possession of goods and transactions
carried out by merchants or regulated by the state already around 8500
BC (Goody 1986). Despite many profound differences across epochs and
civilizations, record keeping has worked for more than 20,000 years as the
steady foundation for developing complex systems of knowledge, shaping
social practices, and building institutions (Cline-Cohen 1982; Power 1997,
2007; Quattrone 2009).

In this chapter, we retrace the cognitive and communicative founda-
tions of data and the practices by which data in the form of systematic
records have been made a vital element of modern economy and society
(Mennicken & Salais 2022). Linking digital data to the cognitive and com-
municative foundations of all data helps to reestablish their connections
to a broader history of signs and notation systems and the development
of various technologies of data making and record keeping. Data are cog-
nitive and communicative artifacts insofar as they encode events in an
agreed-upon format on physical supports of some kind (Borgmann 1999;
Buckland 1991). Thus encoded, data can be used to enhance memory,
extract lessons from experience, and identify indicators for foreshadowing
future events. However, what constitutes a record—what can be considered
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data—changes over time (Leonelli 2015; Strasser & Edwards 2017). Such
changes are seldom due to technological shifts alone. In all their formal
qualities and functions, data are closely bound up with the signifying and
representing conventions of human cultures and their institutions. In the
following sections, we pull out some of the threads that connect data to
culture by reexamining their cognitive and communicative constitution,
the technologies by which they have been underlain, and the evolution of
the functions that they have performed in structuring organizations, social
practices, and institutions.

To recognize and analyze the degree of innovation that digital data bring
to contemporary society, it is necessary to identify what they inherit from
antecedent record-keeping traditions and how they differ from them. The
novelty of digital technology notwithstanding, data have not become nec-
essary to societies and organizations all of a sudden. While recognizing the
relevance and necessity of a historically informed understanding of data,”
what we do, it should be made clear, is not history. We do not intend to
reconstruct the historical trajectories of data but rather to look back at the
foundational role of data and record-keeping processes in fostering cogni-
tion and socioeconomic action, detect their distinctive contribution to the
birth of institutions, and identify how the cognitive and communicative
functions that they perform have been conducive to novel practices (Eisen-
stein 1979; Goody 1986; Hacking 1990).% Such an account is sought with a
view to assessing the novelty of digital technology in spinning the threads
that tie data to socioeconomic life (as discussed in chapters 3 and 4).

In the current world, digital data are the pervasive media through which
several aspects of social reality are made visible, understood, and acted upon.
Such prominence has not come to pass as the outcome of recent technologi-
cal developments alone. The cognitive and communicative foundations of
data can hardly be dissociated from the evolution of tools and systems of
recording, storing, classifying, indexing, filing, and archiving (among others)
that have shaped the logic and practices of data and record keeping and
contributed to placing data at the core of many social undertakings. Yet look-
ing solely at the material or technological substrata of these changes tells
only one side of the story (Leonardi, Nardi, & Kallinikos 2012). The com-
parison with previous formats of record keeping exemplifies the point. The
decisive role that clay tokens have played in the development of commerce,
writing, and bureaucracy over the 5,000 years that they remained in use
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cannot be explained by recounting the history of clay or pottery alone. To
address questions such as “How can a simple mark on a wood stick enable
a contract?” or (as we will see in later chapters) “How can a simple site click
be sold as a taste preference?” we need to approach data from a social sci-
ence perspective and consider them neither as technical items nor as situated
outputs, but rather as knowledge and cognitive artifacts that can pull things
together and build worlds. The materiality of data tokens (in this case, clay)
is essential, and learning about the context of exchange is crucial, and yet
neither of the two aspects alone can enforce a clay token as a loan.

Rather than taking for granted the role of technology, we explore to
what extent it modifies the nature of the links that data maintain with
the pursuits of socioeconomic actors and the emergence of institutions.
This chapter reconstructs three historical episodes to display the modalities
by which data have always been constitutionally intertwined with collective
knowledge dynamics and novel institutional forms. We detect a few common
and recurring elements across these episodes. In the first, we retrace how the
record-keeping system of clay tokens has been associated with the emergence
of protobureaucracies that facilitated the establishment of complex socio-
economic exchanges. Supported by the interplay between the characteristics
of the token’s format, the logic under which they were organized, and the
social practices they established, the widespread use of clay tokens helped
institutionalize general concepts such as economic exchange.

In the second episode, we explore the modalities by which institutional
forms, data practices, and epistemic paradigms are linked. Out of the ava-
lanche of numbers produced by modern statistics (Porter 1995), novel
social objects emerged. The inquiry into social objects is fundamental to
comprehending the politics of data; that is, the ways by which systems of
data, social practices, and institutions maintain reciprocal, dynamic rela-
tions with the reality they record, order, classify, and operate upon.

In the third episode, we illustrate the role that data have played in the
emergence of novel institutions and organizational structures. Modern cor-
porations were established at the crossroads of data and objects with cer-
tain epistemic orientations (the quest for efficiency later translated into the
principles of scientific management) and practices (administrative work).
These ideas indicate that record keeping and data in general perform their
epistemic and social functions by virtue of being in a constant, close-knit dia-
logue with technologies, broader knowledge paradigms, and social structures.
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COGNITIVE ARTIFACTS

The invention and use of clay tokens—small clay pieces in simple geometric
shapes—represents a foundational episode in the history of record making.
They work as examples that illustrate the power of data and the different
cognitive and social practices that develop in conjunction or around it.*
Clay tokens supported a sophisticated record-keeping and exchange system
that continued to be used even after the invention of writing, working as
an essential component of a complex administrative apparatus (MacGinnis
et al. 2014).°

As records, clay tokens filled a specific cognitive function and were
organized under distinctive principles and technologies. For instance, they
were easier to use than written clay tablets, which were later adopted as
writing tools. Also, their formats—small units that could be exchanged indi-
vidually or gathered in groups—made clay tokens more readily manipulable
and flexible; they could be used to keep track of transactions more promptly
than records engraved in clay tablets that were hard to modify, rearrange, or
erase. Their flexibility and manipulability and the fact that their system did
not require reading and counting, and yet was highly standardized, made
clay tokens widespread tools for the establishment and diffusion of com-
merce, bookkeeping, contract enforcement, and credit and debit transac-
tions across the whole eastern Mediterranean and Near East for more than
5,000 years (Schmandt-Besserat 2010). Clay tokens “offered a path for con-
temporary data storage prior to more permanent recording” (MacGinnis
etal. 2014, 290), allowing illiterate merchants or semiliterate bureaucrats to
work at enforcing record keeping, monitoring transactions, and developing
advanced social practices that served centrally administered taxation.

Despite the simple materiality (clay) and technology supporting them,
clay tokens show an impressive closeness to many of the organizational
principles and rules of other forms of data. The standardized simplicity,
flexibility, and manipulability of clay tokens favored their usage in specific
socioeconomic practices. Record formats and the logic under which they
are organized in broader systems stand out as two of the most relevant
characteristics of data fostering cognition and social action. Ordered data
collections laid out the organizing principles of a database—namely data,
a data structure, a medium, and routines to sort and access that data—
much before digital technologies (Sepkoski 2017).® As the episode of clay
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FIGURE 2.1

Clay tokens were very simple artifacts made in standardized shapes (e.g., cones, cylin-
ders, spheres, ovoids, disks, pyramids, and tetrahedrons) and sizes (ranging from 1 to
3 cm). Each shape represented a particular kind of good. Clay tokens either referred
to standard measures of goods (e.g., cups, baskets, and granaries, a workday) or units

(one cylinder represented one sheep). Meanwhile, their size represented quanti-
ties. Source: Wikimedia Commons (https://commons.wikimedia.org/wiki/File:Clay
_accounting_tokens_Susa_Louvre_n2.jpg); photo by Marie-Lan Nguyen licensed
under CC-BY 2.5 (https://creativecommons.org/licenses/by/2.5/deed.en).
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tokens illustrates, the primary functions of record keeping (to aid memory
and provide evidence) are closely associated with standardizing, storing, and
sorting practices whose modalities rely on but are not overdetermined by
technologies.

Record keeping is first and foremost a technology of memory and of
distance. Once an event, fact, or observation is fixed into a record—which
means formatted under some rules and anchored to some physical devices—
it becomes something else, acquiring an independent reality of its own. As
such, the token, a newly made entity, unavoidably works as the basis for
further cognition and action. A record takes an event (or an object) and,
using tools, a set of arbitrary conventions, memory practices, and institu-
tions separates it from its context and transforms it into something that
can travel across time and space. Because of its abstractedness from context,
records-as-things confer to the content that they carry a “thingness-like
nature” (Buckland 1991). The primary epistemic function of records thus
coincides with the objectification of life situations. This affords other vital
cognitive and social practices (the arrangement of several records together,
indexing, filing, archiving, and pattern making) that have over time forever
changed the production of knowledge and the organization of society, lead-
ing, among other things, to the establishment of professions and institu-
tions (Goody 1986; Bowker & Star 1999).

There is yet another fundamental or primary function that records ful-
fill. As clay tokens are set to record events happening prevalently among
individuals, their systematic use “marks a first move towards an economy
based on a generalized media of exchange that we may refer to as money”
(Goody 1986, 53). Clay tokens built a general concept of exchange out of
a situated event (known as “an exchange”). Without the physical support
and semiotic or signifying properties of clay tokens, it would have been
unlikely to understand and make the abstract notion of exchange a gener-
alized social practice. Clay tokens provided the standard basis for record-
ing exchanges and objectifying transactions. In this process, they ended
up establishing a disembodied idea of exchange that was made physically
and cognitively manipulable, thanks to the thingness-like nature of rec-
ords. Working with clay tokens allowed comparisons among past exchange
records, calculating ratios, and averages; or estimates of future exchanges,
which are essential for taxation. From a simple situated interaction among
individuals, a more complex idea of social exchange was born, along with
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the possibility of institutionalizing its occurrence. Cast in this light, records
are linked to knowledge and institutions that have historically helped to
establish the social practices that developed around the notion of a gen-
eralized exchange and came to be associated with the use of standardized
media such as numbers, money and prices, information, or letters of credit
(Porter 1995; Varian 2010).

Some archaeologists support the view that the establishment and diffusion
of such complex practices, together with the corresponding development of
urban settlements and their institutions, led to writing. Nonetheless, “at the
emergence of cities, about 3,500 BC, the token system underwent profound
changes” (Schmandt-Besserat 1980, 358). Clay tokens started to be marked
on their surfaces and to be gathered and enclosed in specific clay envelopes
shaped like empty balls, which were then sealed and often pressed on their
surfaces with marks similar in shape to those of the tokens that they con-
tained (see figure 2.2). These envelopes have been identified as “data stor-

age//7

units and “accounting devices” (Oppenheim 1959) that were used, for
instance, as bills of lading accompanying shipments of merchandise from
centers of production in the countryside to administrative centers in the
cities (Schmandt-Besserat 1980, 360). Sometimes these envelopes presented
more detailed inscriptions, which provided additional information on their
content, other times instructed officials on how to handle the envelope,
and still, on other occasions, served only the purpose of officially sealing a
transaction or a contract.® Even though the technology and the materials
used have been somewhat different, the practice of clustering data tokens
together into newly created objects, accounting or calculating devices with
further inscriptions (often metadata or data about data) has indeed been
characteristic of stable exchange and data practices that have traversed mil-
lennia (see also Sepkoski 2017).°

If the assumptions of prominent archaeologists are correct, then writing
emerged out of the devices, practices, and institutions of record keeping.'’
Record keeping in this case meant quite specifically that the use of clay
tokens and clay envelopes and the practices of ensuring their content were
official and institutionalized. This motivated and established schematic
forms of writing and its conventions, such as using formulas and omitting
verbs. Inscriptions on clay tablets later used formalized conventions such
as lists and repetitions, a sign that early forms of writing on clay envelopes
fed back into language and its rules (Goody 1986, 55)."" Writing, as Walter
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FIGURE 2.2
Globular envelope with a cluster of accounting tokens. Clay, Uruk period. From

the Tell of the Acropolis in Susa. Source: Wikipedia (https://it.m.wikipedia.org/wiki
/File:Accountancy_clay_envelope_Louvre_Sb1932.jpg); photo by Marie-Lan Nguyen
licensed under CC-BY 2.5 (https://creativecommons.org/licenses/by/2.5/deed.en).
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Ong claims, “initiated what print and computers only continue” (Ong
1982, 78)."* If the beginning of bookkeeping and writing originated from
the administrative needs of temple management in urban settlements, the
establishment of record-keeping systems (together with their records, tools,
devices, and early forms of writing) served as the cognitive and material
bases for the further development of bureaucracy and administration."

For some eminent scholars, the most pervasive innovation brought
about by writing is processual and categorical thinking—the capacity to
think abstractly about concepts and, among other abilities, to order ideas
in broader abstract categories (Havelock 1963)."* In this sense, the example
of clay tokens shows that writing continues what clay records and record
keeping first established. Categorical thinking is both the result of the dis-
tance that written records acquired from the contexts in which they origi-
nated or used and of the spare processing capacity that the human brain
gained by not having to remember entire chunks of information. As previ-
ously mentioned, general concepts, represented with tokens, become ame-
nable to handling and manipulation that further develop into complex
systems of knowledge. Freed from the burden of memory and context and
equipped with the right technologies and institutions, literate people effec-
tively started to process data, ordering, classifying, and intervening in the
ideas and concepts carried by signs, marks, and tokens and further develop-
ing and assembling more complex representations and constructs.

As they became things-like, records opened a space of freedom and inter-
pretation for the concepts that they carried. Facts, events, and ideas could
be copied, ordered into collections, and integrated into broader views about
knowledge. Records and their acquired status as data meant that knowl-
edge grew endemically or endogenously—out of records rather than out of
contexts. Gradually, it became ordinary to write about writing, to refer to
the content of books and tables as facts, and to take for granted their exis-
tence outside the tokens into which they were encoded. Written records
became placeholders within systems of knowledge that did not need refer-
ences outside their communication system to build meaning and cumulate
practices that could survive context and the passage of time.

THE POLITICS OF DATA

The life of data took another epistemic turn with the advent of moder-
nity. In a sense, modernity itself emerged out of a more general epistemic
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shift that reinforced the notion of objectivity and linked its meaning to
science, whereby scientific objectivism provided the ground for rebuilding
institutions and society (see Daston & Galison 2007). Empiricism, the ratio-
nalization of knowledge, and the rush toward measurement practices and
standardized observations changed the entire knowledge apparatus and its
institutions, contributing to the rise of new actors such as the modern state
(Desrosieres 1998; Foucault 1970).

The word “data” started to be used more frequently and became the
empirical basis upon which novel rational systems of knowledge and disci-
plines were established (Hacking 1990). Even today, the meaning of “data”
preserves some of the ambiguities that arose during early modernity. The
Latin etymology of “datum” is “something that is given.” Yet the inter-
pretation of what is given as a (given) fact existing out there that can be
discovered or collected is the inheritance of the project of rationalization,
which has its roots in modernity. A datum, for the Romans, was a rhetori-
cal device to initiate an argument or debate (Rosenberg 2013, 2018). The
use of formulas such as “given this . . . then that” was relevant as a formal
initiator of an oral contest with specific social and institutional functions.'®
Even when the term “datum” was used in scientific arguments, it preserved
its rhetorical function and by no means denoted something existing out
there. Still, it indicated things taken for granted and not inquired after. The
interpretation of the concept of data (as what is given) shifted from being a
cultural artifact serving a function to something that was believed to exist
independent of the reality of conventions of which it was part. Somehow
ironically, as it signaled a complete overturn of the original meaning, the
term came to signify a “particular sort of representational entity upon
which one could operate through systems of calculation, classification, and
communication, while holding the question of referential truth in abey-
ance” (Rosenberg 2018, 566). The shift has been the outcome of a long and
tortuous sociocultural process that reached its peak during modernity and
holds sway even today, as the advent and diffusion of data science attests.

Starting with the Enlightenment, the meaning of data as facts, exist-
ing outside the conventions of the communication system by which they
are conveyed, was carefully crafted by the invention of quantification tech-
niques, the modern idea of scientific, economic, and technological progress,
and aided by the birth of the modern, rational state (see, e.g., Poovey 1998).'¢
Thanks to the development of statistical tools and their application in public
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affairs, the notion of data took on a new meaning. It was gradually accepted
and institutionalized as existing out there (given), even when the data were
collected and used to describe nominal entities such as averages of suicides,
unemployment rates, gross domestic product (GDP), or popularity indexes.

Alain Desrosiéres (1998) and Ian Hacking (1990) described these socio-
cultural turns with acumen and considerable detail. The rise and use of
statistics that occurred during modernity brought the identification and
institutionalization of areas of social life (e.g., demographics, distribution
of diseases, and urban and rural dynamics) that had until then been vaguely
perceived or even barely acknowledged. The systematic measurement of
newly discovered facts and more rationalized methodologies of record keep-
ing allowed several scientific practices that established the contours of the
discipline of statistics, rational state administration, and the authority of
experts. The efficient documentation of facts over time, their grouping and
classification, and the constant monitoring applied to newly coined con-
cepts brought the discovery of regularities and the study of their occurrence.
The development of knowledge as a prediction of social facts and the laws
behind their occurrences allowed institutional control and intervention.

It is characteristic of measurement and recording practices, Desrosieres
claims (1998), to reinforce the semantic coherence of the facts that they
measure and record and lend them identity and, crucially, stability. In
doing so, measurement and recording help establish social objects, abstract
entities that become frequent targets of institutional practices. Examples
include unemployment rate, GDP, and crime rate. Independent of what
these objects represent or help detect or discover, these observations indi-
cate that social objects are as much real as the resourceful outcome of
the measurement systems and recording conventions that sustain them.
Despite the factual aura that their institutional embedment conveys, social
objects always develop out of the constant negotiation of the ways the
world is and how this world is fashioned by laws, measuring innovations
and techniques of the disciplines and recording systems (here statistics)
with which the production of these objects is associated. Modernity then
is inextricably bound up with the project of rationalization (Heller 1999;
Weber 1947/2012) and the fashioning of an intricate apparatus of tech-
nologies, quantification, rules, measurement, experts, and institutions that
became centrally involved in bringing forth the reality that such an appa-
ratus measured and recorded.
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The shift in the epistemic role of data and the relatively tight coupling
between measurement, expertise, and institutions advanced a novel idea
of society and social institutions that was partly determined by the social
objects that they established. Entities such as crime, suicide, and unem-
ployment rates were granted an existence as independent givens, as attri-
butes of a concept of society that they constructed (or summed up). On
the other hand, these objects necessitated the institutional upbringing
of schools, professions, bureaucrats, experts, and central administrations.
They became the engines of making reality. The work of these institutions
conferred to such abstract objects the legitimacy and autonomy that they
needed to circulate and unify scattered practices and territories under an
established set of rules that was centrally enforced. Amateur statisticians
became new state-appointed bureaucrats and conferred official status to
such entities and themselves, together with the data they relied on and
the broader cultural assumptions they carried (Hacking 1990). Having first
become official, these objects “become increasingly real” (Porter 1995, 42).

The project of rationalization, brought about by modernity, was sup-
ported by the conviction that universal laws governed by statistical rules
could be read equally into data across any scientific subject or life domain.
To guarantee its success, the project developed a powerful institutional
apparatus made of standards, measures, and bureaucratic prescriptions that
changed the makeup of data and the practices of data making. Quantifica-
tion and measurement acquired more formalized and standardized notation
requirements to confer less ambiguity on data and narrow down their variety
and possible interpretations. For instance, Prussia founded a central bureau
dedicated to data gathering at the end of the eighteenth century. As Hack-
ing (1990) noted, “such an institution presupposes that there is a special
type of knowledge, and a new kind of skill, the ability to collect, organize
and digest numerical information about any subject whatsoever” (29). The
tight link between such knowledge and skills and these institutions glued
together the rationalization project and made it all-encompassing.

This shift was successful in conjunction with the rising power of the
central state, the invention of bureaucracy, and its use of data to forge social
objects that could be controlled and managed. Without the avalanche of
numbers created by enthusiastic amateurs and early statistical bureaus,
there would have been no patterns to uncover and describe the laws of soci-
ety or the work of nature. With the introduction of probabilistic thought,
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several disciplinary domains, such as mathematics, medicine, and psychol-
ogy, entered a new era of values and methods (Foucault 1963/2012). Sta-
tistics became the science of the state, orienting public actions and giving
the state the means of planning and control. Probability and the outputs of
calculation were used to validate the very existence of the institutions that
produced them and to legitimate their increasing influence.

This powerful epistemic shift promoted a vision of society governed by
regularities and statistical laws. Yet such regularities could be discovered only
by applying what was perceived as the correct scientific approach, measures,
and tools made possible under the very close inspection of institutions and
their powerful data-making apparatus (Hacking 1990). Apparently, data
were used as the essential elements of the turn toward objectivity and the
project of rationalization, de facto data and measures were instrumental
devices for the rhetoric of the state and tools of its consensus building."”
Social control via data and statistics did not come from knowledge of
presumed social laws or regularities, but rather from the institution of an
official social object, which, once made real, became the basis for social
and individual discipline.'® Measures gave stability to novel social objects
such as crime rates, as they gave states and other powerful actors (such as
insurance companies and actuaries) the knowledge and means to act (Bouk
2015). Data and the newly founded apparatus with which they have been
an integral part became a social technology through which disparate areas
of social life were rendered as impersonal thinglike qualities (e.g., citizens or
patients), amenable to mastery, control, and intervention.

DATA, COORDINATION, AND CONTROL

The invention of new data and the advent of novel data-making tech-
nologies contributed to establishing the corporation as a diffuse legal and
organizational form, and management as a field. New technologies such
as the railway, the telegraph, and later the telephone furnished the means
for the growth of organizations that became not just bigger but more com-
plex, increasingly made of a dispersed number of semi-independent units
that required a shift in their coordination and control. The change in the
organization of economic production and the creation of mass markets have
been closely associated with the sociocultural orientations of modernity
and the formation of the modern social order. As shown in the preceding
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section, these ideals are relatively well established and recognized across
the social sciences. Less obvious are the ways that data have been part and
parcel of the diffusion of organizational forms that came to dominate the
industrial order (for a rare instance of a study on such a topic, see Beni-
ger 1986). To exist and be managed, corporations needed data that were
substantially new and, at the same time, had to find new ways of storing,
handling, and making sense of these data.

The rise of modern management is bound up with shifts in knowledge
and data-making practices that sought to chart and document processes
that occurred within organizations and across functions, including the
movements of goods and people and the coordination of core produc-
tion processes which, for the first time, took place across organizational
units (Chandler & Cortada 2000). The newly constituted class of managers
and business administrators created and used internal data as the primary
language of business and “instruments of management” (Chandler 1977,
104). The Industrial Revolution and its shifting requirements of control
brought the need to produce a different kind of data, which in turn helped
establish a new breed of management practices and tools (Beniger 1986).
Internally generated data and more complex accounting tools developed
in tandem with modern corporations that used these tools to monitor,
control, and coordinate workers and the production and distribution of
goods across the vast geographies of national and international markets. By
establishing specific ways of gathering, handling, analyzing, and transmit-
ting data and, over time, providing further specialization of administrative
roles and tools, modern corporations instituted themselves and modern
management (Chandler 1977; Yates 1989). Placed in this context, data rec-
ords emerged as essential preconditions for effective and efficient business
administration and, simultaneously, they became the key media by which
a good deal of management decisions was made and coordinated (Beniger
1986). As Yates aptly puts it, “administration without records is like music
without notes” (1989, 13).

Modern accounting also appeared in this period. Administrative roles
primarily included creating, keeping, and processing documents, records,
and data (Hoskin & Macve 1986; Power 1997, 2007). The role of the man-
ager or administrator was the most relevant new profile that arose from
the shift. Several reforms were implemented to increase control and coordi-
nation within companies that were all explicitly related to the production,
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transmission, and handling of data. In the prevailing paradigm of efficiency,
data became the instruments for controlling people and flows of goods, and
their use started to be formalized as a principal tool of communication and
coordination among several organizational units. In 1884, Frederic Taylor
already employed timekeepers and other specialized clerks to control the
pace of work and generate data to monitor production (Beniger 1986). In
his first paper on scientific management in 1893, it is worth remembering
that he called for the need to rely on data standards rather than experiences
to scientifically determine work time and output targets. The workers who
failed to live up to this “scientifically determined” standard time and out-
put targets received a lower rate per piece assembled (Chandler 1977, 275).

Innovations in bureaucratic organization, programming, information
processing, and communication have all been instrumental in shaping
modern organizations and the structural arrangements that came to epit-
omize them. Formalized in methods such as the scientific management
championed by Taylor, this infatuation with facts and numbers indicated a
broader mindset that paid heed to a variety of indicators, ratios, and models
as fundamental means for ensuring control over people and resources and
achieving efficiency in the running of the enterprise. Placed against this
backdrop, data exhibit constitutive links to the dominant Western idea of
management. Preceding Taylor by some years, Andrew Carnegie famously
implemented a voucher system for the collection and processing of quanti-
tative data on the shop floor of the Edgar Thomson steel production plant.
Robert Metcalfe invented novel calculating devices such as “tickets” and
“slips” to follow the production line. Daniel MacCallum, the manager of
the Erie railroad company, organized a hierarchical system of information
gathering, processing, and communication that was designed to streamline
channels of communication through data and converge control on the cen-
tral administrative offices. For the first time, together with other pioneers,
he saw the problem of coordination and control within organizations as
a problem of communication that could be solved by implementing new
methods of information production and processing. Thanks to technologi-
cal innovations in the transmission and storing of information and docu-
ment management, it was now possible to use data from the daily and
monthly reports that were then submitted to McCallum’s office. MacCal-
lum was the first to control specific targets and operations with data gener-
ated for other purposes, basically inventing data reuse. He also pioneered
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continuing time series data to control rate structure and maintain maxi-
mum revenue despite uncertainty—an application of data collection to
control, affirms Beniger, which would be adapted to industrial production
only in the late nineteenth century (Beniger 1986, 231).

“No earlier American businessman,” Chandler says of MacCallum, “had
ever experienced the need to develop ways to use internally generated data
as instruments of management. None had shown a comparable concern
for the theory and principles of organization” (1977, 104). Internal infor-
mation, information produced by the same organization, instead of exter-
nal information on markets, goods, and prices, which was in use for years
preceding the invention of the modern corporation, became the essential
knowledge tool needed to control and coordinate production in more effi-
cient ways. Thus, for the first time, competition became a matter of achiev-
ing efficiency in production by generating more accurate data, innovating
information processing, and building feedback capabilities across units and
levels. Organizations set up an internal apparatus of record making, storing,
and processing to control and monitor their own internal operations with
the aim of coordinating work across units and functions.

These changes in record keeping were carried out by several innovations
in the practice of encoding and standardizing data, including changes in
filing, indexing, and archiving together with new transmission and com-
munication technologies (see Robertson 2021). Internal reports, minutes,
memos, tabular weekly or monthly schedules, and several other standard-
ized forms or new genres of data processing and visualization, quickly found
their way into work practices and proliferated with the creation of new roles
designed to increase data effectiveness for communication and coordination
(Yates 1989).

Several interesting new methods and practices consolidated in creating
and optimizing organizational archives, or the institution of communi-
cation offices dedicated to regulating the speed and accuracy of the flow
of information. Letterpresses, typewriters, cabinet files, index cards, and
document-handling techniques largely contributed to the revolution that
increased the volume of records, documents, and files and thus raised new
problems of data storing and sorting. As data genres and practices became
more sophisticated and data abundant, they were gradually systematized
into “more convenient tabular forms” (Chandler 1977, 103). These opera-
tions in turn required training a specialized workforce, institutionalizing
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new occupations or professions such as administrators, clerks, secretaries,
and managers.

The establishment of novel social objects has accompanied the admin-
istrative reforms we outline here; that is, the objectification of areas of
organizational life that were hardly perceived before these reforms. The
fashioning of new objects out of internally produced data started early in
the history of modern corporations. By the late 1850s, data about profit
and loss were deemed insufficient to monitor business performance. They
had to be coupled with newly created objects, such as operating ratios,
which remain among the basic standards with which managers judge the
performance of business enterprises (Chandler 1977, 110). The early attempt
to establish management practices through objects made of data was rela-
tively successful, and other examples quickly followed. At least, from clay
envelopes onward, institutions and organizations have been bound up with
objects made of data, working as representational entities and accounting
devices, through which they have sought to understand and interpret their
internal and external environment and act on it. Objectifying procedures
that embed intentions into solid and durable social artifacts are essential to
cognition and critical to institutionalization, as we have seen in the case of
clay envelopes, one of the first objects to be fashioned out of data tokens
(Hasselbladh & Kallinikos 2000; Kallinikos & Hasselbladh 2009; Kallinikos,
Hasselbadh, & Marton 2013; Labatut, Aggeri, & Girard 2012).

Objects of this sort shape the way in which actors understand them-
selves and their roles. Social objects have always been relevant for the
establishment and diffusion of specific social and organizational practices.
They have been commonly perceived as social artifacts across a broad and
cross-disciplinary body of literature and variously linked to the making of
social practices, organizational configurations, and professional identities
(see, e.g., Appadurai 1988; Barley 1986; Bowker & Star 1999; Knorr Cetina
1999, 2001). Across many different settings, the introduction of novel
social objects made of data is associated with more significant changes in
the structure of teamwork, the professional identity of workers, and coor-
dination of collective action (see, e.g., Espeland & Sauder 2007; Espeland &
Stevens 1998, 2008; Knorr Cetina 1999, 2001; Poon 2009; Power 1997; Star
2010; Star & Griesemer 1989; Star & Ruhleder 1996). However, the role of
data and the cognitive functions, processing techniques, and technologies
with which they are associated have yet to be studied in connection with
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social objects. Objects such as documents, memos, charts, and models are
the bearers of a broader class of knowledge or epistemic objects (Ewenstein
& Whyte 2009; Knorr Cetina 1999, 2001; Miettinen & Virkkunen 2005) that
stand in close connection with data and data practices across organizations.
These objects have been studied as targets and recognizable sites of interpreta-
tion and action (Beyes, Holt, & Pias 2020; Gitelman 2014) and have emerged
as record-keeping tools connected to occupational groups and to the rise
of certain professions such as managers, administrators, and clerks (Beniger
1986; Yates 1989). At the same time, knowledge objects have contributed to
institutionalizing specific ways of doing and acting within organizations that
later become the norm.

These innovations in data-gathering and -processing techniques, the
making of new social objects, and the nascent logic and culture that consol-
idated behind them constituted the notion of administrative control that
would later define management and business administration. Data, reports,
documents, and statistics became the core of a newly formed administrative
body, which specialized in production and processing capabilities. The “vis-
ible hand,” to follow Chandler’s famous title, was made visible by the data,
objects, infrastructures, and practices that were established as a response to
the changed need for coordination and control of modern organizations.
As activities became internalized, internal data became necessary to run
ever-expanding corporations. A new class of specialized workers, admin-
istrators, secretaries, clerks, and managers contributed to innovating data
production and processing.

SUMMARY AND IMPLICATIONS

Data have existed for thousands of years. They have variously been at the
center stage of social practices and the operations of the corporations and
the modern state and have served as core elements for representing and
knowing the world. The belief in the novelty and the pathbreaking role of
digital data tends to gloss over the historical functions and practices with
which data have been associated and virtually sets their constitutive links
to society conveniently aside. In this chapter, we retraced the historical ori-
gins of data long before the digital revolution. The historical episodes that
we have outlined attest to the essential role of data in establishing institu-
tions and social practices. Protobureaucracies have been supported by clay
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tokens, whose use in turn facilitated the institution of shared cognition
and gave rise to a general notion of exchange. Modern institutions, profes-
sions, and disciplines emerged from the institutionalization of novel social
objects made real by their sophisticated measurement systems. Corpora-
tions were aided by management because “they were summed up some-

”

where,” as Chandler (1977) put it, by the work of standards controlling
objectified versions of workers and goods. None of these cognitive and epis-
temic functions are extraneous to the world of digital data.

The analysis of data offered in this chapter affirms the necessity of look-
ing back before looking forward. It asserts the importance of studying digi-
tal data as the latest manifestation of a long history that stretches back to
clay tokens and comprises records and tokens of different natures. To appre-
ciate how digital technology transforms the constitutive links between data
and society, we need to look back at the social role played by data before
the digital revolution. Each of the three historical episodes (clay tokens and
exchange, modernity and the state, and corporations and management)
recounted here offers a fruitful path for pursuing the social study of digi-
tal data. All three bespeak the importance of individuating the functions
that data play through their rules, significations, and logics. The primary
function of data is objectifying. Whenever records are made, something
contextual and situated, like an individual event, is transformed into some-
thing else. It is thingified and made able to overcome specific situations or
contexts.

Objectifying opens a vast cognitive territory that allows communities,
individuals, and groups to share concepts, knowledge, and plans for action
(Kallinikos 1995, 2010). In the episode of clay tokens, a general concept
such as that of exchange is teased out of situated barter. Together with it,
complex social practices and institutions emerge. A further step along the
cognitive possibilities that data offer is represented by the establishment of
novel social objects whereby abstract notions of the social, such as unem-
ployment or suicide rates, acquire an existence of their own and assume a
specific political role that is centrally linked to the advent of statistics as the
science of the modern state. The objectifying function of data is a double-
edged sword that isolates novel areas of intervention (Hacking 1983) at the
same time as it allows control and governance. Making new things and mak-
ing them indisputable are the main aims of what we have called the “politics
of data.”
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The term “politics” should not lead to misinterpretation. We use it to
mark how data make things and make them real objects of intervention.
Data not only allow signification, knowledge, or understanding, as this
chapter describes, but they also enable social and political action. “It is
because the moment of objectification can be made autonomous that the
moment of action can be based on firmly established objects,” Desrosieres
(1998, 9) reminds us. The complex cognitive and epistemic dimensions of
data are seldom acknowledged in critical approaches to digital data, and yet
they are fundamental to unravel the links between data and social changes.
As we will see in the following two chapters, digital technology enters fron-
tally in the making of a whole range of novel social objects, such as credit
scores, profiles, and ratings, that mediate action and intervention across
several spheres of society (see chapters 4 and 35).

The implications of bracketing and analyzing these vital functions of
data unfold across several paths. First, such an approach calls for establish-
ing links with the work of many scholars who have studied how data were
defining elements of the modern social order long before the advent of digi-
tal data (see, e.g., Daston 2022; Desrosiéres 1998; Hacking 1990; Porter 1995;
Power 1997). Also, an inquiry into these vital functions of data reconnects
them with their epistemic history and necessitates acknowledging the pri-
mary role of culture and institutions in making social objects created by data
“real.” Clay tokens, unemployment rates, and medical records, as well as
clicks and click-through rates, emerge with novel institutions and forms of
organizing.

A critical contribution of this chapter is the reconstruction of the consti-
tutive links of data to society, which requires juxtaposing their emergence
with that of the institutions with which they are associated. As seen in
the third historical episode in this discussion, internal data contributed to
establishing corporations themselves by measuring and tracking their activ-
ities over sites and time. There are no data without institutions. Moreover,
as it happens, there are increasingly no institutions without data. In part I
of this volume, we weave this thread in the context of digital data and the
novel institutions that they are associated with as we untangle the links
among data, platforms, and ecosystems. In the next chapter, we tackle the
issue of the changes that digital technology and computation have brought
to the vital functions of data.
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MECHANIZING RECORDS

The rise of modern corporations and the invention of what has come to be
known as “scientific management” contributed to preparing organizations
and individuals for the profound changes brought about by the diffusion
of machines and mechanization. The streamlining of organizational activi-
ties and processes that accompanied the birth of modern corporations grew
in tandem with the proliferation of technologies and techniques inven-
ted to aid various nascent management practices and raise efficiency. Data
and data management techniques were at the center of these far-reaching
changes. Fashioned purposefully by organizations to monitor people, tasks,
materials, and processes, improve internal communication, and achieve
production efficiency, such large and regularly produced amounts of inter-
nal data needed to be supported by new data management systems. The
management of organizations required constant innovation in data stor-
age, information handling, and processing. Advancements in data making
were effectively provided by hundreds of inventions, including the type-
writer, desktop calculators, adding machines, punch card tabulators, and
billing machines (Beniger 1986; Cortada 2011, 2019; Yates 1989). Innovation
in technologies of data and document filing, storing, copying, manipulat-
ing, formatting, and transmitting contributed to the change and brought,
for the first time, new kinds of data practices, such as the practice of reus-
ing identical records for different purposes invented by McCallum (see
chapter 2).
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When mechanization came, organizations were already prepared. As
Mumford pointed out, “Behind all the great material inventions of the
last century and a half was not merely a long internal development of
technic: there was also a change of mind” (1934, 3). Data mechanization
took first the semblance of the punch-card tabulator of Herman Holler-
ith (Ceruzzi 2012; Cortada 2016).' He famously introduced his tabulating
machine during the 1890 US census (Cortada 2016, 21), which, thanks to
the machine’s speed and efficiency, was established as a permanent solu-
tion. In 1911, Hollerith’s Tabulating Machine Company merged with other
companies in the Computing-Tabulating-Recording Company (C-T-R) and
subsequently became IBM. Hollerith’s enterprise contributed to the founda-
tion and growth of the American computer industry, which, until the late
1970s, primarily dealt with tabulators, analog computers, and mainframe
computers. The history of computer development between 1950 and 1980
was essentially concerned with incrementally applying new inventions,
components, and methods to the encoding and processing of data, which
were designed “to make machines operate faster and more reliably, be easier
to operate and be able to perform a greater variety of functions” (Cortada
2016, 157).

Despite this history being told numerous times, it has rarely been linked
to the changes that it brought to the cognitive, epistemic, and commu-
nicative functions of data. Such changes mark a significant turn with far-
reaching technical, social, and economic implications that are the aim and
focus of this chapter. Rather than taking digital data and their definition
for granted, the chapter discusses how they came about, what they reveal,
and what they gloss over, along with the variety of functions that they
perform in organizations. When did data cease to be considered semiotic
entities and knowledge artifacts and came to be framed predominantly as
countable things? How were marking and representing facts transformed
into a system of operations that used holes in stiff paper cards to capture
and transmit these facts? How and when were information and commu-
nication separated from data? This chapter analyzes the sociocultural and
technological elements that have brought digital data to the forefront of
the current economy and society. More particularly, we look at how tech-
nological and epistemic shifts have transformed data and the discourses
around data. The preceding chapter was about the cognitive and epistemic
continuities of data and the ways that they are linked to broader knowledge
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FIGURE 3.1

Hollerith 1890 tabulating machine with sorting box. Source: Wikipedia (https://en
.wikipedia.org/wiki/Tabulating_machine#/media/File:HollerithMachine.CHM.jpg);
photo by Adam Schuster licensed under CC-BY 2.0 (https://creativecommons.org
/licenses/by/2.0/deed.en).

paradigms and social infrastructures, while this chapter is about the discon-
tinuities introduced by digital technology in the makeup and functions of
data. The next chapter will take these ideas further, exploring the emerging
apparatus of big data production and how it revolutionizes most aspects of
contemporary living.

The introduction of the first tabulator machines and punch-card calcu-
lators set the foundations upon which successive uses and applications of
mainframe computers in organizations were developed. It is worth point-
ing out that from the invention of the punch card onward, the material
and cultural history of data was gradually dissociated from expert practices,
the rules and systems of data generation, indexing, and recording, along
with the knowledge domains in which expertise is usually grounded. Data
came to be just one element of complex technological machinery made of
physical devices, mathematical rules, and formal logic—all changes that
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have left an indelible mark on our age and the ways that we understand life
situations and social relations.

The early adoption of tabulators, calculators, and mainframe computers
across governmental bodies and businesses alike paved the road for the dif-
fusion of more comprehensive computational systems because it allowed the
gradual mutual adjustment of business processes and data-handling machines
to one another (Norberg 1990, 754). The success of the first mechanical
devices in aiding the handling of data rapidly brought about the integration
of tabulators, bookkeeping machines, and then calculators and computers
into the flow of organized work activities. Mainframe computers assembled
and commercialized by IBM from the late 1940s until the 1980s developed
along with the standardization of administrative tasks and processes in
organizations. Companies had to accommodate the work of machines and,
at the same time, were active in adopting ways of working or in suggesting
modifications and implementations to IBM to better suit their own needs.”
The integration of mechanical devices into organizational operations con-
tributed to loosening the links between types of data, devices, and expert
practices, which previously had been closely tied to one another (Kittler
1985).

A new culture of data emerged from the nascent computer industry, its
technological and commercial path dependencies, and its links with the
military complex. Data as material and cultural artifacts rapidly evolved
along specific directions that were dictated by the interdependencies
between business convenience, technological efficiency, and commercial
success. Some historians of technology have gone so far as to trace several
technological legacies of modern computers to the functioning of specific
components or methods in Hollerith’s machines (see, e.g., Aspray 1990;
Norberg 1990, 764). Yet again, what is often overlooked is that all these
developments are bits and pieces of a broader cultural shift that had already
put data (and, perhaps more correctly, a certain perception of data and data
management operations) at the center of business conduct, government
administration, and the economy more widely (von Oertzen 2017).

Data preprocessing, storing, and processing had already become the build-
ing blocks of many organizational operations and were integrated into the
management of large corporations through complex hierarchies of commu-
nication flows and control structures (Beniger 1986). Because of these interde-
pendencies, data and their histories, material, and cultural path dependencies
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influenced the making of computers in complex ways. As Arthur Norberg
(1990) states, even if it may seem strange, the fact that in the first computers
“sorting speed increased, but calculating speed improved only marginally, if
all” (761) can be explained by looking at how computers’ latest implementa-
tions at that time were more a matter of competitive strategy and adjustments
to client feedback than the result of new applications or inventions. The
observation bespeaks the essential role that data and emerging data practices
had in the making of computers (see also Agar 2003, 2006). At the same time,
it attests to the power that computers, as data processing machines, had in
managing organizations and restructuring the various organizational opera-
tions connected to data.® Strange as it may seem, the role of data and their
practices has never figured prominently in the history of digital technology,
which is primarily a history of machines, programming, and engineering. The
technological remediation of data operated by computers brought about pro-
found organizational changes that rearranged most data-intensive practices,
including the more critical activities of accounting, controlling, management,
and planning, that had developed since the advent of modern corporations.
On the other hand, those practices were key to introducing and implement-
ing computer technologies in organizations (Agar 2006; Kling 1996).

The acceleration of technological evolution and computer sophistication
first rewrote all the data-related practices that made organizations modern,
in Chandler’s terms (Chandler 1977). Communication flows and control
channels were restructured because computers decoupled data from some
of their existing cultural features and domain expertise and introduced new
tasks and operations (Zuboff 1988), together with new expertise. The shift
was visible already by the time of the punch-card tabulator and the changes
that it initiated. Hollerith’s machine standardized, broke down, and mecha-
nized data processing in several distinct steps. In the punch-card tabula-
tor, the basic device was constituted by the punch, the tabulator, and the
sorter. As a result, the punch-card tabulator broke data processing down
to different tasks and operative phases, which were physically allocated to
different machine parts. By doing this, it also separated data from their
outputs; that is, from their informative capacity (and the message they
carried). This apparent decoupling introduced an artificial and clear-cut
distinction between data and information. From that moment on, infor-
mation was defined as something that was no longer an attribute of data
and the work of data infrastructures (Kittler 1985), but rather was an output
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of a machine.* As Charles Babbage had before him, Hollerith built a device
that produced information from mechanical operations (Gleick 2011; Kal-
linikos 2012).

The change has had far-reaching and ramifying technical and cultural
repercussions. The partial decoupling of data from information was brought
about with a view to implementing a mechanical process whereby a machine
massively and regularly read data. Data had to function independent of
the information and content that they could support. Interestingly, data in
the punch-card tabulator became perforations. The fundamental element
of the tabulator system was the punched card. The perforations on such
cards stood for data. Even though the cards were the bearers of data and
perforations, the medium was quickly perceived as the data rather than its
bearer. At this point, the communicative or informative capacities of data
perforations could be observed only in association with a preprocessed card
and a card reader.

Perforations were informative because they were made at predeter-
mined, numerically arranged positions in the card (see figure 3.2). As data
processing was broken into chunks to be mechanized, data-as-perforations
ceased to be human-readable tokens. The new standardized and mecha-
nized preprocessing, the whole combination of card and punches, was
devised and optimized to be decoded by machines. Without a preprocessed
card, the punch, the tabulator, and the sorter, data were not any longer vis-
ible qua data. Punch-card tabulators introduced a mechanizable version of
data-as-things that were agnostic by virtue of having to read different kinds
of information-as-data. In essence, perforations and cards could process
anything—crops, production prices, even social security data. “The most
remarkable feature of this new system was its versatility” (Norberg 1990,
762). Data-as-things enabled mechanization and set the standards for an
essential antecedent of the “all-purpose machine,” which would later be
perfected with computers (Agar 2017).

THE MATHEMATICS OF TRANSMISSION
A leap forward into decoupling data from information (cognition) and
communication came from advancements in electrical engineering and

solid-state electronics that profoundly transformed the data mechanization
of punched cards and tabulators. Claude Shannon famously recognized the
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FIGURE 3.2
Hollerith punched card. Source: Wikipedia (https://en.wikipedia.org/wiki/Tabulating
_machine#/media/File:Hollerith_Punched_Card.jpg).

potentialities of using change of states or electrical signals to carry data
and elaborated a formal theory of data transmission (Shannon & Weaver
1949).° He integrated Boolean logic, electrical engineering, and cryptogra-
phy to theorize information production as a process that could be under-
stood, reproduced, and optimized within the logic and formal language of
mathematics and probability theory, and also executed by changes in states
or quantities of physical materials such as electrical signals, circuits, and
electrical switches. The mathematical and engineering approach of Shan-
non was undoubtedly innovative, and yet it was also very much the epit-
ome of a cultural trajectory in the perception and use of data that, coupling
data with objectification, quantification, and efficiency, had already trans-
formed the business world, as well as the government and its military wing.

The consequences of Shannon'’s approach were vast and far-reaching. His
breakthrough idea of formalizing the correspondence between things and
data and manipulating their states through electronics, probability theory,
and formal logic paved the way for information theory. By formalizing and
theorizing the artificial separation between data and information, he fixed the
basis for computer science. To work, Shannon’s mathematical theory of com-
munication had to attenuate all the preexisting links between data, meaning,
communication, and information based on history, context, expertise, nota-
tion systems, material culture, and cultural functions and reduce those links
to a matter of probabilities that could be electrically coded, transmitted, and
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eventually computed. Data became things, bits and bytes, and neutral syntac-
tic tokens amenable to mechanical operations that optimized the production
of information (Borgmann 1999; Boland & Hirschheim 1987; Buckland 1991;
Eco 1976; Kittler, 1997).

Computers quickly developed thanks to the accruing agnosticism and
immateriality of data and their capacity to work across several physical
and logical layers and functions. Increasingly computers extended their
ability to embed different streams of techniques, devices, and machines
(each with its own history and path dependency) as part of their opera-
tions (Agar 2017; Ceruzzi 2012; Kittler 1985, 1996, 1997). Simply put, all
the devices and machines already in use were gradually integrated into one
“universal machine” that could execute all the data-intensive operations in
organizations. The decoupling of data from information certainly contrib-
uted to a growing convergence of functions as digital data simultaneously
became not only the stuff of machines but also, as John von Neumann
foresaw, their own instructions. Into computers converged the previously
separate operations of processing, calculation, storing and retrieval, pro-
gramming and (crucially for our argument) the control and the expertise
or discipline they belonged to, including information and archival science
(Ceruzzi 2012, 157). Organizations were already prepared to accept the mas-
sive change: “When electronic computers finally proved sufficiently versatile
for any sort of computations, business and government had been thoroughly
primed for their use through fifty years’ experience with mechanical tabu-
lators” (Norberg 1990, 779). This priming, together with the convergence
of technologies and functions into a universal machine, gave comput-
ers the potential to embed and optimize, basically in order to mechanize
and later automate, most data-intensive processes and operations within
organizations. Still, the consequences of the profound changes that com-
puters brought to the workplace, the meaning of work, and the structur-
ing of organizations would become visible only later and documented in
several studies in the last two decades of the twentieth century (see, e.g.,
Boland and Hirschheim 1987; Kling, 1996; Zuboff 1988).

COMMUNICATION STRIKES BACK

Reducing data and information’s informative and communicative potential
to transmission, computation, and automation problems had significant
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structural repercussions. Within and across organizations, communication
and interaction flows were broken down and streamlined into computer-
based information systems and data flows to fit the logic and rules of
machines (Beniger 1986). The introduction of computers as communi-
cation and information devices made it possible to translate and recast
organizational and work activities as data and computer operations. It is
characteristic of such shifts to redraw the patterns of cognition and the
interaction of workers with machines and one another. Despite (or perhaps
because of) these advancements, the problems of communication, interpre-
tation, and meaning became more urgent, as “the proper interpretation of
data as they appear on the screen is rarely self-evident” (Zuboff 1988, 197).
In studies such as those performed by Zuboff, the context and meaning
expelled by computerization return in the form of complex, comprehen-
sive, and layered electronic text that puts the interpretive capacities of
workers and clerks to a stern test (see also Kallinikos 1999, 2010).

The considerable disruption of the cultural and communicative trajectory
of data, however, came from unexpected sources. Until the era of mainframe
computers, data had remained the object of experts, businesses, governments,
and research. Indeed, data’s technological and digital makeup changed the
relationships among work, expertise, and knowledge production. It trig-
gered sweeping social changes that shifted the power toward a new class of
engineers, mathematicians, and computer and information experts at the
expense of those that helped manage data in predominantly manual and
traditional settings (Agar 2003; Hicks 2017). Yet with the advent of personal
computers and the beginning of online connectivity, the disrupting poten-
tial of data-based technologies entered the lives of households, persons, and
society. This hugely impactful change in data makeup and epistemic func-
tion resulted from two different yet intrinsically connected innovations: the
personal computer (PC) and the Internet. A turn away from the insulated
spaces of mainframe computing and the involvement of digital devices and
technologies in individual and social life changed, forever and irreversibly,
the nature of data and the ways that they came to be generated and used.

The beginning of the PC era and the Internet is the subject of several his-
torical accounts (Abbate 2000; Aspray & Ceruzzi 2008; Ceruzzi 2003; Chan-
dler & Cortada 2000; Norberg, O'Neill, & Freedman 1996). It suffices here to
say that the innovation in personal computing came from the tinkering of
hobbyists, amateurs, and video gamers rather than from big conglomerates
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(Zittrain 2008). The second distinctive trait of the PC revolution was that
this cheap and easy-to-use device was made essentially for communicating.
Alan Kay of the Xerox Park in Palo Alto affirmed that the “computer is a
communication device first, second and third” (Ceruzzi 2003, 124). The PC
could be used to make one or another computation and store and retrieve
personal documents. Still, above all, and especially with the advent of the
Internet, it became the preferred way of communicating and connecting
with others.

Communication and interaction via dial-up systems prepared users for
the upcoming Internet revolution. Despite the nominal attempts to sepa-
rate data transmission from communication, and data as carriers of facts
from their informative potential, the insertion of computing devices in
the context of ordinary living reinforced data’s communicative and media
dimension. At the same time, these same developments came to punctu-
ate, for the first time in history, the whereabouts of individuals and their
interaction with others by the computational logic that undergirds the
operations of these devices. The PC and the early Internet did not exactly
reclaim the innocence of communication, nor did they reassert, as it is
often believed, the prevalence of people vis-a-vis the impersonal world of
institutions (Turkle 1984, 1995, 2011). Roughly, the same rules and logic
previously tried in the context of organizations were carried over to struc-
ture and mediate personal communication via links, chat, shopping via
dial-up systems, gaming, and online content consumption. The social and
commercial sides of online communication developed hand in hand. Only
technological constraints such as slow connectivity, lack of accessible inter-
faces, and low navigational capacity restrained the diffusion of pre-Internet
online services.

The advent of the Internet, with its open and distributed character and
its power of connectivity, laid the infrastructural (i.e., cultural and mate-
rial) ground upon which a new design of communicating and interacting
could be effectively built (Ryan 2010). This emerged hesitantly at first, and
decisively after Tim Berners-Lee’s invention of the web and its protocols.
Yet these developments helped establish the rudiments of a new paradigm
of computing-based communication and interaction that later became cen-
tral in the programming of web-based applications. The sudden possibility
of connecting via computing machines and transmitting texts, messages,
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emails, chats, and images via bits and bytes triggered a massive shift in how
computers were designed and information science developed. The rapid
diffusion of novel ways of communicating and interacting via hyperlinks
and electronic text across most walks of life transformed data from adminis-
trative support tools into a pervasive medium of interaction (Turow & Tsui
2008; Turow & Couldry 2018).

This time, the shift was not restricted to a specific sector of the econ-
omy, an institutional setting, or a field; rather, it was all-encompassing. The
power of Internet connectivity and the web brought data, their operations,
and their devices at the forefront of public and institutional life and made
them available to nearly everyone. What followed resembles the period of
organizational adaptation between data-intensive processes and the mech-
anized version offered by machines that were observable during the era of
mainframe computers. The same adaptation, although in different terms
and with a much faster pace, was now required by unprepared households
and individuals that (mostly unwarily) changed their everyday chores,
communication and ritual habits, and related patterns of cognition to adjust
to the possibilities offered by machines. A new and comprehensive digital
infrastructure was thus established to cater to the quickly expanding digital
capabilities. Those capabilities resulted from what was possible to achieve
at the interface by establishing a vast data machinery in the back stage that
served communities and individuals by black-boxing its complex opera-
tions (Hanseth & Lyytinen 2010; Tilson, Lyytinen & Serensen 2010; Yoo,
Henfridsson, & Lyytinen 2010).

If the history of computers has been mostly told from a machine, compu-
tational, and programming perspective, with no due attention to the role of
data, the history of the Internet and the web is no different. Protocols, pro-
gramming languages, platforms, modules, and architectures have taken most
of the attention of scholars.® The role of data has been taken for granted, at
least until economists such as Hal Varian (2010) understood their power in
mediating and recording computer-mediated transactions at the same time.
As data mediate transactions, Varian guesses, the records that they produce
cease to be only records of transactions. They become stuff, the resources for
novel economic pursuits and business organizations. He correctly perceives
data and computers as the latest examples of accounting technologies that
date back to clay tokens and their envelopes. In both cases, he contends,
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these artifacts have enabled the shift toward new forms of social exchange
such as contracts (Varian 2010, 3). As expounded in the previous chapter,
once data are produced, they rewrite (quite literally) the rules of cognition,
knowledge, and social action. Having anticipated this, Varian proceeded to
write some of the rules himself as the chief economist of Google.”

With the advent of digital and social media platforms, what was mostly a
web of transactions became a web of interactions (Swanson 2020). Platforms
have fundamentally rewritten the rules of how actors, both organizations
and individuals, interact. Google, Amazon, Facebook (Meta), TripAdvisor,
fintech apps, Netflix and Spotify, Uber, and Airbnb have all come up with
unique ways of designing novel forms of interaction and using the data that
those interactions produced to optimize their technologies and create and
capture value. Users interact with digitized content, opinions of users, and
other users (Alaimo & Kallinikos 2016, 2017, 2019). Data became the univer-
sal media of interaction. At the same time, they created something that was
not there before, which, coupled with powerful technologies, facilitated
new patterns of cognition, new forms of knowledge, and organizing. The
connectivity and computation capabilities of the web afforded very differ-
ent versions of many aspects of private life and everyday communication.
They triggered a massive chain of social effects, which will be the focus of
the following few chapters.

UNDERSTANDING DIGITAL DATA

Whether they are cast in clay, printed on paper, transmitted by electrical
signals, or otherwise communicated, data are, first and foremost, semiotic
tokens, carriers of content that form parts of larger systems of knowledge.
As claimed several times in this book, data are artifacts of cognition and
knowledge that are used to select, encode, and record events in particu-
lar formats that allow exchanges between social agents variously linked to
social practices, institutional orders, and the knowledge systems that sup-
port them (Beniger 1986; Kallinikos 1999, 2007; Kling 1996; March 1999;
Yates 1989; Zuboff 1988). Cognition and communication are always implied
in selecting and encoding events and life situations and processing data
even when each step of data making is outsourced to machines. Placed in
such a broader context, data can hardly be divested of their cognitive and
communicative nature and the practices and institutions in which they are
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embedded (Markus 1983; Markus, Majchrzak, & Gasser 2002; Schultze &
Boland 2000).

The snippets of the history of data summarized in the preceding chapter
and the brief history of data mechanization and computation presented
here suggest that the technologies of data production and use inexorably
interfere with modes of cognition and communication and the attendant
social practices, knowledge, and institutions. It would hardly be a surprise
that digital technologies’ material and cultural history has profoundly
changed how data are generated and linked to social practices and institu-
tions. While this may sound evident, the story of exactly how digital data
and technologies reframe the construction of facts, the ways that these facts
are encoded into electrical signals and sign systems and redefine the prac-
tices of knowing remains largely untold. When transformed into digital bits
and brought to bear on strings of 0 and 1, data become heavily mediated
by and variously entangled with the language and materiality of machines.
The logical and material foundations of digital technologies change the
constitution of data, confer upon data several distinct attributes, and estab-
lish new conditions for producing, sharing, and making sense of them. Such
conditions are, among other things, dictated by the fact that it is possible
to create, access, manipulate, and interpret digital data only via technologi-
cal systems and digital devices such as mobile phones or tablets, technical
interfaces, application programs, and software more generally.

In what follows, we outline an alternative way to understanding digi-
tal data, which considers the role of technology against the sociocultural
foundations of data and the cognitive (semiotic, epistemic) and communi-
cative functions that they perform in this digital age. Digital data are still
records, cognitive and communicative artifacts that encode events in an
agreed-upon format on physical support of some kind. They codify things,
events, or life situations in various formats bearing on strings of O and 1,
digits encoded on electronic signals or magnetic fields (their physical carri-
ers or material bearers) and processed by computers. As with most data, dig-
ital data feature a format and a physical embodiment that convey content
or information (Borgmann 1999). Yet, as distinct from other types of data
and records, digital data are constituted dynamically by the orchestration
of their material, formal-logical and communication layers. Electrification
and its ephemeral character imply that any digital stuff (code, software, or
data) bearing on electric signals remains constantly malleable and editable
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(Faulkner & Runde 2013, 2019; Kallinikos et al. 2010, 2013; Redstrom &
Wiltse 2018). The middle computation layer is also executable and per-
formative (Lyytinen 2022). The interaction of material, computational,
and communication layers grants digital data specific attributes that frame
the modalities of cognition, communication, and action that they enable
(Yoo, Henfridsson, & Lyytinen 2010; Zittrain 2008). Figure 3.3 illustrates a
schema of the layers whose attributes and dynamic interplay confer upon
digital data their uniqueness and specific character.

In the digital world, the technological infrastructures supporting data mak-
ing have been developed to be largely indifferent or agnostic to the content
of what is recorded. As shown earlier in this chapter, one of the principles of
computer science is to reduce the notion of information to something agnos-
tic, a quantifiable resource (Shannon & Weaver 1949) whose transmission
error could be expressed in probabilistic terms and whose production, storage,

Communication layer
knowledge and meaning

Computational layer
bitstrings and software

Material layer

hardware, devices, and
electric signals

FIGURE 3.3
Schematic illustration of digital data as layered artifacts.
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and potential value could constantly be optimized via increased computation
and technological (or channel) capabilities (Buckland 2017). The notion of
agnosticism has been vital to developing universal machines able to churn
any kind of data and traverse the cultural regions that have historically been
linked to literacy and numeracy, and later the handling of visual images and
sounds (Kittler 1985; Manovich 2001). Data signify and communicate differ-
ently thanks to the fact that their logical layer (computation) remains loosely
coupled to their communication layer and its external referents. However, by
disregarding content and external references, the agnosticism of machines
leaves communication and the transmission of information and meaning
unbridled, a substantial issue that must be addressed sooner or later in the
process. Despite the widespread assumption that underlies data mechaniza-
tion from Babbage onward (Gleick 2011; Floridi 2010), machines or machine
learning applications never operate alone in producing information (Weaver
1949). Information is still the result of complex social processes where cul-
tural assumptions and practices remain decisive (Aaltonen, Alaimo, & Kal-
linikos 2021; Borgmann 1999; Buckland 1991; Eco 1976, 2000; Tuomi 1999).

The content-agnostic approach of machines and computation does not
imply neutrality in the modality by which data are made, ordered, transmit-
ted, or used (Dreyfus 2001; Markus 1983; Winner 1986) or, as the recent lit-
erature on critical big data or algorithms has pointed out, in the conditions
and consequences of their production (Eubanks 2018; Iliadis & Russo 2016;
Noble 2018; O’'Neil 2016). Data are never neutral. Being agnostic and being
neutral are not the same. Being agnostic means being indifferent or fencing
off the content and the context of what is recorded. This is what machines
do, even if they can never remain neutral, as the engineering and social
conditions by which they achieve their signifying functions encode several
predilections (the politics of data) that partly descend from the rich and
intertwined history of culture, devices, and institutions (Mumford 1934).

Nonneutrality in data production can arise from any component in the
vast material and symbolic infrastructure of data-based knowledge produc-
tion. Predilections can be embodied in device design decisions, the path
dependencies of existing technologies, established field beliefs, organizational
aims, or physical constraints that severely limit the options of what can be
displayed as digital records and further elaborated on as knowledge. The non-
neutral character of data reweaves the politics of data via a thick infrastruc-
ture of rules and technologies.
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As seen in the previous chapter, much of the cognitive functions of
data derive from the format of the tokens and the logic and rules under
which they are organized in larger collections which so far have been
closely knitted to knowledge and institutions. Today, massive amounts of
data are produced by various Internet-based systems, stored, and sorted by
infrastructures and connected devices under varied conditions that are not
readily inspectable. Therefore, the politics of data acquires blurred contours
that are difficult to assess. Data are constantly repurposed, aggregated, and
exchanged across different systems and organizational settings (Alaimo,
Kallinikos, & Aaltonen 2020a; Ekbia et al. 2015; Floridi 2013; Jones 2019). As
data production and handling become ubiquitous and sensor technologies
more distributed, embedded in multiple devices, and interconnected, the
balance between material and symbolic constraints will likely shift. The
constraining conditions that material and computational layers impose on
modalities of data production, storage, and structuration often grow more
stringent with time and accumulated path dependencies (Bowker & Star
1999; Hanseth 2000, 2022).

The technological conditions of data and content management con-
tain strong elements of a dynamic that is often at a remove even from
domain knowledge and the contexts in which specific forms of expertise are
exercised. Domain experts such as scientists, doctors, and engineers today
are often extraneous to the complex and distributed devices and mechan-
ics of data production and called to intervene only at later stages of data
processing (see, e.g., Barrett et al. 2012; Bowker & Star 1999; Lebovitz et al.
2022; Leonelli 2019; Pachidi et al. 2021; Passi & Jackson 2018). These obser-
vations indicate that the agnostic character of data production, the built-in
technological constraints, and the formal logic dominating the language of
machines loosen the links of digital records with the specifics of content and
practices and, therefore, domain knowledge. This is a process that started
with data mechanization, and yet it is constantly expanding as data have
become the media through which organizations and individuals operate.

Loosely linked to expert categories and guidelines, validation procedures,
and checks, and supported by an ever-expanding technological apparatus,
the language of machines and the conventions of online communication
interfere with the contexts of working and living, which have hitherto
remained at a remove from these developments (Alaimo & Kallinikos 2017,
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2018, 2020). Doctors and medical researchers, for instance, have come to
identify data produced by patients through online personal diaries, patient
communities, and social media (Kallinikos & Tempini 2014). Prosecutors and
police officers nowadays deal regularly with evidence produced for infotain-
ment and information hunting via crowdsourcing platforms and other sys-
tems (Gray & Benning 2019; Waardenburg et al. 2022). Social media data are
routinely used to make investment decisions in finance or to compute credit
scores for insurance companies (Hansen & Borch 2022; O’Neil 2016). The
ways that such data are produced represent a break with the traditions, princi-
ples, rules, and methodologies of generating medical, financial, or criminal
records and remain either black-boxed or at a remove from experts, yet they
are routinely embedded into knowledge, decision making, and action (see,
e.g., Eubanks 2018; Kellogg et al. 2020; Levy 2015; Noble 2018; Smith 2020).

Much of this spin has been brought to digital data by their homog-
enizing capacity. The increasing datafication—that is, the translation of
the diversity of cultural codes and conventions (e.g., image, sound, and
text) and different information-processing systems (e.g., sales, accounting,
bookkeeping, and archiving) into the language of machines—promotes the
homogenization of knowledge and knowledge making (Yoo et al. 2010).
When diverse things are rendered as digital data, they are bound to lose
part of their distinct makeup. They can be stored, organized, transmitted,
processed, and made sense of using the same methods and devices. These
cardinal characteristics of digital data are briefly summarized in table 3.1.

Datafication operates under entirely new premises, which are partly
derived from the convergence of several technological functions and new
technological possibilities and partly from the commensuration of contexts
previously held at arm’s length from one another (Espeland & Sauder 2007).
Digital methodologies and modalities of knowing traverse domains and
contexts and make data portable and less context- and domain-dependent.
Two effects are worth stating clearly. First, the agnostic character of data
production and the formal language of machines contribute to loosening
the links between procedures of data making and domain knowledge. Sec-
ond, these same processes shrink the distance across different, sometimes
remote knowledge, industry domains, and life situations.
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Table 3.1

Characteristics of data production

CHAPTER 3

Characteristics

Definition

Implications

Content-agnostic

Nonneutral

Homogenizing

The machinery of data
production is indifferent to
or disregards the content
and the context of what is
recorded.

The engineering and social
conditions of recording
always entail predilec-

tions that are embodied in
device design decisions and
closely linked to the path
dependence of technologies,
beliefs, organizational aims,
and physical constraints.

It entails the translation

of cultural conventions

(e.g., image making, sound
making, and video making)
and different information
processing systems (e.g., sales,
accounting, bookkeeping, and
archiving) into the language
of machines. When every-
thing is digital data, then
everything can be stored,
transmitted, processed, and
made sense of using the same
methods and devices.

Domain knowledge such as
categories and rules, valida-
tion procedures, checks, and
methods, as well as work
profiles and experts, are
often at a remove from data
production.

As systems and devices
become ubiquitous and dis-
tributed, the technological
path dependencies and pre-
dilections will likely acquire
a greater leeway in shaping
data production with their
standards and rules.

It shrinks the distance across
different, sometimes remote
knowledge and industry
domains. Many types of data
can be in principle related,
exchanged, and clustered
together.

SUMMARY AND IMPLICATIONS

This chapter focuses on the impact of mechanization and digitization on

the makeup and functions of data. It considers the revolution brought about

by digits. The main argument of this chapter is that even in the case of hole-

punching machines and computers, data continue to work as artifacts of

cognition and knowledge, although they do so in considerably different

ways. Mechanization, followed by digitization, broke up the data-making

process and outsourced it to machines. Computers developed by isolating key

operations of data making from their organizational contexts and domain
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expertise (i.e., archiving, filing, and accounting) and gradually rose to all-
purpose machines able to deal with most data-intensive practices. From this
perspective, the formalization and specialization of data practices advanced
by digitization continue the decoupling of data and data processing from
the context and knowledge already introduced by mechanization.

The advent of the PC and the Internet brought another significant
change in the patterns of data production, interpretation, and use. As the
PC and the Internet were used mainly as communication devices and tools,
data became the universal media of interaction. Many of the activities that
until then had been either enclosed in the private sphere or left into the
largely spontaneous order of social interaction (Alaimo & Kallinikos 2019)
were brought into the orbit of large computational systems. Communica-
tion socialized computation at the same time as it itself became the object of
computational rendition and mediation. On the one hand, these develop-
ments reinforced the cognitive grip of data upon organizations and institu-
tions and substantially expanded the spectrum of economic operations that
are structured and conducted through data. On the other hand, they made
data a diffuse means of online sociality, mediated and performed through
the scores and personalized recommendations of computational systems.

The fascinating character, complexity, and ambiguity of these develop-
ments get lost when data are solely perceived as just technical elements or
economic resources. This chapter offers an alternative definition of digi-
tal data whereby the cognitive and communicative qualities inherent in
all data making (encoding, representing, learning, sharing) are both expo-
nentially expanded and punctuated by the operations of computational
systems. Digital data are unique artifacts made of loosely coupled layers
of computation and communication that coexist and interact. They are
dynamically constituted in real time by the interactive functioning of their
material (hardware), formal (software), and communications layers. A sig-
nificant point that we make here is that the digital makeup of data recur-
sively interacts with their cognitive and communicative functions, leading
to the emergence of novel features. We spell out some of these emerging
properties by showing how data operate by being agnostic to context, non-
neutral, and homogenizing. These properties and the operations that they
support do not happen in a vacuum, of course. Data are always part and par-
cel of complex sociotechnical processes and are embedded in broader insti-
tutional and cultural settings. We acknowledge the relational, multiple, and
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complex nature of data at the same time as we remain keenly aware that
their social impact cannot be addressed if we treat them as just components
of large technological infrastructures. The cognitive (semiotic, epistemic)
and communicative nature of data confer upon them specific functions
and roles in the mechanics of digital transformation. The understanding
of data put forward in this chapter allows us to connect the mechanics of
computation to the larger machinery of knowledge, in which data are not
simply digital tokens of automated operations, but also artifacts of com-
munication and cognition—media through which the world is perceived
and performed.

These ideas indicate that there is a virtue in being specific about data
and their sociotechnical dynamics (more on this in chapter 4). Being spe-
cific allows us to see how the role of data differs from that of other com-
putational components (like algorithms or software) and to theorize the
social nature of such differences. As we will see in chapter 6, the agnosti-
cism, nonneutrality, and homogenizing of data imply that computationally
embedded data practices increasingly disregard existing expert knowledge
and domain procedures, crisscross life domains, and bypass the confines of
institutional contexts. Living and working with digital data break through
the boundaries that have separated personal from public life and kept specific
domains at arm’s length from each other with important social implica-
tions (more on this in chapter 5). Understanding the complexity of data,
how they operate, and how they still make things “real” becomes even
more crucial as data-driven technologies such as artificial intelligence (AI)
advance and traverse domains and institutional borders.
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In this chapter, we delve further into the dynamics of digital data expounded
in the preceding chapters and analyze the processes of data making, circula-
tion, and use. A key point that we advance is that once social and economic
events are captured as data, they tend to acquire a novel and consider-
ably autonomous life. Unlike their paper-based antecedents, digital data
are remade on a continuous, real-time basis and often on demand. As they
enter the gears of a capillary infrastructure by which they are generated,
data are continuously edited, rendered compatible with other data, stan-
dardized, ported across settings, and recontextualized. A piece of news on
the web is constantly edited, and its delivery is personalized. So do most
data-based services offered online. During this process of ongoing data pro-
duction, editing, and processing, several data types emerge and constantly
change. Data are cleaned and aggregated, are combined and repurposed,
change formats as they travel across systems and software applications, lose
some of their properties, and acquire new ones as they are brought to bear
upon various contexts or markets. Far from being a simple and linear techno-
logical process, the life of data depends on a global and dispersed socioeco-
nomic apparatus and is supported by complex technological infrastructures
that cut across institutional divisions, industries, organizations, and forms
of knowledge development and use (Jarvenpaa & Markus 2020).

Many organizations that dominate our age heavily rely on complex
data production processes, whereby data serve as the building blocks of
organizational operations and the bases for developing novel goods or
services. The dynamics of data innovation and the role that these actors
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play in shaping the digital economy and society can be adequately framed
only by unpacking the mechanics of data production and the journey that
data undertake within and across organizations. What is it that remains
unchanged in this constant digital flow? How do organizations across large
ecosystems coordinate if data are never stabilized? While working with
data is never a straightforward or linear process, it is increasingly the cen-
ter stage on which much innovation and value creation unfold (Aaltonen
etal. 2021; Alaimo & Kallinikos 2017, 2021; Alaimo, Kallinikos, & Aaltonen
2020; Beaulieu & Leonelli 2021; Flyverbom & Murray 2018; Jones 2019;
Passi & Jackson 2018). The widespread assumption that organizations can
gather data and extract value from them by just applying standard opera-
tions makes sense only if data are considered as technical elements devoid
of those qualities analyzed in the foregoing chapters. Such an assump-
tion is limited, if not straightforwardly flawed, and captures only a part of
the processes through which data contribute to innovation and value cre-
ation (see, e.g., Alaimo & Aaltonen 2023). Likewise, defining data only as
ready-made resources says little concerning the modalities by which these
resources are produced or repurposed, made sense of, and aggregated. We
complement these views by addressing the transformations that data as
artifacts of cognition and knowledge undergo when they enter the machin-
ery of data making and the institutional contexts characteristic of this
machinery.

Our claim that data are made reflects the presupposition that data are
sociocultural artifacts that acquire economic value under conditions that
serve specific purposes. Chapter 3 suggested that data still maintain those
attributes that make them artifacts of cognition, knowledge, and commu-
nication even when machine systems generate them. The argument of this
chapter concerns the modalities by which this happens. An automatically
recorded click, for instance, needs to be first defined, classified, and labeled
as an online act, and often as an act of a particular kind (i.e., a purchase trans-
action, a click-through on a link, or a “like”). Classifying an event is a cul-
tural operation that a machine is instructed to do either in advance or on
the fly as the outcome of contingencies whose interpretation is embodied
in data processing, such as the learning of algorithms. Classification, label-
ing, aggregation, and interpretation are not just technological operations,
but part and parcel of marking and knowing the world (see, e.g., Paul-
lada et al. 2021). By analyzing the process of data making, we observe how
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the mediating function of data coupled with the computational language
of machines advance and establish novel modalities by which events are
selected, encoded into data, and classified or processed as facts or evidence.
Compiled against other facts, the making of data institutionalizes knowl-
edge about the world, which serves as the basis for individual and collective
action across several domains.

Despite the contingencies and idiosyncrasies of a process that varies
quite consistently across industries, social contexts, and technologies, it is
still possible to distill some essential and recurrent characteristics of the data
life cycle (data making and use). Some of these characteristics are associated
with the fact that data, as digitally based cognitive and cultural artifacts,
are always the result of a long and often tortuous interactive design and
implementation process. As indicated in the previous chapter, the agnostic,
nonneutral, and homogenizing character of digital data imposes several
constraints on the making of data and, at the same time, opens this process
to novel possibilities of knowledge making. As distinct from previous forms
of data, digital data can be constantly edited, ported, and recontextualized
(Alaimo et al. 2020). In this respect, the process of data making and use
is a nonlinear, recursive journey that remains open-ended, continuously
generating new data (and therefore new data life cycles) and adjusting to
various feedback and optimization mechanisms.' For analytical reasons, we
have identified three main stages along which the social life of data can
be studied: (1) the making of data, (2) the production of novel knowledge
objects, and (3) the systematic use of data in various contexts, including the
packaging of data-based commodities exchanged in the market. Figure 4.1
illustrates the three main stages of the process.

THE MAKING OF DATA

Data are made, and digital data are no exception. As repeatedly claimed in
this book, they are sociocultural artifacts generated under specific condi-
tions and constraints of a social and technological character. Even when
data already exist in other formats (e.g., analog pictures or movies), there
is always more than one way of making them digital. Rather than being a
straightforward translation from one format to another (e.g., analog to digi-
tal), this passage should be better understood as reconstructing signals or
analog data via digital rules. Such reconstruction brings about a significant
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transformation in their making and the experience of use or consumption
they afford (Dourish 2017; Redstrom & Wiltse 2015).” Yet most data used
today by economic actors and organizations are data that did not exist in
some other format and are native to the online or computational environ-
ments to which they belong. The conception, design, and implementation
of such data often entail a complex and distributed human and technical
effort that tends to remain in the background or, worse, is taken as an accu-
rate (and thus unproblematic) rendering of some events or facts “out there.”
This is the case for sensor data, which are often mistakenly taken as some
exact representation (a contradiction in terms) of events or natural signals
(for a debunking, see, e.g., Monteiro 2022; Monteiro & Parmiggiani 2019).

Social data, the data that encode user engagement on social media plat-
forms and other social online settings, are among the most conspicuous
examples of digital native data that illustrate the institutional nature of the
processes underlying their generation and use (boyd 2015; Lomborg 2013).
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Continuous or bundled social activities and forms of interaction are made
discrete, regrouped into clusters or classes of stylized actions, and encoded
into data. The encoding of the social is made possible by the digital media-
tion of user platform participation, standardized, and formalized along
specific activity types such as commenting, posting, sharing, tagging, lik-
ing, or following. These social data, which are usually assumed to represent
the opinions and whereabouts of users, are, in fact, the by-products of user
interactions that are designed mainly to accommodate the operations of
social media platforms as business organizations, implemented under the
constraints of technological infrastructures (Bechmann & Lomborg 2013). As
a result, new digitally mediated forms of conviviality have been established
by social media platforms that we have earlier referred to as “computed
sociality” (Alaimo & Kallinikos 2016, 2017, 2019; Leonardi 2014; Lomborg
2013; Turow & Couldry 2018).

Despite some apparent resemblance to social forms of interaction, the
notion of computed sociality suggests that social media participation and
online conviviality are engineered and constantly optimized for techni-
cal efficiency and economic profit. This engineering provides the grid that
orders platform participation into standardized activity types that, recorded
as social data, become further involved in all subsequent operations by
which user experience is computed and related to the experience of other
users online and offline. These stylized interactions and the data that they
generate partake in the infrastructuring of online social engagement. Users
resocialize those data by reacting to the personalized suggestions that those
data help construct. Furthermore, it is now a very diffuse practice to reuse
data from social media in various settings, including financial investment
(Hansen & Borch 2022) or software development through the training
of several standard artificial intelligence (AI) applications (Paullada et al.
2021). Opinions, comments, recommendations, likes, follows, views, and
other elements have rapidly become a set of universally formatted, easy-
to-perform, and quick-to-repeat social interactions that, once rendered as
data, are increasingly taken as the bases of social life and used to compute
a variety of metrics on user behavior within but also beyond social media.

It is characteristic of digital data and their standardized formats to make
data reuse and repurposing widely diffuse operations. Straightforward as they
may initially seem, data reuse and repurposing are intricate (Aaltonen et al.
2021; Gebru et al. 2021). On the one hand, several technical issues result from
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different formats, missing records, data inconsistencies, duplications, cor-
rupted fields, and the like (Markus 2001). Rather than being trivial or limited,
these are recurrent issues reinforced by the frequent updates and changes in
software systems applications that are endemic to digital technologies. The
serious character of these issues notwithstanding, other crucial semantic prob-
lems emerge that are linked to the reinterpretation of the original data and the
new functions or purposes that they are called upon to serve (Lyytinen 2022).
As data travel across contexts and are reused, the predilections, assumptions,
and design choices on the basis of which they are initially produced become
opaque and fade into the background. Reusing and repurposing data requires
reimagining their roles and building the organizational capabilities to fuse
such operations with established organizational and knowledge functions
and practices. In this regard, data reuse and repurposing should be better seen
as increasingly widespread instances of data making.

What repurposing conceals is that the making of data inescapably
implies the liquefaction and transformation of the real (Flyverbom 2019;
Monteiro & Parmiggiani 2019). All digital data entail encoding complex
and interrelated social processes into discrete tokens and remapping these
interrelations as data relations (Borgmann 1999; Bowker & Star 1999; Eco
1976). In this respect, the making of data is less concerned with the accu-
racy of representation and more related to the computational and commu-
nicative potential data acquire as discrete tokens that are essential to the
functioning of complex technological infrastructures. On a variety of occa-
sions, data do not represent reality because of their fidelity to external refer-
ents (signs qua icons), but rather because of several other reasons, including
their conformity to standard rules or the links that they form with other
data (Bailey et al. 2012; Kallinikos 1999, 2010). Correspondingly, social data
are not valuable for the accuracy of their representation (e.g., what does
a Facebook like exactly represent?). Instead, they are valuable due to the
functions that they perform in a complex data-based infrastructure tuned
to modes of representing and knowing that emerge from the interplay of
the material, logical, and communication layers of data. A Facebook like,
for instance, acquires its value from how masses of likes can be related to
profile data and location data and facilitate the discovery of patterns or rela-
tions that may turn out useful or profitable for some actors. Many of these
operations are the products of design choices, business objectives, emergent
interaction patterns, and technological rules. They all have implications
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for data sharing, porting, and repurposing that must be better assessed and
acknowledged.

A case could be made that some data are closer to reality than others
or less ambiguous than others. An opinion on Twitter, for instance, has a
different and admittedly more ambiguous representational value than the
energy level of a pump. Although this is certainly true, it is worth reminding
that the difference between the two is only a matter of degree. The media-
tion process remains largely similar even for signals that may be taken as
less ambiguous than an opinion (Monteiro & Parmiggiani 2019; Osterlie &
Monteiro 2020). The physical world of natural processes is very ambiguous,
and the making of data in such instances is, in Knorr Cetina’s words, “deci-
sion impregnated” (1981, 136; see also Edward 2010; Knorr Cetina 1999,
2001). The selection of what signal to encode and the decision of how to
do it are just the initial steps of a very complex mediation process. As in
any mediating process, the medium dictates a set of rules (Eco 1976, 1986,
2000; McLuhan 1964), on the basis of which the transcription or encoding
of events occurs.

Consider how even apparently simple acts such as the tracking of user
listening behavior in music streaming platforms are seldom the recording
of events happening out there. To make music listening “social” Last.fm,
one of the oldest music discovery platforms (see Alaimo & Kallinikos 2021),
developed Audioscrobbler, a technology that detects a playback signal and
creates a data token called “playcount” every time a listening event occurs.
Detecting playback signals is tricky, given that each of the approximately
600 streaming platforms, personal computers (PCs), and devices connected
produces them slightly differently and with different data and metadata
standards. In addition, as with many other data-tracking technologies,
there is no precise rule on how to track events. Often there are too many
different or ambiguous signals (e.g., does skipping a track count as listen-
ing?). Here, a “playback” must then be defined with a set of requirements.
Only as such can a signal become visible and be tracked by machines as the
index of related events. In this case, the platform defines a playback signal
as an indicator of a listening event if it is longer than thirty seconds.’ Every
signal that does not fit the formal definition is automatically excluded. This
apparently simple decision caused quite a bit of discontent on the part of
determined listener communities, as it ended up excluding genres of music
with tracks of shorter duration.
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All classification decisions have repercussions. Data are always the
outcome of several contingent processes and organizational negotiations
rather than the straightforward mapping of an area of reality out there.
If they represent facts, data often do so in a relatively narrow sense. In
the case of Last.fm, the system had to define what indicates a listening
event (via playback signals) in online platform settings and negotiate data
rules and parameters with users, developers, and other stakeholders (e.g.,
music labels). At the same time, these negotiations were heavily limited
by several other constraints, such as the kind of technology employed, its
functional prerequisites, and different technical and industrial standards
prevailing in the industry. Very often, the specific formats of data and the
formal language used to record them considerably determine the event that
is recorded, stored, and sorted (Alaimo & Kallinikos 2019; Bowker & Star
1999; Flyverbom & Murray 2018; Gitelman 2013). An event is inscribed
into data only because it fits the format of the digital token and possesses
functional attributes, such as metadata, which are important for its interop-
erability and computability.

The case of Last.fm demonstrates that even tracking, which is usually
taken for granted as a merely technological or automated function, results
from a complex sociocultural and organizational process that requires several
up-front decisions to work. Importantly, even if the specificities of data mak-
ing vary considerably across organizational settings, technologies, and indus-
tries, the logic supporting the making of data is consistently the same across
all the contexts that we have encountered in our empirical investigations.
Playcounts represent user listening behavior only within the possibilities that
new technologies establish and the limits of several technical and social con-
straints. These ideas suggest that data are made valuable thanks to the func-
tion that they perform in the broader system of marking and knowing set up
by one or several organizations and the technologies that support it. Making
data thus entails an act of selection, interpretation, and encoding that is, at
the same time, also an essential organizational or infrastructural decision
conditioning subsequent actor operations, decisions, or tasks.

Technical approaches to data would claim that technological standard-
ization and formatting imply that once transcribed to data, events lose
their links to social and cultural contexts. In their view, data are just a
set of points in a vast geometry of formal relations made of the distribu-
tions, frequencies, and correlations of the occurrences that they encode.
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The diametrically opposite view, that data emerge out of the particularities
of contexts and are therefore local or meaningful to those that deal with
them, is also widely diffuse (Loukissas 2019; Rawls & Mann 2015). Any
form of representation from writing onward, we suggest, is always made
to overcome the hard boundaries of context, even if it is bound to be pro-
duced locally. The formal rules, standardization, and computational logic
of digital mediation are designed specifically to loosen those links. At the
same time, the links of data with their referents (the event and its context),
while certainly attenuated by the formal nature of digital representations,
still work on the background as a potential pool of relevancies (meanings)
that set the boundary conditions of what can and cannot be done with
certain types of data.

It is important to recognize that the formal character of data, their granu-
lar makeup, and their unstable links with external references open a space
of interpretive possibilities which lead to innovation, provided that they are
properly managed (Aaltonen et al. 2021; Kallinikos 2010; Lyytinen 2022).
This is the greatest opportunity offered by digital data at the same time, as it
remains a steady source of risks, simplifications, and drifts. Their novel attri-
butes provide many different, continuous, and nonrival modalities by which
the same set of data (with the same referents) can produce several different
outcomes, serve purposes that were not planned, and lead to additional
data operations. With loose links to context and knowledge domains, the
agnostic, nonneutral, and massive generation of new data can sustain the
development of knowledge because it is supported by two interrelated and
strongly ingrained expectations (Lyytinen, Nickerson, & King 2021):

+ The expectation of constant technological progress, in this case intended
as the refinement of technological processing capacity (including
machine learning algorithms and Al applications).

+ Its intrinsic promise that any problem or limitation arising from loss of
reference and loss of contextual or domain knowledge during the stage
of data production can always be addressed at later stages.

KNOWLEDGE OBJECTS MADE OF DATA

Data making and the practices with which it is associated are technology-
driven, socially embedded processes that produce novel knowledge artifacts.
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The modalities and different conditions that underpin the constant data
manipulation, aggregation, and processing give rise to a whole new breed
of entities that weren’t there before, at least not in their current shape. In
their simplest form, these entities are only aggregations of multiple instances
of the same data; for example, all the playcounts related to an artist’s name
on music streaming platforms, all the clicks of an individual user on a given
web page, or all the recorded instances of a given sensor embedded in a wear-
able device. In more complex forms, these objects are configured by putting
together different data types under a given structure or shape. We call these
entities “data objects.” “Data” is used because, different from the broader
class of digital (software) objects to which they belong (Ekbia 2009; Faulkner
& Runde 2013, 2019; Kallinikos, Aaltonen, & Marton 2013), they are mostly
made of data and metadata; and “objects” is used because they have a dura-
tion, relative stability, and a structure (Faulkner & Runde 2019; Hui 2016).

Data objects should be distinguished from software objects or digital
artifacts (Hui 2016; Lyytinen 2022; Redstrom & Wiltse 2018). They are tech-
nologically and structurally simpler than software objects and are brought
into being by a structure or schema whereby data items are put together
in a pattern or form. Such data-structuring schemas differ from software
programs and the detailed instructions that the latter embody. A typical
example of a data object is a customer profile made of several attributes that
are themselves clusters of data (i.e., transactions and login data) structured
under a given format. In this sense, data objects differ from software objects
and the functionalities underpinning such objects. In the homogenizing
world of digital technologies described in the preceding chapter, in which
everything is ultimately data, the difference is admittedly not always clear
cut. Even the simplest arrangement of data requires some instructions as to
how to identify, select, and assign tokens to it.

Rather than capturing an underlying essence, the conception of data
objects that we put forward stems from the function that they fulfill in the
process of knowledge making and use in which one or more organizations
participate. Data objects and software objects perform different functions in
the emerging knowledge infrastructure linked to the making and processing
of digital records. While technical entities, data objects remain semantic
artifacts or cultural constructs, recurring arrangements of the events data
encode, ordered according to certain logics, and criteria that serve several
aims. They are, in fact, the basic cognitive units, the elemental reality
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cuts—in the sense that Eleanor Rosch and her colleagues attributed to
basic objects (Rosch 1975; Rosch et al. 1976)—of a complex infrastruc-
ture of knowing and acting, without which other more inclusive percep-
tions or knowledge management operations would be virtually impossible
(Leonardi 2020). Credit scores, user profiles (see figure 4.2), ad impressions,
click-through rates, viewability metrics, lookalike audiences, bid request
and response objects in online auction infrastructures, customer profiles,
worker profiles assembled from several data logs, assets (virtualized physical
machinery), and their aspects (datafied attributes) in industry 4.0 are some
conspicuous examples. They are all entities built by data aggregated under
a schema or structure that makes the world legible and actionable in new
ways, enabling new social interactions and new work practices within and
across organizations (Alaimo 2022a; Alaimo & Kallinikos 2021, 2022).
Data objects inherit many of the functions of knowledge objects. The
epistemic or cognitive functions that data objects perform are analogous
to those of knowledge objects such as the operating ratio considered in
chapter 2. At the same time, the digital makeup of data objects alters several
of these functions. The attributes of data objects, for instance, are heavily
mediated by the operative demands of the digital systems and technolo-
gies in which they are embedded (Bowker & Star 1999; Hanseth & Ciborra
2007). Their accessibility, both in terms of knowability and operability, is
considerably shaped by digital interfaces, computational tools, and inter-
connected and layered devices (Lyytinen 2022). Unlike other instances of
knowledge objects, the functions that data objects fulfill are heavily over-
laid by the technical prerequisites that stem from the fact that they operate
as technical components in a larger technological data management infra-
structure. As shown here, data objects are always put together in standard
ways to be machine readable and interoperable across systems and devices.
Consider the example of virtualized machinery in smart manufacturing
(see figure 4.3). These digital representations of physical machinery (e.g., a
pump or an engine) are data objects made of several lower-level data objects
that encode facets or operations of a machine, such as energy consumption.
Every aspect or attribute is in turn composed of several even lower-order
data objects (e.g., power, current, and voltage), which are the aggregates
of the numerous and continuous instances of the same data point (i.e.,
the bits recorded as power signals). Making these objects in manufactur-
ing allows a good enough virtual representation (a digital twin, as it were)
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user User object  The user who posted this Tweet. See user data dictionary for
complete list of attributes.

Example highlighting select attributes:

R uSeE il

BN 6 2582820

"id str": "6253282",

"name": "Twitter API",

"screen_name": "TwitterAPI",

Yillocatiloni M San PETrancisco,MEALS

"url": "https://developer.twitter.com",

"description": "The Real Twitter API. Tweets ab
out API changes, service issues and our Developer P
latform. Don't get an answer? It's on my website.",

"verified": true,

"followers_count": 6129794,

"friends_count": 12,

"listed count": 12899,

"favourites_count": 31,

"statuses_count": 3658

"created_at": "Wed May 23 06:01:13 +0000 2007",

"utc_offset": null,

"time_zone": null,

"geo_enabled": false,

"lang": "en",

"contributors_enabled": false,

"is_translator": false,

"profile background color": "null",

"profile background image_url": "null",
"profile background image url https": "null",
"profile background_tile": null
"profile link color": "null",
"profile_sidebar border_color": "null",
"profile sidebar fill color": "null",
"profile text color": "null",

"profile use_background image": null,

"profile image_url": "null",

"profile image url_https": "https://pbs.twimg.c
om/profile_images/942858479592554497/BbazL09L_norma
1.3pg",

"profile banner url": "https://pbs.twimg.com/pr
ofile banners/6253282/1497491515",

"default_profile": false,

"default_profile image": false,

"following": null,

"follow_request_sent": null,

"notifications": null

FIGURE 4.2

Example of a user object on Twitter. (a) An example of a user object with selected and
unspecified attributes; (b) the description of attributes (data) composing the objects
(partial selection). Source https://developer.twitter.com/en/docs/twitter-api/v1l/data
-dictionary/object-model/tweet and https://developer.twitter.com/en/docs/twitter
-api/v1/data-dictionary/object-model/user.
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Attribute

id

id_str

name

screen_name

location

derived

FIGURE 4.2
(continued)

Type

Int64

String

String

String

String

Array of
enrichment
objects

73

Description

The integer representation of the unique identifier for this User.
This number is greater than 53 bits and some programming
lanugages may have difficulty/silent defects in interpreting it.
Using a signed 64 bit integer for storing this identifier is safe. Use
id_str to fetch the identifier to be safe. See Twitter IDs for more
information. Example:

Walelly (G250

The sting representation of the unique identifier for this User.
Implementations should use this rather than the large, possibly
unconsumable integer in id. Example:

Walel Gleastly  HEZGEERT

The name of the user, as they’ve defined it. Not necessarily a
person’s name. Typically capped at 50 characters, but subject to
change. Example:

"name": "Twitter API"

The screen name, handle, or alias that this user identifies
themselves with. screen_names are unique but subject to
change. Use id_str as a user identifier whenever possible.
Typically a maximum of 15 characters long, but some historical
accounts may exist with longer names. Example:

"screen_name": "twitterapi"

Nullable. The user-defined location for this account’s profile. Not
necessarily a location, nor machine-parseable. This field will
occasionally be fuzzily interpreted by the Search service.
Example:

"location": "San Francisco, CA"

Enterprise APIs only Collection of Enrichment metadata derived
for user. Provides the Profile Geo Enrichment metadata.

See referenced documentation for more information, including
JSON data dictionaries. Example:
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i MindSphere - Data Model

Asset Manager

MindConnect element Physical asset Virtual asset

Onboarding Data mapping
INEEEEEEEEEE @ INEEEEEEEEENI @
@ Data source configuration Asset based on a type and
with data points aspects with variables

S7PLC | |OPC UA Aspect 1 Aspect 2
-Data point | [-Data point -Variable -Variable
-Data point -Data point -Variable -Variable
-Data point | [-Data point -Variable -Variable

FIGURE 4.3

Example of a data object created by the virtualization of physical assets such as
machines and engines in smart manufacturing. This is taken by the Siemens Mind-
Sphere platform, which has open specifications. Source https://siemens.mindsphere
.io/en/docs/tutorials/asset-manager.

of the operations of physical machines and furnishes a vital cognitive step
toward new knowledge and organizational processes that develop around
the monitoring of the performance of these machines. An instructive
example of such methods is predictive maintenance, which is not just the
prediction of when the maintenance should be made, but also a profound
transformation of the process of maintenance itself (Jonsson, Holmstrém, &
Lyytinen 2009).

The capacity to anticipate impending equipment dysfunctions or fail-
ures derives from the possibility of aggregating and combining equipment
performance data with data from various systems held within and, cru-
cially, outside the organization hosting the physical asset. These include
historical records, enterprise resource planning systems, manufacturing
execution systems, supervisory control and data acquisition systems, and
distributed control systems. The introduction of data objects and related
technologies such as sensors, Internet of Things (IoT) platforms, application
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programming interfaces (APIs), and data lakes radically transforms how
organizational operations and resources are known and acted upon and
changes the role of the actors involved in the process. Data objects are vital
for allowing a new breed of data-based knowing practices and data man-
agement techniques as they structure data in more flexible and scalable ways,
overcoming existing data storing techniques (e.g., relational, nonrelational,
etc.), specific uses (e.g., analytics and predictive maintenance), or systems.
As distinct from traditional maintenance, predictive maintenance is rarely
the output of an individual team, or even of an individual organization, but
is instead the result of collaborations and exchanges occurring in emerging
complex ecosystems.

Twoaspectsof thisillustrative example are worth restating: (1) data objectsas
placeholders of data that make visible and accessible organizational resources
in novel ways, fostering several novel knowledge and organizational pro-
cesses such as predictive maintenance; and (2) the consequent changes in
organizations dealing with data objects instead of physical assets and the
novel knowing practices that transcend the confines of existing domains
of work and expertise and established organizational boundaries. In many
contexts, objects made of data constitute a firm point of reference—the
center stage, as it were—upon which organizational knowledge and prac-
tice unfold. They define units of knowledge, provide focus and orientation
for action, and circumscribe the ground upon which other organizational
and industry operations develop (Faraj, Jarvenpaa, & Majchrzak 2011; Faraj
et al. 2016; Kallinikos & Mariategui 2011).

To provide another illustration, the advertising industry has historically
developed around the creation of audiences (i.e., access, measurement, and
report of viewing, listening, or readership habits) (Napoli 2011). Advertis-
ing audiences today are compiled from the aggregation of several data types
such as clicks, browseovers, likes, transactions, and others. Rendered as data
objects, audiences become ubiquitous in the current digital world and one
of the most telling examples of the new universe that data and their objects
bring about, for an audience is an entity that has little tangible reality apart
from the data that are gathered (often repurposed) and assembled to pro-
vide (indirect) evidence of it (Aaltonen et al. 2021). There is no entity such
as an audience without the clustered data (clicks) that make the data object-
audience in the first place (Alaimo & Kallinikos 2018; Turow 2011). At the
same time, advertising audiences constitute the central reference point for
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the activities of marketers, publishers, social media platforms, and other
media companies that usually assemble, model, and trade them, together
with the range of industry actors concerned with the relevance, facticity,
and commercial value of these entities. Data objects not only become cen-
tral knowledge objects of the industry (i.e., repository of data on audience)
but also the core operational units that can execute the main exchange in
the advertising industry.

Nowadays, buying and selling advertising online coincide with the
automated auctions of data objects in real time. In programmatic advertis-
ing, data objects, such as the so-called bid request and bid response objects,
are both the goods being exchanged and the enablers of the practice of
exchange, as they embed rules for the automated and real-time bidding
that happens among thousands of disperse actors. Data objects carry all the
information needed to complete a deal. What has previously been consti-
tuted as a complex process with several knowledge objects (i.e., creatives,
contracts, audience metrics and reports) and several different practices and
exchanges between marketers and publishers (and other actors) is increas-
ingly carried out automatically by bidding requests and bidding response
objects supported by a hypertechnological infrastructure of APIs, algorithms,
protocols, and platforms. Such developments have radically reframed a
good deal of the operations in which advertising is embedded and gave rise
to new actors and organizational and industry practices, which are all medi-
ated by learning and acting with and through data objects (Alaimo 2022a).

These observations attest to the central role of data objects and show
that the making of data and data objects are closely associated with one
another. Yet they also signal an essential difference between data objects
and the conditions and modalities of data making. Data objects operate as
mediating cognitive devices between the agnosticism of data production
analyzed in the preceding chapter and the broader context within which
these data need to work. In contrast to data procurement or generation that
may remain agnostic to their final use, data objects maintain various links
to domain knowledge and field practices via their attributes (fields or meta-
data). For instance, in the example given here, bid request objects contain
several attributes (i.e., audience metrics, prices, modalities of ad delivery,
and formats of creatives) through which data objects dynamically interact
with their data environment (i.e., acquiring data related to the attribute,
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responding to other objects’ attributes). This makes the function that these
objects perform particularly relevant.

By structuring the often unstructured, dispersed, fragmented, and con-
tinuous data flows of several data types, data objects reestablish a con-
nection between data records and the novel infrastructure of knowing that
they help construct. The utility and instrumental involvement of data are
centrally linked to their capacity to monitor things and activity patterns in
real time and summarize and respond to the perpetually shifting contin-
gencies characteristic of the current world. Data objects thus help address
the cognitive hurdle arising from constant change (objects made of data
aggregates are never the same) and the continuity needed to coordinate
action (a schema of an object made of data has some durability). In this
sense, they operate very much like basic objects in categorization schemes,
which are middle-range constructs that reduce the variability of the world
and yet deliver entities concrete enough to aid perception, knowledge shar-
ing, and action (Rosch 1975; Rosch et al. 1976). Data objects work as the
building blocks of more abstract categories (Hui 2016). At the same time,
data objects are essential coordinative devices across many industry settings
in platforms and platform ecosystems, as we will see in chapter 8. These
ideas are summarized in table 4.1.

In online music streaming platforms, to refer to the case of Last.fm from
earlier in this chapter, data objects are artist names composed as aggrega-
tions of user playcount data. The making of artist names qua data objects
does not draw from cultural music conventions, and it is only loosely linked
to real artist names, even though this may seem strange. In the technical
systems of relations in which it is embedded, the data object “artist name”
is put together as the result of the formal computational rendering of the
idiosyncratic listening of users. The system automatically creates an object
once it detects artist names as metadata of a music track file associated
with a listening event. Still, it cannot avoid creating objects for misspelled
or incorrect names, as it does not know which version of an artist name
is real or correct. Online and in the formal world of digital data manage-
ment systems, there may be as many data objects as are incorrect metadata
associated with any Louis Armstrong track. “L. Armstrong,” “Armstrong,”
and “Louis Armstrong” each can be metadata serving as inputs to create
its own artist name-data object. The objects so created then structure the
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Data objects

Definition

Digital Materiality (Form)

Knowledge Functions

Structured entities with a lifespan (duration)
composed by aggregated data which are organized
according to a logic or schema

Belong to the broader class of digital objects as
they are based on digital technologies and com-
posed of digital data

Present the same characteristics of digital objects
such as malleability, openness, editability, genera-
tivity etc. (as in Ekbia 2009; Faulkner and Runde
2013, 2019; Kallinikos, Aaltonen et al. 2013).

They structure and standardize data to make them
machine readable.

Differ from digital (software) objects as they are
made mostly of data and metadata (rather than
programming functions) and because they serve
different functions.

Belong to the broader class of knowledge objects
sharing the characteristics of being abstract, ques-
tion generating, incomplete (as in Knorr Cetina
1999; Miettinen and Virkkunen 2005).

Function as basic objects, the intermediate cogni-
tive entities that link singular events (i.e., data)
with more complex categories (i.e., data outputs
such as predictions).

Constitute central elements around which knowl-
edge practices and organizational and industry
operation develops (i.e., credit scores or advertising
audiences).

Work as mediating cognitive devices between the
agnosticism of data production and domain or
contextual knowledge.

Constitute mediating devices between ideas or
schemas and their realization or instantiations.

Work as boundary objects mediating between dif-
ferent knowledge communities or expertise.

Differ from epistemic objects as their digital mate-
riality considerably alters their knowledge function
and the role they play in the whole architecture of
knowledge.
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Table 4.1 Continued
Data objects

Examples Assets of virtual machinery in smart manufactur-
ing (digital twins or digital doubles).

Profiles (users, customers, workers, such as drivers
in Uber, clients, patients in online medical com-
munities, stores, etc.).

Products or exchange entities in various settings
such as tweets in social media, ad impressions in
advertising, audiences in advertising, artist names
or tracks or playlists in social music platforms.

Composite objects (made by data and metrics)
such as credit scores, popularity indexes, click-
through rates, viewability metrics, etc.

Knowledge and In all these cases data objects are not the final
organizational processes output but an intermediate step on to which other
more complex organizational processes develop.

Examples can include prediction, forecasting,
monitoring, nudging, exchange.

categorization activities and organizational operations of the music discov-
ery platform. Artist names operate both as basic objects, from which more
complex categories, such as similar artists or popular artists, are derived, and
as boundary objects allowing massive collaboration through the platform
and its community of developers, partners, and users (Alaimo & Kallinikos
2021). By the same token, artist names are the central entities in the recom-
mender systems used to personalize music discovery. The making of such
data objects shapes music knowledge genres and categories together with
the possibilities of browsing and playing music given to users. Users online
can see and listen to artists only if they have been correctly datafied into
objects by the system. On music streaming platforms, this happens because
of the transformation of users’ listening behavior into data. By these means,
a self-reinforcing cycle of knowledge production about music is established,
which appears very distant from the socialized and culturally embedded
traditional process of music listening (see figure 4.4. for an illustration).*
The creation of data objects establishes new machine-driven and system-
tuned categories that take the place of traditional ones and, despite their
computational makeup, are resocialized into novel music consumption
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The data life cycle on Last.fm.

patterns, novel objects constructed of data aggregation and structuration
such as playlists, and novel genres (Lyytinen 2022). These shifting knowing
processes have conspicuous and ramified economic and organizational con-
sequences. Music producers, for instance, are adjusting the length specifica-
tion of music tracks to better fit online requirements.’ Data objects become
the entities through which different actors and communities collaborate in
a newly defined space of collective action (Kallinikos & Mariategui 2011).
Knowledge objects have been studied in their functioning as boundary
objects that allow collaboration among different experts and communities
(i.e., Barley 2015; Barley, Leonardi, & Bailey 2012; Ewenstein & Whyte 2009;
Jonsson, Holmstrom, & Lyytinen 2009, Star 2010; Star & Griesemer 1989). Yet
data objects express this boundary function differently, as the formal nature
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and standardization of digital technologies alter considerably the knowl-
edge processes that they enable, the actors that can participate in these
processes, and the patterns of their collaborations (see, e.g., Aaltonen et al.
2021; Alaimo & Kallinikos 2021; Monteiro & Parmiggiani 2019; Pachidi
et al. 2021; Passi & Jackson 2018). While they enable massive collaboration
across dispersed organizational and field boundaries, they simultaneously
lack the plasticity that would allow them to adapt and speak to different
communities of practice. In the case of Last.fm, the use of computation-
ally arranged artist names qua boundary objects led to the proliferation of
rules and parameters that govern their production and use and ended up
excluding data sources and membership categories (i.e., specific genres of
music that do not fit the parameters of data ingestion and external devel-
oper practices), triggering along the way protests from users and developers.

DATA COMMODITIES

Data objects such as user profiles on commercial platforms, artist names
on music streaming platforms, and records of machine functions in man-
ufacturing work as coordinative devices that structure the operations of
organizations and shape the relationships between economic actors and
their environments. In this discussion, we have analyzed the type of knowl-
edge, reality interventions, and collaborations that digital objects enable.
There is, though, a distinct and growing class of data objects that enter
the dealings of economic actors in the form of commodities; that is, items
of exchange traded on the market for a price. Advertising audiences, rep-
utation scores, popularity indexes, and credit records are some typical
examples. Data commodities present a few distinctive attributes worth con-
sidering in some detail, granted their diffusion and increasing social and
economic importance.

Unlike traditional production, distribution, and consumption processes,
a data life cycle is rarely planned and executed to end with a ready-to-market
product. Data and data objects are never “finished” and data commodities
present a stark contrast to traditional commodities in this regard. Essen-
tially a data commodity is a data object that acquires value because of spe-
cific market conventions. Unlike other commodities, however, even when
data are stabilized into specific structures, such as in the examples reviewed
here, data objects obtain only a temporarily bounded stability that is valid
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along specific dimensions (i.e., number and content of fields or metadata
and functions that they execute in a system). Data objects are constantly
updated with new data while continuously executing themselves by per-
forming specific functions. As we saw, their utility and strength derive from
the communicating and coordinating role that they assume within a sys-
tem of organized action (e.g., bidding in programmatic advertising). Much
like data, data objects are cognitive and communicative artifacts that are
relational in nature; they are always linked to something else (e.g., a real
event, data, other data objects, technologies, or functions). These charac-
teristics make data objects commodities of a particular kind. They do not
respond well to traditional market mechanisms or business models.

In addition, like the fictitious commodities of Polanyi (1944/2001) such
as labor, land, and money, data and data objects are not originally produced
to be sold in a market, even if they sometimes are. Data are relational in
nature because, as we saw earlier in this chapter, they are the by-products
of human activities, organizational operations, and machine-to-machine
signals. What does this mean for the mechanisms upon which such mar-
kets are based? Despite the allure of Polanyi’s idea that a market works only
insofar as it embeds an economic order as a function of a broader social
order, when confronting the fictionality of data and data objects, we are
left with the puzzling question of what kind of social order such a market
does embed. If anything, this will be an economic order that is based on
the characteristics of production, circulation, and consumption of data and
data objects, which, as we have seen, bears very little resemblance to the
organization and coordination principles of the standard economic order.
Even the broader social order that embeds data production is hardly com-
parable to the well-fenced and well-organized order that Polanyi would
have thought of as social order, infiltrated as it is by data rules. Consider
the data produced by social interaction on social media. What happens
online is already a “computed sociality”; that is, a social order assembled ex
nihilo by data and data objects and the computational rules that construct
the similarities and differences of users (Alaimo & Kallinikos 2017, 2019).
When data objects are made commodities and sold to marketers, as in the
case of lookalike audiences on social media, their prevailing characteristics
still derive from the computational rules and cultural predilections of data
and the online environment, rather than from the observations of real-life
patterns of consumption.
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Given the complex, ambiguous, and mutable characteristics of data and
data objects, what kind of principles would such a market follow? How
would its actors agree on a measure of value for its commodities? How can
a market price something so changeable as a data commodity with no fixed
boundaries? Critically, how does a market work when prices are no longer
the principal mechanism of coordination?

In general, commodification is implemented by repurposing data and
data objects for a given commercial context (i.e., a market opportunity, a
client need, or a user behavior). In many settings and industries, the mak-
ing of data commodities entails automatically recontextualizing and tailor-
packaging data objects in real time (Aaltonen et al. 2021; Alaimo & Kallinikos
2021; Lyytinen 2022). However, even in this largely automated universe,
where traditional market practices leave space for data rules, commodifica-
tion remains an ambiguous process.

Emblematic in this respect is the case of programmatic advertising
(Alaimo 2022a; Alaimo & Kallinikos 2018). In a data-replete environment
where data objects automatically coordinate exchanges, assigning a price
to a good is a mechanism that must obey existing conventions, as well as
formal logic and data rules. The traditional way to set a price for ads was to
count “ad impressions,” or ads sent to an individual (Turow 2011). Such an
ambiguous definition has been the battleground of contestation and con-
tributed to digital advertising’s rush to measurability (does an individual
effectively see the ad?) and its price structure. The Cost per Mille (CPM) sys-
tem counts impressions (e.g., Cluley 2018),° but how to count an impres-
sion remains a controversial practice. An ad impression does not represent
an entity whose existence can be referred to an event outside, tracked, or
counted. It needs to be defined with data, parameters, and various other
criteria. Programmatic advertising, somewhat reminiscent of the financial
instruments of futures (Esposito 2011), constitutes ad impressions as prob-
able events and sells them ahead of being effectively produced (i.e., before
ads are even displayed, let alone seen, which is still not possible to track).
This means that marketers automatically bid money on the likelihood of
an individual user seeing ads, not on the actual viewing of an ad (Alaimo
& Kallinikos 2018).

It is important to stress that the possibility of defining an ad impression
as such stems from the fact that masses of data are available in real time and
to a degree of granularity that captures details at the individual browser
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level (e.g., time exposure, pixels, and position on the screen). All these data
minutiae make sense because they are produced and then assembled, aggre-
gated, and structured to form some-thing (a data object) which, even if it
does not refer to anything existing out there, acquires a semantic meaning
and an essential function for a given field and can be exchanged eventu-
ally as a data commodity. In our case, a data object such as an ad impres-
sion becomes valuable because it makes a bid request object biddable (i.e.,
worthy of being bid for). The object’s structure encodes attributes such
as viewability that give sense and purpose not only to the ad object but
also to its exchange value, which is eventually legitimated by the action
of the exchange itself (the effective transaction taking place). The case well
illustrates the logic at play in digitized and highly automated exchanges,
whereby more data and more sophisticated metrics are employed to lend
facticity and legitimacy to commodities that, even if they do not exist out-
side the exchange to which they belong and are not made to be exchanged,
nonetheless constitute the basis of the exchange.

What kind of commodities are data objects? The main characteristic
of data commodities is their digital relationality. For these fictitious com-
modities, economic value is linked to hypercomplex operations that often
remain hardly accessible to most of the actors involved in the exchange.
Data commodities are only loosely coupled with the infrastructures of
relations and interaction that generate them and are more dependent on
data, metrics, procedures, and rules. These days, commodities can be pack-
aged from repurposed data, from rates, or from the likelihood of future
events. They are commodities because they rely on the apparatus of data
production, a thick infrastructure of technologies and organizational prac-
tices that sustain novel forms of exchange and, as we will see in chapter 8,
establish markets that are structured and function differently from what we
have known so far.

SUMMARY AND IMPLICATIONS

The ideas outlined in this chapter indicate that a new breed of practices
centering on the management, processing, use, and commodification of
data have been installed at the core of economic activities and the deal-
ings of organizations. Such practices are increasingly crossing institutional
confines. They are performed recurrently across industries in which many
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actors are engaged in producing, maintaining, and reusing data; negoti-
ating routines, metrics, and standards; exchanging data and data-based
objects; and agreeing on the market value of new data commodities. As a
result, data that have previously been strictly confined within the specific
domains or sectors in which they were initially produced and made sense
(e.g., health data, hard science data, social media data, and traffic data), via
established practices and professions, are traveling across domain bound-
aries and become repurposed, repackaged, and frequently combined with
other types of data.

It should not come as a surprise that along this journey, data tend to
lose their proximity to the facts that they originally signified or represented
and the epistemic procedures that constructed those facts. Partly, this is the
reason why data work as tokens of signification. As they travel along the
gears of production, data become targets of formal and increasingly abstract
operations that signify and refer to aggregate and less tangible entities that
we call “data objects.” Examples include audiences, consumer preferences,
traffic patterns, and the like. Data and the objects that they help construct
are increasingly detached from existing industries and professions and
undergo heavy manipulation by new organizational actors such as data
management platforms or data brokers (Martin 2015). Most of the data and
data objects are not produced to be sold on a market, Yet when they are,
their rendition into data commodities remains ambiguous. Entities such as
the attention of users are exchanged in markets that function differently
from traditional ones. Massive exchanges happen in real time and are auto-
matically coordinated by opaque technologies and novel intermediaries
which, as in the case of Google in the programmatic advertising ecosystem,
do not own only the marketplace but also its main demand- and supply-
side platforms (Alaimo 2022a). Within these marketplaces, the value of
commodities, their prices, and the modalities of their exchange obey data
rules rather than traditional market rules and are linked by various feedback
loops that are still overlooked and rarely investigated by academics and
regulators alike.

Beyond commodification and exchange, unpacking the various entities
and operations partaking in the making of data and composing the various
operations of data life cycles across contexts becomes essential. By “data
life cycles,” we do not mean a linear value chain that progresses from a
given resource to produce an output. Rather, we point to the complex and
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interlinked set of cognitive, communicative, and organizational operations
that bracket areas of social life and crystallize them into novel social objects.
The implications of such a complex undertaking are numerous and not
yet well understood. Making data may produce innovation or economic
value, but it also creates novel ways to see the world and novel institutions
such as automated exchanges that reorganize entire sectors of the economy.
Empirical works on these backstage processes of data creation and use are
unfortunately scarce (for an exception see, Parmiggiani, Osterlie, & Almk-
lov 2022). The same holds true as far as theorizing of sociocognitive dynam-
ics that emerge from the interplay between data life cycles, technological
infrastructures, and novel practices of work and exchange of commodities is
concerned.

Investigating the data life cycle also implies understanding how data
live, prosper and decay (Brown & Duguid 2000; Swanson 2021). Data are
not ready-made or fixed; they are fabricated, constantly edited, and often
erased and reborn in other contexts and relations. Data are both corruptible
and fallible. Learning about the complexity of data life cycles has impli-
cations for assessing when data fail and why, or why some typologies of
data make sense only if constantly updated or reused. As data travel, issues
linked to their technological corruptibility and cognitive fallibility are likely
to multiply. Knowing more about data life cycles becomes crucial to draw
distinctions among production processes as they become less bounded to
knowledge specialization and rely more on data. Some of these issues bear
significant consequences for data governance, the regulation of data and
data production, and will be discussed in chapters 5 and 8.

Data life cycles do not exist in a vacuum. Communities of data provision
and use (Swanson 2021) are constantly forming novel alliances which, in
some cases, position themselves as alternatives to the current status quo
of institutions and industries. The example of music production and dis-
tribution exemplifies the transformations that a sector undergoes when
such alternatives mature. As data and data objects become the principal
objects of work and organizing across industries, novel data practices infil-
trate the very fabric of organizing and the relations that organizations main-
tain with one another. This shift is becoming more diffuse today because
the objectification of procedures and scripts embedded in the makeup and
functioning of data and data objects are no longer the result of internal
coordination and administrative work (Chandler 1977), nor do they derive
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from market mechanisms. Rather, they are linked to more comprehensive,
often ecosystem-level processes and infrastructural constraints (e.g., proto-
cols, standards, national regulations, and industry negotiations) that feed
back to organizations and markets alike. We will return to these fundamen-
tal changes in chapters 6 and 8.

The last implication of this chapter is that the value of data and data
objects is not a given. Commodification is the process through which the
value of data and data objects is negotiated, legitimized, and embedded
into specific sociotechnical mechanisms of exchange that overwrite exist-
ing market rules. It is important to avoid wholesale attributions of value to
any kind of data at any stage of their production process and rather ques-
tion how such value attributions often reify markets. A critical perspective
on data commodification would help sidestep gross simplifications (e.g.,
“more data, more value”) and point toward a more sustainable approach
for regulating the contemporary data-driven economy and society. We turn
to these central issues over the next few chapters.
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5 TECHNOLOGIES OF DIFFERENCE:
EXCURSUS ON SURVEILLANCE

Along with the positive prospects that they might open, data and the tech-
nologies that support data generation, circulation, and use have frequently
been recognized as user-tracking and behavior-monitoring instruments,
raising several knotty problems of data governance. How data from people’s
whereabouts and interactions on the Internet, social media, and commer-
cial platforms are generated, accessed, shared, and used poses significant
social and political challenges in most contemporary societies (Couldry &
Mejias 2019; Obendiek 2023; Schwartz 2019). The scale of these operations
and their intrusive and often opaque nature make them uneasy companions
to vital democratic ideals and freedoms (Nissenbaum 2004, 2010; Zuboff
2015, 2019).

The troubling prospects of tracking and surveillance have been around
for quite a while (see, e.g., Clarke 1988; Hildebrandt & Gutwirth 2008; Hil-
debrandt & Rouvroy 2011; Lyon 2001; Mayer-Schonberger, 2009; Nissen-
baum 2004, 2010; Turow 2011), but they broke forcefully into the public
awareness in connection with the 2018 Cambridge Analytica scandal.' Far
from being an isolated incident, this case made widely evident the uneasy
institutional repercussions of the regular use of data about individuals for
political and economic purposes. Shortly before the incident, in 2016, the
European Union (EU) introduced the General Data Protection Regulation
(GDPR),” a comprehensive legal framework that established user consent
and a host of other restrictions as prerequisites for the use of personal data
by businesses and other institutional actors. Threats to individual free-
doms obviously emerge from the exercise of power across the spectrum
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of political and economic institutions. Yet user tracking and monitoring
have routinely been associated with the functional anatomy of the digital
economy and the regular intertwinement of the operations of economic
organizations with the ordinary pursuits of people and their domestic
affairs. In this regard, data governance and privacy link to matters of eco-
nomic power and the degree to which control over the generation and
use of data may confer disproportionate economic benefits and be condu-
cive to economic concentration and empire building (e.g., Brynjolfsson &
McAfee 2014; Cennamo 2021; Saura, Ribeiro-Soriano, & Palacios-Marqués
2021). It thus comes hardly as a surprise that several other EU economic
policy initiatives, such as the Digital Markets Act (DMA) and the Digital
Services Act (DSA),* have followed suit in recent years.

Whether and how these regulatory measures can be enforced to allevi-
ate the social, economic, and political concerns that evolve around both
privacy and economic performance are issues that fall outside the remit of
this book (see, e.g., Hildebrandt 2019; Saura et al. 2021; Schwartz 2019).
The ideas that we put forward in this chapter instead discuss the quest for
data regulation against the widespread concerns of an emerging society of
surveillance. Intervening upon the terms by which data are produced, cir-
culated, and used, we claim, requires a persistent meditation on the type of
artifacts that data are and how they partake of and condition innovation,
value creation, and welfare. Short of understanding the variety of cognitive
and communicative functions that data perform in economy and society,
data regulation may produce meager or even undesirable effects. The chap-
ter is therefore more concerned with how regulation should be framed and
approached when data are the objects of legislation than making specific
propositions regarding how the production and use of data should be regu-
lated. Here, we explore how the quest for intervening in the institutional
system of relations underlying data generation and use can be understood
from the perspective put forward in the preceding chapters. Can the claims
that we have advanced concerning the nature of data and the functions
that they perform in economy and society be drawn upon to reframe and
enrich this debate, and if so, how? Conversely, can the ways by which insti-
tutional risks, individual rights, and the anatomy of the digital economy
have been hitherto discussed be drawn upon to qualify our claims?

We begin our exposition by addressing the difficulties of separating data
tracking and monitoring from the background of technological, social,

Downloaded from http://direct.mit.edu/books/book-pdf/2376232/book_9780262378420.pdf by LUISS Guido Carli user on 28 October 2024



TECHNOLOGIES OF DIFFERENCE 91

and economic relations in which they occur. These difficulties, we suggest,
are aggravated by the subtle nature of the cognitive and communicative
functions that data assume in the lives of people and the operations of
organizations and institutions, making intervention upon the process of
data production, exchange, and use a tricky undertaking. This is followed
by the discussion of surveillance in terms that go beyond the “Big Brother”
deadlock of watching and being watched. Drawing from Foucault and other
eminent scholars (e.g., Desrosieres 1998; Hacking 1999), we contrast the
Big Brother approach to the concept of surveillance that emerged during
modernity, which we claim make up a complex relational or interactive
game whereby those subjected to it are required to be active and, critically,
capable participants. Approaching surveillance in these terms allows us to
be critical, and yet at the same time, it allows us to account for the risks and
opportunities associated with the irrevocable diffusion of digital technolo-
gies and the generation and use of digital data. Most important, it enables
us to move the discussion forward by reconsidering some of the motives
that insert data into everyday life. We do so in the next section, where we
examine how the technological and institutional matrix in which the diffu-
sion of data is embedded challenges the modern separation of society into
distinct spheres (e.g., economy, politics, and personal and domestic life)
and blurs the difference between economic transactions and social interac-
tions. We finish with a few reflections on these pathbreaking developments
and the need to ground regulation in an adequate understanding of what
data are and how they work as agents of social and economic change.

THE INSTITUTIONAL MATRIX OF DATA

A good deal of the data used for user tracking and monitoring is generated
through online purchases, Internet browsing, social media participation,
Internet of Things (IoT)-based service consumption, use of smart phones,
intelligent devices, and wearables, among others (Greenfield 2017; Lyytinen
& Yoo 2002; Turow 2011). The generation of data by these means extends
the range of data about individuals far beyond the traditional confines of
personal information (e.g., employment, gender, income, and health rec-
ords) and contributes to establishing a historically unique context in which
people are essentially profiled through data automatically produced by
their devices, their clicks, browseovers, and social networks. The quest for

Downloaded from http://direct.mit.edu/books/book-pdf/2376232/book_9780262378420.pdf by LUISS Guido Carli user on 28 October 2024



92 CHAPTER 5

regulating the conditions under which personal data (in this broad sense)
are generated, traded, and used has emerged against this backdrop.*

Straightforward as the objective of this quest may seem, achieving it is a
far more complex undertaking. To begin with, user tracking and monitoring
are hard to dissociate from the background of relations in which personal
data are routinely generated. More generally, these difficulties stem from
the sociocultural context in which the use of digital devices and online
media and participation are embedded and the diffuse habits, cultural
schemes, and modes of conduct with which the provision of commercial
services and the operations of economic organizations are intertwined. In
many cases, the diffusion of data and data tracking and monitoring are the
by-product of the same infrastructural arrangements that allow Internet
browsing, online purchases, loT-based service provision and consumption,
and social media participation. While these arrangements and practices are
variously shaped by the business objectives that they serve, they have not
emerged all of a sudden. They are themselves sustained by the wider tech-
nological and sociocultural developments that have made the Internet
the communication and interaction backbone of current societies and con-
tributed to the formation of several of the habits and predispositions that
characterize our time.

Looked at closely, it would seem a complex (surgical, as it were) opera-
tion to pull apart individual tracking and monitoring from the techno-
logical infrastructures, diffuse modes of conduct, and the institutional and
business practices in which these illicit activities occur. The subtlety of this
surgical operation is further aggravated by the fact that the technological
developments that made the Internet the communication and interac-
tion backbone of current societies, and data the ever-present companion
of social practices, have themselves grown out of and are strongly rein-
forced by the long-standing social demands to mark, represent, remember,
know, and communicate in ways that transcend the bounds of situated
encounters (Gleick 2011; Kallinikos 1995, 2010; Searle 1995), as discussed in
chapters 1-3. In this regard, the diffusion of data in modern times reflects
a variety of strategies of cognition that establish the conditions for modes
of knowing and acting that otherwise would have been hard, if not impos-
sible, to pursue (Beniger 1986; Latour 1986, 1987). Placed in this larger time
frame, the intervention on the premises of data generation and use runs
the risk of interfering not simply with specific economic and institutionally
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embedded practices of monitoring and targeting but the entire span of con-
ditions with which these practices are associated. Addressing these issues,
therefore, requires not simply adequate understanding of the most recent
technology-driven developments but also an appreciation of the long-
standing trends that have rendered data a systemic component of economy
and society and a diffuse element of cultural, social, and economic activities.

These observations indicate that data regulation must be built on the
recognition of data as pervasive artifacts that perform significant cognitive
and communicative functions that are refracted throughout the sociocul-
tural and economic fabric. The use of data for economic purposes cuts across
the ordinary divide of economy and society and links social interactions to
the operations of economic institutions. As most signs, data are relational
elements. Their cognitive and communicative value grows (or declines) in
connection with the cognitive and communicative relations that they enter
and the flows in which they are embedded. Separating data tracking and
monitoring from the multitude of flows that sustain personal and institu-
tional patterns of living is far more difficult and complex undertaking than
it may initially seem. Wholesale designations such as those of surveillance
capitalism seldom help navigate these perplexing questions constructively.
Often, addressing these issues calls for the collaboration of many experts and
the awareness that any intervention may have significant trade-offs between
competing practices and value orders such as freedom and the right to self-
determination, security, efficiency, innovation, health, and justice (Obendiek
2023). These matters can hardly be coped with by legislating the premises by
which data are generated and shared alone.

How can these claims be drawn upon to reframe and enrich the debate
on data regulation? To start with, the variety of functions that data per-
form as diffuse sociocultural and economic elements need to be adequately
represented in the discourses on data regulation (e.g., Nissenbaum 2004;
Schwartz 2019; Voigt & Von dem Bussche 2017). Regulation needs to oper-
ate between Scylla and Charybdis; that is, it should be effective against
illicit data practices and yet cautious about the possible wider and often
unintended consequences of such interventions. The acute problems of
tracking and surveillance besieging current societies cannot be addressed
on the assumption that data are just pervasive tools for surveilling and
monitoring. Urgency does not justify simplification. It is an unfortunate
fact that current public discourses frame data simplistically, as hardwired
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technical elements with relatively unambiguous signifying and represent-
ing qualities. The alternative offered by economists is to define data as
fixed, ready-made resources that can be extracted, accumulated, traded on
a market (commodities), and automatically associated with value. None of
these approaches does justice to the gamut of functions that data perform
for organizations and individuals and the relations out of which their cog-
nitive and communicative functions are reinforced and performed. None
of the assumptions underlying these approaches adequately reflect the
diversity of economic and institutional relations and processes to which
data contribute, both by being a central component of innovation and a
pervasive element of the production of wealth (Beniger 1986; Kallinikos,
Hasselbladh, & Marton 2013; Swanson 2021).

We elaborate on these ideas in significant detail over the next chapters,
particularly in chapter 8. It suffices here to say that the narrow perception
of data as technical, unambiguous signs or resources that can be owned,
packaged, and traded as is any other resource not only simplifies the web
of relations in which data are embedded but also misconstrues the interac-
tive complexity that makes data indispensable and pervasive elements of
social life and the processes of value creation. Data are part and parcel of an
ecology of diversified operations in which data pass through several stages
of development, distributed across various business operations and actors.
This distributed ecology of data joins hands with their cognitive and com-
municative performances to establish a context in which data production
and use become highly complex achievements that entail the active encod-
ing (what data should represent and how) of facts in standardized formats,
and various roles and operations whereby standardized data are aggregated,
shared between different stakeholders, combined, subtracted, and com-
puted on a nearly permanent basis (Alaimo et al. 2020). This complex, often
backstage, and distributed data work is unduly oversimplified whenever
data are treated, wittingly or unwittingly, as technical elements, unambiguous
carriers of facts, or ready-made resources. What runs the risk of being com-
promised is the functioning of data as variable filters of perception, epistemic
tools of institutional knowing processes, and communication media. Before
being discrete entities used to track and monitor, data are complex artifacts
through which tracking and monitoring tasks are perceived and organized
and relationships and interactions are carried out.
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As it is often the case, all these operations happen in a stratified topology
of relations in which economic actors occupy distinct positions. Those with
a central position in these flows can use that position to build up market
power, restrict access to the common pool of interactions that generate data,
and eventually use or share whatever data are generated in ways that pro-
mote their own objectives. A glance at the economic landscape of our time
confirms these ill-fated prospects (Power 2022). The risk of empire building is
pervasive and speaks to the need to establish a regulative order that impedes
the self-reinforcing processes whereby economic power begets more power
and extinguishes competition. At the same time, it is of utmost importance
to uphold the variable nature of the operations in which the production and
use of data are embedded. Designing meaningful interventions confronts the
delicate issue of maintaining the variety of functions that data perform,
along with the interactive complexity and operational interdependencies
from which they emerge. Attributing the complex, backstage data work and
the delicate interactions that it entails to a reified notion of control over data
unduly misrepresents the complexity of economic life and the machinery of
technological and cognitive operations through which data partake in inno-
vation and the production of wealth. To put it bluntly, platform ecosystems
that rely on data to innovate and create value cannot be regulated as tradi-
tional organizations (see more on this in chapter 8).

We recognize that simplifications in the perception of data are often
inevitable in the pragmatic context of regulation and policymaking and the
compromises that they entail. We are also keenly aware that legal scholars,
policymakers, economists, and other experts approach the relevant matters
from the concepts and perspectives of their fields that provide them focus,
disciplined conversation, and cumulative outcomes. Yet understanding
data and the functions that they perform in the lives of individuals, the
economy, and society requires thinking outside the box. Misrepresentation
of the cognitive, interactive, and economic complexity by which data are
linked to the production of wealth and innovation is harmful to all and
should be avoided. It may be worth adding here that the quest for regulation
cannot be advanced from a point outside the economy and society. Such a
neutral, Archimedean point (Arendt 1959) does not exist. Addressing who
has the license to speak for, represent, and act for others in these contexts
is a delicate matter in democratic and nonpaternalistic societies. The quest
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for regulation rarely represents society. It usually reechoes compromises
between diverse sectional interests and pursuits, as anyone familiar with
the realities of GDPR and other EU regulatory initiatives knows.

We analyze in considerable detail the restructuring of the process of value
creation within and across organizations over the next three chapters. It is
worthwhile nonetheless to reiterate here that the ways by which data are
involved in knowledge discovery, value creation, and innovation defy the
perception of data as bounded entities—things, as it were—that can be put
in siloes, preserved, or ported. While data making requires cognitive catego-
ries, proper formats, and technical standards that allow easy registration and
retrieval, both the innovative uses of data and the creation of wealth out of
data are much more complex and adventurous undertakings. As in most cre-
ative contexts, discovery and innovation call for quickly available data turn-
arounds that allow the exploration of different versions of the world. These
conditions enable rehearsing, exchanging, and combining data to develop
new goods, establish new processes, and, generally, find modes for piercing
the ordinary unfolding of standardized economic operations (Weick 1979;
Zittrain 2008) that favor exploitation at the expense of exploration, short-
term thinking, and local adaptation instead of confronting the wider forces
that shape the course of events in the long term (March 1991, 2006).

These observations suggest that innovation requires widespread access,
exchange, and use of data within and between organizations, but also
across the private-public divide, as the ideal and practice of open data make
evident. Regulative restrictions that do not reflect the varied performances
of data in social and economic contexts and inhibit rather than facilitate the
interactive relations, and data flows out of which such performances emerge
may endanger mechanisms of data innovation and wealth creation and turn
out to be as harmful as exclusive control over the generation and use of
data would be (Peukert et al. 2022; Swanson 2021). Regulation undoubtedly
represents an opportunity for correcting whatever distortions the course of
events generates, including how competition erodes and, ultimately, extin-
guishes competition. However, without an adequate understanding of the
nature of data and the processes by which data are implicated in innova-
tion and the production of wealth, regulation may end up imposing arti-
ficial and cumbersome restrictions that complicate people’s lives, impede
rather than promote innovation, and hamper the production of wealth,
welfare and, ultimately, justice.
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SURVEILLANCE AND AFTER

Much of the debate on data regulation and governance is animated by con-
cerns about surveillance in which data are assumed to play a central role.
Despite its relatively recent revival associated with digital tracking, moni-
toring, and targeting, the notion of surveillance has been around for quite
a while. In popular imagery and across much of the social sciences, the
diffuse perception of surveillance is that it is a rather sinister practice that
must be resisted. Those that seek to exercise it should therefore be exposed,
critiqued, and ultimately rendered accountable to social values and institu-
tions (Lyon 2001, 2007). In this view of the world, the forces of democracy
must resist the ominous practices of surveillance. The standard recipe has
accordingly been to work toward limiting its exercise by law, policy regula-
tions, and institutional reforms.

Placed in the broader context of modernity, however, surveillance acquires
additional and somewhat perplexing connotations that move it away from
the perception of a zero-sum game with transparency and democracy. From
such a historical purview, surveillance is centrally linked to the construc-
tion of the modern institutional order, as well as the establishment and
diffusion of formal and hierarchically structured institutions like industrial
firms, hospitals, and schools. The adequate functioning of such institutions
requires knowledge and capabilities at the top, but also throughout the
system of jobs and roles that underlies their operative fabric. The practices
of control and surveillance that are characteristic of these institutions work
in tandem with diffuse capability building and the empowerment of those
over which they are exercised. As expounded in earlier chapters, knowl-
edge development and expertise in industrial firms, hospitals, and educa-
tional organizations have been historically associated with the advent of
numeracy and the spread of quantitative methodologies and other tracking
techniques. These developments facilitated description, cumulative obser-
vations, and comparisons across time and settings and enabled courses of
action that otherwise would have been difficult, if not impossible, to realize
(Chandler 1977; Cline-Cohen 1982; Desrosiéres 1998; Foucault 1977, 1980;
Hacking 1990; Porter 1995; Rose 1991). Industrial firms, schools, and hos-
pitals are good illustrations of the double-edged nature of surveillance and
the tensions, multidimensional nature, and far-reaching social and institu-
tional implications that surveilling practices bring about. Thus understood,

Downloaded from http://direct.mit.edu/books/book-pdf/2376232/book_9780262378420.pdf by LUISS Guido Carli user on 28 October 2024



98 CHAPTER 5

surveillance is a pervasive principle that constructs abilities as much as it
invents controlling practices.

Framing surveillance in these terms tells the history of ruling practices
in modern times and recounts the logic and broader processes by which
modern society and its institutions, including forms of being human, have
been built and operated. Often associated with the work of Michel Foucault
(1977, 1980, 1988, 1990), such an understanding of surveillance has been
widely used across the social sciences as a framework (or sometimes as just a
root metaphor) for investigating a good deal of power relations, governance
practices, and the formation and reproduction of institutions, both in the
broader social sciences (e.g., Burchell, Gordon, & Miller 1991; Dean 1999;
Desrosieres 1998; Donzelot 2008; Dreyfus & Rabinow 1982; Hacking 1986;
Lemke 2015) and within management and organization studies (Hoskin &
Macve 1986; Hasselblad & Kallinikos 2000; Kallinikos 1996; Miller & O’Leary
1987; Power 1997, 2000; Zuboff 1988). The relevant research is now vast,
and the body of literature that it has produced is hardly surveyable. A few
quick observations, however, could be made that help unravel the ambigu-
ous nature of surveillance and the ways that it works as both a principle of
control and a generative force of social relations and institutional patterns.

The mutually reinforcing links between power and knowledge, control
and empowerment that have been at the core of Foucault’s (1980) work
have been taken further by lan Hacking and his study of the dynamic char-
acter of the interactive loops that tie together power holders and those that
they seek to monitor and rule (Hacking 1986, 1999). In a way roughly like
what we have described as knowledge and capability building, the unfold-
ing of institutional practices (in health care, education, immigration, and
unemployment policies) requires institutions to provide the resources, sys-
tems of knowledge, and opportunities that enable people to enact the roles
that these practices seek to promote. This provision is an act of building
rather than an act of depriving, conducive to subjugation and control. The
enactment of the roles and their rights and obligations is thus seldom a pas-
sive or mechanical performance. It often gives rise to a dynamic whereby
institutional practices are brought to bear on people’s behavior, constantly
calibrated and changed to reflect lessons from experience. Rather than
remaining external to one another, the bonds that tie institutions and
power holders with those they seek to monitor introduce interactive loops
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and dynamics that make their relationship relatively open, recursive, and,
crucially, generative and evolving.

The dynamics of the interactive loops to which surveillance practices
give rise have often been obscured by the negative framing of surveillance
and the flatter perception of the term that recounts George Orwell’s Big
Brother imagery, or at least the ways that imagery has been broadly inter-
preted. While resistance, superficial conformance, or even gaming of insti-
tutional practices and the monitoring objectives that they instantiate are
frequent, the corresponding processes tend to acquire over time attributes of
a far more complex, substantial, and ambiguous dynamic that entail mutu-
ally reinforcing loops. As surveillance practices unfold, those that exercise
it and those subject to it substantially alter their behavior, learn and develop
their capabilities, and reshape their goals and practices. In this sense, sur-
veillance helps expose a dynamic beyond the deadlock of observer and
observed, while providing the means for investigating how social roles are
fashioned and institutions established and maintained (Espeland & Stevens
1998, 2008; Espeland & Sauder 2007; Hacking 1986, 1999). The performance
metrics of current academia and the ways that it has shaped the institutions
of higher education and academic life over the last few decades represent
a good example of this process and the complex dynamics that it entails.

Placed against this backdrop, the widespread view of surveillance (4 la
Big Brother) spawned around the technological conditions of tracking,
monitoring, and targeting tells only a small portion of the overall inno-
vation, knowledge, behavioral dynamics, and institutional change with
which the generation and use of data are associated. Much in the spirit
of ideas outlined in the preceding chapters of this book (e.g., Desrosieres
1998; Hacking 1986, 1990; Foucault 1977, 1980, 1988), we consider data
production and use as generative forces of personal and institutional (social
and economic) relations rather than simply the outcome of an external and
powerful machinery of economic and political exploitation. This is not to
say that such practices of exploitation do not exist. Neither does this view
of ours deny empire building and the power that key economic actors of
our time have accumulated, processes that must be rendered democratically
accountable. All it claims is that such a conservative and ideologically driven
view of surveillance can hardly contribute to illuminating the functional
anatomy of the digital economy and the epistemic and communicative
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constitution of current capitalism. Such an intellectual undertaking calls
for the detailed deconstruction and assessment of the fabric of relations
that involve data in the production of wealth (the production and trading
of goods), but also the making of habits, modes of conduct, and, ultimately,
identities (see, e.g., Levy 2023; Power 2022).

The ways by which economic institutions make themselves relevant to
their environments and, ultimately, profitable these days require the steady
detection of differences that map how people move and choose and relate
to things and to one another. Such an objective can hardly be achieved
apart from a complex and potent machinery that generates data on nearly
everything, compares and computes these data to construct relations, and
infer possible courses of action on a real-time basis (Kallinikos 2007, 2009a,
2009b). How this machinery works is not well tuned with the classic image
of an omniscient center that observes, retains, and controls it all. Search
engines are typical examples of how this system operates and makes itself
relevant and, eventually, profitable. Each query adds to previous queries,
and each result page qualifies further queries and its results in a global game
that is revised and extended minute by minute. Recommender systems are
another case in point. A user choice is added to its past choices and quali-
fies them, a recommendation is calculated through comparisons with past
decisions and other users’ decisions, and on and on. Predictive maintenance,
learning analytics, audience making, traffic-monitoring systems, program-
matic advertising, and dynamic pricing provide other examples of this
machinery and help expose the operative logic and functional anatomy of
the digital economy.

None of these technologies and systems can work without this ever-
present game of comparisons of data items out of which differences are made
and further propagated. User tracking, monitoring, and targeting are intrinsic
to that game. People are given the chance, the facilities, the knowledge, and
the incentives to participate in the process, but it would be a misperception
to consider user tracking, monitoring, and targeting the ultimate goal of
the game. In some interesting ways, these practices and the technologies
of data and computing that sustain them generate machineries of difference
whose relevance and power derive from their ability to spot, encode, and
compute many of the proliferating contingencies characteristic of the cur-
rent world and turn them into opportunities for action, and further for
the production and consumption of goods (Kallinikos 2009b). At the same
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time, people draw massively from these data to carry out their daily duties
and interact and shape relations with others in a global and quickly shifting
world. Viewed in these terms, data make themselves an inescapable com-
panion of people’s lives; diffuse means for interacting, communicating, and
learning; and ultimately means for generating differences and constructing
identities.

Short of examining the distinct patterns through which data and digital
technologies restructure the production machinery of current societies, the
functions of its institutions, and the patterns of daily living, the concepts
of surveillance and control remain dubious allies to the critical analysis of
the emerging socioeconomic order. The generation and use of data in the
current world are anything but accidental. Tracking, as exposed in chap-
ter 4, always partially constructs the events that it records. The entire game
is predicated upon the massive introduction of contingencies (circumstantial
details) into economic, institutional, and personal relations, as well as the
consequent move away from stable orders and grand narratives. Such a cul-
tural orientation recounts a deeply ingrained belief that the comprehensive
mapping of billions of events encoded to data contributes to better tuning
people, organizations, and society to the diversity that they confront. One
may remain ambiguous vis-a-vis the relevance and worth of such a cultural
orientation. At the same time, it is crucial to understand the complex his-
torical origins from which data and information, probability rather than
certainty, have emerged as the stuff upon which economic, societal, and
personal critical decisions are made (Hacking 1990). Regulation and data
governance must reflect these inexorable realities and combat the quick
and unreflective use of terms such as power, control, and surveillance.

PERSONAL AND INSTITUTIONAL WORLDS

The developments outlined in the preceding two sections suggest that the
boundaries that separated domestic and communal life from the broader
world of politics, economy, and society are no longer as effective as they
might have been in the past (Alaimo & Kallinikos 2017; Greenfield 2017).
It has been an essential ideal of the modern social order to safeguard the
integrity of individual and family life and protect it from unsolicited exter-
nal intrusions. Since early modernity, such an ideal has been systematically
pursued through institutional reforms, law making, and the building of
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social conventions (Hildebrandt 2015). Much of the current debate on pri-
vacy is built on the assumption that such an ideal can still be maintained.
It is a widespread belief that the diffusion of data and the tracking and
targeting of individual pursuits can be kept within largely determinable
confines and, ultimately, regulated in ways that avoid the violation of key
modern values linked to the integrity of individual and family life (see, e.g.,
Nissenbaum 2004, 2010, 2011; Schwartz 2019).

The notion that law and policy conventions can erect protective walls
around individuals and their homes makes sense to the extent that personal
and domestic life remains adequately separate from the broader economy
and society. As already suggested, such an assumption is no longer war-
ranted, if it ever was (Zelizer 2005). It does not take much to see that homes
are currently transformed into data and information “centers” as various
digital systems, technologies, and devices remake daily and domestic living
patterns in ways that data and television (Wu 2016) would hardly have ever
imagined. Streaming media and technologies, along with IoT-based services
and artificial intelligence (Al) solutions, join hands with the pervasive use
of smart phones, tablets, and wearables to establish a context in which the
space of domestic living and of the human body is traversed massively, daily,
by a variety of data and information flows. It is legitimate to wonder how far
such forces can be contained and the diversity of practices that they bring
about regulated. Much in the spirit of the ideas advanced in the preceding
two sections, we view the ongoing transformation of contemporary homes
to data and information sites as the unequivocal signals of far-reaching
shifts in cultural understandings, habits, and the practices of conducting
one’s life. Individuals and families are not just the passive targets of the
powerful technological and economic forces that drive the relevant devel-
opments, but also essential actors through which such forces operate.

These developments could be viewed as an instance of the colonization
of individual, domestic, and even communal life by the economic and
institutional forces that drive the production and use of data (Couldry &
Mejias 2019; Ekbia & Nardi 2017; Greenfield 2017). To use good old Haber-
mas'’s jargon, one could claim that the system world of data and the tech-
nological and economic interests that it embodies take precedence over the
lifeworld (Habermas 1985). Such a framing, however, bears the indelible
mark of nostalgia that obscures the mutated dynamics that tie together
individual life patterns and social interactions with the structural world of
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economy, technology, and society. The imprint of the technological and
economic forces upon the social and cultural context of data-impregnated
societies ought to be given sharper analytic outlines than the idea of life-
world colonization suggests. The recursive loops that link the structural
world of economy, technology, and society with personal and communal
life call for a closer examination of the making of daily life patterns; that
is, an examination that does justice to the sweeping changes that have
occurred since the Internet has become the commercial but also the inter-
actional and communication backbone of current societies and ubiquitous
technologies (smart phones, tablets, wearables) turned into inescapable
companions of ordinary living.

We do not deny that our times are marked by the deeply seated infil-
tration of social and personal relations by the broader forces of technology,
economy, and society. This is too evident to forgo. We maintain, however,
that it is misleading to view these changes as the straightforward imposi-
tion of the external imperative of profit upon the lives of people and their
priorities. Rather than being passive targets of power or dopes of a society
and economy that are made by others, individuals and families draw upon
the data and the world that data help put in place to fashion their lives,
conduct their duties, and understand themselves and others (Alaimo &
Kallinikos 2017, 2019b; Greenfield 2017). Whatever elements of economic
exploitation and subjugation these processes entail, they never suffice to
explain the character of the interactive loops through which broader forces
unfold across the variable frontiers of ordinary life. If the ideas of alien-
ation, false consciousness, and consumer society have lost their grip on the
social imaginary, it is also because they remain too remote from the battles
of ordinary living and the patterns that tie together economic and institu-
tional worlds and people’s whereabouts.

A case could therefore be made that the changes that mark our time are
not running in only one direction, from the economy to the social world.
These changes attest that the economy itself is cast in an entirely new opera-
tive context, pervaded by cultural and social concerns that take economic
operations out of their traditional confines. One of the most conspicuous
manifestations of these developments is the preeminence of social media in
current societies and their economic (and political) power. Social media are
not just technology-based sites of self-presentation, networking, and relation-
ship building (boyd 2015 boyd & Ellison 2008). Neither are they just sites
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of personal data exploitation. They are central socioeconomic arrangements
through which social interaction becomes a major force for creating eco-
nomic value (Alaimo & Kallinikos 2017; Gerlitz & Helmond 2013; Helmond
2015). Viewed in these terms, the advent of social media to power is any-
thing but accidental. Through social media, the economy extends itself to
operations and settings that it could hardly have imagined in the age of mass
media (Napoli 2011; Wu 2016). In doing so, it is itself subjected to other
forces and rationalities. If social media shape the private sphere, the private
sphere shapes the economy through social media by infiltrating the rational-
ity of economic operations with concerns that pivot around the management
of people’s interactions on social media and the data that they generate. The
same holds true for the entire Internet (Turow 2011) and the intertwinement
of economic transactions with computation and communication occasioned
by its diffusion (see chapter 3).

The notion that the economy cannot stand on its own, apart from the
social and cultural forces that shape it, is widespread in social science schol-
arship. In varying formats and along different lines of argumentation, such
an idea has been proposed by celebrated social science scholars such as
Polanyi (1944/2001) and Hirschman (1977, 1982) and later Granovetter
(1985, 2017), Granovetter and Swedberg (2018), and Tilly (1984, 2001),
among others. The underlying commonality of these great scholars’ reflec-
tions concerns the social roots of the economy and the variety of ways
in which social and cultural preoccupations form the background of eco-
nomic relations.

What is currently at stake instead is the blurring of whatever differences
economic action and exchange maintained vis-a-vis social interaction
and communal life more generally. The pervasive economic use of data
derived from social media, the Internet, and other online social settings
could be interpreted as a signal of the fact that social interaction does not
simply condition economic action and exchange but becomes the frontier,
as it were, in which innovation and the production of wealth take place.
It can always be disputed whether these changes make any difference to
the steamroller that is economic rationality and the imperatives of profit
and market power at the heart of economic action and exchange. However,
something new seems to be at stake here, even though the precise outlines
of what is going on may be hard to foresee. Economic operations are not
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simply instances of resource transformations (even intangible resources
such as knowledge) and remain no longer distinct and separate from those
of the interactive order (Knorr Cetina & Bruegger 2002). They are pervaded
by concerns that increasingly blur the differences between the economy
and other social spheres (e.g., Heller 1999; Luhmann 1982; Walzer 1983)
and renegotiate the rationalities that have underlain each of these social
functions or spheres.

It is certainly possible to argue that the differences that have been sup-
posed to separate the economy from the social world and the conduct
of ordinary life have never had the sharp status ascribed to them at the
apex of the modern social order (e.g., Luhmann 1982; Walzer 1983). Social
boundaries never exactly obtain the tight proof separations of physical
things. The construction of social roles and divisions is both a fragile and
revocable achievement. In her critique of the “hostile worlds” argument,
Zelizer (2005) shows that the view of the economy and personal living as
irreconcilable orders is a social science simplification. Such a view tends
to overlook the actual social patterns and practices through which people
have always sought to bridge the demands of intimacy with those of the
economy (e.g., life insurance policies, dowry arrangements, and inheri-
tance law). Zelizer’s observations are reminiscent of the need to be more
circumspect when abstracting and theorizing social relations. Her account
also asks us to study the web of practices and relations out of which daily
orders are sustained and intermingle with the broader systems by which
they are encircled.

These insightful observations certainly moderate but hardly undo the
tensions existing between the world of intimate relations and the structural
forces that condition them. Neither do they account for their variable man-
ifestations across different compartments of life, societies, and historical
periods. The conflation of technological, economic, and personal worlds
outlined in this chapter requires thinking about privacy and the integrity of
personal life in terms that do justice to the ambiguous status of the develop-
ments underway. While part of the process of self making may remain incal-
culable, and thus beyond the shaping power of the technological-economic
complex (see, e.g., Hildebrandt 2019), a good deal of it has increasingly been
made visible and insertable into the operations of that complex (Power
2022).

Downloaded from http://direct.mit.edu/books/book-pdf/2376232/book_9780262378420.pdf by LUISS Guido Carli user on 28 October 2024



106 CHAPTER 5

SUMMARY AND IMPLICATIONS

The arguments put forward in this chapter interrogate some of the assump-
tions upon which the quest for data regulation is predicated. The most
flawed of these assumptions concerns the perception of data as technical
elements or resources that can be regulated along well-established lines.
Such a narrow perception of data overlooks both the broader sociocultural
shifts that made data a ubiquitous accompaniment of people’s lives and the
institutional matrix of relations in which data perform various cognitive
and epistemic operations that are critical to innovation and the production
of wealth. Equally unsatisfactory is the prosaic perception of surveillance
as primarily a force of control, selective targeting, and personal diminu-
tion that usually drives the quest for data regulation. Drawing upon the
work of many of the scholars that have inspired our understanding of the
role of data in shaping the modern social order, we have briefly retraced
in this chapter the intrinsic dynamics that govern the relations of those
over whom surveillance is exercised with those that wield it. Surveillance,
we have claimed, controls but also builds up the institutions and relations
that empower those over which it is exercised. From this point of view, data
tracking and behavior monitoring constitute only one aspect of a much
richer sociocultural and technological paradigm shift that constructs novel
forms of living and organizing. Understanding the morphology and diver-
sity of those forms and asking whether they are sustainable, fair, and for
whom may offer a more constructive way forward. The need to extend our
understanding of data is further reinforced by the transformations of the
patterns by which personal and institutional worlds, domestic life versus
economic operations, bear upon one another. The conditions under which
data are currently generated and used traverse the boundaries that once
seemed to separate social interactions and the conduct of daily living from
the broader societal and economic contexts. Under these conditions, the
feasibility of raising protective walls around individuals and their homes
becomes questionable.

Taken together, these ideas justify the claim that data regulation as a pol-
icy and legal project rests on rather inadequate foundations that underesti-
mate the polyvalent involvement of data in people’s lives and simplify the
matrix of relations in which data perform functions critical to innovation
and the production of wealth. Resting on such inadequate foundations, the
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quest and practice of data regulation do not exactly forebode constructive
outcomes. Let it be clear in these concluding remarks that we do not advo-
cate a neoliberal stance of light regulation. Neither do we underestimate
the formative and forward-looking effects of law and policymaking (Lessig
2001). All we claim is that such effects have no chance of producing con-
structive social and economic outcomes if the complexity of the relationships
that they aspire to shape is misconstrued. Whatever data regulation is put in
place must, in some way or another, reflect the cognitive, epistemic, and
communication performances of data and how data, after a long-standing
evolution, came to be deeply wired into the lives of people and the opera-
tions of economic organizations.

There are many reasons why such analytic insights tend to be set aside.
Some of them reflect the pragmatic circumstances surrounding regulation
and policymaking and others are linked to the privileged institutional posi-
tion and occasional arrogance of law. Still others recount the institutional
and disciplinary fragmentation of regulation and the prescriptive horizons
of legal and economic perspectives that quickly reify and black-box the
technological forces and the institutional processes by which data are made
pervasive accompaniments of current ways of living.

We are aware that these ideas of ours have a slim chance of being heard
by practitioners and policymakers. Our analysis is mostly meant to appeal to
social scientists to study the perplexing issues that the deep involvement of
data in social and economic affairs raises beyond the fashionable, the appar-
ent, or the feasible. Social developments are slow and torturous. Exposing
some of the limitations of the prevailing discourses on regulation might,
in the long run, bring positive outcomes concerning how we understand
data and, thanks to such an understanding, how we might wish to interfere
with the terms by which they are generated, circulated, accessed, and used.
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6 DECENTERING ORGANIZATIONS:
DATA, KNOWLEDGE, AND
INSTITUTIONAL CHANGE

In the preceding chapters, we outlined the social, economic, and mana-
gerial origins of data and analyzed the technological and organizational
innovations that have made digital data into diffuse sociocultural ele-
ments and critical media by which economic facts are encoded, structured,
communicated, and exchanged (Borgmann 1999; Swanson 2022). It is evi-
dent from these chapters that the functions that data currently perform in
organizations and the broader economy extend far beyond the traditional
confines of administration and performance control. In a large and growing
variety of occasions, data furnish the semiotic and epistemic means through
which organizational facts are filtered and registered, relationships are
articulated and analyzed, and actions become instrumented and carried out
(Alaimo & Kallinikos 2021; Power 2022). In yet other situations, data enter
the dealings of social and economic actors as items of market exchange (e.g.,
media attention metrics, credit or reputation scores, ratings, and rankings)
and, in this regard, essentially become commodities (Aaltonen, Alaimo, &
Kallinikos 2021; Napoli 2011; Turow 2011). The line that separates the for-
mer from the latter is thin and often traversed.

The environment in which a good deal of organizations operate is irre-
versibly marked by the growing economic and functional importance of
a bewildering array of data relayed into the economy by diverse actors
such as social media sites, commercial and industrial platforms, Inter-
net of Things (IoT) systems and applications, data aggregators and rating
institutions, starts-ups of various kinds, online communities, and analyt-
ics companies, among others. This disperse, heterogenous, and frequently
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shifting reality in which data are key elements cannot be accommodated
by the organizational arrangements that have historically been associated
with the standardization of the production process and the pursuit of cost
reduction through scale economies of predesigned product items and mass
customization strategies (Lyytinen 2022). Taken together, these develop-
ments bring about significant transformations in the modes of producing
and delivering goods, along with shifts in the perception of value itself.

The more thorough appreciation of this epochal change calls for revisit-
ing the central position that the modern business enterprise has occupied
in the production machinery of the industrial and early information econ-
omy. In this chapter, we undertake this task by first reappraising the founda-
tions upon which the modern business enterprise has been constructed as a
bounded and concentrated system, and subsequently exposing the challenges
that it presently confronts due to the developments outlined in this volume.
Building on the preceding chapters, we analyze the mechanisms by which
data of large variety and fluctuating relevance reweave the fabric of the pro-
duction of wealth and redefine the conditions under which organizational
knowledge and capabilities are built. These developments, we claim, chal-
lenge the constitution of organizations as relatively self-contained units
built around a well-fenced-off operational core (Mintzberg 1979; Thompson
1967; Winter & Szulanski 2001) and promote organizational arrangements
in which the relations between external and internal events are radically
refigured. We consider platforms and ecosystems indicative of these broader
transformations and analyze some of the conditions and processes support-
ing their diffusion and growing economic importance.

ORGANIZATIONS AS CENTERED SYSTEMS

The business enterprise is a key institution of the modern economy, the
primary unit in which largely standardized goods and services are produced
under conditions sufficiently separate from the market, other business
enterprises, and the wider society. It is and will most probably remain a con-
tested issue, to which degree the vital functional and formal attributes of the
modern business enterprise can be traced to the social dynamics of owner-
ship and surplus appropriation versus the functional exigencies that govern
the production of wealth, the coordination of people and resources, and the
eventual achievement of economies of scale (Chandler 1977; Holmstrom &
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Tirole 1989; Piore & Sabel 1984; Polanyi 1944/2001; Zuboff 1988). One of
the main aims of this chapter is to unpack the functional imperatives that
have made the modern business enterprise a key economic institution. We
are keenly aware that these issues are often linked with matters of power
and surplus appropriation. We bring these links to light whenever we can
or find it necessary, and in alignment with the broader purposes of this
volume.

The modern business enterprise has acquired diverse guises across indus-
tries, regions, and nations and throughout the industrial and early informa-
tion economies (Chandler 1977; Fligstein 1990; Nelson & Winter 1982;
Perrow 2002; Winter & Taylor 1996; Zuboff 1988). Rather than confronting
this remarkable variety, we aim to reconstruct the technical and behavioral
(i.e., forms of interaction and communication) foundations upon which
the business enterprise has been made a diffuse and recognizable institu-
tion of the economy in modern times. The analytic intention is to distill a
few defining attributes of the modern business enterprise and investigate
in subsequent sections the degree to which these attributes are being chal-
lenged by the ongoing technological and economic developments associ-
ated with the diffusion of data and the functions that data perform in the
economy and society.

A persistent and elegant conception of the modern business enterprise
along these foundational lines is reencountered in the theory of the firm in
economics. The theory presents a series of interrelated arguments that seek
to explain the economic rationale behind the establishment of the firm and
its central position in the modern economy. In what is perhaps the most
compelling contemporary version of the theory, the firm emerges as an
independent and pervasive economic institution thanks to the economic
benefits that it provides under conditions of imperfect competition that
distort the coordinative role of markets and raise the transaction costs of
economic exchanges disproportionally (Arrow 1974; Coase 1937; William-
son 1975). In other words, the firm is a buffer from market uncertainty. Its
functional relevance and, in certain respects, superiority derive from the
institution of a system of relations whereby the resource conversion process
and the decisions that it requires can be pursued without immediate distur-
bance from external forces.

There is little doubt that the conceptual elegance of the theory of the firm
is offset by the forceful behavioral and social simplifications upon which it
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has been built. Over the years, some of the tighter behavioral assumptions
of the theory (e.g., rational models of agency, profit, or interest maximation)
have been instilled with more significant portions of realism in conjunction
with the idea of bounded rationality (Levinthal & March 1993; March 1994,
2006; Simon 1997) becoming a canonical version of economic agency (e.g.,
Demsetz 1988; Holmstrom & Tirole 1989). While more complex behavioral
versions of the theory have grown out of these developments, the central-
ity of the institution of the firm itself and the role that it is assumed to
play in the market economy have never been questioned. The same holds
largely true for elaborations of the theory of the firm that moved further
beyond the orthodox economic core of the theory, such as the resource-
based view of the firm (Barney, Wright, & Ketchen 2001; Wernerfelt 1984)
and, to a certain degree, the conception of the firm as the locus of routines
and dynamic capabilities (Dosi, Nelson, & Winter 2000; Eisenhardt & Mar-
tin 2000; Nelson & Winter 1982; Teece 2006; Winter 2003).

Theoretical developments of this sort have widened the scope of con-
siderations that have been overlooked by canonical versions of the theory
of the firm, and disclosed the behavioral and managerial complexity of
firms, along with the circuitous paths that make them efficient, innovative,
and economically competitive systems (see, e.g., Argyres & Zenger 2012). In
Nelson and Winter’s thoughtful treatise, the firm is as much an economic
as a social interaction unit. Economic considerations blend with behavioral
dynamics and their interaction context to shape the development of skills,
specialization, and the formation of routines that encode tacit knowledge
and learning from experience. Together, these conditions enable resource
transformation to unfold in economically viable terms and essentially pro-
vide the behavioral foundations of the modern business enterprise as a dis-
crete entity, sufficiently separate from its surroundings (see also Penrose
1959/2009). Written ahead of the information and data revolution of our
time, none of these developments question the importance of the firm and
the central position that it holds in the market economy.

There is much to critique in the concept of the firm in the theory of the
firm that goes beyond the behavioral and functional complexity of firms
and includes forceful simplifications concerning the social and cultural
conditions in which the operations of business enterprises are embedded
(Granovetter 1985, 2017; Kallinikos 2004, 2007; Perrow 1986, 2002; Power
2007). The social and cultural embedment of firms has historically become
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an object of analysis in other fields, such as organizational behavior and
the theory of organizations, cybernetics, systems theory and organizational
and economic sociology, often in parallel to the theory of the firm but
mostly without explicit reference to it. An essential insight of this large and
variegated literature is the critical role of firms and organizations as distinct
institutional entities marked by the dynamics of the social, economic, and
technological relations into which they are embedded (Perrow 1986, 2002).
The recurrent picture emerging from these criticisms is the conception of the
activities that make up the compound of production and value creation
as economic, social, and cultural phenomena at the same time (DiMaggio
2001; Granovetter 1985, 2017).

What is often lost in the conception of organizations across that signifi-
cant, often insightful, and miscellaneous body of literature is the contem-
plation of the forces and mechanisms that reproduce the establishment
of organizations (of which the modern business enterprise is a pervasive
specimen) as entities sufficiently separate from the background of relations
and institutions that underlie economy and society. This separation of the
resource transformation process from its environment is foundational for
the modern business enterprise. As briefly touched on in chapter 5, it is
indicative of the differentiation of economy from society (Luhmann 1982,
1995). The social and cultural embedment of the modern business enter-
prise does not annul the formal and functional attributes that have made
it a primary economic unit and a widespread institution whose operations
are fenced off from the surrounding conditions. For all its social simplicity,
the theory of the firm maintains the conception of firms as production
machines set apart from markets and the rest of the economy thanks to the
benefits conferred on them by the concentration of resources and the build-
ing of product economies of scale that such concentration often affords. In
this regard, the theory of the firm spells out the functional requirements
that constitute and reproduce the firm as widespread economic institution,
conditions that are often lost from sight in the broader cross-disciplinary
literature on organizations.

Even so, the juxtaposition of the firm (the business enterprise) to mar-
kets and its treatment in exclusively economic terms tends to obscure the
operations and principles through which the modern business enterprise is
constituted as a separate institutional entity not simply from the market,
but also from other business enterprises across the broader economy and,
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critically, from society as well (Kallinikos 2004; Luhmann 1995). Viewed
from this perspective, the modern business enterprise is established as a
structural unit, institutional entity, and a locus of learning and knowledge
building by abstracting from the complexity of the broader environment
into which it is embedded a simpler set of operations and fencing it off (San-
tos & Eisenhardt 2005). By these means, the modern business enterprise
can provide the functional focus, the conditions conducive to knowledge
building, and the conventions and facilities that help amass the resources
and consolidate the practices required for its success or survival (Argyres &
Zenger 2012; Brusoni, Prencipe, & Pavitt 2001).

Put differently, the modern business enterprise is a bounded and con-
centrated system.' It is the center stage, in which resources and functional
abilities are pooled together and transformed under conditions sufficiently
separate from the fluctuations of the market, the immediate competi-
tion of other similar enterprises, and the heterogeneity or turbulence of
the wider economic, social, and political environments (Santos & Eisen-
hardt 2005). Knowledge and capability building accrue as the outcomes of
specialization and learning from experience that such a functional focus
enables. Organizational knowledge development is closely associated with
the mastery of internal conditions that such a functional focus provides,
as well as the establishment of a well-demarcated space in which causal
connections can be inferred with a reasonable degree of certainty to allow
periodic adaptation to internal and external circumstances (Brusoni et al.
2001; March 1994; Nelson & Winter 1982). These relationships have his-
torically been given a formal, jurisdictional status and reinforced through
the development of property rights and, in due course, labor law (Kallinikos
2004; North 1984; Perrow 2002). The firm is a site of production, a complex
system of operations, and a locus of knowledge and capability building as
well as a jurisdictional unit.”

The relevance of the functional framework epitomized by these principles
is attested to by its reach beyond the economy and its adoption by widely
diffuse types of organizations such as state agencies, schools, and hospitals.
Each organization type is established as a unit through a functional focus
(and jurisdiction) that sets it apart from the broader environment. Within
these units, interaction and communication are heavily conditioned by the
functional areas and subdivisions of their operations and a relatively well
defined hierarchy of jobs, roles, and positions (Chandler 1977; Mintzberg
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1979; Perrow 2002; Thompson 1967/2003). Along with the modern busi-
ness enterprise, most organizations are constituted as independent entities
of centralized command through a clear demarcation vis-a-vis other adja-
cent areas and the broader environment. These conditions are essential to
the objectives of resource accumulation and specialization, cost efficiency,
and capability and knowledge development. Whether the functional supe-
riority of this model is real or culturally fabricated (it is undoubtedly both)
has less significance here.

The theoretical treatment of the foundations of organizations as centered
(bounded and concentrated) systems are widespread in the organizational
literature of the second half of the twentieth century. They probably find
their most emblematic exposition in James Thompson'’s Organizations in
Action (1967/2003), essentially a sociological rendition of systems theory
that was in vogue during this time, and of organizations as entities whose
actions and decisions are underlain by bounded rationality. True, the por-
trait of organizations that Thompson’s book succinctly outlines has, over the
last quarter of the twentieth century, been questioned by the narratives of the
decline of mass production (economics of scale) and the advent of various
strategies of customization, the purported end of Fordism, and the emergence
of new production logics such as those signified by flexible specialization and
the diffusion of value networks (Castells 1996, 2001; Chandler 1990; Piore &
Sabel 1984; Perrow 2002; Pine 1991; Tilly 2001; Uzzi 1997).

Viewed from the present standpoint and the advent of platforms as dif-
fuse organizational arrangements, none of these remarkable narratives have
ever provided a coherent alternative to the foundational principles of the
modern business enterprise and the modern organization more widely.?
Greater responsiveness to markets (or clients), attention to the sociopolitical
environment of such units, and flatter hierarchies do not suffice to define
a new structural archetype for producing goods and services (Kallinikos
2004). Modified as it may be by the demands for more open and frequent
forms of interaction with its environment, in these accounts the modern
business enterprise remains the center stage of capability and knowledge
building and the institutional locus in which the resource conversion and
value creation processes occur.*

No matter how variably, unevenly, or imperfectly (March 1994, 2006) done,
the conditions outlined here have shaped the patterns of organizations (the
business enterprise and organizations more generally) and the management
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practices that have prevailed over the twentieth century. The empirical vari-
ety (many different types of organizations) through which these fundamen-
tal principles have been manifested throughout history and its stochastic and
incomplete nature should not dissuade from the fact that the bounded and
concentrated model, along with specialization (a precondition for knowl-
edge and capability building) and division of labor, have been essential to the
establishment of the modern business enterprise and the formation of man-
agement as a practice.’ The variable manifestations of the modern business
enterprise by no means imply that firms and organizations are linguistic fab-
rications, nominal entities existing solely in the minds of observers (Clegg,
Pitsis, & Mount 2021). This nominalism that denies the existence of collec-
tive entities is both deeply ideological and realistically untenable (Abdelnour,
Hasselbladh, & Kallinikos 2017; Kempton 2022).

The principles outlined in this section and the broader time perspective
that they introduce are a helpful reminder of the limitations of both the-
oretical agnosticism and the pretentious omnipotence of managerialism,
which views reality as readily bending to the strategic initiatives of manag-
ers and leaders. But it also provides a measure of the broader forces at work
that suggest that reality and its deeply ingrained social divisions cannot
just be wished away by the interpretive inclinations of situated agents (Sis-
mondo 1993).

THE COMPOUND OF KNOWLEDGE

The functions that data fulfill in the value creation and resource conversion
process in bounded and concentrated organizations have not been at the
forefront of attention in the theory of the firm, nor across the various fields
that have made contributions to the science of organizations. There is unde-
niably a widespread assumption in the literature concerning the role that
data and information assume in the planning and control of organizational
operations and considerable scholarship across a variety of fields, including
accounting (e.g., Macintosh & Quattrone 2010; Simons 1994) and informa-
tion systems (e.g., Burton-Jones 2014; Markus 2001; Weber 1998). How-
ever, the prevailing perception of data across this body of literature is that
they are mostly supporting elements of the models and practices used to
monitor and control organizational operations.® For reasons that require
explanation, this widely diffuse understanding of data as just supporting
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elements has been left untouched by the profound changes brought about
by computerization and the introduction of computing machines, first in
the office and subsequently on the shop floor during the second half of
the twentieth century. Data have been perceived as tools in the compu-
tational tasks that digital technologies have been called upon to execute.
Their status on the ladder of action and knowledge has been related to the
function that they are assumed to serve in the traditional epistemic models
or techniques used to achieve a variety of organizational objectives (Beniger
1986; Burton-Jones 2014; Kling 1996).

Two fundamental conditions underlie the functions that data perform
in bounded and concentrated systems. First, data predominantly stem
from exigencies internal to organizations. That is, they are closely linked to
organizational operations and the data that the tracking, conduct, and assess-
ment of these operations generate in the bounded space of organizations.
Externally generated data (e.g., market research and official statistics) may
serve one purpose or another, and yet the major functions of data are inex-
tricably associated with the steering and assessment of organizational oper-
ations and are, thus, predominantly of internal origin. Second, data records
work largely as input to the specialized knowledge areas by means of which
these operations are planned, instrumented, and carried out. Under this
regime, as already noted, data commonly perform an auxiliary epistemic
role as supportive elements of models and practices that are dictated by
well-defined functional divisions and the knowledge specializations that
pertain to these divisions. These ideas require further exposition.

By the end of chapter 2, we outlined the critical role of knowledge objects
in the materialization of knowledge and its instrumentation. Knowledge
objects usually develop within specific areas of expertise and help provide
them with the tools, models, and techniques that are essential to support
their functional focus, as well as the ways that they are implemented and
carried out (Bailey, Leonardi, & Chong 2010; Bowker & Starr 1999; Hen-
derson 1991; Ewenstein & Whyte 2009; Knorr Cetina 1999; Monteiro &
Parmiggiani 2019). Operating ratios pertain to accounting, credit scores to
finance, and patient records to medical practice and health care, to men-
tion just a few widespread examples of knowledge objects. Thus, knowledge
objects provide the epistemic means by which the process of organizational
knowing is instrumentalized and materialized. They are the tools and action
scripts by which the various types of domain knowledge that infuse the
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functional areas and the value creation process in organizations are con-
cretized, ordered, and consistently applied across a large spectrum of situa-
tions (Alaimo & Kallinikos 2021, 2022; Barley 2015; March 2006; Nelson &
Winter 1982; Winter & Szulanski 2001).

Granted these observations, it would come as no surprise that knowledge
objects trigger their own data and information needs. The evidence that
serves knowledge objects must be domain relevant, resonant, and broadly
compatible with the operational specifications of the models and techniques
that knowledge objects embody. Operating ratios call for accounting data of
certain types, credit scores are based on data about repayment histories and
a host of personal and occupational details, and patient records include data
of patient histories, treatments, and examination results as these are filtered
by medical practice (Alaimo & Kallinikos 2022). In other words, the rel-
evance of data required to accommodate the demands of the expert areas in
which they are embedded is largely dictated by the knowledge objects that
serve these areas. Evidence in the form of data and the knowledge objects
that such evidence serves are commonly tied up in mutually reinforcing
loops that strengthen their links with one another and, by extension, with
the firms and organizations in which these objects are usually embedded.
These are the knowledge foundations of the bounded and concentrated
form of organization.

The spread of digital data and the functions that they assume as dif-
fuse media of resource orchestration are symptomatic of radical changes
in the epistemic position (Faulkner & Runde 2013) that knowledge objects
have assumed in the process of knowing in organizations and the functions
that they have accordingly performed as instruments of value creation and
control. Data as generalized semiotic and epistemic media, and data objects
as diffuse instruments of data structuring and knowing, contribute to unbun-
dling the tight compound that domain knowledge, knowledge objects, and
data have traditionally formed. The diffusion of data and data objects intro-
duces an impressive variety of data sources that are potentially relevant
and yet extend far beyond the epistemic confines of established knowledge
objects and their functions.

The ways that such varied conditions are managed, and data accessed
and filtered can hardly be accommodated by the models or techniques of
management and use of knowledge objects underlying the bounded and
concentrated organization. Data derived from social media, blogs, and the
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Internet more broadly are ordinarily employed in contexts as diverse as
manufacturing, health care, law enforcement, finance, and advertising.
Their diffusion calls for data management techniques, role systems, and
practices that stretch far beyond those that have regularly been linked to
knowledge objects and the well-defined areas of expertise that are charac-
teristic of bounded and concentrated systems.

These developments by necessity reframe the instrumental significance
of internally generated sources of information and reinscribe their use
in a context marked by the ubiquity of external and miscellaneous data
types (Alaimo & Kallinikos 2021, 2022; Weinberger 2007). They ultimately
contribute to unbundling organizational data collection, procurement, and
acquisition from the prescriptive specifications derived in advance from
expertise areas and knowledge objects that are largely tuned to internal
organizational operations. The variable and heterogeneous epistemic rele-
vance of data and their dispersed or distant origins establish a nexus of con-
ditions that challenge the tight compound of practices and organizational
knowledge making that have underlain the management of data in bounded
and concentrated systems. These are changes of far-reaching importance
whose organizational implications remain poorly understood.

We obviously do not suggest a simple and linear model of succession
from a neat and tidy world dominated by the routine nature of knowledge
objects to the miscellaneous and shifting universe within which digital data
are pervasive elements. We claim that the formation of a novel nexus of con-
ditions for knowledge, action, and control within and across organizations
challenges the foundations of organizations as bounded and concentrated
systems (Alaimo & Kallinikos 2022; Bechmann & Bowker 2019; O’Neil
2016; Smith 2020). In many situations characteristic of the developments
outlined here, data and information reach social actors and organizations
from events or sources upon which they have little involvement, insight,
or control. Data produced by sensors and loT-based solutions across a large
variety of occasions, Internet site clicks and browseovers, records of orches-
trated transactions in retail platforms, stylized forms of user interaction on
social media (e.g., reviews, ratings, tweets, and likes), and equipment utili-
zation and performance records in industrial platforms are increasingly laid
upon internally generated data sources in organizations and used in a vari-
ety of occasions. As they gain momentum, these developments by necessity
relax the tight grip that established types of expertise have traditionally
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maintained over internally generated data in organizations and reorder the
significance that they have had. Along the way, they redefine the process
of organizational knowing and its involvement in value creation, manage-
ment, and control (Bowker & Starr 1999; Monteiro & Parmiggiani 2019;
Kallinikos & Tempini 2014).

It is against the background of these conditions that digital data objects
emerge as pervasive tools of knowledge management that afford bridg-
ing the gap between the massive, agnostic, and heterogeneous nature of
digital data and the knowledge purposes that such data can be made to
serve in and across organizational settings. As claimed earlier, data objects
inherit important functional, social, and knowing attributes of both digital
and knowledge objects. After all, data objects (e.g., users, audiences, credit
scores, and consumption items) are social and cognitive entities deployed
to bracket smaller or larger areas of reality that enable consistent attention,
monitoring, control, comparison, and intervention. At the same time, the
technological makeup of data objects by necessity carries much of the gran-
ular, agnostic, homogenizing, and standardized attributes of digital data
at the heart of the knowing process in expert settings and organizations.
In this regard, data objects are both the outcome and the cause of the
unbundling of the traditional compound of domain knowledge, knowledge
objects, and data mentioned previously.

It is of utmost importance to point out here that the realization of this
new architecture of knowledge and action would have remained an unat-
tainable ideal without the data-structuring functionality of data objects.
The technological specifications on the basis of which data objects operate
as sensing and structuring devices are generic enough to allow the auto-
mated harvesting of data and their packaging along lines that enable a
large variety of posterior uses (Lyytinen 2022; Yoo et al. 2010). As a rule,
data are recorded and assembled into data objects with some broad objec-
tives in mind. But they are also put in place with the clear expectation of
a standardized use that can serve a range of circumstances that is different
enough from those that motivated their original generation (Alaimo & Kal-
linikos 2021, 2022; Zittrain 2008).

As expounded in chapter 4, data repurposing is a widely diffuse prac-
tice these days, made possible by the structural minimalism of data objects
and the functions that such minimalism enables. This is a condition of
immense significance that can hardly be overstated. Data objects are by
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design functionally and cognitively underdetermined. Rather than strictly
defining in advance the relevance and type of data with which they are
associated (as happens with traditional knowledge objects), the schemas
of data objects are generic enough to perform an elemental ordering of
the prevailing variety of data that is a vital requirement for whatever pos-
terior uses data objects will come to serve through further data operations
of aggregation and calculation (Kallinikos 2012; Levi-Strauss 1962). In this
regard, data objects work as intermediate entities that afford bridging the
agnostic, homogenizing, and standardizing qualities of digital data with
the organizational and economic uses that such data serve, and still other
uses that they may well be called upon to serve in the future.

The unbundling of the knowing process and the new architecture of
knowledge that takes shape are closely associated with the understanding
of any recorded incident, social exchange, or communication as potentially
relevant to the pursuit of economic objectives. Nothing is too trivial to be
recorded and stored (Zuboff 2015). The mediating capacity and reach of
data in turn reinscribe the significance of economic transactions whose spe-
cialized nature has marked the divide between markets versus organizations
and blurs the functional, cognitive, and epistemic difference between data
that stem from transactions and data that result from mostly social inter-
action and online communication patterns (Swanson 2022). These condi-
tions establish a new logic of action across organizations and industries and
drive the emergence of new forms for producing goods and services that
cannot be accommodated by traditional social, economic, and institutional
divisions. The advent of digital platforms and digital business ecosystems
is indicative of the transformations that we have pointed out. We dedi-
cate the next two chapters to these questions. To better appreciate these
far-reaching changes, however, we find it necessary to take a closer look
at the structural repercussions that are associated with the decentering of
organizations and the unbundling of the knowing process described here.

ISOTROPISM AND STRUCTURAL CHANGE
Bounded and concentrated organizations are essentially set up to moni-
tor and conduct a bundle of internal operations. External facts make sense

to the degree that they link to and impinge upon these operations. These
fundamental structural prerequisites are nowadays challenged as firms
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and organizations increasingly confront an expanding variety of external
data sources that are, or may become, potentially relevant to them. Such
a situation contributes to redirecting attention from the exigencies of an
internal and relatively well bounded space and its immediate environ-
ment (e.g., suppliers, customers, competitors, and funding institutions) to
a large variety of events that occur way beyond it and over which firms and
organizations often have little immediate involvement and control. Across
a growing range of occasions, events relevant to an organization are derived
from a much broader set of relations marked by dispersed actors such as
commercial or industrial platforms, data brokers and intermediaries, online
communities, social media, and blog sites, among others, with whom an
organization may have only loose connections or, as is often the case, no
connection at all.

These observations suggest that the range of organizationally relevant
events that are generated externally are no longer limited to surround-
ing circumstances that occur around a well-defined unit (Gavetti, Greve, &
Levinthal 2012; Gavetti, Levinthal, & Ocasio 2007; March 1991, 2006).
Figuratively, such events do not make a circle around a dot, a contiguous
field that envelops or rings a relatively well bounded and concentrated
set of operations (Winter et al. 2014). The set of relations and forces that
drive these developments should not be understood in terms of an envi-
ronment to an organization, as environments have been commonly con-
ceived in systems theory, traditional or autopoietic (Luhmann 1995, 2002,
2006; Von Krogh, Roos, & Slocum 1994), and adaptation-based models
of action (Adner & Levinthal 2001; Aldrich & Pfeffer 1976; Gavetti et al.
2012; March 1994, 2006; Nelson & Winter 1982; Thompson 1967; Weick
1979), whereby organizations respond to and manage their relations with
other actors and circumstances in their environments. Nor can these het-
erogeneous and constantly shifting relations be understood in terms of a
resource environment in which natural selection rather than adaptation is
the rule (Hannan & Freeman 1977, 1986; Hawley 1986; March 2006), nor
in terms of an institutional environment of beliefs, cultural models, and
predispositions (DiMaggio & Powell 1983; Scott & Meyer 1994).

The heterogeneous and shifting matrix of events that we claim no lon-
ger has the shape of an environment calls for imagery that traverses older
and widely drawn distinctions between internal versus external relations,
economic facts (transactions) versus social relationships (interaction and
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communication), distant versus close events, and past versus future. What
is emerging out of these developments is a messy world, tuned around the
management of eventualities—a world that gives, as it were, the stamped-
ing of events (encoded and mediated by data) an ontic and epistemic primacy
over more stable forms of sensemaking (i.e., beliefs, grand narratives, or
power). This infatuation with events, which we briefly touched upon in
the preceding chapter in connection with our critique of the traditional
notion of surveillance, reflects a major sociocultural orientation of the age,
expressed, among other things, in the ways digital technologies and data
mark or mediate the bonds between people and things, market transac-
tions, and intimate relationships. These conditions, we suggest, redefine
the ground upon which firms and organizations have been built and inter-
mesh their operations with hardly familiar and miscellaneous range of
activities, far beyond their proximate environments (Rammert et al. 2018;
Winter et al. 2014). Addressing these conditions requires responses that can
no longer be based on copying with, containing, or absorbing uncertainty
(Cyert & March 1963; Adner & Levinthal 2001; Cohen & Levinthal 1990),
but rather on living with it and, it often happens, riding and capitalizing
on it through the short-lived and opportunistic orchestration of events that
data and data objects afford.

A characteristic illustration of these abstract propositions is the frequent
migration of many organizations across markets, industries, or fields previ-
ously separated from considerable knowledge gaps, different operational
and technological prerequisites, and widely divergent managerial capabili-
ties, as cases such as Google, Amazon, Tesla, and Apple indicate. The possi-
bility of quickly crossing diverse knowledge, technological, and institutional
boundaries that is characteristic of our time derives from the ways that data
and data objects can be used to overcome the distinct makeup of different
regions of reality; that is, to construct a commensurable world in which pre-
viously unrelated things such as opinions on social media and credit behav-
ior, health-care data and digitally enabled body monitoring, and traffic data
and insurance policies can be brought to bear upon one another.

These developments redefine the very foundations upon which firms
and organizations have been built as bounded and concentrated institu-
tions and, by extension, the boundaries of products and industries (Hen-
derson & Clark 1990; Kallinikos 2007; Lyytinen 2022; Yoo et al. 2010). They
bring about the decentering of organizations manifested in the relapse of a
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stable and well-identified operational-technological core and the ubiquity
of a shifting matrix of economic, social, and technological relations out-
lined in detail in this chapter and throughout this volume. Such a matrix,
we contend, cannot be mapped, partitioned, or assembled by traditional
instruments of industry analysis (e.g., an activity core made of a product
or service, competition, and market share capabilities). It is not, as claimed
here, an environment that drives organizational adaptation.

These developments converge to a change of paradigmatic import that was
sensed by Manuel Castells some time ago but, precisely because it predated
the advent of data and the associated transformations, it has been limited
to the conception of networks as alternative business arrangements to tradi-
tional organizations (Castells 1996, 2000, 2001). Over the recent years, the
issues that we seek to describe by the decentering of organizations have been
associated with the establishment and diffusion of commercial, often multi-
sided platforms whose model of organization epitomizes distribution rather
than concentration and openness rather than boundedness. We analyze that
literature and its variants in a considerable degree of detail in chapter 7. It
may suffice here to recount a few arguments that link rather directly to the
claims that we advance (see Parker, Van Alstyne, & Choudary 2016; Parker,
Van Alstyne, & Jiang 2017). According to these authors, the diffusion of com-
mercial multisided platforms reflects the relative decline of supply economies
of scale and the rise instead of demand economies of scale as the central ref-
erence point for the organization and production of wealth. In place of the
internal relations, traditionally set up to deal with the management of supply
economies of scale, what drives demand economies of scale are the external
dynamics of network effects and the patterns by which such effects build up,
are established, and dissolve (Arthur 1994; Shapiro & Varian 1998).

Parker, Van Alstyne, and Jiang (2017), in particular, have gone to some
length to show how these developments turn firms upside down, invert, or
reorder the relevance and significance of internal (supply) versus external
(demand) conditions. By their account, commercial multisided platforms
are inverted forms of traditional firms (i.e., markets qua firms), geared to
accommodate the dispersion of demand and several frequently shifting
stakeholders that use the platform to pursue their own interests against the
background of the evolving demand dynamics. These economically derived
arguments are no doubt insightful and indicative of what we associate with
the radical reordering of internally versus externally generated sources of
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reference, knowledge, and capability building. At the same time, the eco-
nomic developments that Parker et al. (2017) pinpoint are only specific
instances of wider transformations, whereby organizations, beyond the pri-
vate service firms on which they focus, are constituted and managed.

Such transformations, we suggest, can hardly be understood apart from
the encoding qualities of digital data and the making of data objects to
pervasive instruments of knowledge, action, and control that we have been
outlining in this and earlier chapters. The rendition of real-life events into
data helps, as noted, transcend the intrinsic (material or semiotic) constitu-
tion of these events, while the use of data objects as the standardized and
technology-driven methods through which data are arranged and managed
further amplifies this process. This is how such diverse elements as equip-
ment dysfunction, health status, cultural taste, and reputation are rendered
semiotically equivalent and can all be read through data and the compari-
son that data objects afford. While deriving from different regions of the
real (e.g., manufacturing, health care, and consumption), and thus varying
with regard to the facts that they encode, the data practices by which they
are made sense of and managed across these regions are largely similar and
make data often relatable across a broad spectrum of occasions. Viewed in this
light, data and data objects are vehicles of boundary crossing, the coding,
representational, and performing instruments through which the intrinsic
constitution of material and institutional worlds can be transcended.

These ideas bear upon the sociocultural roots of demand economies
of scale that Parker and his colleagues suggest invert the firm. Demand
economies of scale are just instances of an isotropic space in which data
and the ways that they are computationally managed traverse the distance
between remote and proximate events, one set of things and social rela-
tions and another (Borgmann 2010). Demand aggregation is a prerequisite
for demand economics of scale. Demand can be aggregated only so far as
differences between the preferences of large human populations are tra-
versed and rendered as instances that are possible to capture and arrange in
a standardized metric scale.

There are, of course, limitations to that process, linked to both cultural
perceptions and habits and the variety of data formats and standards that
impede cross-syndication and interoperability (Bowker 2005; Bowker & Starr
1999; Hanseth & Lyytinen 2010; Hanseth, Monteiro, & Hatling 1996). His-
tory nonetheless suggests that these limitations are possible to overcome
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or, at least, moderate and deal with. Like money and quantification that
traverse the intrinsic value of things (Porter 1995), data and data objects
allow for traversing the differences that separate the various regions of real-
ity. In this regard, they contribute to the making of a commensurable space
in which radically different instances (activities and goods) become poten-
tially relatable and possible to bring to bear upon one another (Espeland &
Sauder 2007; Kallinikos 2007). These are the essential foundations of the
process of organizational decentering, of which commercial multisided
platforms are widespread manifestations.

SUMMARY AND IMPLICATIONS

In this chapter, we have put forward several interrelated arguments that seek
to explain the far-reaching transformations that the organizational forms
and institutions that govern the production of goods and services in mod-
ern times are undergoing. Many of these transformations find their most
conspicuous expression in the construction of an isotropic space in which
a good deal of the differences that constitute the varying regions of the real
can be overcome or traversed by data. The distinct character of the produc-
tion machinery that marks this age and its organizations is the invention of
an epistemic, technologically mediated conversion matrix in which equiva-
lences between the diversity of economic facts can be arranged, related, and
ultimately computed (Alaimo & Kallinikos 2022). The assessment of the
economic significance of digital technologies, beyond its unquestionable
engineering ingenuity, should take place against the essential contribution
that these technologies make to this large project of reimagining the simi-
larities and differences that mark the world. The cultural, epistemic, and
technical foundations of this conversion matrix of equivalences and the
isotropic space that it constructs are diverse and long-standing (clay tokens,
notation, quantification, and money). Yet in its current form, this matrix
would have never appeared apart from the coding conventions and meth-
ods of data management that the digital rendition of reality affords (recall
chapter 3; see also Kallinikos 2009a).

As these developments become widely diffuse throughout the social
and economic fabric, they render increasingly irrelevant the fundamen-
tal divisions that have underlain the making of bounded and concen-
trated systems. The boundaries separating internal from external space,
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an organization from its environment, one market or product area from
another, proximate from distant events, lose any functional primacy that
they have had. They accordingly give way to new modes of organizing the
production of wealth that are no longer constrained by these divisions.
Digital platforms and ecosystems increasingly emerge side by side and
occasionally supersede the importance of older product-based industries
(Lyytinen 2022; Yoo et al. 2010) and the central position that bounded and
concentrated organizations have had in the management of such indus-
tries. An important frontier on which these transformations are manifested
is the substantial reconfiguration of the knowing process in organizations
in the direction of giving data a much more pronounced epistemic role.
Digital data are not simply cognitive inputs to established knowledge
objects or models. As they are packed and arranged in several data objects,
data increasingly acquire knowledge discovery functions and emerge as
indispensable components of the process by which knowledge supports the
value-creation process and the production of wealth.

These transformations obviously transcend the sphere of the economy
and link to important institutional changes that we have considered in
some length in the preceding chapter and, in fact, the entire book. Perhaps
it is worth making clear in these concluding remarks that none of these
transformations should be interpreted as an unambiguous transition to a
social and economic order of openness, greater participation, and polyar-
chy. The decentering of organizations should not be conflated with decen-
tralization. All that the idea of decentering suggests is that the bounded and
concentrated model of structuring and managing organizations is not well
tuned to dealing with the fragmented, miscellaneous, and shifting char-
acter of contemporary social and economic life and the primary role that
digital data play in it. The economic and social implications of these devel-
opments still require confrontation and a critical assessment of the insti-
tutional background of the modern social order and the socioeconomic
relations that characterized that order. We deal with some of these issues
over the next two chapters.
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7/ PLATFORMS AND ECOSYSTEMS

Research on digital platforms and digital business ecosystems has expanded
quickly over the last couple of decades. Much of this research tends to be
predominantly business oriented and is quite different from the brief ideas
of platforms that we have intermittently advanced in the preceding chapters.
Save for a few exceptions (e.g., Marton 2022; Power 2022; Stark & Pais 2020),
there is little interest in this management literature in the wider social, eco-
nomic, and technological transformations with which the diffusion of digi-
tal platforms and digital ecosystems are associated. We consider the quick
growth of that body of literature as indicative of a diffuse awareness of the
transformations that we earlier linked with the reorientation away from the
management of internal operations to organizational arrangements (i.e.,
the platform) that allow the economic exploitation of external events of
large variety and scope.

Having said this, available research on platforms and ecosystems is
diverse and presents a rather miscellaneous assortment of claims. Even a
cursory look at this literature (see e.g., de Reuver, Sgrensen, & Basole 2018)
shows that platforms and ecosystems have been conceived differently and
approached from widely varying angles and theoretical perspectives (Adner
2017; Alaimo, Kallinikos, & Valderrama 2020; Iansiti & Levien 2004; Gawer
2009, 2014; Jacobides et al. 2018; Moore 1993, 2006; Parker et al. 2016;
Phillips & Ritala 2019; Tiwana 2014, 2015). Although a few important
blocks of ideas would seem to recur across the various contributions to the
subject, it is still hard to identify a core set of propositions that converge
to an emerging theory of digital platforms and digital business ecosystems.
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In what follows, we review several strands of research on platforms and
ecosystems. Rather than being exhaustive, our aim is to distill a few prevail-
ing propositions and critically assess and reinterpret them using the frame-
work of ideas that we have put forward in the preceding chapters. We first
start by reviewing the management and innovation literature that construes
platforms as product configurations of a stable core and variable peripheral
components that are combined to extend core functionalities and promote
flexibility and adaptation to external events with cost-efficient strategies. To
the degree that peripheral components transcend the boundaries of firms and
are distributed across the supply chain, product platforms essentially turn to
interfirm collaborative arrangements (Baldwin & Clark 2000; Schilling 2000)
that evolve around the core product and its producers. We then move on to
consider a more recent and populous strand of research that approaches plat-
forms as fundamentally exchange systems made of several types of partici-
pants (multisided platforms), whose platform relationships and transactional
patterns are shaped by the dynamics of network effects (Rochet & Tirole 2003;
Parker et al. 2016). Exchange systems of this sort are usually proprietary sys-
tems designed, set up, and governed by platform owners. This is followed by
the literature on digital business ecosystems. We briefly review it and discuss
the relationship of platforms with ecosystems outlining how they implicate
but also differ from one another. We conclude the chapter by reappraising
these strands of literature and placing their main takeaways within a broader
system of relations in which data, digital technologies, institutional forms,
and socioeconomic transformations implicate one another.

THE ARCHITECTURE-BASED VIEW OF PLATFORMS

It is quite common in management and innovation literature to use the
term “platform” to refer to products that furnish the base upon which
further developments extend the original product attributes and func-
tionalities. Even though the idea of a platform on these terms has become
popular over the last two or three decades (e.g., Baldwin & Clark 2000;
Schilling 2000; Tiwana 2014, 2015), the practices that the term refers to
have been common for a very long time in industrial contexts. Firms have
often used core products as models and central reference points for the
development of product lines and product families or as the springboard
for successive innovations; for instance, this has been the case with the

Downloaded from http://direct.mit.edu/books/book-pdf/2376232/book_9780262378420.pdf by LUISS Guido Carli user on 28 October 2024



PLATFORMS AND ECOSYSTEMS 133

automotive, aviation, appliance, and electronic industries (Baldwin & Clark
2000; Lyytinen 2022; Teece 2018). Historically, the use of management
practices of this kind in industry has provided the conditions whereby
firms have been able to combine a stable product core whose production is
subject to strong economies of scale with a variety of components that have
enabled mass customization and organizational adaptation to markets and
shifting consumer tastes (Chandler 1990; Gilmore & Pine 1997; Lampel &
Mintzberg 1996; Langlois & Robertson 1995).

Such practices have taken on a new life as the result of the profound digi-
tal transformation of firms and organizations over several decades. The cre-
ation of digital items and the rendition of social and physical operations as
digital help make them amenable to continuous developments and enable
component recombination across a wide spectrum of situations, as the case
of operating systems and apps makes evident. In this regard, digitization
enlarges the scope along which component functions can be brought to
bear upon one another and become part of new product configurations
(Carr 2008; Lyytinen 2022; Yoo 2013; Varian 2010). To be realized, such
possibilities obviously require the development of suitable technical archi-
tectures built on the principle of modularity (Langlois 2003; Schilling 2000;
Ulrich 1995) and underlain by technical agreements and the adoption of
standards that facilitate the use, exchange, substitution, and recombination
of components (Baldwin & Woodard 2009; Garud & Kumaraswamy 1995;
Hanseth & Lyytinen 2010; Lyytinen 2022).

The idea of an extendible product base, componentization, and compo-
nent recombination considerably extends the old strategies of customiza-
tion, scale, and scope characteristic of industrial capitalism, as analyzed by
Chandler (1990), Langlois (2003), and others (Lyytinen 2022). Yet these
principles acquire substantially different and far more radical attributes
in the context of software-based technologies such as operating systems
that furnish the product base, variously extended by the continuous devel-
opment and quick proliferation of apps (de Reuver et al. 2018; Tiwana,
Konsynski, & Bush 2010; Tiwana 2014). Software systems are certainly
products, but frequently they are also the facilities or means through which
innovation and constant product and process development are achieved.
As digitization expands, however, the differences become blurred and the
distinction between physical and software-based products loses some of its
original connotations. Embedded computing is a case in point.
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Under such conditions, it remains quite unclear at what level or unit of
analysis (product, firm, or industry) the concept of “platform” applies (Bru-
soni, Prencipe, & Pavitt 2001). As digitization lays the groundwork for the
interactions of different stakeholders, the notion of “platform” extends to
include the patterns and methods of collaboration within and across firm
and organizational boundaries. In this sense, the platform and its architec-
ture provide the blueprint for interfirm collaboration and the emergence
of value chain networks that are clustered around a product/system and its
components (e.g., vehicles, electronics, and computer operating systems)
(Baldwin & Clark 2000; Brusoni & Prencipe 2001, 2006; Chesbrough 2003;
Chesbrough, Vanhaverbeke, & West 2006; Garud & Kumaraswamy 1995;
Gawer 2009, 2014; Langlois 1995; Schilling 2000, 2007) and increasingly, as
we shall see later in this chapter in the case of ecosystems, they include firm
collaboration beyond product and industry boundaries (Alaimo, Kallinikos,
& Valderrama 2020).

These observations take us to the core of a few extremely interesting
ideas put forward by Yoo and his colleagues (Yoo 2013; Yoo et al. 2010)
and, later, by Lyytinen (2022). Drawing upon and extending an idea that
Henderson and Clark (1990) first developed on the relationship between
product architecture and firm innovativeness, these authors unpack the
ways by which digitization and digital technologies help transgress the
boundaries of industries, structured around a core product and the com-
ponents by which it is made. Product components in particular industries
tend to be product specific; that is, they encode specifications linked to an
original product design, as is the case with, say, automotive or computer
industries. A component that is part of such a solution serves the original
product; accordingly, it can seldom cross the boundaries of that product
and its value chain, and almost never crosses the boundaries of the industry
defined by the product. In other words, the product and its components
are part of a single design hierarchy whereby the original product pro-
vides the overarching design specifications for the development and pro-
duction of components down the line, distributed along the value chain.
These conditions are drastically redefined as digital technologies provide
ample possibilities for the design of components (physical components or
software-based) that no longer need to remain product specific. Rather, as
the case of apps demonstrates, such components are agnostic to posterior
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uses and can thus become part of multiple design hierarchies that extend
across the boundaries of specific products and industries (Yoo et al. 2010).

The fuller understanding of these developments requires confronting
the homogenizing force of digital technologies and the ways that software-
based systems encode the diversity of the world in bitstrings that are in
principle (if not always in practice) relatable across a range of circumstances
that we analyzed in the preceding chapters (see also Borgmann 1999;
Faulkner & Runde 2019; Kallinikos, Aaltonen, & Marton 2013; Lyytinen
2022). The agnostic nature by which, say, apps can fit several computer
devices and often different operating systems (e.g., Apple iOS accommodat-
ing the Microsoft office suite) ultimately derives from the ways that software
is able to transgress the diversity of the world and overcome the intrinsic
constitution of things (Kallinikos 2010). Over the years, cumulative techno-
logical breakthroughs in software standards and digital functionalities have
converged to establishing digital architectures whose modules increasingly
encode agnostic interfaces. Such conditions enable these modules to be a
posteriori combinable with other modules along a large spectrum of options
that cross familiar products, organizational and industry boundaries, local
enclaves of knowledge, and engineering traditions. Referred to as “modular
and multilayered architectures” (Yoo et al. 2010), arrangements of this sort
are expanding considerably the range of component configurations that
often cut across different layers of the digital infrastructure from the con-
tent and applications layer down to the hardwired elements that make up
these infrastructures.

Under these conditions, innovation emerges out of variable component
configurations of products and product bundles that do not need to obey the
prescriptions of an original design and the relatively fixed distribution of pro-
duction tasks (e.g., division of labor in supply chain networks) among different
organizations that a single design hierarchy brings about. Although certainly
still constrained by established product architectures, engineering traditions,
organizational arrangements, economic practices, and market power, modu-
lar and multilayered architectures in principle relax several underlying con-
straints and unlock economic action, innovation, and organizational change
in ways that were barely possible to conceive of a little while ago (Chesbrough
2003; Chesbrough et al. 2006; Yoo 2013). The bottom line of these thoughtful
propositions is that architectures of this sort give rise to platforms that can
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move beyond the stable core/variable periphery configurations. A product
can be itself a platform and a component of other platforms at the same time.
Modular and multilayered architectures, therefore, open up a far larger range
of possible courses of action that can respond to contingent demands through
recombinant innovation, expansion of component functions, the invention
of new complements, and shifting connections to other platforms (see also
Lyytinen 2022).

Fascinating as these ideas are, they mostly center on the software-based
technological landscape and the business and organizational relations that
modular and layered architectures enable. There is no or only a little regard
for data and the institutional and organizational tensions that the diffusion
of data and data objects brings about. Much of the crisscrossing of product
and industry boundaries that Yoo and his colleagues analyze transcends the
homogenizing effects of software and occurs at the level of data and con-
tent that drives technological innovation through the links of data and
content to meaning and knowledge (Alaimo et al. 2020). Data or content is
not an epiphenomenon of digital architectures, but rather a distinct layer
that, sui generis, captures essential aspects of how the world is currently
perceived, organized, and performed (recall chapter 3). To grasp such trans-
formations accordingly requires confronting the ways that data encode
the facts of the world and data objects remake knowledge and action as
analyzed in the preceding chapters. Useful and innovative as it undeni-
ably has been, the notion of “product and platform architecture” conjures
up a world made of units and blocks, components, and their relations.
This Lego-based view of reality, as it were, is not well tuned to analyze the
process of data value creation and the semiotic, epistemic, and communica-
tive conditions of knowledge, meaning making, and commodification with
which the machineries of data are closely connected (Alaimo & Kallinikos
2022; Borgmann 1999, 2010).

Much of this literature on architectures and platforms explores, in several
variants, the fundamental idea of recombinant innovation (Arthur 2009;
Varian 2010, 2014) by looking at the patterns by which component config-
urations unfold as technological developments lift the constraints imposed
by the material and contextual makeup of products, as well as the sepa-
rate engineering and organizational traditions to which they belong. These
propositions resonate well with our ideas of unbundling. At the same time,
we recognize that this insightful literature on architectures and platforms
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does not have at its disposal the conceptual apparatus for dealing with the
technological and organizational breakthroughs linked with the diffusion
of data. The disjunction of data from specific strands of domain knowledge
and the restructuring of the knowing process through the systematic use of
data objects require another take on these matters. The root metaphor, as
we have argued elsewhere (Alaimo, Kallinikos, & Aaltonen 2020), should be
the reading of data rather than the building of systems, and the extraction of
meaning out of data rather than the assembly of components to products.
The focus on data represents the only viable analytical strategy to address the
ongoing revolution and unpacking the cognitive and knowledge-based
transformations that reweave the current socioeconomic fabric and remake
the operations of firms and organizations.

PLATFORMS AS ADMINISTERED EXCHANGE SYSTEMS

A substantially different take on platforms than the versions outlined so
far has emerged from the economic theory of two-sided markets, origi-
nally developed by Rochet and Tirole (2003, 2006). From this perspective,
platforms are essentially market-resembling arrangements in which two or
more types of participants engage and transact with one another. In con-
trast to traditional markets, platforms are deliberately set up by platform
owners who (1) structure the roles of platform participants (e.g., buyers,
sellers, advertisers, app developers, and other third parties); (2) provide the
infrastructural arrangements' and facilities through which participants can
engage with the platform and with one another; and (3) lay out the sys-
tem of rules that govern platform participation, participant conduct, and
benefit distribution (Boudreau & Hagiu 2009; Evans & Schmalensee 2005;
Gawer 2014; Hagiu & Wright 20135; Parker et al. 2016).

It is a key platform attribute to admit participation on broad and often
self-selecting premises (participants decide for themselves to join the plat-
form) that differ from the patterns of recruiting and filtering participa-
tion, characteristic of membership rules in firms and organizations. Such
a condition gives platforms an outbound orientation and confers platform
operations specific, unique, and recognizable features that are absent from
most known types of organizations. The success of platforms and the ben-
efits that they procure for themselves and their participants are closely
associated with the dynamics of platform participation. As distinct from
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the architectural, core-periphery view of platforms built around a product-
component configuration, multisided platforms are portrayed as transac-
tion or exchange systems that are marked by the dynamics of participation
(i.e., network effects) and their capacity to sustain and manage large partici-
pant or user populations.

The understanding of multisided platforms as exchange mechanisms
that resemble those of markets raises a few tricky issues that require clarifi-
cation. Although often linked to markets through the emulation of market
attributes and the transactions that they enable, platforms are markets in a
very limited sense. Save a few exceptions, markets are not entities; they can-
not and do not belong to anyone. They are just mechanisms of economic
coordination (Arrow 1974; Coase 1937). By contrast, platforms, as we know
them, are mostly independent organizations (e.g., Uber, Alibaba, Amazon,
Facebook, LinkedIn). They are legally constituted as organizations on the
basis of property rights, including commons-based ownership regimes (e.g.,
Wikipedia, Open-Source Software Development), and can accordingly be
managed as any other kind of discrete economic entity is. While emulating
market exchanges, multisided platforms maintain ownership and control
of the management of their operations and largely shape the distribution of
the benefits that they get from these operations. In this regard, platforms
are more akin to firms than markets.

We interpret the hybrid status of multisided platforms as markets-
firms as closely associated with the technological and socioeconomic
transformations described in the foregoing chapters. The setup of business
organizations as markets is indicative of the limits of bounded and con-
centrated systems to respond productively to the challenges of an external
world that no longer can be held at arm’s length from internal operations.
While still units of profit accumulation, multisided platforms use or emu-
late market mechanisms to ensure large social participation, deal with the
dispersion and fluid nature of participant populations (their resources and
skills), and manage the swarm of events that digital data carry at their door-
step. Put differently, multisided platforms tell the story that the production
and delivery of a growing amount of goods and services in this age no lon-
ger can be accommodated by the market-organization divide (Arrow 1974;
Coase 1937; Williamson 1975), nor by the differences that once separated
social relations from economic transactions. While we have analyzed some
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of these ideas earlier in this volume, it may be worth rehearsing a few core
arguments here.

The establishment and growth of multisided platforms are contingent
on the ways that network effects build up, and subsequently are maintained
and managed. Network effects emerge from the dynamics of platform par-
ticipation. Whether on the same side (direct) or across sides (indirect), par-
ticipants confer benefits on other participants that are proportional to their
magnitude and level of participation. Platforms are claimed to take off to the
extent that they manage to attract a critical number of participants that make
them attractive to the eyes of others and grow beyond that takeoff point
as they build on and expand their participant base (Evans & Schmalensee
2005; Hagiu & Wright 2015; Parker et al. 2016). In essence, the economics of
network effects describe the interaction and communication dynamics that
govern many of the goods that characterize our age and the mechanism
out of which demand economies of scale accrue.” The operative layout of
platforms that emulates that of markets and their outbound orientation is a
response to some of the organizational challenges emerging from the habits
and communication-based patterns that rule the dynamics of user popula-
tions, build up network effects, and ultimately generate demand economies
of scale (Parker et al. 2016; Van Alstyne et al. 2016).

As we have shown throughout this volume, such dynamics are inter-
twined with the ways that digital technologies weave the interaction and
communication fabric of our time. The diffusion of information and com-
munication goods (data and content) that indelibly mark the consumption
landscape of current societies is essentially an interaction process. From this
point of view, network effects are inextricably bound up with the techno-
logical foundations (devices and systems) that make interactions possible
in the larger coordinates of a global, dispersed, and quickly changing world
(Shapiro & Varian 1998). The rules of that world are such that the mediated
forms of social interaction that it enables presuppose a well-tuned techno-
logical infrastructure that makes systems and devices functional and useful.
Less obvious might be the fact that these same rules extend to and include
the diffusion of new communication and interaction habits and the mak-
ing up of online conduct models and, frequently, types of people (i.e., types
of users) (Alaimo & Kallinikos 2016, 2017, 2019; Bratton 2016). No sub-
stantial demand can ever be built up in the absence of such sociocultural
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habits and the technological patterns and conventions that support but
also stimulate them.

From this point, it is only a tiny distance to acknowledging the func-
tions that data perform as filters of perception, instruments of knowledge
creation, and media of exchange and communication. It is through data that
the variable and hugely dispersed conditions under which users participate
can be represented, tracked, managed, and inserted into the communication-
based circuits of the current digital economy. Without such semiotic con-
ventions and the technological solutions that support them, it would be
nearly impossible to pull demand out of their local contexts and overcome
the differences between individuals and the dispersed contingencies that
they confront. This, as it were, digital infrastructuring of sociality constitutes
the prerequisite for the aggregation of demand, the emergence of demand
economies of scale, and ultimately the spread of platforms qua administered
multisided exchange systems. Put differently, for many goods, demand
economies of scale are an indirect measure of the digitization of social
interaction. Digitized sociality is represented, measured, and assessed by
its data footprint and computed by the variety of metrics and the scores
derived from platform participation (Alaimo & Kallinikos 2017, 2019, 2021;
Couldry & Mejias 2019).

These conditions apply across the board but are more forcefully shown
in the diffusion and growing economic significance of social media plat-
forms. As seen in chapter 4, the processes, products, and services that social
media platforms rely upon (e.g., recommendations, user-generated con-
tent, and reviews) are mainly data-based. The positive and massive net-
work effects (direct and cross-side) that sustain these organizations rely
on the far-reaching stylization of the user interface and the considerable
standardization of the interaction and communication options that they
offer, conditions that Gerlitz and Helmond (2013) poignantly referred to,
in the case of Facebook and its ecosystem, as “the like economy.” In differ-
ent ways, the structuring of roles and the stylization of interaction extend
beyond social media and apply to commercial platforms and the pervasive
standardization of transactions and behavior patterns upon which they
rely (Swanson 2022; Varian 2010). The hugely distributed and often global
operations of multisided platforms require social habits, actions, and pre-
dispositions to be represented as discrete and standardized options that are
commensurable, interoperable, and ultimately manageable.
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These ideas combine with those advanced in the preceding two chapters
to extend the notion of multisided platforms far beyond their widespread
perception as business models or simply as one of many enterprise forms
encountered in management and economics. Platforms certainly are a new
enterprise form, but one that stands as a coherent and diffuse system of
producing and consuming goods that develops alongside established forms
of organization that have been built on the distinction between an internal
space of control and an external market and social environment. In this
regard, platforms represent key organizational arrangements of the age—
the outcome of the technological and sociocultural breakthroughs that
make it possible to represent, remodel, and manage the exigencies of pro-
duction and the facts of economic and social life qua data.

As with all key organizational arrangements (Power 2007, 2022), plat-
forms are one of the frontiers in which social relationships are retried. The
forms of membership that platforms feature reframe the pivotal role that
the labor contract has played in bounded and concentrated systems (see,
e.g., Kallinikos 2003, 2004, 2007) and establish a miscellaneous landscape
of engagement in which patterns of work, civic engagement, hedonism, and
frivolous behavior mix indiscriminately with one another. These develop-
ments increasingly interlace the pursuit of economic goals with the variegated
nature of daily interactions and domestic life patterns and make platforms
widespread agents of social change. A critical analysis of platforms, therefore,
requires attending to the variable and heterogeneous conditions under which
platforms operate, the types of issues and problems they confront in man-
aging variability and diversity, and the social and economic consequences
that their growth brings about. Without such premises, demand economies
of scale and demand aggregation are concepts that are too coarse to be able
to address the processes through which platforms reinvent the foundations
of long-standing management principles and practices (i.e., the bounded
and concentrated organization) and become agents of far-reaching societal
change (Stark & Pais 2020).

PLATFORMS VERSUS ECOSYSTEMS
The body of literature on platforms versus ecosystems is closely related with

one another and overlap in significant ways (Adner 2017; Autio & Thomas
2014; Clarysse et al. 2014; Corallo, Passiante, & Prencipe 2007; Henfridsson
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et al. 2018; Jacobides et al. 2018; Parker et al. 2016). Especially in their
multisided incarnation, platforms have been considered as the center stage
upon which diverse types of actors, including platform owners, producers,
consumers, technology providers, and software developers, collaborate and
compete (Alaimo, Kallinikos, & Valderrama 2020; Cennamo 2021; lansiti &
Levien 2004; Tiwana 2014, 2015; Van Alstyne et al. 2016). Against this back-
ground, it is reasonable to wonder what the notion of “ecosystem” exactly
confers on our understanding on these matters that is not captured by the
interfirm networks that develop around product platforms or the dynam-
ics of network effects that rule the establishment and takeoff of multisided
platforms (Shipilov & Gawer 2020). How do digital platforms and digital
business ecosystems relate with one another? Does the corresponding liter-
ature on these quickly growing research areas really differ, and if so, how?

An obvious difference between the two bodies of literature and the
corresponding concepts can certainly be traced to the ecological imagery
that the term “ecosystem” conjures up. The original formulation of busi-
ness ecosystems by Moore (1993, 2006) described them as mechanisms of
aligning a diverse population of organizations together and organizing the
development and production of goods in ways that differ from markets and
organizations, much in the same spirit as research on business networks
that preceded and to some degree ran parallel to the original literature on
business ecosystems (Castells 1996, 2000, 2001; Nohria, Eccles, & Press
1992; Uzzi 1997; Uzzi & Gillespie 2002). Moore’s original formulation did
stress the importance of ecological processes of coevolution under various
resource constraints. Very little of this admittedly vague ecological imagery
is alive today in research on business ecosystems, save perhaps the acknowl-
edgment of simultaneous patterns of cooperation and competition that
are supposed to underlie the relationships of ecosystem participants. As
managerial economics and strategy came to dominate research into these
matters, the promise of a genuine analysis of ecosystems in terms compatible
with ecological thinking was forgotten. Save a few exceptions (e.g., lansiti &
Levien 2004; Ritala & Almpanopoulou 2017), this legacy is nowadays largely
lost from sight (Marton 2022).

If the sparse links to the ecological analysis no longer provide the ground
for distinguishing ecosystems from platforms, then the varied scope of the
two concepts probably does instead. Whether as product platforms or mul-
tisided platforms, the term “platform” predominantly refers to individual
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firms (platform firms) or organizations and their strategies for building up
and maintaining business relations and managing network effects with a
view toward ensuring competitiveness and revenue generation. By con-
trast, the term “ecosystem” applies to the formation of a variety of business
ties (direct or indirect) on the resource, activity or output side that establish
a structure of relations that makes sense designated as an ecosystem. In this
regard, “ecosystem” is a designation of collective processes and outcomes
and should entail an analysis at a different level than that of a platform.

The underlying assumption is that the structure of relations that coin-
cides with the formation of an ecosystem shapes ecosystem performance
and governs ecosystem participation and the distribution of benefits across
the participant population. From this point of view, ecosystems are clearly
not unitary entities (Kretschmer et al. 2022). They have no legal existence
or jurisdiction other than those of the individual business participants by
which they are made. In other words, ecosystems are relational networks
that feature recurrent connections among ecosystem participants above
and beyond the sum of their bilateral business relations (Adner 2017; Iansiti
& Levien 2004). Ecosystems emerge as distinct interorganizational forma-
tions thanks to the structure of relations that engulf ecosystem participants,
suggesting that ecosystems are unlikely to emerge in the absence of such a
structure (Adner 2017).

Short of such an account, the concept of a “business ecosystem” appears
redundant. Using the term to refer to collective business arrangements such
as supply chain networks, interfirm collaboration, and business alliances in
general does not get us very far. It is characteristic of the structure of rela-
tions underlying ecosystem formation to entail participants from multiple
business areas with diverse production experiences, resources, and capabili-
ties that thus cut across familiar aggregate designations such as “industry”
or “sector” (Lyytinen 2022; Yoo et al. 2010).® It is worth pointing out that
the structure of relations that coincides with the formation of an ecosystem
does not require the development of direct ties, in the sense of deliberate
mutual tuning between ecosystem participants. Perhaps similar to nature
ecosystems, a structure of relations may feature dependencies of indirect
character, expressed in the availability of resources, their competitive or
cooperative nature, and/or complementarity of output (lansiti & Levien
2004). Unlike nature ecosystems, business ecosystems feature normative
orders, diffuse business practices, and technological standards and functions
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that tie participants together without requiring immediate acknowledgment
of one another, and deliberate strategies of mutual adaptation and tuning.

From this point of view, ecosystems are established as the outcome of
resource, technological, or normative conditions that transcend the pur-
suits of individual actors, entailing attributes driven as much by inten-
tion as by structural conditions, emergent relations, chance, or serendipity
(March 2006). These attributes of ecosystems are worth stressing. Much of
the literature on ecosystems derives from the field of business strategy that,
intentionally or unintentionally, is informed by a rather simplistic view
of how business worlds are established and dissolve. Even a sophisticated
account, such as that of an ecosystem as a structure of relations (Adner
2017), ends up linking that structure to the realization of a value proposi-
tion that is supposed to drive ecosystem participation and the calculated
extraction of benefits from ecosystem participation. While this may often
be the case, it represents an unproductive restriction of the scope of the
concept and the phenomena that it can be drawn upon to explain. We
would like to reserve the formation of ecosystems for much more ambigu-
ous processes that entail unexpected links, ad hoc ecosystem participation
or exit, technological breakthroughs and standards, emergent properties,
and unsuccessful results along with illusory projects. Critically, as we show
in chapter 8, it is vital to acknowledge that the construction of actors and
the roles that they perform in ecosystems does not often precede ecosys-
tem formation, as is mostly assumed in the strategy literature, but rather
is the outcome of it. The formation of ecosystems is accordingly far from
premeditated and features dynamics that grant ecosystems complex and
emerging properties. It is only against this background that the concept of
“ecosystem” obtains its usefulness and avoids being reduced to the calcu-
lated outcomes of the pursuits of individual actors.

The complexity of these processes, along with the variety of direct and
indirect links of competitive and collaborative kinds, can be drawn upon to
distinguish ecosystems from other interorganizational formations and mar-
kets. Business ecosystems entail multilateral interdependencies of ecosystem
participants of diverse operational profiles, backgrounds, and capabili-
ties that are shaped by mechanisms that feature both direct (i.e., deliber-
ate tuning) and indirect ties. Such ties are rooted in shared expectations
and norms but also are embedded, as explained earlier in this chapter, in
technological standards that enable impersonal and emergent exchanges
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of resources and indirect patterns of relations among loosely connected
elements. Taken together, these conditions confer on ecosystems their dis-
tinct nature as interorganizational formations and justify their historical
novelty. Acknowledging them helps to distinguish ecosystems from other
aggregate formations such as industries, supply chain networks, and strate-
gic alliances, but also from market-based coordination that, at least ideally,
requires arm’s-length relations.

It may be tempting to attribute the different scopes of the concepts of
platforms and ecosystems to the emphasis that they place on consumer
versus industrial markets and, in this regard, distinguish the study of eco-
systems from that of multisided platforms. In this view, the study of eco-
systems would entail the analysis of the forces that govern the structure of
relations that coincides with ecosystem formation (Adner 2017; Autio &
Thomas 2014). As distinct from network effects and their close association
with the product/service perception of users or buyers (consumer markets),
the structure of relations that underlies ecosystems is supposed to give rise
to value-reinforcing complementarities* that augment, rather considerably
if not exponentially, the value of resource and activity combinations of
the ecosystem participants, including the value of the final ecosystem out-
put addressed to consumer markets (Jacobides et al. 2018). In this regard,
value-reinforcing complementarities—whether deliberate, emergent, or
accidental—are essential for the establishment and diffusion of ecosystems
and might be thought to perform on the supply side an analogous function
to the one that network effects perform on the demand side. The focus on
the supply side and value-reinforcing complementarities, therefore, may be
drawn upon to conjure up an image of ecosystems that may seem distinct
from that of platforms (Alaimo, Kallinikos, & Valderrama 2020).

While reflecting the diverse conceptual origins of the research literature
on digital platforms versus digital business ecosystems, these differences are
increasingly traversed by the growing awareness that these research areas
obtain for each other, but also by continuing technological innovations that
blur the line between demand versus supply side, consumption versus pro-
duction, or commercial versus industrial platforms. Developments such as
those linked to industrial Internet of Things (IoT) and the rise of industrial
platforms (Greenfield 2017; Jovanovich, Sjodin, & Parida 2021; Visnjic,
Jovanovich, & Raisch 2022) are a good reminder that these distinctions
hold no more than indicative value. In the current digitally mediated world,
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the line that separates production from consumption and resource syner-
gies from product value perceptions often does not provide a solid enough
ground for distinguishing value-reinforcing synergies and complementari-
ties from network effects. Things are getting even more complicated in the
case of the major platforms that pervade our age and whose operations com-
plexly traverse the differences that were once thought to separate production
from consumption, product development from product commercialization,
and network effects from value-reinforcing complementarities.

SUMMARY AND IMPLICATIONS

The strands of research that we have reviewed in this chapter are symp-
tomatic of the efforts of an interdisciplinary and growing community of
scholars worldwide to grapple with the changing patterns of socioeco-
nomic transformation and the institutions that mark the production and
distribution of goods in current economies and societies. We have identi-
fied three broad strands of research and outlined the logics and perspectives
with which each of them is associated. We are aware that there are several
ways of making sense of the literature on platforms and ecosystems. Our
own review follows the perspective that we advocate in this book. That is,
it is motivated by our effort to understand the scope of digital platforms
and digital ecosystems, the problems that they seek to address, along with
the ways that they work rather than map their empirical variety (Autio &
Thomas 2014; Gawer 2014; Srnicek 2017). Our predominant objective has
been the identification of the logics that drive the diffusion of platforms
and ecosystems from a larger time perspective, as well as the appreciation
of the structural and organizational innovations they bring about. Table 7.1
presents our brief dissection of that literature.

The predominance of platforms as organizational forms and ecosystems
as coordinative frameworks for the production and sharing of goods betrays
a socioeconomic change of great proportions in which the structural pat-
terns, organizational forms, and modes of collaboration that have prevailed
over a long period of time are radically reframed. Their contributions not-
withstanding, the literature on platforms and ecosystems has been limited
in their respective outlooks by the inexorable selectivity of the disciplin-
ary fields to which they belong: predominantly strategy, innovation, and
managerial economics. The simplification of the technological, social, and
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Table 7.1
Literature overview

147

Architectural
View of Platforms

Platforms as
Exchange
Systems

Ecosystems

Definition

Operative logic

Examples of major
economic areas

Literature examples

Modular configu-
rations of a stable
core and vari-
able peripheral
components

Economies of
scale and econo-
mies of scope

Production of
discrete physi-
cal products
and software
components

Baldwin and
Clark (2000),
Brusoni and
Prencipe (2001),
Garud and
Kumaraswamy
(1995), Gawer
(2009, 2014),
Langlois (2003),
Schilling (2000),
Yoo et al. (2010)

Multisided setups
of economic
transactions run
by a platform
owner

One-side and/
or cross-side
network effects

Online market-
places; social
media platforms

Gawer (2014),
Gerlitz and
Helmond (2013),
McIntyre and
Srinivasan
(2017), Parker

et al. (2016),
Tiwana (2014),
Van Alstyne et al.
(2016)

Cross-industry
networks of
loosely coupled
organizations

Value-reinforcing
complementarities
beyond bilateral
links

Industrial platform
ecosystems; service
platform ecosys-
tems; operating
systems/apps

Adner (2017),
Alaimo, Kallinikos,
& Valderrama
(2020), Jacobides
et al. (2018),
Jovanovich et al.
(2021), Kretschmer
et al. (2022),
Tiwana (2014), Yoo
et al. (2010)

economic forces that shape economic organizations and current socie-
ties more widely has yielded a body of literature that seldom reflects on
the wider assumptions upon which it is itself predicated. It is more than
remarkable that the patterns by which the apparatus of data and digital
technologies reweaves the fabric of economic operations analyzed in this
volume are either absent or only cursorily mentioned and almost never the-
orized about in research on platforms and ecosystems. Economics and man-
agement strategy as fields have predominantly been discourses about ends
(the rationale and incentives for choosing one course of action over others)
at the expense of theorizing the technological and institutional means that
frame these ends and shape organizations and their actions (Holmstrom
& Tirole 1989). The infrastructuring of economic action achieved by data
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and technologies has mostly been taken for granted, and the articulation of
how technological forces and socioeconomic forms shape one another has
seldom been studied in detail.

In the literature on platform architectures, there are scholarly areas in
which technology is problematized and the modular constitution of digital
artifacts and digital infrastructures thoroughly analyzed and linked to eco-
nomic action and organizations. Some of that work (e.g., Lyytinen 2022;
Yoo 2013; Yoo et al. 2010), briefly reviewed earlier in this chapter, goes
far toward unpacking the forces of structural economic change and show
how economic action and technological architectures essentially mingle
with one another and redefine the perception of economic opportuni-
ties and the ways that these are addressed. Yet even in that literature, the
many and complex bonds that link digital technologies to data are largely
overlooked. A fundamental reason for that state of affairs is the confla-
tion of digital technology with data and the failure to see and analyze the
relatively independent dynamics by which data shape social interaction
and communication, the making of knowledge, and by extension, struc-
ture economic exchanges (Alaimo, Kallinikos, & Aaltonen 2020). Digital
data are widely diffuse means for organizing cognition, ordering the per-
ception of events, and shaping communication. The lack of reflection on
data and data objects and the ways that they are involved in the shaping of
interaction and communication processes is therefore striking. Even more
regretful, although barely surprising, is the lack of reflection on the social
foundations of economics, the social and communicative roots of network
effects, and the current invasion and remaking of economic transactions by
social interactions that we analyzed in this discussion (for similar points,
see also Ekbia & Nardi 2017; Granovetter 2017).

There is certainly some gain to be obtained by studying complex devel-
opments such as those with which the diffusion of platforms and eco-
systems are associated from a narrow perspective that allows for making
selective observations and exploring continuities with other similar theo-
ries and empirical studies. But there is also a high risk, particularly in times
of radical change, of self-fulfilling prophecies that reinforce established
expectations and remain within the bounds of the familiar. In the next
chapter, we further develop the theoretical ideas put forward in this chapter
and provide empirical illustrations that show what the study of data and
data objects can contribute to our understanding of socioeconomic change
and the diffusion of platforms and ecosystems.
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Borrowing from the sentence that Karl Polanyi once used to react to the
predominant ideas concerning the emergence of the market economy, we
could say that the prevailing approaches on platforms and ecosystems mis-
understand the nature of transformation they refer to, which is essentially
a transformation of society and social relations (Polanyi 1944/2001). The
ideas we have put forward so far indicate that these approaches to platforms
and ecosystems fail to recognize the diffusion of data as a premium mark
of a far-reaching sociocultural change. It is within this context that data
as medium of social relations assume a variety of semiotic, epistemic, and
communicative functions that alter the rules by which goods are made and
exchanged, and innovation and value creation are pursued.

Data as elements of work and administration have historically been cou-
pled to expertise, the performance of tasks, and the making of organizations
(see, e.g., Beniger 1986; Chandler 1977). However, the characteristics of dig-
ital technology and its transformative capacity have triggered, and continue
to do so, a change of an entirely different scale. Once digital, data cease to
be limited to performing well-defined administrative tasks and functions.
Instead, data enter the core of organizational operations, redefine critical
functions and processes, unbundle existing knowledge, and bring about
novel patterns of organizing within and across settings. In this process,
data become new objects of knowledge and, therefore, novel objects of
work and exchange. Because of their rendition into data, relations of pro-
duction, consumption, and exchange' can no longer be foregrounded by
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existing economic frameworks or coordinated and controlled by the famil-
iar organizational, institutional, or market dynamics.

Classic market coordination based on pricing (Arrow 1974) is now a
lesser feature of big online marketplaces that are largely run by a variety
of hardwired technological operations that optimize exchanges, constantly
responding to novel conditions of knowledge, shifting signals and economic
states, technological innovations, and criteria of organizational efficiency
(much to Friedrich Hayek’s dismay, we assume). Take the massive real-time
bidding happening in the already mentioned programmatic advertising
ecosystem. A vast ecosystem made by data objects, platforms, and bidding
algorithms emerges from a marketplace made of thousands of automated
microexchanges that happen on demand every time an individual user’s
browser opens a publisher website and triggers a real-time request for an
ad. Price is only one (admittedly important) data element, among many
others, encoded into those data objects that coordinate the exchange via
their soft standards, hard parameters, and real-time data on individual user
behavior (Alaimo 2022a; Alaimo & Kallinikos 2018).” The operative logic of
markets is heavily overlaid by the design rules of the entire system and the
data rules that increasingly govern the production and use of data within
and across various settings. Programmatic advertising is a paradigmatic case
of the sweeping changes introduced by data, data objects, platforms, and
automation to business relations and interorganizational arrangements.
Yet, as financial relations attest to, advertising is not the only sector being
transformed (see, e.g., MacKenzie 2021).

As data are diffusing in a variety of sectors, they restructure the ways that
organizations relate to each other, redrawing basic rules of membership,
competition, and cooperation across the economy and facilitate the emer-
gence of larger aggregates of organizations known as ecosystems (lansiti &
Lakhani 2020; Jovanovic et al. 2021; Kiel, Arnold, & Voigt 2017). When
relations are encoded into data, structured by data objects and performed
by digital technologies, the possibilities of broadening ecosystem par-
ticipation and branching out into other economic sectors increase rather
substantially. In such settings, data, machines, and data objects shape the
relations of production and the mechanisms of coordination, impinging
upon the structure and function of ecosystems and prevailing over exist-
ing interorganizational dynamics, multilateral interdependencies, or field
specializations.
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In large, heterogeneous, and dispersed interorganizational arrangements
whose connections are mediated by data and the technologies that support
data management, existing distinctions such as those of producers versus
consumers, sellers versus buyers, complementors, or third parties are far
too coarse to capture how such ecosystems work. Despite the heavy legacy
of knowledge specialization and the production logic of the industrial age
that specialization is inextricably bound up with, what we increasingly
observe in such ecosystems is that actors do not predominantly build busi-
ness relations through preestablished market or industry categories (i.e.,
supply chains organized under single design hierarchies, as clarified in the
previous chapter). Instead, they acquire roles through ecosystem participa-
tion and the modalities by which ecosystems define and shape their con-
tributions. When data are the means of participation and the core of value
creation, ecosystem dynamics exhibit characteristics and behaviors that are
considerably shaped by the patterns by which data structure the relations
of ecosystem participants and their actions.

Figure 8.1 portrays the emerging socioeconomic order of which plat-
forms and ecosystems are an integral part as the outcome of the interac-
tion of three systems of rules that derive from (1) the standard functions
of the market (and organizations), (2) the structuring role of technology,
and (3) the sense making and coordinative performances of data and data
objects. The current literature is aware of how market rules interact with
design (technology) rules to establish the conditions under which platform
and ecosystem configurations emerge (Baldwin & Clark 2000; Cennamo
2021; Gawer 2014; Langlois 2003; Lyytinen 2022; Parker et al. 2016; Yoo
etal. 2010). Both the architecture-based view of platforms and the notion of
platforms as multisided arrangements of exchange analyzed in the preced-
ing chapter capture the interaction of market rules with design rules and
the variable market-organizational configurations such interaction gener-
ates. Not surprisingly, the same kind of ideas pervade the explanation of
ecosystems in the literature. Value-reinforcing complementarities and the
contributions of ecosystem participants emerge at the cross section of mar-
ket rules and design rules.

Save intermittent associations regarding the role of data, none of these
streams of literature confront the transformative repercussions of the data
revolution and the emerging rules that govern economic encounters.
The ascendance of data to primary means of sense making (i.e., selecting,
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Data rules
Relationality
Editability
Cognitive and communicative
capacity
Computational efficiency
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Component links Competition
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Interface design Price signals
Standards, protocols Property rights
Automation
FIGURE 8.1

How data rules reinvent the market economy.

This drawing represents the new socioeconomic order emerging from the interac-
tion of three systems of rules: (1) the system of market rules, with its competition,
performance, pricing, and property rights (among others); (2) design rules, with its
architectural principles, interface design, and component links (among others); and
(3) the system of data rules, with its principles of relationality, editability, cognitive
and communicative functions, and computational efficiency (among others). The
three systems of rules interact differently across industries and economic sectors (i.e.,
the interaction of market rules and data rules may be predominant in one sector at
one stage), giving rise to specific platform and ecosystem configurations. This vari-
ety is captured by the dots in the picture, which stand for individual platforms and
ecosystems.3
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representing, knowing), action, and coordination establishes a novel regime
that overlays a new system of rules upon those of markets and technolo-
gies. The individual ecosystem configurations that result from the dynamic
interaction of data rules with market rules and design rules may reflect the
preeminence of one system of rules over the others (represented by the dots
positioned toward the sides of the triangle in figure 8.1) or otherwise exhibit
a temporary balance of forces (represented by dots positioned in the middle
area of the triangle in figure 8.1).

In the rest of this chapter, we provide theoretical arguments and empiri-
cal illustrations in support of these ideas. We start this by inquiring on
how data and data technologies mediate the type of relations that lie at the
core of ecosystem structure and transform ecosystem dynamics (lansiti &
Levien 2004; Iansiti & Richards 2006). In the first section, we deal with data
complementarities. As indicated, value-reinforcing complementarities are
constitutive of ecosystems (Jacobides et al. 2018). Yet, complementarities
built from data exhibit different characteristics from, say, product, resource,
or output complementarities. The granular and homogenizing nature of
data (chapter 3) make it possible to forge relations that transcend product,
resource and output boundaries and are characterized by a higher degree of
dynamism. Such conditions are conducive to the continuous reshuffling
of existing roles, activity or resource patterns and the making of comple-
mentarities that are qualitatively different from the traditional systems of
relations upon which organizations and markets are based (i.e., market
rules). We illustrate the features of value-reinforcing complementarities
made by data with the cases of TripAdvisor and Flowe (an Italian fintech
start-up) and the ecosystems in which they are embedded.

In the second section, we focus on the process by which such comple-
mentarities are forged. We show how value-reinforcing data relations are
constantly being made rather than being predetermined by preexisting
resources and operations. In the Facebook (Meta) ecosystem, for instance,
there is no such thing as a direct exchange between participants (e.g., end
users do not interact directly with game developers and advertisers), but a
rather complex and dynamic interlocking of relations among actors who
interact via data, exchanging data with data objects (i.e., user objects, video
objects), participating via application programming interfaces (APIs), data
dashboards, or other technologies (see also Alaimo 2022a, 2022b; Van der
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Vlist & Helmond 2021; Van der Vlist, Helmond, Burkhardt & Seitz 2022).
Data objects and technologies such as APIs actively shape (i.e., execute and
perform) how data types relate to each other, continuously modulating the
possibilities of value-reinforcing relations. Data objects are the key cogni-
tive and functional entities of ecosystems. They structure the variety of data
intake and give actors the incentives and tools that they need to act. At the
same time, data objects remain undetermined and open to accommodate
change, as explained in chapters 4 and 6.

It is important to remark that ecosystems are not empowered by estab-
lished social actors that interact directly, but by data objects that interact
with each other via data and data technologies, bringing about novel social
entities that refashion the economic role and position of existing social
actors (i.e., organizations, users, and so on). Those new versions of cus-
tomers, marketers, advertisers, and other users define the ecosystem par-
ticipants, their roles, and their interdependencies. In addition, the relations
between customers, marketers, advertisers, and other users are constantly
optimized by interaction data in a dynamic two-way constitutive relation.
Viewing ecosystems as “designed” top-down by key actors, or shaped by
their strategies appears out of tune with the reality of digital ecosystems,
formed by thousands of data objects interacting with each other via layers
of technologies and producing value via constant real-time flows of miscel-
laneous masses of data provided by hugely heterogeneous populations of
actors. Equally, reducing ecosystems’ emergence to relations orchestrated
by platform leaders in a marketlike exchange where roles are predetermined
and interaction fixed over time risks constraining the analysis of ecosys-
tems to categories that no longer fit reality.

Novel organizational and interorganizational formations such as plat-
forms and ecosystems emerge to overcome existing arrangements, as these
become increasingly dysfunctional in dealing with the data-based infra-
structuring of social and economic relations. We conclude the chapter by
taking some of these ideas further. As all systems, ecosystems are more
than the sum of their parts. To understand how data reinvent the market
economy, we must investigate how data, data objects, and digital technolo-
gies help establish a novel shared cognitive space that allows novel forms
of knowledge and organized action, including new patterns and forms of
innovation and value creation, to emerge.
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DATA COMPLEMENTARITIES

A recurrent idea in the ecosystem literature is that specific types of com-
plementarities drive the actions and eventual alignment of the productive
capacities of various actors (Adner 2017; Jacobides et al. 2018; Shipilov &
Gawer 2020). This idea has been applied to resources, activities, and out-
puts such as physical products or software. As the number of organizations
that operate and forge productive alliances through data increases and data
become the cognitive means for building and maintaining relations, it
becomes relevant to understand the characteristics of complementarities
that can be built around and through data.

Asdistinct from existing definitions of complementarities, value-reinforcing
data complementarities can be forged among any kind of resources or activi-
ties that have been rendered as data, regardless of sector or industry. As indi-
cated in chapter 3 and throughout this book, the agnostic and homogenizing
characteristics of data make the resources and activities that they encode relat-
able to any other resources and activities captured as data, in principle if not
in practice. Specific qualities of data such as their content (e.g., customer data,
health data, and traffic data) can limit their relevance to other activities but
do not rule out their reusability, which is in fact a pervasive practice in the
current economy and society, regularly extending the meaningfulness and
relevance of one type of data for others (e.g., the relevance of social and net-
working data for credit scoring). The relatability of such entities makes the
distinctions between “generic-specific” and “part-whole” relationships, which
Jacobides et al. (2018) draw heavily upon to explain the formation of eco-
systems, less relevant.* Data complementarities reframe the generic-specific
distinction as they cut across the functional, physical, or cognitive makeup
of existing resources, activities, or outputs, and instead work under the logic
that governs the production, circulation, and use of data that we reviewed in
chapters 3 and 4.° Nor can data items be productively understood as comple-
ments, if complements are considered, as they should be, as an assembly of
several elements and functions. In this regard, data reframe even the very idea
of modularity and the pivotal role that it has been accorded to the making of
complementarities, and by implication, ecosystems.

Data-based complementarities, we suggest, do not form under the rules
of product design (Baldwin & Clark 2000) and the architectural principles
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reviewed in the preceding chapter. Their capacity to produce value remains
underdetermined from existing sector knowledge and operational specifici-
ties. The interdependencies that are at the core of data complementarities
can be very dynamic and unstable, subject to a high level of generality,
newness, and unpredictability. Much of data-based value-reinforcing pat-
terns have an emerging status. Digital technologies and data are underlain
by generative characteristics that are tied to the heterogeneity of actors par-
ticipating in the ecosystem (Zittrain 2008), the partially unspecified nature
of ecosystem participation, and the editability and malleability of data (Kal-
linikos, Aaltonen, & Marton 2013; Lyytinen 2022; Swanson 2022; Yoo et al.
2010). Data-based value-reinforcing complementarities can form despite
existing resources, activities, or outputs.

Consider TripAdvisor, a well-known social media platform in the travel
and hospitality industry. We have reported the detailed history of the
platform elsewhere (Alaimo, Kallinikos, & Valderrama 2020). It may be
instructive here to briefly describe the transformations that TripAdvisor has
undergone over the years to demonstrate how data complementarities form
and redefine the relationships between tasks, technologies, processes, and
actors and lead to the emergence of an ecosystem. TripAdvisor started as a
travel content search engine and advertising company in 2000 before it
transitioned a few years later to an influential social media platform dedi-
cated to travel. From 2013 onward, the platform has progressively become
part of a rich service ecosystem that provides content to users; data analyt-
ics to hotels and partners; advertising; price comparison services; hotel, res-
taurant, and tour booking services; personalization services; and a range
of other services. In each of the three stages of TripAdvisor’s evolution,
the relations that the platforms maintained with its users and customers
have been mediated and managed via data and data technologies. As these
relations evolved, however, they became the primary sources of novel data
and data-based services and the means of novel value-reinforcing relations
that gradually led to the emergence of the complex service ecosystem in
which TripAdvisor is currently embedded.

The transformation of TripAdvisor over its life course can be told as a
story of corporate strategy and the key decisions that have made it a suc-
cessful platform in the travel and hospitality sector. There are certainly
lessons to be drawn from such a story. Yet this transformation is also the
story of the Internet evolution, of the advent of social media platforms, the

Downloaded from http://direct.mit.edu/books/book-pdf/2376232/book_9780262378420.pdf by LUISS Guido Carli user on 28 October 2024



DATA AND ECOSYSTEMS 157

diffusion of light technologies (smart phones and tablets), and the tech-
nologies by which data have been increasingly made available across differ-
ent types of activities. The story of TripAdvisor’s evolution is marked by all
these forces and the modalities by which they have given rise to different
economic functions and shaped novel business roles and undertakings. The
ecosystem in which the platform is currently embedded defies the industry
rule book and the proactive outlook of strategy, as most of the data and the
data complementarities that have made this ecosystem possible arose along
the way (Alaimo & Aaltonen 2023). The ecosystem formed as the outcome
of the interplay of technological innovations, business decisions, and other
forces that can be attributed only to a limited extent to TripAdvisor itself
and to its undeniably successful management.

A closer look at the broader systems of relations and functions that
underlie the ecosystem in which TripAdvisor is embedded shows the rel-
evance of these observations and further explicates the ways in which data
complementarities provide the backbone of ecosystem formation. Via Tri-
pAdvisor, hotels can subscribe to marketing services (targeting, data ana-
lytics solutions, content solutions, and other offerings) and room-booking
automated services or buy advertising spaces. End users and travelers can
browse content; book tours, restaurants, or hotel rooms; take an Uber drive;
comment on or post pictures of an establishment; gain badges for their
online activities; learn about culture and tradition; and engage in other
activities. All these services are the outcomes of specific interdependencies
that have emerged and crystallized around patterns of value-reinforcing
data relations among several actors that have shifted positions and activi-
ties constantly. Despite many of these actors, such as online travel agencies
and Internet booking engines, have been the same throughout TripAdvi-
sor’s evolution, their roles in the ecosystem have evolved, expanded, or
shrunk as the result of fluctuating ecosystem relations. While many ecosys-
tem players remain invisible to end users, they are essential to the constitu-
tion of novel types of socioeconomic interdependencies that emerge under
the dynamics of data rules.

Where data are involved as key media and pervasive resources of eco-
system relations, the alignment of ecosystem participants is a much more
dynamic and unstable enterprise than what is commonly been admitted
(Adner 2017). In ecosystems in which data rules prevail, the actors of the
ecosystem participate largely interchangeably as data producers and as
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data-service consumers across several layers of functionalities and services.
Interdependencies based on data are thus trickier than part-whole relations
and frequently shifting. In these cases, when platforms constantly develop
new features and interactions and ecosystems admit new actors, the role
and position of a good deal of ecosystem participants are reconfigured as
a result. Because of the dynamicity, largely enabled by the editability of
digital data and data objects, ecosystem actors and their roles cannot be
captured by the standard definitions of partners, clients, competitors, or
complementors. Emerging from heterogeneous and real-time data, such
interdependent relationships are dynamic, multilateral, and multidimen-
sional, and thus demand novel shared cognitive practices and innovative
managerial approaches.

The cognitive and communicative dimensions of data seldom enter
into the analysis of ecosystems in managerial economics and strategy fields
that dominate the literature on ecosystems. Yet they constitute the build-
ing blocks upon which novel productive arrangements can be agreed upon
and collectively built when the old ones cease to be effective. In the space
created by the hybridization of banking services and digital technologies,
called “fintech,” there are several interesting examples of ecosystems that
are emerging as data help extend and redefine the relevance of finance for
other interests and activities. The ecosystem of which Flowe is part is one
of them. Flowe is an Italian start-up owned by Banco Mediolanum Spa and
founded in June 2020,° which offers the common financial and payment
services of a payment account, therefore allowing users to initiate online
payments, send money to other users, and process payments. As a native
digital payment account provider, Flowe furthermore offers user-friendly
tools to manage personal savings through the functionality of Drops, digi-
tal boxes that create a separate saving account wherein users can allocate
financial savings. In addition, Flowe provides a user-friendly service for split-
ting group expenses among participants. Users can also request a physical
debit card that is issued in partnership with Mastercard and is made of 85 to
90 percent wood. Thanks to the relationship that Flowe has built over time
with the Italian start-ups ZeroCO2 and Doconomy, by using the card, users
can plant trees to contribute to reforestation efforts in Guatemala and offset
carbon dioxide (CO,) emissions from their transactions. Users are notified
about their CO, footprint through a service named Ecobalance, provided
by Doconomy, whose data management systems can convert a transaction
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in euros to an estimated emission of CO,. Here, too, the platform not only
operates passively but also offers users the opportunity to offset these emis-
sions by planting more trees to support Guatemala’s reforestation.

The value-reinforcing patterns of data relations running between Flowe,
ZeroCO2, Doconomy, and end users is a telling example of the innova-
tive cognitive space opened by data complementarities. The fact that the
case could be narrated as a smart marketing strategy does not invalidate the
essential role of data in forging relations among actors, knowledge, and
resources that were not possible or tenable before. The interdependence
runs between data produced by financial transactions, data produced by
the conversion of transactions in CO, emissions, and data produced by the
planting of a tree (see figure 8.2). It is only because those interactions are
made into data that diverse activities such as payment transactions, CO,
emissions, and the planting of a tree can relate to one another. The nature
of data as cognitive (semiotic, epistemic) artifacts, together with their edit-
ability, enable novel possibilities of creating services that are breaking the
boundaries of traditional knowledge, organizations, industries, and social
practices, and that consequently lead to the formation of new socioeco-
nomic spaces. The innovativeness of these spaces, made possible by data
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[Mustration of the data flow making value-reinforcing complementarities among Flowe,
ZeroCO2, Doconomy, and users. Source: Alaimo, Kallinikos, and Sannino (2022).
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mediation, is that different economic and social activities are made inter-
dependent along several coexisting paths of various kinds such as learning,
playing, consuming content, and other actions.

This example well indicates how the transformative power of data
cannot be captured by simplistic ideas framing data as mere economic
resources or items of exchange (Shapiro & Varian 1998). By the same token,
innovative ecosystems do not mechanically emerge when data resources
are pooled in or out of organizations by technological connectivity pro-
vided by APIs or other boundary-management technologies (Zachariadis
& Ozcan 2017). As they connect domains of knowledge and activities that
were not perceived as relevant and not connected in any way before, data
open novel cognitive spaces that shape innovation possibilities and value
creation and, ultimately, reinvent the market economy. None of the ele-
ments that make Flowe’s service offering would have worked or made sense
together under previous market arrangements, knowledge specialization,
and industrial practices. Yet because of the cognitive and material infra-
structure created by data, such novel data patterns can form new interde-
pendencies and create alternative patterns of living (and, ultimately, value)
for different stakeholders. It is because of data production, structuration,
and exchange that Flowe can produce value out of activities, cognitive
resources, and knowledge domains that have been previously unrelated or
not connected, and at the same time offer people alternative visions of
finance. Innovation in an ecosystem such as that in which Flowe is embed-
ded does not come from the alignment of actors to a set of well-established
activities within an industry domain. Rather, interdependencies run across
a variety of data patterns that are aggregated and recombined via emergent
practices, leading to the establishment of new roles that dynamically align
around a shared vision. The world of financial services is made broader as
it becomes loosely coupled from existing knowledge, organizational prac-
tices, and industry perceptions and classifications. Clearly, there are several
downsides to this newly acquired freedom, which are becoming urgent to
address now that the first wave of datafication has swept through industries
and sectors with little guidance and rules. How to regulate a novel space of
interaction that has no tight links with existing procedures, institutions,
and routines is a complex issue, of course, and one that we cannot address
here. We can stress, however, that current regulatory approaches do little to
reveal the central role of data and follow the trend of considering data only
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as economic resources or technical inputs with questionable results (recall
chapter 5; see also Cennamo et al. 2023).

DATA OBJECTS AND THE FORGING OF DATA COMPLEMENTARITIES

The cases that we have just reviewed are indicative of the novelty brought
about by data in ecosystem emergence and structuration. The homogeniz-
ing, nonneutral, and agnostic character of data mediate and structure rela-
tions among heterogeneous actors, tasks, and processes. Actors that did not
have reasons to connect before form value-reinforcing complementarities
based on patterns of data making, circulation, and use. The ecosystem in
which Flowe is embedded is made by actors, tasks, and operations contrib-
uting expertise that had not been linked to banking or financial service
offerings before. It is the combination of knowledge domains, enabled by
the cognitive and technological infrastructure of data, that gives that eco-
system its unique identity and newness.

Heterogeneity has been viewed in the literature mostly as a fixed variable
that captures the variety of all the actors involved, usually cataloged under
preestablished and fixed roles (i.e., complementors, end users, and market-
ers). Yet heterogeneity in data-based ecosystems has a more profound and
disruptive meaning. Under data rules, ecosystems are comprised of actors
that do not belong to the same industrial sectors, are not bound by existing
relations of production (i.e., single design hierarchies), and may not have
the same knowledge base or specialization. In many ecosystems, actors are
composed of social entities as different as corporations, start-ups, individuals,
public organizations, professionals, and communities. In addition, as already
indicated, actors form heterogeneous relations that do not preexist ecosys-
tem formation and emerge from novel value-reinforcing patterns of data-
based exchanges. Those relations remain complex (i.e., show a high degree of
interconnection), unstable, and often short-lived and reconfigurable.

Consider again the case of programmatic advertising, where there are
literally thousands of heterogeneous actors interacting in real time across a
dispersed and fragmented space. The entire ecosystem’s exchange, with its
massive numbers, operates on demand every time a user’s browser opens a
publisher’s website and triggers a real-time request for an ad. As one user’s
view of an ad may trigger multiple auctions, millions of data exchanges
take place every millisecond. The number of services and actors that have
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emerged around this apparently simple transaction is mind blowing, as it
comprises validation or measurement agencies, complex legal services, data
brokers or intermediaries, sophisticated Al companies that offer optimiza-
tion strategies, and other agents. How can value-reinforcing interdependen-
cies be forged out of this miscellaneous, massive, and real-time flux of data?
The role of data objects and technologies, such as the Real-Time Bidding
(RTB) protocol,’” is key to unpacking ecosystem dynamics in such settings.
Without their work, no exchange can take place and the space of innova-
tion and value creation of the ecosystem would be considerably truncated.

Let us restate that in ecosystems, there is often no direct interaction
between actors such as data brokers, end users, publishers, marketers, and
other participants. The ecosystem described here illustrates a complex
interlocking of streams of data that are produced en masse, structured by
objects interacting with each other under the rules of protocols, and made
accessible to participants for several different tasks and operations through
APIs, dashboards, and other technologies. In the programmatic advertising
ecosystem, data objects, among which the bid requests and bid responses
are the central entities, have dimensions and parameters about the avail-
able and sellable ad unit inventory that is assumed to be viewed by users in
real time.® Objects provide the cognitive grid that actors need to participate
in the exchange and, at the same time, they function as behavioral scripts,
embedding the rules of interaction. They structure the variety of data circu-
lating in the exchange and furnish actors with the incentives and tools that
they need to act. Bid request objects, for instance, embed key parameters
of the exchange such as viewability,” which sets the price of the exchange
by computing the likelihood that the ad slot will be viewable by the end
user based on a range of indicators.'® Figure 8.3 shows an example of a bid
request object operating in the Google marketplace.

Participation in the ecosystem is made possible by the functioning of the
protocol, data objects, and other technologies. However, these objects do
more than implement rules for the automation of exchanges. Data objects
and their data attributes, structure, and schemas maintain a core knowl-
edge and semiotic function that is consistently shaped by the history and
institutional path dependencies of the sector. At the same time, they also
remain open, unspecified, and editable to accommodate new uses linked to
the epistemic novelty of massive amounts of data generated in real time.
As we have seen in chapter 4, data objects are the digital format of basic
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0.2034498 } } center point { latitude: 51.525417 longitude: -0.1470767 }
} device { device type: PERSONAL COMPUTER platform: "Windows"
screen_pixel ratio millis: 1000 } 55: "Us"

FIGURE 8.3
(continued)

entities of a given sector, such as goods, tasks, users, marketers, customers,
suppliers, advertisements, and music tracks (Rosch et al. 1976). They can be
the digital rendition of social roles and entities, physical machinery such
as engines in manufacturing plants, or stuff that does not exist outside the
ecosystem in which they operate.

Data objects aren’t digitized versions of existing entities. An ad impres-
sion object, for instance, does not represent a social entity whose existence
can be referred to anywhere outside programmatic advertising. It rather
reconstructs an editable and executable version of the rules and behavior of
ad impressions. Such a version remains linked to what already operated as a
weak or soft standard in the advertising industry but is now based on data
and methods that weren’t available before. Interactions of a certain kind
happen because data objects execute several basic functions and because
actors implement automatic responses (via other objects, APIs, and algo-
rithms) to object rules and behaviors."

The rules of such interactions embedded in data objects constitute the
basis of actors’ exchanges. At the same time, objects are editable. The digital
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nature of such entities allows for accommodating the constant change that
occurs across the heterogeneity of actors, actor roles, tasks, and resources
and the variety of situations involved in the ecosystem exchange. Objects
are routinely updated in terms of properties and parameters, fields are dep-
recated, access to them is restricted, and the interactive properties of objects
with other objects are endlessly optimized. Much of this regulates how spe-
cific categories of actors access objects (and their data) via a thick infrastruc-
ture of data technologies such as algorithms, APIs, and other interfaces. As
certain interactions are structured by the work of data objects and related
technologies and stabilized into patterns, they come to be crystallized into
roles with their own set of specific resources, permissions, and tools. Data
objects take part in reframing the knowledge, soft standards, and behav-
ioral scripts of actors, allowing novel modalities through which different
types of data are produced and relate to one another.

Data objects and the sociotechnical resources that regulate patterns of
data exchange become essential to understanding how certain types of
interdependency emerge and evolve and how others decay. As ecosystem
actors predominantly interact with objects rather than with each other, data
objects acquire a powerful role in shaping novel forms of organizational
and institutional agency. It is important to consider that data objects are
neither technological devices nor simply goods or resources that are pro-
duced and exchanged. They are rather the new social entities that structure
certain conditions of production and exchange in vast, agnostic, and dis-
persed data spaces. Data objects embed agreed-upon rules and accommo-
date change by executing functions on behalf of users. In doing so, they
structure the possibilities of creating value-reinforcing complementarities
for different categories of actors. These new, data-based versions of users,
impressions, marketers, and publishers define ecosystem roles, interactions,
and interdependencies in a dynamic, recursive, and constitutive relation.

SUMMARY AND IMPLICATIONS

After more than two decades of nonintervention politics, there has recently
been a shift in the public perception and political discourse concerning
the necessity of regulating platform ecosystems. As noted in chapter 5, the
European Union (EU) recently introduced the Digital Services Act (DSA) and
the Digital Markets Acts (DMA) as part of a wider legislative effort aimed at
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ensuring the proper function of the digital economy. The DMA focuses on
issues of competition and innovation in digital markets and is particularly
relevant to platform ecosystems.

Beyond the specificities of the DMA, which are addressed elsewhere (see,
e.g., Colangelo 2023; Jacobides & Lianos 2021; Larouche & de Streel 2021),
what remains still largely absent from the current debate on regulation is
an assessment of the validity of the premises and assumptions upon which
such regulatory efforts are predicated (with few exceptions, such as Cen-
namo et al. 2023; Cioffi, Kenney, & Zysman 2022; Jenny 2021). We are not
referring to principles or social values, which would still be interesting to
discuss from time to time, but rather to something more primary, relating
to the knowledge assumptions upon which the regulatory interventions are
erected. The first set of assumptions concern the notion of data and what
data are. The relevant issues have been thoroughly discussed throughout
the book, specifically in chapter 5.

Rather than reiterating them here, we would like to draw attention to
several important implications that stem from the misperception of data
and weigh heavily on the current regulatory approach to digital platforms
and ecosystems. If data are considered as input to algorithmic systems, the
only option left to regulators is to regulate algorithmic systems. This mis-
step may have costly unintended consequences as regulators would find
themselves chasing individual technological developments rather than
producing frameworks within which individual technologies can develop.
The difference is well exemplified by the approach to tracking in the Gen-
eral Data Protection Regulation (GDPR). It poorly defines personal data and
badly regulates cookies (one of the many tracking technologies) rather than
producing a strong legal framework that regulates behavioral advertising.
One of the many unintended consequences of the GDPR has been to make
competition worse in some cases, as end users tend to trust large providers
(see, e.g., Peukert et al. 2022); meanwhile, in the behavioral advertising sec-
tor, the rich become richer. Data assumptions may trigger conflicting rules
and the overstepping of obligations from one jurisdictional sector to the
other (Obendiek 2023). A clear example is the trade-off implied between
sharing end-user data versus protecting end-user data safety and security.

If data are considered fixed items, ready-made resources kept in some
of the silos (repositories) of large data infrastructures, then platform eco-
systems are virtually economic actors that extract those resources only by
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exploiting users, while withholding them by blocking fair access to com-
petitors. Aligned with those assumptions, regulation maintains its tradi-
tional approach, applying existing competition law recipes to regulate the
access or accumulation of such resources. Such an approach sidesteps the
distinct nature of data as resources and the specificities of data produc-
tion processes, including the knowledge and technical capabilities that
the approach requires and the variety of institutional contexts in which
it takes place. In addition, it completely overlooks the character of plat-
forms and ecosystems as novel economic actors whose positions in the
digital economy sit uncomfortably in the conceptual cages of markets and
bounded (or traditional) organizations (see chapter 6 in this regard, as well
as figure 8.1). This is the problem with the DMA and the current approach
to competition in digital markets. In this case, wrong assumptions mostly
concern the relation between data (poorly defined) and innovation, and by
extension, value creation.

The assumption that data are ready-made resources extracted in ways
analogous to physical resources has far-reaching implications for the percep-
tion of the contribution of the main actors dealing with data (i.e., platforms
and ecosystems) that cascade across the processes that underlie data-based
innovation and value creation. Data are never found, and even if they are
not costly to reproduce, their production costs may be far from negligible.
In fact, so far, data production costs have not been properly accounted for,
partially because of the misrepresentation of data as ready-made resources
resting idle somewhere. Yet, particularly when data are innovative or signif-
icant for developing highly specialized knowledge, they are far from cheap
to produce (as any researcher should know). The mechanical and auto-
mated operations by which they are often generated foster the illusion that
data are cheap to produce, as they make it easy to conflate high fixed costs
with low variable costs. Clicks and other anonymous acts such as scrolling,
swiping, or tapping are only the last moments of a long process that, as seen
in chapter 4, involves a variety of cognitive, economic, and technological
steps and resources. A click becomes possible thanks to a complex and rami-
fied set of technological operations and should make sense within a system
of communication where it works as a sign of approval, preference, or any
other type of signification that it performs. Within the gears of the digital
economy, a click can become many other things (e.g., data objects, data
doubles, or data twins). This too, involves several infrastructures, actors,
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and technological capabilities. In the end, part of the output of this process
is fed back to users as innovative data-based services, while another part
is opened to third parties for further and often complementary innova-
tions. The common misperception of data as fixed and ready-made items
discounts the fact that data are always outputs of a complex process before
being inputs for others.

In this respect, the hard-to-die motto “More data, better products” does
not go far in acknowledging the complexities, interrelations, and feedback
loops of the digital economy. Similarly, the regulatory efforts that find their
point of departure on assumptions such as “more data leads to more market
power” fall short of understanding that the power of big players does not
come only from access to data, but from access to means of data produc-
tion. Access to vast quantities of data with no institutional, technical, or
cultural capacity to work with those data may lead nowhere.

In current attempts, the process of innovating with data is left black-
boxed, with legislators cherry-picking a few of its operations, isolating them,
and issuing a set of obligations. The complex and reciprocal entanglements
of actors participating in the innovation process are left unacknowledged.
Issues such as competition across different ecosystems are not addressed
(see Cennamo & Santalo 2022). The natural trade-offs arising from picking
up only one stick in a massive Mikado game are not discussed.

Besides the points already raised and other shortcomings of the DMA
(for more, see Cennamo et al. 2023; Colangelo 2023), a few more abstract
questions arise on the scope and aims of a general approach to regulating
the digital economy that does not consider the complex interdependencies
between data, the economy, and society. The ideas put forward in this chap-
ter debunk this approach. Ecosystems have mostly been studied through the
lens of preconceived categories such as types of actors (i.e., complementors,
developers, users, or buyers), established notions of complementarities
(i.e., specific versus generic), and a limited view of the heterogeneity of the
actors, actor roles, tasks, and processes that underlie the economic func-
tions that ecosystems perform.

Even more regretful seem to be the limited attention that research on
ecosystems has paid to the technological upheavals that over the course
of several decades have redefined the texture of the economy and society
touched upon chapters 5 and 6. It wouldn’t be an exaggeration to argue
that save a few exceptions (e.g., Marton 2022; Wang 2021), the literature on
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ecosystems overlooks the technological processes that make current busi-
ness ecosystems novel compared to existing interorganizational networks.
Ecosystems become widespread interorganizational arrangements thanks to
the variety of functions that they perform in the current economy and soci-
ety beyond familiar business affiliations. Such functions, we have argued,
are marked by the critical role that data and data technologies assume as
diffuse artifacts of cognition and knowledge. These ideas should make regu-
lators cautious when seeking to apply existing approaches to ecosystems.

An important claim we make throughout this chapter connects to the
emerging nature of complementarities and, by extension, the data-based
processes by which complementarities are sustained and managed. In this
hypertechnological age, complementarities are not given in advance. They
do not inhere to the specific nature of resources and the ways that actors
can manipulate these resources to forge complementarities. Rather, com-
plementarities are constantly made and remade under data rules (i.e., by
how data encode economic and social facts), and data management tech-
nologies dynamically reweave the fabric of economic relations and, by
doing this, extend the semantic horizon against which new relations are
perceived and built. Conceived in more abstract terms, the ways that we
treat complementarities suggest that relations rather than actors/resources
should become the primary unit of ecosystem analysis (Abdelnour et al. 2017;
Abbott 1995; Bailey et al. 2022; Bateson 1972/2000; Hanseth 2022; Kemp-
ton 2022; Star 1995; Star & Griesemer 1989; Star & Ruhleder 1996; Wang
2021). The structure of relations that is the ecosystem, we claim, does not
derive from the alignment of actors and the resources that they command
(e.g., Adner 2017), but rather from the much more complex, insidious, and
dynamic character of structural conditions and processes that link tasks,
functions, technologies, data, data structures, and ultimately, organizations
and actors (Kallinikos 2007).

Making relations and the ways that they form and dissolve the focus
of analysis in ecosystems amounts to a call to address the technological
dynamics that rule and dissolve ecosystem structures and investigate the
causes and modalities of ecosystem emergence and evolution (lansiti &
Levien 2004). The central role that we accord to relations in this context
should not be understood as a claim to the ontological primacy of relations
vis-a-vis entities, but rather as a methodological principle for investigating
a world in constant flux. Relations are of entities as much as entities are
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of relations (Abbott 1995); that is, relations are made of entities that pre-
exist them as much as they may help bring about entities that were not
there before. It is the position of entities within a network of relations that
defines their function (Faulkner & Runde 2013; Kempton 2022).

Shifting positions may bring about new relations epistemically (the per-
ception of new things) and can ultimately arrive at constructing new enti-
ties, as architecture qua field often illustrates. The structure of relations that
decree the making of complementarities attests to the fundamental fact that
the complexity of ecosystems and the many things and relations that they
are made of usually develop beyond the limited horizon of willful actors and
their decisions. Focusing on the structuring of relations holds the prom-
ise of disclosing how different types of complementarities lead to different
forms and degrees of interdependency (Wang 2021). A better appreciation
of these interdependencies within and across ecosystems in turn may help
bring back the “eco” in “ecosystems” (Iansiti & Levien 2004; Marton 2021;
Phillips & Ritala 2019; Ritala & Almpanopoulou 2017; Shipilov & Gawer
2020) and avoid the fallacy of studying ecosystems as functional networks,
created and managed to serve the pecuniary and political objectives of
specific actors. As the empirical illustrations in this chapter suggest, value-
reinforcing relations are seldom the outcome of deliberate planning alone.

Such a focus may contribute to the public discourse on platform and
ecosystem regulation by inserting data and their rules at the center of eco-
system formation and evolution.
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REINVENTING THE MARKET ECONOMY

Throughout the pages of this book, we have traced the system of forces
and operations with which the diffusion of digital data is associated and
explored the critical role that data and data objects assume in the techno-
logical, social, and economic transformations that mark our times. Data
perform functions critical to the current economy and its institutions. As
tools of cognition and knowledge, data enable marking, encoding, invent-
ing, calculating, and establishing diverse facets of reality that in turn fur-
nish the ground upon which much of new organizational and economic
relations are built, including the making and exchanging of data commodi-
ties. The diversified system of operations and relations in which digital data
are embedded makes them ubiquitous elements of the current economy
and society, as well as a critical frontier of new practice formation and
socioeconomic restructuring.

The scale of these transformations is clearly shown in the rise of new
enterprise forms such as those exemplified by digital platforms. In a rather
short period of time, digital platforms have grown into pervasive provid-
ers of goods and services that result from how they mediate the contri-
butions and pursuits of diverse and often populous types of actors. The
economic functions that platforms perform cross the traditional divide of
production and intermediation and reconfigure the institutional settings
in which organizations and markets have traditionally been embedded
(Arrow 1974). Throughout this volume, we have shown that platforms
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are underlain by a pronounced outbound orientation that repositions the
focus of organizational operations from the resource conversion process
itself to the system of rules and technological facilities that mediate the
economic exchanges and relationships of platform participants. Viewed in
this light, platforms are conspicuously different beasts from the bounded
and concentrated forms of organization that dominated the production of
goods and services during large parts of the industrial age and the early
information economy. It is perhaps the most emblematic organizational
form of the age and a clear indicator of wider technological, economic, and
social transformations that call for and enable new patterns of producing
and delivering goods and services.

These transformations are forcefully shown in the complex machinery
of data operations that register, process, carry out, aggregate, and variously
compute the actions of hugely diversified and distributed populations of
users (e.g., producers, consumers, financial institutions, regulators, and third
parties). The scale, complexity, and sophistication of these data operations,
often performed on the fly, grant platforms a functional profile that dis-
tinguishes them from earlier forms of intermediation. The distribution of
knowledge and the processing capacity of markets that arguably made them
superior coordination mechanisms vis-a-vis centralized systems (Hayek
1945) are dwarfed compared to the distribution, dynamic character, and
scale of knowledge (data) operations that underlie the operations of plat-
forms. In this regard, platforms are more than just enterprise forms. They
are the organizational format of an age in which the functions and bound-
aries of central modern institutions such as organizations versus markets are
redefined, along with many of the distinctions that they have occasioned,
such as those of private versus public life, internal organizational operations
versus external events, concentration versus distribution of activities, and
social versus economic relevance.

The rise of platforms coincides with the formation of broader arrange-
ments of economic exchanges and operations that have often been referred
to in the literature as “ecosystems.” In some ways, platforms cannot exist
without ecosystems. Ecosystems are essential to platforms insofar as plat-
form operations entail the tuning and coordination of the resources and
operations of different types of participants in large numbers. At the same
time, the structuring of such business relationships by means of data
enables the pursuit of value-reinforcing synergies or complementarities that
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stretch beyond individual platforms and frequently alternate between sev-
eral platforms. The boundaries distinguishing platforms from ecosystems
are undeniably fluid and often hard to draw. It is nonetheless important to
remind that platforms remain enterprise forms, legal sites of rent extraction
and capital accumulation. By contrast, digital ecosystems are better seen as
collective arrangements of coordination that enable the exploration and
building of economic relationships across the boundaries of familiar activi-
ties and business affiliations that would have remained unfulfilled in their
absence. Looked at this way, platforms and ecosystems could be seen as
structurally equivalent to firms and industries.

These remarks should make evident that the mediating functions of
platforms and the type of complementarities characteristic of ecosystems
are heavily reliant on data and the rules that dictate the functions that data
perform. None of the operations of platforms and ecosystems could ever be
imagined, let alone performed, without the liquefaction of the real (Leon-
ardi 2012; Monteiro 2022; Monteiro & Parmiggiani 2019) that data afford
and the mediation, continuous monitoring, and assessment of means/ends
sequences that they enable. The scope, geographical expansion, and distri-
bution of platforms and ecosystems make the functional tasks achieved by
data essential to the building of ties that platforms and ecosystems instanti-
ate. In this regard, data and platforms/ecosystems presuppose and reinforce
one another.

The theorization of data and their placement at the center of these
transformations distinguish our own contribution from the overwhelm-
ing part of the literature on these subjects. Data are conspicuously absent
and undertheorized in much of the current body of literature on platforms
and ecosystems or, in the best case, are considered as assets and treated
in terms of the functions that they assume as nonrival and nondepletable
resources (see, e.g., Adner 2017; Brynjolfsson & McAfee 2014; Jacobides
et al. 2018; McIntyre & Srinivasan 2017; McIntyre et al. 2020; Parker et al.
2016). We have time and again stressed the variety of functions that data per-
form beyond those traditionally associated with assets and resources. Data,
we claimed, are instruments of marking and world-making, tools of knowl-
edge development, and media of communication that essentially transcribe
the obstinate relations of the economic order to the revocable order of signs
(i.e., data tokens) (Knorr-Cetina 1999). This massive rendition of things
and situations into data provides the basis for reimagining, rehearsing, and
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reconfiguring the social and technical constraints that have traditionally
accommodated the operations of markets and organizations in modern
times (Arrow 1974).

Left on their own, these developments might seem limited to the eco-
nomic sphere and the restructuring of its institutions (i.e., markets and
organizations). The advent of platforms as enterprise forms and ecosystems
as coordinative arrangements, however, transcends the orbit of economy
alone and carries wider societal implications, which have been analyzed
throughout this book. This should hardly come as a surprise to students
of the social embedment of economy and the variety of links that bind
economy to society (Couldry & Mejias 2019, 2020; Granovetter 1985;
Heller 1999; Polanyi 1944/2001; Luhmann 1982, 1995). Yet data, we have
claimed, take the social embedment of economy to new directions and
dissolve critical boundaries that once kept economy and society at arm’s
length from one another. The rendition of economic and social facts into
data enables commensuration (Alaimo & Kallinikos 2017, 2022; Espeland &
Stevens 1998; Espeland & Sauder 2007) or otherwise transcends the intrin-
sic differences underlying the varying regions of reality and transcribes and
reduces these differences to common metrics. The philosophical assump-
tions upon which data societies are predicated are reflected in the often-
unspoken belief that all things in life can be rendered as data and managed
accordingly (see, e.g., Pentland 2014).

These trends show themselves with unusual evocation in the developments
that challenge the characteristically modern separation of transactions from
social interactions. Modernity singled out economic transactions from the
wider context of social interaction and gave economic encounters distinct
and functionally narrower attributes (Luhmann 1982). Even though that
separation remained a problematic achievement (Zelizer 2005) throughout
modern times, it is currently rehearsed along several frontiers and in ways
that question whatever distinctive connotations have been attached to
them. Data and the technologies with which they are closely related make
it possible to overlay the data footprint of social interaction and communi-
cation (social and networking data) on the narrower spectrum of economic
exchanges. The outcome, characteristic of the operations of platforms, is to
merge and compare transaction exchanges and social interaction without
regard to their conspicuously diverse origins and the varying life orders
that they once served. It is not by accident that a key challenge confronting
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commercial, innovation, and social media platforms is building, maintain-
ing, and governing diverse and shifting crowds, communities, or networks
that perform a variety of functions and tasks beyond those linked with the
familiar roles of clients, buyers, or employees. It is in this context that the
economic notion of network effects should be read as an indirect measure
of the sociality of goods and the value-building functions that social rela-
tionships confer on such goods.

Placed against this backdrop, the rules that dictate the generation, distri-
bution, and use and reuse of data described in this book reposition the role
of the economy vis-a-vis other social functions (e.g., education, health care,
politics, and entertainment) and the wider society (Heller 1999). The eco-
nomic, personal, and societal functions of data and the advance of platforms
and ecosystems are thus indicative of a change of far-larger proportions (see,
e.g., Greenfield 2017; Hildebrandt 2015) than what is commonly admitted
by the instrumental and managerial reading of these developments, which
are widespread in most of the platform and ecosystems literature.

Crowd participation and network building on platforms are charac-
teristic of a new social architecture—a novel, as it were, social contract—
whereby atomized actions and aggregate outcomes are brought together in
ways hitherto unknown. Riding on the infrastructural affordances of digital
technologies, such an architecture essentially refigures the modern social
contract itself and the modes through which individuals qua sovereign sub-
jects (Hildebrandt 2015; Hildebrandt & Rouvroy 2011) have so far been
linked to stable and clearly bounded social and economic institutions. The
distinctive flavor of this book and the major arguments put forward in its
pages are closely linked to such a wider understanding of data and their
socioeconomic implications. The making of platforms to diffuse enterprise/
organizational forms and the advent of ecosystems to widespread arrange-
ments of cooperation (and competition) are inconceivable without data.
Both platforms and ecosystems presuppose and reinforce the reconfigura-
tion of the borders that have separated economy from society, forms of
interaction and engagement that are characteristic of daily life from the
institutional order and the functions of institutions.

The market economy, of course, is a complex and multidimensional order
itself that includes financial institutions and legal systems, along with the
critical operations of the state without which the market economy probably
would have remained a disembodied ideal (Polanyi 1944/2001). We have
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said very little in this book about these fundamental aspects of the market
economy and the social order with which it is associated. We are keenly
aware of these limitations. On the other hand, we have assumed through-
out the book that an essential frontier along which the modern social order
and its market economy are rehearsed coincides with the central place of
formal organizations in the modern industrial society (Weber 1947/2012,
1978/2019). The bounded and concentrated form that such organizations
have assumed throughout modern industrial history articulated the rela-
tionship between economy and society, markets as exchanged systems and
organizations as sites of production (Kallinikos 2003, 2004). The ways that
platforms and ecosystems challenge and redefine the patterns by which
formal organizations have been implicated in these operations suggest to
us that a change of major proportions is unfolding in front of our eyes. It is
this change that we refer to as “the reinvention of the market economy.” It
is obvious that much more work is needed in this direction.

TOWARD A SOCIAL SCIENCE OF DATA

The far-reaching economic restructuring and social engineering that we
attribute to data stand at the opposite end of a widespread perception across
the management and social sciences literature that continues to consider
data an appendix of the transformations that mark our times.

The common view of data across much of the social sciences is mostly
as a by-product or supportive element of other operations that reflect the
functions of social, economic, or political institutions and the rationalities
governing them. In this view, data matter only to the degree that they serve
the institutional orders in which they are embedded and the interests and
preoccupations of the social actors that dominate them. While seemingly
reasonable, such a view has little space for the unintended consequences of
social action and no recognition for the forces that undo and elude estab-
lished orders, social actors, and their pursuits (Kallinikos 2007; Knorr Cetina
1999; March & Olsen 1976, 1989). It critically lacks the conceptual appa-
ratus for confronting and analyzing the structural grid into which data are
embedded and the fascinating dynamics (i.e., the data rules) through which
that grid reshapes the ends or objectives that purportedly data are called
upon to serve. Some of these widely dispersed academic predilections are
reinforced by the diffuse misperception of data as technological items and
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the conflation of the operations that we classified as semiotic, epistemic,
and communication-based with the state of the art of the computational
technologies from which data derive (recall chapters 3 and 4).

Contrary to these views, we consider data and the socioeconomic rela-
tions that keep on morphing around their production and use as estab-
lishing, as it were, its own gravity field, a new system of rules that qualify
the operations of markets, organizations, and the modern institutional
order. As data diffuse throughout the socioeconomic fabric, they become
indispensable means by which the world is perceived, filtered, and under-
stood, and productive relations instrumented, performed, and assessed. It
is rather unlikely that the diversified operations that stem from this com-
plex and evolving system of rules can solely be attributed to causes that
are exogenous to it, driven by economic or political rationalities or institu-
tional inertia. The semiotic, epistemic, and communication functions that
this complex system of rules performs calls for explanation in terms that
can do justice to its distinct profile and the processes and dynamics that it
helps set in motion. Accounting for the workings of this system of rules by
recourse to omniscient economic agents or the inertia of institutions are
long-driven and unproductive simplifications of the far-reaching develop-
ments that unfold right in front of our eyes.

Once formed, this system of rules sets in motion dynamics (i.e., adjust-
ments, incompatibilities, and path dependencies) that are endogenous to
it. Data records in one area, for instance, may call for data records in adja-
cent areas that may illuminate a further lack of data and suitable arrange-
ments in other areas, which may in turn generate further institutional
setups and drive new cycles of development, and on and on (Arthur 2009;
Bowker 2005; Hanseth 2022; Kallinikos 2007). While certainly punctu-
ated by decisions derived from the institutional relations to which it is
embedded, the workings of these data rules exhibit endogenous dynamics
(specific to these rules), in which exogenous forces (political or economic
decisions) have secondary significance. We have associated the formation
of this system of rules with the functions that data perform as pervasive
artifacts of cognition and knowledge and media of communication, the
formation of new economic practices, the historical decline of the bounded
and concentrated form of organization, and the rise of digital platforms and
ecosystems. These changes are not mechanically installed, of course. The
conditions underlying these changes frame what is perceived as possible or
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relevant, contribute to defining the nature of social and economic objec-
tives, and ultimately shape the constitution of agency and modes of acting
and evaluating (Abdelnour et al. 2017; Meyer & Jepperson 2000).
Approaching these multifaceted historic processes in terms of economic
rationality (the prevailing view of platforms) alone unduly simplifies the
structural composition of socioeconomic change and black-boxes the lay-
ered and sedimented patterns of solutions (e.g., the installed base) through
which data processes and practices acquire their causal tenor (Arthur 2009;
Hanseth 2022; Swanson 2022). The work of data rules is never a straightfor-
ward derivative of the rationalities, practices, and institutions with which
it is associated. Rather, as these rules diffuse throughout the socioeconomic
order, they acquire a sui generis existence that qualifies, annuls, extends, or
modifies established rationalities, practices, and institutions (Winner 1978,
1986/2010, 1993). Or to put things more mildly, economic rationality, with
or without the system of rules and its underlying data machinery (e.g., the
variety of records, data management techniques, technological systems,
and devices) that we expose in this book, is not the same thing. Finding out
the differences by looking at both sides of the equation would seem critical.
There is currently a growing scholarship on the impact of data on such
diverse areas as smart cities and traffic monitoring, science making, medi-
cine and health care, law and police work, managerial strategy, industrial
platforms and manufacturing, politics and justice, and social and commer-
cial media, among other topics (see, e.g., Greenfield 2017). At the same
time, ongoing research in each of these areas is uncertain with respect to the
causal status of data and ambiguous with regard to the value of employing
data as a lens for studying social and economic practices and institutions.
What is often missing is an outlook or approach that understands data
as pervasive and distinct artifacts of knowledge, cognition, and communi-
cation and investigates the analytic paths along which the rules that they
establish are involved in the restructuring of socioeconomic operations
and the change of established institutions. To our knowledge, there is no
systematic or coherent narrative in the current literature concerning how
and why data matter beyond the specific areas or contexts in which their
impact is investigated. But can there ever be such a narrative? Would it ever
be possible to cross the intrinsic differences of the areas in which data per-
form their functions? Most critically, would it make sense to transcend the
varying circumstances that each of these areas confronts and the particular
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social practices and technologies with which they are associated? And, if so,
what purpose is served?

These are no doubt tantalizing questions that do not admit conclusive
answers. Yet they are essential to raise, as they are closely associated with
the difficulties of conjecturing the work of data rules and the range of semi-
otic, epistemic, and communication operations that data perform across
the diverse areas of socioeconomic life. Some of these difficulties are cer-
tainly associated with the specific nature of the social and economic areas
that are selected for study and the specific functions that data perform in
these areas (e.g., health data, traffic data, data in education, and law enforce-
ment and justice). Others reflect the prevailing division of labor in social
sciences, along with the process of academic socialization that discourage
perspective crossing and the adoption of new frames of reference. These
difficulties are aggravated, as suggested, by the widespread misperception
of data as mostly inputs to quantitative modeling that serve established
fields of knowledge or practice (recall chapters 3 and 4). Such an under-
standing of data, it should be acknowledged, has a longer and undeniably
productive line of descent. It is linked with the recording, interpretation, and
management of a large number of contingent events of variable likelihood
(probability) that are historically connected with the rise and significance
of statistics and the modern social project (Hacking 1983, 1990).

The contingent empiricism of statistics and the capturing of miscella-
neous events that intrinsically have no bounds (Rosch 1975; Rosch et al.
1976) as discrete and standardized tokens (data points) is a straightforward
predecessor to current data science. Out of this grows the pervasive belief
that sufficiently large numbers of tiny, rather insignificant, and properly
standardized events can be made the stuff of which the leitmotifs and pat-
terns of persons and institutions are inferred and physical processes and
mechanical operations reconstructed. The road from statistics to data sci-
ence is certainly more ambiguous and circuitous than these brief remarks
suggest. However, the widespread and rather narrow perception of data as
technical elements, devoid of meaning and causal tenor and assessed only
in terms of their frequency or prevalence, is closely associated with the
establishment and institutional success of statistics as the science of the
probable and contingent.

The ideas put forward in this book represent a counterpoint but also
a complement to the data perspectives and practices developing at the
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crossroads of statistics with engineering (i.e., artificial intelligence/Al) that
characterizes current data science. In one way or another, these ideas work
as signposts for rediscovering the semiotic, communication, and knowl-
edge trajectories of data and the role that they play as active forces of the
social and economic transformations that characterize our time. Such a
perspective on data enables linking data to the study of culture and cogni-
tion and their significance across time (Tomasello 1999). Throughout the
chapters of this book, we have repeatedly critiqued the narrow perception
of data as just inputs to quantitative modeling and showed the paths along
which such a limited outlook can be transcended. The character of data as
artifacts of cognition and knowledge and communication media cannot
be undone by the technological circuits in which they are inscribed, and
the role reserved to them by statistics and data science. Semantics precedes
counting, as Frege (1964) put it some time ago. Counting is inexorably
applied to some aspect of the world that has been lifted out of its dense
background through intelligible operations and accordingly established as
separate from others to admit enumeration and any other operations that
enumeration affords, including inference (Kallinikos 2010; Porter 1995,
Rose 1991). Selecting an aspect of the real is always a meaningful operation
that transcends counting and, also, an operation (as noted several times)
that could have produced other results had it been predicated on other
assumptions or outlooks.

Conceived along these lines, data are important social and cultural arti-
facts through which aspects of the intelligibility of the current world are
perceived and understood, and the actions of social and economic institu-
tions organized, performed, and assessed. Such a conception of data as mul-
tifaceted artifacts of meaning and communication that affect the social and
economic world in ways that are not reducible to exogenous forces justifies
putting forward the quest for a social science of data, distinct and different
from the methods and techniques of data science (Couldry & Kallinikos
2017). By a social science of data, we envision an analytic project that
reconceives data as cultural records and artifacts of cognition and unpacks
the fabric of operations by which the social and economic objects of the
current world are generated and managed through data. This is obviously
an intellectual undertaking that surpasses the confines of engineering, sta-
tistics, and economics and the understanding of data in sheer technical or
economic (i.e., assets or resources) terms. It is an undertaking that requires
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the conceptual resources of social science and the ways that it has in the
past helped us comprehend the broader social contours of such fields as
statistics and mathematics (Desrosiéres 1998; Hacking 1990; Porter 1995)
and sociocultural developments such as the rise and diffusion of numeracy
(Cline-Cohen 1982; Hopwood 1987; Miller 2004; Rose 1991) and the man-
agement of uncertainty and risk in modern times (Graeber 2011; Power
2007; Zelizer 2005).

It is reasonable to wonder what types of problems a social science of data
should study and what kind of knowledge it is likely to promote. Following
the ideas that we have put forward in this book, we can claim that a social
science of data carries the promise of unpacking the predilections through
which data are generated and disclose the partial, fallible, and transient rela-
tionships their aggregation and computation occasion. Such a science can
also entail research on the practices of calibration and negotiation through
which data contribute to the construction of local orders, much in the spirit
of what has over the last few decades came to be widely known by the
abbreviation STS (which stands for “science and technology studies”).

Placed against this background, a social science of data may be inter-
preted as a mode of engagement that is no longer concerned with basic or
foundational issues but rather with the dynamics of the transient events
that are characteristic of our world and the local practices to which these
dynamics give rise. The reorientation away from substantial or founda-
tional issues and toward small events of provisional and revocable status
engulfed in limited enclaves of the social world fits, perhaps, what Knorr
Cetina (1999), in a rather different context, referred to as “negative knowl-
edge.” That is, a knowledge that unfolds around the limits of knowing, its
temporal and transitive nature, its inherent fallibility, and the practices of
calibration, revision, restoring, and repair of the social or economic areas
that it addresses (see also Monteiro 2022). To a certain extent, the ideas put
forward in this book fit this picture.

There is, however, another sense in which data and the technological
and institutional relations that they form transcend the data practices of
restoration, revision, and calibration that are linked to the workings of
negative knowledge. In this book, we have described data and the network
of relations in which they are embedded as a system of rules that are cen-
trally implicated in, and to a certain degree govern, the broader social and
economic transformations of our times. The functions that data perform
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across social and economic settings conjure up a system of forces that rede-
fine long-standing patterns of producing goods and services and restructure
the operations of markets and organizations along with the links that these
institutions have maintained with the wider society. Rather than consider-
ing the spread of data only as an index of negative knowledge, we view
the developments that they are part of as characteristic of an emerging
socioeconomic order in which the representational, performative, and
evaluative functions of data increasingly move to the center stage of the
operations of its institutions.
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CHAPTER 1

1. The focus of this book is on digital data. As in most of the ongoing discourse on
digital data, we often use the term “data” rather than “digital data.” There are, how-
ever, several occasions where we use “data” to encompass the antecedents of digital
technologies and digital data and others where we use it to refer to data as a generic
label that includes both digital and nondigital tokens. The difference, we hope, will
be evident from the context. When this is not obvious, we use the qualifier “digital”
to forestall misunderstanding.

2. See chapter 3 for a more elaborate discussion of the formal attributes of digital data.

3. Such a statement should not be understood as a claim along conventionalist lines,
a kind of “anything goes” so far as a community decides it to be. We view the under-
standing of data along the terms expounded here as being broadly compatible with
realism (see Hacking 1982, 1999; Searle 1995, 2010).

CHAPTER 2

1. However, a bone marked with tally and used as an early counting device was found
and dated to more than 30,000 years ago. Tally sticks as a form of receipt for govern-
ment income were used by the British government until 1826 (see Agar 2003).

2. Very interesting in this regard is the recent special issue edited by Aronova, von
Oertzen, and Sepkoski, who consider “big data” as a chapter in a “longer history of
observation, quantification, statistical methods, models and computing technolo-
gies” (2017, 6).

3. This is, as Jack Goody (1986, xiv) reminds us, a form of inquiry with a respectable
lineage that is very much used across a broad spectrum of social science to discuss
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the effect of a major shift in social practice such as the implication of printing, per-
sonal computers, and writing. (See also, for instance, Eisenstein 1979; Turckle 1984.)

4. Hal Varian (2010) starts with clay tokens to lay the groundwork for his conceptu-
alization of computer-mediated transactions, which will be later operationalized by
his work as the chief economist of Google.

5. Records are defined as “information or data on a specific subject collected
methodically over a long period” (https://www.collinsdictionary.com/dictionary
/english/records). They are always embedded in a format (i.e., marks, written text,
and pictures) and are supported by physical carriers or bearers (i.e., stone, wood,
paper, and film). Writing, as such, is just one of the formats (codes or languages) in
which record keeping can occur.

6. As Bowker (2005) suggested, the database, far from being an invention of the
computer era, preexisted the computer revolution and indeed led to it.

7. This was done by Christopher Wood, a professor at the University of Chicago’s
Oriental Institute, as reported in Owen (2013).

8. According to Schmandt-Besserat, who dedicated her life to the study of clay tokens,
“the invention of the [clay] envelopes seems to have been stimulated by the need to
confer an official character on certain transactions by the means of seals” (Schmandt-
Besserat 1980, 366); see also MacGinnis et al. (2010, 291) and Oppenheim (1959).

9. As we will see in the next sections, the practice bears a close resemblance with
that of creating social objects out of statistical regularities that emerged prominently
during modernity and the several accounting devices or knowledge objects that
accompanied the birth of modern corporations. In the next chapters, we will refer
again to clay envelopes, as their cognitive function is somehow mirrored by one
of the most relevant contemporary data work practices that can create novel social
objects out of data aggregation and structuration.

10. It is now generally accepted that writing was initially established to support
accounting and record-keeping systems rather than, as previously believed, to tran-
scribe oral communications (Ong 1982). See also Goody (1986, 49).

11. See also Beniger (1986); Kallinikos (2001, 23-35).

12. We are suggesting that writing can be included in a larger family of technologies
of recording and representing that, even with significant differences, presents strong
commonalities in the making of “signifying entities” that become independent
from what they communicate, represent, or inform about (see, e.g., Eisentein 1979;
Poovey 1998 and her account of numbers as epistemological units; Havelock 1986).

13. Clay tokens have been found in association with several other accounting devices
within a building, on the site of Ziyaret Tepe on the river Tigris (in what today is in
southeastern Turkey), which unambiguously served economic and administrative
functions. Together with tokens, archaeologists have found tablets concerned with
transactions of grain, receipts of barley, loans of barley, and payments for rations.
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They also found a stone duck weighing 30 kilograms corresponding to one of the
Assyrian talents (unity of measure), which would have been used in the weighing of
metal, textiles, and bitumen. Archaeologists are certain that tokens from the site were
used to monitor commodities (or animals) or information concerning them, such as
keeping track of livestock holding or the management of grain stores. Also, they were
used in administering accounts, where tokens were placed in leather or textile bags
prior to the recording of the entries in waxed tables or in conjunction to them, or to
recording transactions that could not be recorded by written means. See MacGinnis
et al. (2014).

14. As Havelock himself suggested, the matter was first noted by Plato in his Pha-
edrus (Havelock 1963).

15. The expression “Given this, then,” which in common language does not refer
to something but rather initiates an argument, comes much closer to the original
meaning and use of “datum” and “data” than the forced interpretation of data as
facts (Rosenberg 2013).

16. In her beautiful epistemological history of facts, Poovey also well illustrates the
connections between the rise of numerical representations as facts and what hap-
pens afterward:

After the late nineteenth century, at least in the natural and social sciences,
expert knowledge producers sought not to generate knowledge that was
simultaneously true to nature and systematic but to model the range of the
normal or sometimes simply to create the most sophisticated models from
available data, often using mathematical formulas. As the units of such
models, postmodern facts are not necessarily observed particulars, instead,
as digital “bits” of information, the “phenomenological laws” of physics, or
poststructuralist signifiers with no referent, they are themselves already mod-
eled and thus exist at one remove from what the eye can see, although they
are no less the units by which we make what counts as knowledge about our
world. (Poovey 1998, 3-4).

17. As Foucault (1963/2012) remarks, “Analysis was defined according to the episte-
mological model of mathematics and the instrumental structure of ideology. As an
instrument, it served to define the system of implications in its complex totality”
(105). The very idea of modern medical knowledge was constructed and operated on
the basis of its links with measure both in the sense of standard model of knowledge
and public action.

18. This is so much the case that Nikolas Rose called them the “technology of the
soul” (quoted in Porter 1995).

CHAPTER 3

1. Even Hollerith’s invention has its own predecessors in the work of Charles Babbage,
and several important inventions and technological developments are disseminated
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in the work of computer pioneers Alan Turing, Konrad Zouse, and John von Neu-
mann. However, it is with Hollerith, and later with IBM, that machines enter into
businesses and organizations. For a history of computers, see Agar (2017), Campbell-
Kelly, Aspray, Yost, Tinn, & Diaz (2023), Ceruzzi (2012), and Cortada (2019), among
others.

2. Already by 1955, for instance, SHARE, one of the biggest IBM user communities,
had been established with the purpose of suggesting improvements and giving feed-
back to the technology giant (Cortada 2016, 180-181). Cortada also illustrates many
other examples of continuous feedback that took place either directly, through offi-
cial channels, or indirectly, through the nascent ecosystem of expert publications,
magazines, and conferences.

3. Later, when computers eventually displaced tabulating equipment in the 1960s,
the centrality of data over computational features was reasserted by the implemen-
tation and diffusion of Common Business-Oriented Language (COBOL), a high-level
programming language for business applications based on data and file structures,
which prevailed over FORTRAN (whose name stands for “FORmula TRANslation”), a
language developed for scientific computing (Swanson 2022, 2).

4. We refer here to just one approach of defining information that keeps data and
information separate based on their semantic properties. Albeit very diffuse, this
approach is not the only one. Although we are aware that addressing the conceptual
dispute over what distinguishes data from information would require another tack
altogether, this is not the task of this chapter. Here, we merely point toward the arti-
ficial separation between the two that was introduced at some point in history when
machines took over information-related tasks. As for the discussion about defini-
tions and approaches to these vexed matters, others have done a much more thor-
ough job (see, e.g., Borgmann 1999; Eco 1976; Floridi 2010, 2013; Swanson 2022).

5. It is very important to stress that the “communication” aspect of Claude Shan-
non'’s Mathematical Theory of Communication is a “transmission,” as communication
is a much more complex endeavor than transmission is (see also Floridi 2013, 46,
Shannon & Weaver 1949).

6. There are a few notable exceptions, of course. One is represented by the scholarly
tradition that has narrated and documented the history of the Internet and the web,
focusing on communities and individuals. Within this tradition, several significant
contributions have shed light on the social and cultural consequences of computer-
mediated interactions (see, e.g., Nardi 1996; Turkle 1984, 1995, 2011); however, very
few have focused on the role of data and information as complex and dynamic cog-
nitive artifacts that link technological implementations to social change (see, e.g.,
Borgmann 1999; Carr 2009, 2010; Manovich 2002; Nardi & O’Day 2000; Turow &
Tsui 2008).

7.1n 2015, Zuboft published a very well received piece in which she criticizes Varian’s
points, specifically on the new forms of contract established by computer-mediated
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transactions. Zuboff argues that when surveillance technology is in place, there is
no trust, and therefore no contract. Even if we take her point, this does not invali-
date the fact that computer-mediated transactions give rise to new forms of social
exchange. Although the idea of surveillance capitalism (Zuboff 2015, 2019) has
been successful in many respects, it has also glossed over some of the most complex
aspects of how data are connected to social interaction, new forms of sociality, and
economic value. We will take on and explain this topic in the remaining chapters
of this book.

CHAPTER 4

1. There is a quite common misunderstanding of data as being the first step in a
pyramid that leads to information, knowledge, and wisdom. The data-knowledge life
cycle, in other words, is generally seen as a linear progression from bits to wisdom. Yet
data cannot be produced out of thin air, nor can they blossom out of real-life events.
The data life cycle is a process of worldmaking that starts from selecting events, stim-
uli, or properties that will be encoded into digital data. Selection is always based on
knowledge. See, for instance, Tuomi (1999) and Kallinikos (2007, chap. 3).

2. See Dourish (2017) for a telling example.

3. Although it is not immediate, it is important to think that a playback signal may
be sent by a streaming device and taken as the indication of an event, even if the
event has not occurred. For instance, a signal may be sent even when users skip a
track. The decision and design of which kind of signal should be taken as the indica-
tion of a listening event are part of the process of data making.

4. The illustration shows also how the road to data, data objects, and recommen-
dations is littered with errors. The concept of errors and the active role that they
play in data making and algorithmic systems would require a more ample reflection
than what it is usually dedicated to them in the literature. Some scholars are start-
ing to tackle these relevant issues (see, e.g., Hand 2020; Thylstrup, Agostinho, Ring,
D’Ignazio, & Veel 2021).

5. See, for instance, Igbal (2019).

6. CPM, together with cost per click, are the main standards of the industry.

CHAPTER 5

1. Cambridge Analytica used personal data from millions of Facebook users without
their consent to provide analytic support to the targeting strategies of the 2016 elec-
toral campaign of President Donald Trump.

2. GDPR came to replace the Data Protection Directive, which had been in place in
the European Union since 1995. Economic firms and other institutions were given a
two-year window to make their practices and policies conform to GDPR.
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3. The DMA and the DSA are part of the sustained effort of the European Union to
regulate the digital economy. The GDPR (2018), the Open Data Directive (2019), the
European Data Act (2022), the Data Governance Act (2022), and the Artificial Intel-
ligence Act (still being considered) represent other relevant initiatives. All these acts
are centrally concerned with data. Although the list of such laws is much longer,
from the examples given here, it is perhaps already apparent how the proliferation
of legislation on data creates a complex tangle of hardly enforceable rules by refer-
ring to distinct law traditions and overstepping on different jurisdictions.

4. The GDPR, for instance, must be understood in such a context.

CHAPTER 6

1. The establishment of firms and organizations as bounded and concentrated sys-
tems should not be conflated with what in the past has been referred to as “closed
systems.” Bounded and concentrated organizations interact and communicate
with their environments on a regular basis. They do so along paths that are largely
premeditated and controlled, even though none of them offers a guarantee against
uncertainty and unpredictability.

2. The conflation of jurisdictional responsibility with the structural and functional
makeup of the firm represents a widespread source of confusion with respect to the
kind of organizations that platforms are and the ways that they differ from standard
firms. We will explore this topic more in this chapter and the remaining chapters of
this book.

3. An exception should perhaps be made for Castells (1996, 2000, 2001).

4. It is worth pointing out that we deal here with the factors that shape institutional
units, not with processes of control and coordination. The two are related, but they
are also separate, in the sense that more or fewer decentralized and distributed forms
of coordination may still be compatible with the bounded and concentrated institu-
tional forms (see, e.g., Chesbrough 2003; Chesbrough, Vanhaverbeke, & West 2006).

5. As a matter of fact, the key specializations of the field of management taught in
education still reecho the key groups of internal operations of the modern busi-
ness enterprise. Marketing is an internal operation as far as its outgoing activities
make sense only from the point of view of internal conditions, problems, and
circumstances.

6. See Power (2007) for an exception.

CHAPTER 7

1. That is, backstage technologies of data management and frontage technologies of
interfacing and hardware.
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2. Smart phones, email accounts and social media accounts represent typical examples.

3. We illustrate such connections by referring to three different ecosystems in
chapter 8.

4. By “value-reinforcing complementarities,” we refer to the value of resource or
activity combinations that accrues in ways other than additive and thus considerably
enhance the value of the final outcome. Jacobides et al. (2018) describe them formu-
laically as “more of A makes B more valuable and vice versa.” The case of operating
systems and apps is a clear example.

CHAPTER 8

1. This increasingly includes all social relations, as seen in chapter 4.

2. In 2021, the share of programmatic advertising in digital display advertising
spending in the US was projected to stand at 86.5 percent, attesting to the rapid
diffusion and adoption of automated exchange across the industry. Acontecendo
Aqui (2021).

3. We are indebted to Carmelo Cennamo for an original discussion of this matter.

4. Jacobides et al. (2018) refer to the distinction of generic versus specific to mark
relations that cannot be taken care of by market mechanisms and therefore lead
to ecosystem formation. As these distinctions do not apply to data, they will likely
cease to be a determinant of market coordination versus ecosystem formation.
Already the hybrid nature of digital platform ecosystems puts hard-boundary
approaches to the test. What we are arguing here is that the proliferation of data
ecosystems will likely lift prior boundaries and define new ones in ways that are
bound to be transient and refigurable.

5. Data production is agnostic, nonneutral, and homogenizing and opens up pos-
sibilities of building relations across most regions of life transcending economic or
productive domains and crisscrossing existing social divisions such as private versus
public. At the same time, data keep their editability, portability, and recontextualiz-
ability for much of their value journey. This means that relations formed via data
and because of data outputs are unstable, as we will see later in this chapter (also see
chapters 3 and 4).

6. See Alaimo, Kallinikos, and Sannino (2022).

7. The RTB protocol derives from a concerted effort undertaken by a group of
demand-side and supply-side platforms in 2010 (Alaimo 2022a). Under the supervi-
sion of the Interactive Advertising Bureau (IAB), these platforms started to lay down
the standards for the programmatic exchange. JavaScript Object Notation (JSON)
is the suggested format for bid request and bid response data payloads, but not the
only one adopted. Google Ad Exchange (AdX), for instance, offers three protocol
options: (1) Google Ad Exchange protocol; (2) Open RTB protobuf (a protocol buffer,
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which is a free, open-source cross-platform data format used to serialize structured
data); and (3) Open RTB JSON.

8. Similarly, the bid responses that are sent back to the AdX for impressions that fit
a campaign’s criteria (like match score, geolocation, ad-unit size) will carry objects
and parameters to define the bid. Objects will include advertiser name, creative size,
Cost per Mille (CPM) bid, impression-tracking Uniform Resource Locator (URL),
and other information. The impression-tracking URL is an object utilized to track
the transaction and the spending of the budget through AdX. If the bidder’s bid
response wins the auction, then the impression-tracking URL indicates the victory
and triggers the CPM transaction that will then occur (Alaimo 2022a).

9. See Google, “OpenRTB Integration” (https://developers.google.com/ad-exchange
/rtb/openrtb-guide). (The description is based on the 2018 version of the documen-
tation; see Alaimo 2022a).

10. This is expressed as a percentage and calculated by considering historical data on
user behavior and ad slot attribute data such as certain pixel and exposure thresh-
olds, usually counting a minimum of 50 percent of the ad’s pixel exposure for one
or two continuous seconds. MRC and IAB (2017).

11. It contains different attributes that may refer to the type of ad (banner, video,
native) subordinated to the impression object, size, price such as bid floor (if any),
modality of exchange, such as if the object is exchanged through private market-
place, the expected time lag between bid winning and effective ad delivery, and an
array of metrics. Google’s AdX supplies three metrics for the ad impression object:
viewability, click-through rate, and video completion rate. See Google, “OpenRTB
Integration.”
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