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Practitioners and scholars explore ethical, social, and conceptual issues arising in relation to
such devices as fitness monitors, neural implants, and a toe-controlled computer mouse.Body-
centered computing now goes beyond the “wearable” to encompass implants, bionic
technology, and ingestible sensors—technologies that point to hybrid bodies and blurred
boundaries between human, computer, and artificial intelligence platforms. Such technologies
promise to reconfigure the relationship between bodies and their environment, enabling new
kinds of physiological interfacing, embodiment, and productivity. Using the term embodied
computing to describe these devices, this book offers essays by practitioners and scholars from
a variety of disciplines that explore the accompanying ethical, social, and conceptual issues.The
contributors examine technologies that range from fitness monitors to neural implants to a toe-
controlled mouse. They discuss topics that include the policy implications of ingestibles; the
invasive potential of body area networks, which transmit data from bodily devices to the internet;
cyborg experiments, linking a human brain directly to a computer; the evolution of the ankle
monitor and other intrusive electronic monitoring devices; fashiontech, which offers users an
aura of “cool” in exchange for their data; and the “final frontier” of technosupremacism:
technologies that seek to read our minds. Taken together, the essays show the importance of
considering embodied technologies in their social and political contexts rather than in isolated
subjectivity or in purely quantitative terms.ContributorsRoba Abbas, Andrew Iliadis, Gary
Genosko, Suneel Jethani, Deborah Lupton, Katina Michael, M. G. Michael, Marcel O'Gorman,
Maggie Orth, Isabel Pedersen, Christine Perakslis, Kevin Warwick, Elizabeth Wissinger
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mathematicians Claude Shannon and Edward Thorp engineered an unusual device that could
be placed within a shoe to cheat at roulette. Thorp described the process in a 1998 paper, boldly
titled “The Invention of the First Wearable Computer.” The goal was to track the roulette ball over
periods of time, from the croupier’s launch through the stuttering of the moving rotor to the
eventual resting pocket location. Thorp and Shannon considered a variety of designs before
eventually settling on a computer that had “twelve transistors and was the size of a pack of
cigarettes.” The wearable worked by inputting data with the operator’s big toe via microswitches
—but the project was not an enduring success (much to the chagrin of would-be cheaters).
Authorities eventually discovered the invention and on May 30, 1985, a law was passed in
Nevada that prohibited the use of wearables in casinos. While the “roulette shoe” might be the
first recorded instance of a wearable (computational) technology, it is also one of the first cases
where a wearable precipitated change in law and policy.Fast forward to now, and the production
of consumer wearable technologies proliferates at an astounding rate. Fitness monitoring
devices (Fitbit, for example) are regularly used by many health-conscious people and in some
cases even by their pets (the company PetPace has released a collar for monitoring pet health),
while the Augmented World Expo and communities like it have expanded interest in body-
centered computing around the globe. Currently, there are thousands of wearables available on
the market or in development. The Annual CES show in Las Vegas (formerly the Computer
Electronics Show) boasts 170,000 attendees and helps circulate wearable tech news about
prerelease innovations on social media. Vandrico Inc.’s Wearable Technology Database
contained over 430 devices from 250 companies. Companies such as Google, Snapchat,
Huawei, North, and Vuzix have developed smart glasses, and athletes are increasingly training
with the aid of smart clothing that records biometrics to help improve performance, an example
of what Nafus (2016) describes as biosensing technologies.Artificial intelligence (AI), now a
global industry, has changed computing paradigms in every sector, including those developing
the technologies that are worn on and in people’s bodies. The drive in these sectors is to make
embodied computers intelligent, autonomous, and capable of making decisions, but the sectors
also spur popular social movements about the future. Personal computing devices are accruing



a much greater range of public expectations than before. Consequently, more immersive
embodied technologies are announced, circulated in popular forums, and have started phases
of commodification. DARPA has developed brain interface technologies for brain–computer
interaction, Google is proposing bionic contact lenses, and epidermal tattoos (skin technologies)
are already a consumer product. It is becoming quite clear that the word “wearables” is
something of a misnomer because it is used to describe so much more than the act of wearing
technology. At the same time, “wearables” usually refers to things like fitness-monitoring devices
or wearable cameras. Most people don’t tend to think of involuntary tracking technologies as
wearables—prisoners’ ankle monitoring bracelets or employees wearing tracking devices.
Embeddable technologies are not wearable technologies, exactly. “Wearables” doesn’t
accurately describe things like implants and bionic technology, but that is often the intention.
Wearables and embodied computing technologies have also often been tied to utopian dreams
of technology-enabled solutions for everything from sickness to security threats, but rarely are
such technologies situated within social and cultural frameworks in industry.This book is a first
attempt at thinking through the shifting narratives of what we call embodied computing devices—
including wearables but also encompassing things such as embeddables, ingestibles,
implantables, and other forms of body-centered computing. The chapters in the book address
these technologies while focusing on what Suchman (2007) describes as “the irreducibility of
lived practice, embodied and enacted” (xii). We argue that embodied computing should be
understood as encompassing several domains of human experience, and the diversity of
chapters in this book provides evidence of this. With the mass proliferation of AI in embodied
computing fields and other advancements in data-driven embodied technologies, we thought
that there was a need for more work that explains interactions with devices that envelop the
body in, on, and through reontologized environments and datafication. The chapters in this book
show that embodied computing devices enact multiple ontologies, and, following Mol (2001),
“that ontology is not given in the order of things, but that, instead, ontologies are brought into
being, sustained, or allowed to wither away in common, day-to-day, sociomaterial practices” (6).
The notion of embodied computing here should include technologies that exist in topographical,
visceral, and ambient relationships with the body, to reenvision and revitalize the notion of
embodiment for an era of sometimes questionable experimentation and profit.Starting as a
symposium titled Wear Me: Art, Technology, Body held at Ontario Tech University in 2015 and
organized by Decimal Lab (figure 0.1), our project evolved into this edited collection that
includes contributions from practitioners in the field of embodied computing as well as texts from
academics doing research on the social, cultural, and historical changes that embodied
computing has introduced. This book is also an attempt at thinking through the varied histories
of embodied computing, from early experiments with wearables to work conducted at the MIT
Media Lab. For example, Steve Mann’s definition of a wearable computer, first proposed in 1998,
served not only as a technical explanation for the field but also began the dialogue around
concepts such as privacy, surveillance, and humanistic and countercultural uses for wearables.



As researchers who investigate ethical, cultural, social, and political implications of body-
centered computing, we have been interested in reversing the perspective from industry leaders
and looking closely at the origins of embodied forms of computation, their various creators, and
the underlying motivations that inform their development. Utopian proclamations from Silicon
Valley in favor of emerging embodied computing technologies often describe solutions looking
for problems, yet there are multiple narratives that are available for understanding technological
change. Google develops smart glasses, while at universities researchers attempt to build
computerized prosthetics that assist with problems like phantom limb pain. Some narratives
originate in Silicon Valley, others at universities, others still with industry promoters scrambling to
appear novel or innovative. Technology companies think of progress in terms of their products
generating new revenue streams. Most of the time, tech companies build technologies and look
for multiple social applications in the quest to collect new data—and ultimately new customers.
Platform economics has completely changed the manner through which companies do business
and plan for their futures. Universities, on the other hand, will occasionally start from a social
problem and then think about a solution. It is with these different types of narratives of
technological “progress” in mind that we started to assemble this book.Figure 0.1Participants at
the Wear Me: Art, Technology, Body symposium.Just as people make demands on embodied
computing technologies those same technologies make demands on people’s bodies and the
social norms around them. The embodied computing industry and the technologies it produces
influence law and policy and, depending on one’s level of abstraction, frame narratives about
technological progress. Such narratives often change, and multiple narratives can be co-present
as embodied computing is developed in a variety of contexts, from the military to the university.
Furthermore, ethical issues relating to identity and justice are often not the primary focus in
industry discussions about embodied computing, even though such technologies have social
and ethical implications that necessarily extend beyond the scope of research and design in the
laboratory. New advances in AI will confront bodies through computing devices and
infrastructures that are worn, implanted, ingested, and moved among. Embodied computing
devices attempt to redefine people as subjects and as data sources in multiple spheres now but
also in a future that, if the soothsayers are to be believed, is evolving at rapid speed.As editors,
we collected chapters that explore and examine a range of devices and concepts that concern
embodied computing, written by an interdisciplinary group of authors. The range of devices
includes popular electronics such as FitBit activity monitors and extends to implanted neural
devices that assist with memorization. Many of these devices are often written up as “wearables”
designed to be appended to the human body; our book interrogates the boundaries of this
category to better account for how these emerging technologies are problematizing processes
of embodiment. This introduction and the first two chapters attempt to develop a conceptual
frame for the wide array of computational devices that concern human-linked embodiment.
Through the concept of embodied computing, the book incorporates many distinct but related
technologies—for example, wearables, ingestibles, implantables, embeddables—and resituates



understanding of their sociotechnical development.Histories of Embodied ComputingEmbodied
computing has a long history of emergence. In the 1990s, it was housed in universities, military
hubs, and manufacturing research centers. Meeting at specialized technology conferences to
share innovations, these groups produced the first head-mounted eye displays, GPS navigation
systems, touchscreens, and biofeedback sensors. Now, many of these technologies fit in today’s
phones, but in an early internet, presmartphone, pre–Go Pro world, hardware was large, clunky,
wired, and extremely awkward. Devices had to be customized in-house or were produced by
military supply companies like Xybernaut. There were few standards or platforms to host
consumer wearables’ movements (specs for the Lizzy—an early wearable computer—were
shared freely on the internet). Researchers working on MIThril, another early wearable platform,
were not necessarily working toward mass proliferation. The projects were not purely idealistic,
but they were sometimes free from any requirement or sustained pressure to commercialize.
This later evolved into wearables being associated with maker culture, leading to experimental
designs for wearables by nonexperts (Hartman 2014). Projects such as LilyPad foregrounded
component technologies such as Arduino that could be easily integrated into e-textiles
(Buechley and Eisenberg 2008).Several well-known and widely published inventors worked in
the ’90s from established labs where embodied computing technologies were developing.
People like Mark Billinghurst of the Human Interface Technology Lab in Christchurch, Adrian
David Cheok of the Mixed Reality Lab at the National University of Singapore, Blair MacIntyre of
the Augmented Environments Lab at Georgia Tech, Alex Pentland of the MIT Human Dynamics
Laboratory, Patti Maes of the MIT Fluid Interfaces Group, Gerhard Tröster of the Wearable
Computing Lab at ETH Zurich, Babak Parviz at the University of Michigan, Gudrun Klinker of the
Technical University of Munich, Jay Bolter of the School of Literature, Communication and
Culture at Georgia Tech, Steve Mann of the EyeTap Lab at the University of Toronto, Hiroshi
Ishii’s Tangible Media Group, Ben Shneiderman’s Human–Computer Interaction Lab, Joseph A.
Paradiso of the Things That Think Consortium, and Thad Starner of the Contextual Computing
Group at Georgia Tech (Starner was also senior technologist for the Google Glass project) all
became key players in developing the embodied computing field and its devices.Key design
concepts also defined the era. The first was about making computers more physically mobile.
According to Mann (1998), to be a truly “wearable” computer, users were meant to wear it all the
time—a personal device was meant to be private, but mobile. This was a radical shift from
desktop computing. Wireless computing only started to emerge at this time, and there were
other, more practical concerns to be addressed. If users wore the computer all the time then an
energy source was required, but battery packs were large, cumbersome, and had to be strapped
to the user’s body. Eventually, body energy harvesting for wearable devices was proposed
(Starner 1996) but mobility remained the key goal. Another design ideal was for computers that
did not require users to look down as they typed. Twiddlers, or single-handed keyers, were
developed to be used with eye displays (Mann 2002; Starner 2004) so that users could always
look up and walk forward as they typed. This idea led to using heads-up displays to see virtual



content, the precursors to products like Google Glass, Snapchat’s Spectacles, and Apple’s
rumored eye display.Some teams started working on very sophisticated but speculative ideas. A
group at MIT worked on affective computing that introduced the idea of allegedly reading
emotional feedback on the body (Picard and Healey 1997). The idea was that if users were
always wearing a computer, the computer should treat and know users as emotive humans
rather than as machines. Media artist Thecla Schiphorst pioneered the idea of somatic, body-
based practices as a framework for design (Schiphorst 2011). Artist and inventor Kate Hartman
of the Social Body Lab reenvisioned bodies as computational “interfaces for the world”; through
her inventions, she introduced the idea of listening to organs inside the body as a
communicative channel for personal reflection (Hartman 2011). Today, these ideas are
proliferating in the market with research into AI, yet early wearable tech pioneers also worked
toward developing AI from a human-centered starting point.The second major concept was
sense augmentation. Patti Maes’s MIT group introduced the SixthSense paradigm that
advanced gestural interfaces in the style depicted in the film Minority Report. Her famous 2009
TED Talk garnered 9 million views, further popularizing the idea for mainstream audiences. Many
researchers pioneered eye displays for different reasons. Steve Mann created Wearcomp to
stream video to his eye for personal usage. Mann’s notion of humanistic intelligence (HI) was
meant as political pushback to big corporations and mass-market ideas about how a computer
should interact with people. Mann wrote his 2001 manifesto, Cyborg: Digital Destiny and Human
Possibility in the Age of the Wearable Computer (with Hal Niedzviecki), to establish wearables
as countercultural devices. Other researchers and developers used displays for memory
augmentation. The Remembrance Agent, an eye display and augmented reality app, contributed
to the idea that one could annotate or label real objects with virtual information to help remember
things about them, such as the names of people or reminders to water the plants (Schiele et al.
2001). Early embodied computing technology was about combining virtuality with reality and
was the site that spawned augmented reality as a field (Azuma 1997; Behringer, Klinker, and
Mizell 1999; Feiner 1999; Barfield and Caudell 2001; Milgram and Colquhoun 1999). The drive
to get help from computers in mundane aspects of life was underway.Embodied ComputingOur
intention in using the term “embodied computing” is to refer to all types of body-affixed
technologies, while building on previous work in the quest to taxonomize various types of body-
centered computing (Leigh et al. 2017; Liu et al. 2016). Embodied computing technologies are
material, body-centered technologies that can be in, on, or around the body. This includes
categories such as wearable, ingestible, implantable, and embeddable—yet, we intend for the
term embodied computing to be understood as porous and shifting and not authoritative or
restricting. It concentrates on emergent medial relationships as much as it does on the material
development of hardware and software. Today, embodied computing ideas (and AI more
broadly) are not only pushing the field forward in terms of actual tech advancement; they are
also changing how people adopt and adapt to technology in globalized cultures. Embodied
computing should be used to help understand the diversity of evolving relationships that these



devices engender, represented by augmenting verbs such as playing, restricting, tracking, and
so on.We hope this book will contribute to several fields. As noted above, there exists a
categorical problem concerning the catchall designation of wearables and their impact on
bodies. What this project does is begin a conversation by proposing to rethink the relationship
between bodies and computing technologies, recasting the definition of wearables and related
technologies, to examine the nature of embodiment itself. Through that recasting, the project
poses questions for understanding relationships to embodied computing.Building on earlier
work in human–computer interaction and more specifically on the affective and informational
relationships humans have with their technologies in multiple environments (Dourish 2001;
Ekman 2012; Fidel 2012; Irwin 2016; Massumi 2002; Munster 2006; Dourish and Bell 2011;
Melancon 2013; Duin et al. 2018), this book also began with the need to problematize previous
academic work on body-centric technology. One of us (Isabel) proposed the “continuum of
embodiment” as a model to explain how the medium of wearable computers and reality-shifting
applications was emerging as a platform of communication, in the book Ready to Wear: A
Rhetoric of Wearable Computers and Reality-shifting Media. It introduced the idea that mobile
computing was setting the grounds for wearable computing, which in turn served as the
justification for implantable technology. In a pre–Google Glass world, wearables were invented,
designed, built, and proposed as coming phenomena that had to be dealt with as if they were a
future waiting to happen. The journalistic claims raged: “Intel wants brain implants in its
customer’s heads by 2020” (Hsu 2009). This discourse of the seemingly imminent outcomes of
progress was powerful. In a post–Google Glass context, wearables not only became
mainstream, but the hype solidified into strong market expectations. Elon Musk’s Neuralink brain
implant company continues the hype and also breeds new markets. Forbes hypes near-term
financial success with claims such as “Wearable Tech Market to Be Worth $34 Billion By
2020” (Lamkin 2016). Yet, Forbes and so many other institutional voices and inventors are still
framing wearables as if they exist as an isolated sector, not contingent on dramatic technological
turns such as the internet of things, AI, nanotechnology, and quantum computing. Furthermore,
there is still room for more work on social, critical, and political aspects of embodied computing
relationships.This book is about computational embodiment. Taken literally, the term embodied
computing explores the ways that technology manifests itself on, in, and around an animal body.
Yet, embodied computing is also about embodying and the process of incorporating technology
in a manner that reaches beyond copresent relationships with media devices. Embodied
computing technologies and their makers, under various stages of design and
conceptualization, treat humans as data blended entities, and this book begins the task of
coming to terms with untangling this predicament. Over the past thirty years, scholars have often
used the term “convergence” (Jenkins 2006) to explain the mass digital transformation that has
endured. Web 2.0 convergence concentrated on media itself as a central point of departure, but
the human body was not well-attended to in those debates—only recently has the body entered
convergence debates as an embodied site that produces and receives data via ICTs (Smith



2016). Furthermore, “going online” was once a choice made by individuals to take up the internet
to communicate, remember, share, work, and so on. As pointed out by many critical media
scholars (Elmer 2003; Andrejevic 2007; Castells 2009), Web 2.0 dynamics proved that
participatory culture was a ruse and that individuals are constantly negotiating the internet in
ways that are controlling and closed to them. Now, public awareness of digital platforms like
Facebook, Ebook Tops, and Google and the incredible influence (and manipulation) that they
wield has become mainstream news. Facebook’s 2018 scandal over the misuse of its clients’
data changes the field with justified skepticism, and embodied computing is also absorbing this
mindset (Roose 2018). There is a need to continue thinking about embodied computing devices
in these same critical terms.Metaphoric positioning of digital media converging, crossing, and
evolving has led us down an insufficient theoretical path for understanding complex empirical
phenomena in the future of embodied computing. The body’s tasks, increasingly shaped by
technology companies to both incorporate data and be incorporated by it, at every point and in
every process, require reenvisioning. Our approach to embodied computing begins to
understand profound changes in the composition of bodies by looking at the body from a
political economy perspective as a data-blended entity, engaged in numerous relationships at
various levels of informational and administrative abstraction. The computational or quantified
self (Lupton 2016) is not only instigated through personal choices or actions, it is increasingly
revealed to individuals as an imposed process (Neff and Nafus 2015) that affects everyday
activities, becoming a concerning condition of some forms of modern life. Desperate to embrace
all the solutions that data cultures promise, organizations seem to accept tracking through
datafication as given while operating with hope for the future. Taken teleologically, embodied
technologies become beacons for this transformation. They provide the opportunity to analyze
the ends that are already bound up in the technologies that certain parts of society embrace, or
that which is planned for them. Thus, the definition of embodied computing includes all the
device parts made and proposed for the organic body. Embodied computing makes privy new
aspects of selves exposed to anyone, including the wearers themselves. It leads to the
sensation of meeting an exposed self through numerous and novel disclosures. Some
disclosures are legitimate, hopeful disclosures that may improve lives, but people are also
threatened by outright nefarious outcomes that are questioned often but rarely met in industry
with a remedial sense of deliberate attention. This book devotes critical attention to the social
predicament that embodied technologies provoke.We begin with the premise that embodied
computing must be observed based on the relationships that are both generated through and
challenged by the technology. We are less interested in philosophical debates about
omnipresence and do not assert that human consciousness will inevitably blend seamlessly
with distributed networks of data. The book is not primarily concerned with debates that focus on
extended minds and consciousness, which we think are important, but not the focus here.
Rather, this book contains a mosaic, a collection of papers that deal specifically with situated
and contextual examples of how various forms of embodied technologies impact life. As



sociotechnical systems, embodied computing technologies instigate social, critical, medial, and
political relationships that we organize as ambient, topographical, and visceral.AmbientAs
ambient technologies, embodied computing connects and extends the body with its
environment or milieu in an act of reciprocal feedback exchange. For example, smart dust
microcomputers exist that can be sprinkled everywhere, tracking and recording movements. At
NYU-X labs, the Holodeck project is another good example of ambient embodied computing
and the thinking behind it. It is planned as a platform, combining different technologies to
achieve rich virtual and augmented environments that facilitate both collaborative engagements
between people and vocal artificial agents (Burleson and Picard 2007; Gunkel 2016). It will also
incorporate remote interaction or various kinds of telepresence (Lombard and Jones 2015)
through data streams. The broader goal for ambient technologies is humans augmented in
external spaces and places to achieve myriad interrelations with AI technologies (gait and heat
detection, facial recognition, and so on) rather than humans working with single-use devices to
achieve isolated goals (e.g., getting fit, paying for goods).Ambient computing is controlled by
external actors. Ambient technologies consist of outward-facing contextualized bodies and the
environment; they are embodied technologies that exist distally that depend on the body. For
instance, facial recognition surveillance systems attempt to contextualize the moving body, in
combination with commercial social media platforms (Brundage et al. 2018), allegedly analyzing
things like personality characteristics and emotion. Smart cities are another example of ambient
technologies that track individual bodies in information spaces (Boyle 2016). Another simple
example is Ebook Tops Go’s “walk out” purchasing model where consumers take goods off store
shelves and simply leave. All the systemic messaging processes for identifying customers,
paying for goods, securing transactions, and so on, fall to Ebook Tops’s data infrastructure,
which communicates with the store’s physical environment. Machine-learning and ambient
applications will not only track purchases but collect patterns of behaviors that are more like
habits (e.g., whether customers are drawn to look at factory farm or organic food). Ambient
technologies can monitor the body as an instrument revealing assumed beliefs held by subjects.
Broader ideological trends may be attemped to be gleaned through the performance of small
everyday acts (Pearson 2019). Another more speculative example is when ride-share services
use autonomous vehicles that track how the passenger feels, where the passenger is going, and
where they came from—the car becoming an ambient embodied AI technology to be considered
as an aspect of a data-blended body.On a much larger scale, ambient processes bind citizens
(for better or worse) to politicized, commercialized, urbanized dataspheres. Backed by three
levels of government, Alphabet’s urban innovation company Sidewalk Labs has launched a
smart-city project in Toronto after searching across North America, Europe, and Australia for a
site (Saminather 2018). Despite regular public outcry and citizen-led activist groups, the
assumption is that citizens of Toronto will help to revitalize an area of waterfront that includes
“autonomous vehicles, a thermal grid that does not use fossil fuels, low-cost modular buildings
with flexible uses, and robotic delivery and waste-management systems” (Saminather 2018)—



yet researchers have acknowledged that cities are far more than computers and that “urban
intelligence is more than information processing” (Mattern 2017). Revitalizing an urban space is
no longer an act of beautification but entails turning citizens into blended entities that both draw
from and contribute to third-party clouds provided by companies, through the mundane data
exhaust that urban dwellers produce. Here, the notions of cloud and exhaust are not exclusive of
embodied computing but should be understood rather as a form of ambient embodied
computing environments. All of this creates new sets of problems for bodies in terms of
administrative control over them. As Shaw and Graham (2017) note, what will happen when
people’s geographic information is controlled by powerful internet organizations?
TopographicalAs topographical technologies, embodied computing exists on the surface of the
body and transforms its layer into a technological surface for interaction. These are the most
typical forms of embodied computing. Wrist-based wearables, fitness and health-based trackers
are the most common, monitoring the body for biofeedback data that can be measured and
compared with previous activity. This kind of personal data self-tracking (Neff and Nafus 2015)
has also been manufactured into shoes (Nike), sports shirts (Hexoskin, OMSignal), and pendant-
style jewelry. Electronic textiles and soft computation also fall in this category. Google’s Project
Jacquard enables garments to respond to haptic feedback, for example, using conductive
threads and fabrics. Topographical technologies also include skin-based tech such as epidermal
electronics (Kim et al. 2011) adhered to the skin that can not only read movements or even
brainwaves but also stimulate brain activity. They are becoming the funnel between third-party
companies’ AI and the participant’s body, moving data to and from the body. Such haptic
technologies produce haptic subjects, embodied in a “particular relationship between touch and
processes of scientific-technical knowledge production” (Parisi 2018). The eyes are also a
technosocial topos undergoing transformation with the proliferation of eye displays. Virtual reality
(VR) and augmented reality (AR) headsets provide either full immersion in a virtual space with
VR, or a 3D virtual overlay on the real world with AR. Gestural interaction (moving virtual objects
around with the hands) adds hand movements to both VR and AR to begin to simulate the
body’s natural movements in a computing space. Topographical technologies could potentially
augment all worn garments, whereby clothing acts as a secondary skin functioning to extend the
computational or quantified self (Parkes, Kumpf, and Ishii 2009).Different from ambient and
visceral embodied computing, topographical technologies have generated much recent
academic study in nontechnical and nonhealth spheres. A decade of commercial wearable
computing in its rich variations has informed wearable communication as a unique field in
Communication and Media Studies. Wearing media in addition to tracking biofeedback or
location is considered a communicative act (Mann and Niedzviecki 2001; Pedersen 2005;
Pedersen 2013; Ryan 2014; Rettberg 2014; Gouge and Jones 2016; Jack 2016; Duin et al. 2018; 
Armfield et al. 2018; Tham et al. 2018). Duin et al. (2016) write, “we now live in an age of
wearables, and composition pedagogy must further evolve our notions and understanding of
teaching writing” (Duin, Moses, McGrath, and Tham 2016). Genres, heuristics, and composition



strategies for wearable communication have matured, making topographical computing the
most mainstream of all three embodied categories.VisceralAs visceral technologies, embodied
computing devices resonate internally, interacting with the body’s core. These might be
neurotech, implantables, ingestibles, and other forms of internal technologies. Visceral
technology might also power wearable robotics. RFID (Radio-Frequency Identification) chips
have been embraced by biohackers and consumers, a signal of the advancement of internal
tech. The Neural Engineering System Design (NESD) program at DARPA’s Brain Initiative is
currently designing a brain implant the size of a centimeter to bridge the electronic–organic
divide and help augment memory. Neuralink and Kernel brain implant companies seek to merge
the brain with AI in a bid to attach customers to a neural datasphere, goading society with the
fear that ignoring implanted AI will result in impoverished human intellect (Recode
2016).Ingestible technology that involves swallowing computing sensors or robotic devices that
function as digital pills is yet another example. What will it mean when such devices are
regulated through governmental agencies and companies obtain intimate data about people’s
insides? The push to use ingestibles by insurance companies for tracking medications will
inevitably affect insurance rates and partnerships between internet companies and health
providers will introduce complex regulatory problems. Along with ingestibles, we offer these
general categories to serve as a heuristic for thinking about embodied computing in terms of its
relationship to human–machine communication (Guzman 2018) and all the rich ways that these
devices produce information about bodies.Data-Blended Bodies of Embodied ComputingIs it no
longer sufficient to think of the body as a discrete, singular entity with distinct boundaries?
Rather, should bodies be thought of in terms of levels, both corporeal and abstract, as data-
blended entities that are susceptable to outside manipulation, surveillance, and control? In the
past, bodies were assumed to be converging with technological advancements (Jenkins 2006;
Haraway 1991), but should people consider them, in the face of large internet companies and
governmental control, as data-blended bodies, forcibly merged with extended ambient
environments as wearable or implantable sensors feed back into external receptors and the
internet? As embodied technologies are connected to the internet, the human body becomes
another point or landmark in a sociotechnical process. The telos or end goal of smart
technologies is to have every object connected to the internet, and it is not naïve to think of the
human body in these terms in anticipation of how we might develop forms of resistance. The
Internet of People (IoP) is a topic discussed in several passages in this book. Teleological
convergences have already headed in the direction of converging the body with forms of
ambient media and technology—but taken a step further, the body may be seen not only as
layered material convergence but also as data blended with embodied devices. Pacemakers,
RFID tags, epidermal electronics, and other forms of embodied computing are already bridging
the gap between the human and the technological, as are examples like bionic contact lenses
(Pedersen and Ellison 2015; Pedersen and Ellison 2016). The body as connected to the internet
of things is compromised by external forces that act on the body while the body acts. In this



respect, human-produced data is blended with technologically derived data in a reciprocal
exchange. Blended data sources, admixtures of tools, technologies, and networks, create
multiple levels for understanding embodied computing. The blended body is one beyond
convergence where reality shifting (Pedersen 2013) intermingles with affective computing
practices (Picard 1997) and augmented reality (Azuma 1997).This book addresses human
bodies, but its main concern is with data-blended bodies where things like brain–computer
interaction, exoskeletons, ingestible smart pills, and other forms of blended technology exist.
While much of the book concentrates on humans, it does not ignore nonhuman agents (e.g.,
robots, digital assistants). Nanotechnologies, devices that will run in the bloodstream, and other
embodied computing devices represent a need for a renewed approach to conducting social
scientific research on media and communication that suits not only mechanical but also
chemical, biochemical, biomedical, and other nonconscious processes. In this respect,
emerging fields such as human–machine communication (Guzman 2018) may supplement
narratives in fields such as science and technology studies on the differences between
technological determinism (Dafoe 2015) and social constructivism (Bijker, Hughes, and Pinch
1987), providing a nuanced way to think about data assemblages and the affordability of
embodied computing platforms and infrastructures. There is a need to address embodied
computing devices as assemblages bound up in data that spread across human and
technological realms, from biochemistry to algorithms.The work of embodied computing
increasingly infiltrates daily life, yet data processes remain in many ways opaque. Information
exchange about data subjects goes on without providing the data subjects the opportunity to
grasp the exchange, follow it, or really understand it—much less control it. Algorithms make
decisions about people based on their data profiles. People negotiate with myriad hybrid
agencies as embodied devices intrude onto and under the skin to allegedly read feelings,
reactions, anxieties, delights, and fears (Pedersen 2013). Digital data profiles are generated by
embodied computing. Ethical questions arise from the opacity of storing these data and how
they will be used through data assemblages, or structures of power for control. As Hutchinson
and Novotny (2018) observe, there is a need for “a critical digital literacy of wearables” as well as
ingestibles, embeddables, and implantables. Going further, how can embodied computing
devices be used to promote diversity, as Daugherty, Wilson and Chowdhury (2018) rightly ask of
the artificial intelligence industry more broadly? The limited task we set ourselves when editing
this book was to try to begin to understand how the bodily integration of technology, or what
Hayles terms technogenesis (2012), is occurring in embodied computing in domains like policy,
government, standards, socializing, religion, privacy, and other areas.Data Subjects and Data
HarmsThe blended bodies of embodied computing also bring with them data harms relating to
data subjects and the datafication (Lycett 2013; van Dijck 2014; Baack 2015; Strauß 2015; Iliadis
and Russo 2016; Schüll 2016) of personal experience. Data harms and data violence (Hoffman
2018) are the real and projected future circumstances where data may be used to undermine
human subjectivity and forcibly control potentials under the aegis of security and order. The



quantified self and self-tracking movements have hinted at some of the concerns that come with
bodies that are constantly emitting information and producing data for storage and forecasting
(Neff and Nafus 2015; Nafus 2016; Lupton 2016). Ethical considerations, such as those
surrounding embodied computing and surveillance, dataveillance, überveillance, and
sousveillance (Abbas, Michael, and Michael 2014) must be vocalized given the increase in data
capture techniques and their power over sociotechnical arrangements overlooking data
subjects. What sorts of ethical frameworks around physiological data collection and analysis
need to be considered before and during the design of embodied computing devices? There is a
need for democratic methods to counter data exploitation (McKelvey 2014; Slane 2018) due to
an industry-wide tendency to emphasize the value of embodied computing data analytics at the
expense of user privacy and protections. The agency of the user is reduced when embodied
computing devices do not allow users to be a transparent part of the data collection and
analysis.The data generated by embodied computing devices have the potential to alter
relationships and social structures within multiple environments. As people move beyond the
continuum of wearables, embodied computing and data-blended bodies produce various levels
of abstraction, meaning, and framing that can be utilized for a variety of ends at multiple
moments in time. Adopting a level of abstraction determines what the data or information can be
about (Floridi 2011), and careful attention should be paid to cases where data may be
repurposed or manipulated by jumping between levels of abstraction. Data-mining and
communication systems are intended to “talk” to each other and eventually produce new
information and knowledge when previously disconnected data silos are integrated. Often users
of embodied computing devices will have no foreknowledge of the types of practices to which
their data will be applied. User identification should take many items into consideration,
including design, safety, record keeping, and the rights of data subjects. The sharing of data
between companies and institutions must be regulated in some way—information sharing
between institutions is the result of too much data and the need to integrate heterogeneous
data, potentially leading to new forms of data harms when one person’s individual data becomes
mixed and added into alternative datasets unknown to the user.Subjects and citizens should not
be forced to engage with data-harvesting embodied computing devices, yet the practice is
appearing everywhere, from prisons to the workplace. Any time there is a wide implementation
of embodied computing across industries or institutions there must also be checks and balances
that gauge the validity of chosen levels of data extraction. Feedback loops that gather
information must be explained and users should understand the information that is being
extracted from them. There must be some way of balancing data extraction with data literacy
and providing users with information about their data exposure when it comes to emerging forms
of embodied computing. As patients are encouraged to track biofeedback data for healthcare
practitioners in what could be quite urgent situations, they need to know the risks. Sensitive
groups like children are increasingly exposed to embodied technologies in schools and at home,
further complicating the issue of consent. At what age do children earn the right to consent to



data-harvesting practices and, further, how long will their data be stored and retained for future
use? Such questions are asked in many fields, yet the field of embodied computing is lagging in
this regard.Lastly, integrating multiple heterogeneous datasets that were collected under
different ethical guidelines through embodied computing is a huge issue that does not receive
enough attention. For example, when tracking fitness levels, are our locations also being logged
without consent? Certain types of physiological data can produce too much information, which
runs the risk of excess data—what to do with extra data and how is it stored or destroyed? There
are various frameworks that can be used to address these issues, including frameworks that pay
careful attention to stakeholders in decision-making processes and invitations to stakeholders
for taking part in such processes. Frameworks that emphasize the importance of making an
accessible view of what researchers and institutions are doing should be valued, though not
oversimplified (they should be situated and transparent). Data structures that communicate to
provide broader context should be available, as should the ability for users to track their data
over time. In general, the black box of data-harvesting practices must be pried open if embodied
computing technologies are to be ethically nurtured and politically sensitive.Social Value
SystemsEmbodied technologies must also be contextualized within specific social value
systems. While it exists, there is not enough literature on the different narratives, ethical
frameworks, value systems, and ideologies that inform work on embodied computing
technologies—and many of these are overlapping, conflicting, or contradictoary, much in the
same way as Stark and Hoffmann (2019) show in the domain of data ethics and data metaphors.
Such competing ethical and political value systems shape and dictate the social direction of
technology. Work on technological innovation and diffusion has approached this topic but our
intention with this collection is to elaborate on the different varieties of value systems, elaborate
on how they are reflected in situated practices, and to show how they lead to new forms of
embodied computing depending on value positioning. What are the differences in design ethics
and justice (Costanza-Chock 2018; Keyes 2018) that can be usefully applied to embodied
computing research? Our intention is to look at some of the predesign values that inform the
development of embodied technologies and anticipate future subjects. Some of the chapters in
this collection focus on the institutions behind embodied computing and their motives, including
regulatory agencies and universities. What institutions produce embodied computing devices,
and what values do they hold? Institutions such as Carnegie Mellon and the University of
California, Berkeley, produce embodied computing technologies, as do Google, Apple, Huawei,
and DARPA. Each institution frames its work according to specific value systems, and some
feature ethics more prominently than others. Where does funding for embodied computing come
from? What are the complex agencies, policies, institutions, thoughts, and philosophies that
inform embodied computing? Our book only begins to shed light on these different narratives
and establish an integration between different groups. For example, professors in the humanities
must learn to work with individuals in the technology sector. This book is a contribution to
building that dialogue.The research made available through large technology conferences may



be geared to technical novelty first and a socioethical goal as a secondary consideration.
Technology companies appear to create ethics committees as an afterthought, as evidenced by
Google’s failed ethics board (Piper 2019). Novel technologies need to prove that engineering or
computing advancements in the field have been achieved to garner funding and justify large
research hubs, often at the expense of social, cultural, ethical, or individual needs. Sometimes
this hinders a researcher’s ability to develop technology toward loftier, human-centric ends. The
point we are making is that the way original research in STEM has been legitimized into the
academy has not always simultaneously advanced a relevant ethics. Recently, however, some
associations have evolved mandates to counter this trend by widening the goals for annual
events and conferences and empowering presenters who privilege ethical goals. The
International Conference on Tangible, Embedded, and Embodied Interaction (TEI), the
International Symposium on Wearable Computers (ISWC), the Augmented Human Conference
(AH), the International Symposium on Mixed and Augmented Reality (ISMAR), and the
Conference on Human Factors in Computing Systems (CHI) are some examples.Why This
Book?Our primary motivations for this collection are threefold. First, we noticed that the
language and discourse surrounding wearables and other varieties of body-centered computing
technologies have become limited and sectorized, obscuring the breadth of what is happening
as this media emerges. We needed to reconsider the word “wearable” and its associations with
a variety of alternative technologies connected to the body, including embeddables (things like
prosthetics), implantables (microchips implanted under the skin), and ingestibles (such as
emerging varieties of smart pills). We looked for chapters that might more accurately reflect the
shifting ecologies and emerging states of body-centred technologies. We decided to use
“embodied computing” for a couple of reasons. There is a precedent, particularly in theoretical
work on the body, to affix the word “embodied” to additional fields or areas of inquiry. Embodied
cognition or the extended-mind thesis (Clark and Chalmers 1998) and embodied interaction
(Dourish 2001) stand out as two examples that showcase the importance of embodied forms of
thinking and activity. Furthermore, in cultural studies forums, critical embodiment involves
understanding how subjects occupy sites of power in public spheres through bodily engagement
(Brophy and Hladki 2014). With embodied computing, we chose a general term that can
encompass multiple forms of body-centered computing as rapid advancements in technology
increase. Embodied computing also points to media infrastructures that body-centered
technologies increasingly require.A secondary aim was to provide some literature and storified
context for the rapidly evolving state of embodied technologies. As early as 2012, wearables
such as Google Glass (announced on April 4, 2012) caused a media sensation and elicited (in
some cases) violent reactions from the public. Glass was mostly a marketing campaign to
crowdsource reasons for using wearables. It was meant to spark interest in these devices to feed
Google’s search engine regime, that is, more clicking, searching, and consuming. Through the
Google Explorer program, 8,000 winners of the Twitter #ifihadglass campaign proposed both
mainstream and wild ideas for the eye display in return for the privilege to purchase it. While



Glass flopped as a consumer device, Google established wearables as a mainstream
phenomenon that its competitors embraced. The backlash was ultimately highly productive. We
felt it was prime time for a collection that focused on embodied computing technologies, old and
new, one that described historical and emerging contexts. In 2012, we started this project online.
The cultural analytics database Fabric of Digital Life (FABRIC) is a collection of over 3,000
artifacts that track the evolution of embodied computing from inception to production. Interested
readers can view the archive at (Pedersen and Baarbé 2013; Pedersen and DuPont 2017; Iliadis
and Pedersen 2018; Duin, Armfield, and Pedersen 2019).Our third aim was to build on the
valuable perspectives offered by theoretical and philosophical frameworks that inform embodied
computing. Such literature continues to offer invaluable perspectives on the archeology,
genealogy, history, and philosophy of body-centered technologies. Building on historical work on
embodied computing, we wanted to refine and add a layer of complexity to the conceptual
grounding and frameworks. We wanted to collect a group of papers that evoked a strong sense
of the diversity and multiplicity of embodied computing technologies. The papers collected here
come from engineers, theorists, artists, and users, and they examine embodied technologies
from a variety of contexts, including collaboration, civil engagement, co-authorship, friendship,
hegemony, nostalgia, play, surveillance, symbiosis, amelioration, parasitism, imprisonment, and
many others—some concentrating on the past, others speculating over the future. The purpose
of including such a diverse group was to broaden the field of embodied computing research and
its dimensions.The Chapters in This BookWe hope we have staged a conversation that
assembles an unlikely but necessary cast of scholars. The collection is wide-ranging but rightly
so. It attempts to corral a disparate and far-reaching set of technological developments and
practices through an equally disparate set of academic disciplines. The scholarship represented
here include Media Studies, but also Information Studies, Communication, Science and
Technology Studies, and adjacent disciplines. Each is complementary and reinforcing of one
another. In all, the manuscript identifies a problem with current conceptual frames of wearable
devices; it offers a response in the form of a more inclusive and inventive frame (embodied
computing); it offers many trial runs of concepts through the form of an extra-disciplinary
conversation across its several chapters and sites. The conversation is well positioned to
contribute to the conceptual terrain of these pervasive technologies.In chapter 1, Andrew Iliadis
introduces companies and products in the ingestible computing industry, outlines some of their
functions and affordances, and tracks how the US Federal Communications Commission is
working to build a policy around ingestibles and other forms of embodied computing. Ingestibles
represent a growing market, yet there is relatively little work on the policy implications of
ingestible computing and their associated benefits and, more importantly, risks. In chapter 2,
Isabel Pedersen examines embodied computing and the rise of body area networks. If society
adopts them, body area networks will funnel data from bodily devices and implants to
intermediaries and then on to the internet. Embodied computing, AI, and the internet of things
will undergo radical proliferation because these networks will create a stable link between



visceral, topographical, and ambient information flows. The chapter looks at justifications for
body area networks, their cultural origins, and predictions about them.In chapter 3, Deborah
Lupton addresses the sociocultural dimensions of wearable devices: small, lightweight,
topographical technologies that can be readily placed on human bodies as they move around in
time and space. While wearable devices have not always been and need not be digital
(examples are spectacles, pedometers, and prosthetic limbs), this chapter focuses on the new
range of wearables with embedded sensors that generate digital data that have emerged over
the past decade, in concert with mobile smart devices and Wi-Fi technologies. In chapter 4,
Kevin Warwick provides a look into cyborg experiments and how implant and electrode
technologies can be “employed to create biological brains for robots, to enable human
enhancement, and to diminish the effects of certain neural illnesses.” The key is linking a
biological brain directly with a computer, and to this end, Warwick examines experimental
scientific studies, including biohacking and neurohacking, before outlining some of their ethical
considerations. In this chapter, a range of embodied technologies is considered.In chapter 5,
Katina Michael, M. G. Michael, Christine Perakslis, and Roba Abbas provide an analysis of the
internet of things and people, emphasizing the end user as the final frontier. Their chapter
probes the concept of the internet of things in the context of ambient embodied computing and
includes human subjects in the frameworks. Embodied devices that are connected to the
internet are increasingly implanted, embedded, and ingested by human users who “form an
integral part of end-to-end network architecture.” They envision the user as the “last mile” in
global networked technologies, provide examples of biohacking cases, and shed light on the
many individuals who now have implanted and embedded technologies that are no longer
associated only with health. In chapter 6, Marcel O’Gorman looks at several projects from the
Critical Media Lab that “pay special attention to the collision of technical prosthetics with both
digital and religious ritual.” Informational technologies are discussed as creating affordances for
serious religious play. He explores delicate areas where wearables are asked to mediate
behavior, perform in technocultural rituals, and help avoid digital temptations.In chapter 7, Gary
Genosko discusses the interesting case study of the failed attempt at creating a toe mouse for
the computer. Genosko argues that “the interface of the most human yet base part of the human
body and wearable computing confounds the low with the high.” He offers a look at Douglas
Engelbart’s late-1960s proposal for a knee-controlled proto-mouse, along with other examples
of foot-operated technological interfaces. In chapter 8, Suneel Jethani traces the evolution of
electronic monitoring technology in domestic environments as a form of embodied computing.
He considers the affordances of electronic monitoring technology, proposes a methodological
approach to studying wearable technology based on the incorporation of intrusion, and
anticipates how these devices might evolve.In chapter 9, Elizabeth Wissinger leads the
discussion of fashion tech, surveying many important writers working on the cultural implications
of style in a field that had ignored aesthetics for decades. She argues that fashionable
wearables seek to harness and meter human energy for profit in return for social capital and the



aura of being “cool.” Engaging in what she terms creepy levels of data transactions, wearers
trade data for the convenience and access to forums that make them feel as though they are
part of an elite membership. In the tenth and final chapter, Maggie Orth ends our collection with
a sublime critique of technosupremicism and technologies that seek to read minds. On the
future of brain implants, she provokes people to face remarks made by Elon Musk in order to
consider the extreme outcomes they could instigate. Her chapter takes a no-holds-barred
approach to challenge assumptions about implantables because they will ultimately challenge
selfhood.We knew when editing this book that it will, like many volumes before it, eventually
become outdated due to rapid advances in technology. Some parts will be futuristic for many
years whereas others will appear far and distant. What is meant by “bodies” in the book will vary
widely. We see this variance as a feature and not a bug of the collection. The book addresses
scholars in several fields, and we hope some of these audiences (largely overlapping, but still
distinct) will benefit from the book’s approach to computational embodiment.ReferencesAbbas,
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