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Preface
—Tony Salvador

S

ome ten years ago, I was asked to present some ethnographic work
about “What it takes to own a PC in emerging markets.” As I got
started, Justin Rattner, Intel CTO, cocked his head, looked thoughtfully
around at his staff and said, “I seem to recall a SLRP1 presentation on
something similar… Who… was… it…? Hmmm…”
Turns out, I knew who it was and I suggested a name. He immediately
brightened, happily surprised someone knew the answer. “Oh, yes! That's
right!” Justin said and then looked me straight in the eyes. “It was the
worst SLRP presentation ever,” he said, flatly. Then he looked at me, again,
bright eyed: “I hope this is better.”
By the way he said it, I took him at his word—there was no challenge
or threat. I thought that he really does hope my presentation was going
to be better. It was an odd thing to say, I thought. And I realized: he's here,
looking for something good, looking for something to make him think,
to challenge him, to engage him. Happily, at the end of the presentation,
he looked at me: “That was way way better.”
Scientists and entrepreneurs have much in common. We thrive on curiosity and curiosity's effervescence, hope. What is that? Can we do it? What
if we did this? How can we make that happen? What happens if we do it
this way? What's new? What's exciting? Will this work? Will it sell?
This book is grounded in the social and cultural lives of real people.
This book is about the possibilities of new and exciting ways to live built
on potential Intel technologies. It doesn't stand alone; it needs your
engagement, your curiosity, your hope to realize the potential. Intel is an
amazing company. Together we can achieve CEO Paul Otellini's vision
and reach the lives of every person on earth this decade.

1. Intel’s Strategic Long-Range Planning process. Pronounced slurp.
vii
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Introduction
—Tony Salvador

Radical:
Flux:

Thoroughgoing, extreme, foundational.
Continuous change, passage, movement, flow, fluidity.

W

e are in a period of radical flux. Everything is in motion. The pressures people, corporations and institutions to adapt are stronger
than ever, less predictable and more volatile putting tension on the structures of the global economy, national identities and political parties.
Institutions we (perhaps erroneously) believe as the bedrock of our societies—like education, social security, legal codes, marriage, family
composition, religious institutions, and more—are all exposed to continuous and heavy pressure to adapt ever more quickly to ever-changing
conditions. Corporations emerge and grow, and jobs come and go with
the near regularity of the tide’s ebb and flow.
When Intel’s mission was to be the building block supplier to the
internet economy, we imagined we would sell a lot of chips to enable a
burgeoning economy, of and by the internet. And we did. And it was good.
However, we did not understand how the internet economy would
become not just another part of the economy, but arguably the substrate
by which all forms of exchange occur—political, economic, social,
cultural, governmental, military, etc. We are just now beginning to figure
out what this means for both local communicates and global society in
general.
We are just now beginning to understand the opportunities that
Radical Flux enables. The irony is that while our technologies largely
enabled these opportunities, up until now it has been other entrepreneurs, other companies, and other institutions to see opportunities for
what they are and take advantage of them to create new business value
across the landscape. In an interview with NPR’s Robert Siegel (2011),
1
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Thomas Friedman pointed out that when he wrote The World is Flat
(2005), “Facebook didn't exist, Twitter was a sound, the cloud was in the
sky, 4G was a parking place, LinkedIn was a prison, applications were
what you sent to college, and Skype for most people was typo.” It is time
we understood how shifts in technology create competitive advantage in
new markets. Many of these opportunities have been essentially hidden
from us due to our relentless focus on silicon manufacturing. The purpose
of this book is to expose some of the hidden opportunities.
Culture is like gravity. Both are incredibly strong, mostly invisible forces
that only reveal themselves when we push against them or when we
inquire about them. We are now pushing against culture because culture
matters a lot in times of radical flux. Arguably, the last time we as a species
pushed this hard and this completely on culture was during the industrial
revolution; prior to that, the reformation, and before that, the renaissance.
The flux was radical in those times too, followed by a period of relative
stability. Now, globally, we are in radical flux again and it is a bigger push
than ever.
The last 50 years has been merely the preparation—the grunt work—
for the digital transformation. We have been spending our collective time
and effort building the infrastructure for putting all our analog stuff into
digital form: letters, books, money, music, movies, photos, forms, signatures, communications, voting, science, etc. If there is one trend
remaining, it is that everything that is still analog is or will become digital.
For example, in 2012, there is active discussion about whether the United
States Postal Service should cease to exist.
Digitizing alone does not create flux; but the knock-on effects of digitizing everything does. In economic terms, digitalization fundamentally
changes the relationships among production, costs, and efficiency by
completely making plentiful many things that were previously scarce. An
easy example is how the economics of the music industry has changed.
A more challenging example is to consider how the economics of communications has changed, contributing significantly to big things like
national revolutions and small things like email. That production is
increasingly efficient—that it is just so easy to make something digital—
means that many, many people can try their hand at anything they can
imagine. And some hit it big, like Twitter. It is important to remember,
however, how many erstwhile Twitters frittered away without ever taking
off.
One of our great strengths at Intel is a core competency to create order
out of chaos, to reduce variability through processes and procedures, and
to understand the variables that matter for creating business value. In the
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15+ years that we have been conducting ethnographic research, we have
argued, often persuasively, that cultural values affect business opportunities. In 1995 we forecasted the rise of the tablet form factor. In 1999 we
said that phones would slowly steal value from the PC. In 2001 we argued
that emerging markets would change the way people think about
computing. Over those same times, Intel Labs has contributed to creating
and enabling a smart TV, the Intel® classmate PC, the Intel® Health
Guide, and a web tablet in 2001.
In this book we hold to and strengthen the argument that by identifying
cultural values in states of volatility and understanding how change
occurs, we can develop a broad and systematic range of global opportunities. This book is the seed for those opportunities. Our commitment is
to nurture these seeds by taking advantage of Radical Flux.

Organization of Radical Flux
Radical Flux articles are distinct, but related. There is no need to read
them in order, although there is some order to the structure. The articles
are short, ranging from six to twelve pages. Each article presents an
element of radical flux. The articles are grouped under four themes: Business in Flux, Values in Flux, Things in Flux, and Movements in Flux.

Business in Flux: Business success depends on innovation and renewal.
We start with research modestly titled, How to Change the World, that
presents a systematic structure for understanding social systems and how
we can use its structure to understand specific opportunities and the
markets they suggest. We then specifically link how we, at Intel, began
to design our fabrication processes through experimentation and argue
for a similar approach to business. Business Experimentation in the
market is something we do not do now. Finally, in From Ethnography to
Strategy we offer a set of tools and capabilities for thinking systematically
about business formation.
Values in Flux: Next we present a series of cultural values in flux. Each
article presents the key idea, the argument and specific implications for
Intel. We have chosen to present how the meaning of Ownership and
the Emergence of Everyday Entrepreneurs, Accountability, Rise of the
Collective, and Data and Science are shifting giving order to some current
market activity and presenting strong opportunities for our industry.
Things in Flux: Following the same format of key idea, argument and
implications, we look at specific things in flux. In Digital Media is Not
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Killing TV—Yet, we consider how the internet needs to become more
like TV. Two articles, Street Smarts and Car Smarts explore how the
meaning of cars is ripe for change and what technologies will become
inherent to cars. Making Money traces the evolution of electronic currencies and payment technologies. Finally, in Domesticated No Longer: The
Internet as Feral, we describe how the internet is becoming less tame.

Movements in Flux: Radical Flux concludes with two articles that
present entirely new opportunity spaces for looking at technologies. Why
Leave Home? is the first article and it provides a radical vision for mobility.
We present a data-centric view of mobility when we suggest that everything moves except people. The final article, Vibrant Technologies,
recasts our client-server relationship in terms that draw on the shift in
values, such as participation, ownership, accountability, and sociality.
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I

n spite of all the books and media attention, we still do not understand
innovation. In the next three articles, we argue that innovation
researchers have ignored a few simple facts.
– Social structures, that is, how people are organized, are crucial
to understanding innovation. In How to Change the World, John
Sherry takes a systematic look at social structures and begins to
pull back the onion skins to understand how change happens.
– In Business Experimentation, Brandon Barnett argues that
venturing remains more adventurous than it should be and that
by understanding social structures, we can run the right experiments to reduce systematically the probability of new business
failures. While Intel and other companies have become increasingly scientific when understanding and controlling variability
for a variety of business processes, they often fail to bring the
same rigor to new business ventures.
– John Sherry returns to present a series of practical frameworks
and tools that zero in on what is valuable very early in entrepreneurial activities in From Ethnography to Strategy. He
simultaneously considering the capabilities and assets required
of the organization to launch a business successfully. We have
been working with these tools throughout Intel for the last few
years and we share them here.
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How to Change the World
—John Sherry

O

nce upon a time, only the very powerful were thought to be able to
change the world. As even the most casual student of history knows
too well, such efforts have not always been to mankind’s benefit. More
recently, thanks in part to the kinds of tools Intel makes possible, ordinary
people do not just envision a better world, they feel empowered to try
to do something about it.
The purpose of this article is to introduce a way of thinking about
change. While drawn from a relatively large and diverse body of scientific
theory, the goal of this article is decidedly practical: to provide a simple
usable framework for thinking about the kinds of systemic factors that
make change possible… or that strongly inhibit it. Whether we are talking
about natural ecosystems, cities, corporations, or markets, a common set
of principles govern how they form and operate. In this article, I introduce some of those principles. These are the kinds of things that our
ethnographic research teams ask themselves as they are out doing their
jobs in the field. But the questions are not just for anthropologists. My
hope is that, by paying attention to these questions, innovators of all kinds
might gain an extra bit of clarity in thinking about how their new products, services, or ideas might fit into and change the world.
Why do I think these questions are important? Consider a simple
example: In 2005, I joined Intel's Digital Health Group amidst a lot of
excitement about both transforming healthcare and providing a new business opportunity for the company. People pinned a lot of hope on our
primary product offering, a product called the Intel® Health Guide, to
make that happen. The original team did a good job of user-centered
design; they built a nice concept prototype on the basis of numerous
interviews, focus groups, and in-home observations with people who
7
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suffered from a variety of chronic conditions. Users liked it. It all looked
pretty promising.
Unfortunately, good user-experience design was not enough. We did
not think systemically about what it would take for such a product to
succeed. We did not appreciate how significant it was that these users,
the patients, did not actually pay for healthcare technologies; insurance
companies did. We failed to anticipate how difficult it would be for healthcare organizations to transform the way they deliver care.
Healthcare in the U.S. is currently designed for responding to health
crises, not proactively preventing them. Healthcare providers are not set
up to monitor patients the way our product requires. We also failed to
grasp how national healthcare policy affected not only payers' and
providers' business models, but also patients' attitudes. As a result, five
years on, we struggled to succeed with the Intel Health Guide, while we
failed to recognize and take advantage of other opportunities in healthcare. Things might have gone differently if we had asked ourselves some
critical questions.
This was not an isolated or even egregious example. One year before
I joined the Digital Health Group I was witness to a high-profile collaboration designed to establish a sustainable village in rural northern China.
Though supported at the highest levels, and touted as a model for all of
rural China, the project simply failed to take into account the systemic
factors that had evolved over many years to make life in the village sustainable already. With mildly astonishing hubris, the principals in this
endeavor disregarded much of what was in place and tried to redesign
the village almost de novo. Not surprisingly, the project completely failed
within two years, leaving more than a few bitter recriminations in its
wake.
Though I have seen many failures, I have also seen some noteworthy
successes. In the 1990s I had the honor of working among a group of
community activists based on the Navajo Nation in the southwestern
United States. By most measures these activists would have been and were
considered a ragtag group with few resources. But they became a force
to be reckoned with in the Navajo Nation, and instituted a number of
reforms that extended all the way up to the national policy level. The
ragtag group thoroughly understood the principles outlined in this
article. Indeed, some of the critical questions I pose were inspired by
lessons learned from these early teachers.
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Basic Principles
What is the difference between success and failure? I believe one key
difference is the ability to ask the right questions about how the world
around us operates. To that end, we begin with a set of principles coming
from a fairly young science, one which is scattered throughout such disciplines as physics, biology, economics, political science, and
anthropology. This scientific work focuses on what is referred to as
complex adaptive systems, self-organization or organized complexity.
The basic idea is that much of the order we see in the world around us
arises naturally and spontaneously from the mutually reinforcing interactions of individual actors. This is true whether the actors are cells in an
organism, insects in the colony, or humans in a clan, city, or corporation.
This spontaneous order comes for free. It arises from the natural tendencies of the actors themselves. Once a critical threshold of diversity and
interconnectedness is crossed… presto! A self-perpetuating pattern of
order arises. Regulations, by-laws, and hierarchies may emerge later to
increase the robustness of the pattern, but such structures are the products, not creators, of self-organization.
That simple point is worth dwelling on for a moment, for it underlies
all that follows: Individual actors in a complex self-sustaining system just
do what comes naturally, what makes sense then and there, what their
psychology or instincts or environment motivate them to do. In following
their motivations, individuals interact with others, who also are doing
what they are inclined to do. Sometimes, these interactions align, catalyze
more interactions, foster relationships, and create a self-reinforcing
pattern of actions and interactions—a self-organizing system. It is not that
living things only act selfishly. Motivations can be very complicated, as
we humans know. However, even the most gregarious or generous acts
arise from the psyches and circumstances of individuals, and systems arise
when such actions align in a sustainable fashion.
This spontaneous emergence of order cannot always be predicted,
certainly not solely on the basis of the scientific laws most of us learned
about in school. The laws of physics and chemistry cannot explain the
origin of life. Indeed, science has traditionally dealt with disorganized
complexity. Gas molecules in a container exhibit disorganized
complexity. They do not interact other than to bump into one another,
and they certainly do not collectively create an organized whole. That has
to be imposed from the outside (i.e., a container). Many statistical analysis
tools were developed to describe this kind of disorganized complexity.
This mode of scientific thinking has greatly influenced not only how states
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thought about their citizens, but how businesses looked at the world.
Market research, for instance, tends to treat human beings as autonomous,
individual consumers. In such a world-view, the only collections of
consumers are market segments—the proverbial soccer moms and
Nascar dads. Market segments are not groups we participate in, of
course, but rather they are externally imagined and imposed based on
shared attributes or demographics.
People are not like gas molecules. We are participants in families,
communities, and corporations. We may think of ourselves as just being
born into families or communities, which tends to hide the fact that our
very actions create and sustain these forms of social organization. This is
because the order that we create tends to constrain our subsequent
actions—and thereby to perpetuate that order even more robustly. Social
institutions are reinforced by codes of conduct, power structures, and
formal roles. The cell in the body is different than the free-ranging bacterium. The sole proprietor acts differently than the middle manager at a
large corporation. As the old saying goes: “There is no ‘I’ in team.” Systems
and the people who comprise them affect each other. Awareness of this
dance of mutual creation and constraint lies at the heart of a lot of research
in the social sciences, from how cities become segregated, to the evolution of culture, to the preservation of common pool resources, and even
how new markets emerge. We simultaneously create and are constrained
by the order around us. That order may be fleeting, or so robust it is almost
impossible to disrupt. As we set out to change the world, it behooves us
to understand that.

Elements of a Framework
From this basic understanding of complex systems, the elements of a
framework emerge. These elements are more than just one way of looking
at complex systems; they represent a distillation of important theoretical
concerns that can be found in both the complexity literature and social
sciences more generally. They are also issues that have arisen over and
over in my own career and those of my colleagues. Space does not permit
more than a brief mention of these elements, along with a few associated
questions that innovators might benefit from asking themselves. I do not
expect any reader to master these questions; this is no cookbook. But I
hope the elements and questions that follow at least help plant the seed
of a new way of looking at change.
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The System:

A good starting place for thinking systemically about change
is at once the most obvious question to ask and the most difficult question
to answer: “What is the system we want to change?” Why is this question
so difficult? Because the world we inhabit consists of myriad complex
systems. Human brains are complex systems, as are collections of human
brains in the corporations we inhabit, as are the corporations in the industries where we work. Where does one system begin and another end?
System boundaries can be very blurry. Cities, ecosystems, even those
human brains may seem like well bounded entities but, on closer inspection, actually turn out to have very fuzzy boundaries.
In some lucky cases, a system may have obvious high-level functions,
making it a bit easier to step back and ask “What if we achieved this function differently?” This is often the starting point for design thinking. When
it comes to many products or services, knowing that intended function,
that job to be done, is crucial to strategy.
For most of us working for firms in the private sector, it might be easier
to think in terms of industries, ecosystems and landscapes, and ask, “What
are the rules of the game for survival in this industry or marketplace?”
The best management and strategy research does just that (i.e., Michael
Porter's work on competition). Regardless of how you start asking this
question, your definition of what counts as the system will almost inevitably change as you work through the questions below. Do not fret; come
up with a provisional answer and move on.

Participants: Once we have an idea of what system we are working in,
we can begin to pick it apart. A focus on participants helps us examine
the motivations, skills, perspectives, physical properties, capabilities, or
other tendencies that people may bring to a situation, affecting how they
may participate, and ultimately the shape of the system that emerges.
Perhaps the most obvious question we can ask here is “Who?” Who participates in the system we want to change, and how might they be affected?
What roles, perspectives, capabilities, needs and motivations affect their
actions? Who bears the costs and who reaps the benefits of the way things
are today? Who will do so in the future?
When we ask “Who?” the answer may not always be obvious. Consider
a simple example. In the early 2000's, a number of colleagues and I
explored the potential for computing and communications technologies
in the developing world. One of the facts that struck us early on is that,
in many parts of the world, people do not have to own or even use a
personal computer to benefit from its presence. Enterprising computer
owners deliver benefits of internet access (e.g., e-government, insurance,
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market reports) to their neighbors and customers who had no technology.
We also learned that those who benefit from technology may not be the
ones who bear the burden of its costs. Costs, of course, can be more than
financial costs. Time, effort, and attention can be just as important to
people as money.
Note also that participants or actors do not always have to be individuals. If we are focusing on competition in the marketplace, our
participants might be firms. The trick here, as elsewhere, lies in the
careful choice of what we mean by our system of interest.

Resources
Whether it is information, new forms of money, or mobile phones,
people interact via the mediation of things and resources. Among the
questions we might ask of resources are the following:
– “Which tools or resources enable participation?”
– “Which resources or objects get created, modified or
exchanged, and how?”
– “Which resources are scarce and which are plentiful?”
For many of us, changing the world means proposing or introducing a
new product that people might find valuable. Often the best way to do
this is to look carefully at the resources in a given system and identify gaps
where an additional tool or resource is needed. Just as importantly, when
we have an idea for a product, that is, a new resource to add to the mix,
we would do well to ask how the product might fit in. What will it require
of people? What other resources (e.g., capital, infrastructure, tools, knowledge, rules and procedures, organizing structures) must be in place for a
product to succeed? There is no substitute for local knowledge of the sort
that ethnographic and design research provide in this regard. One can
never predict what participants on the ground recognize or use unconsciously as a resource.

Actions and Interactions: The order around us is an ongoing accomplishment by many people and things. It is only natural that our central
questions focus on actions. What are the actions people take? What costs
and benefits are associated with given actions? How do actions catalyze
and align with other actions?
It may take some digging to understand people's actions and interactions. Researchers have shown that a lot of the social order that we take
for granted is the result of multitudes of little, mundane actions that we
perform ever day mostly without thinking about them. These actions
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include workarounds, improvisations, daily rituals, and many other
actions people would never think to mention in a focus group. Such
digging is worthwhile. As any good designer knows, those kinds of details
are also essential for good product design.
When we are designing new products to change systems, rather than
just products for individual end users, our questions change a bit. We
become interested in how actions align. How are physical activities
aligned in time and space? How do novices learn to see and think like
experts, and thus perpetuate certain ways of acting? How do transactions
align the distributions of costs and benefits in a sustained way? If we are
dealing with information technology, there are a number of questions we
might ask about the things people do with information (e.g., transcribing,
translating, propagating it) that enable groups of people to complete
complex information processing tasks. All of these are different flavors
of the same basic question, “How do we enable the alignments that
become self-sustaining?”
When we understand how practices align we are on our way to understanding how a system arises and sustains itself. That is what many smart
researchers in complex adaptive systems have done with tools such as
agent-based models. But, as mentioned, our goals are different. When we
begin to propose new practices, or new ways of aligning them, we are
on our way to imagining new systems. That is how we go about changing
the world.

Structures and Constraints: All these participants, their resources and their
interactions create structures and constraints for each other. There are
many questions we can ask about such structures: Where are the boundaries? How are they constructed? How do such structures constrain
human action?
In corporate and institutional settings, organizational structures shape
who employees interact with, what roles they play, what responsibilities
they take on. But subtler structures such as social networks, gender relations or other factors may shape who people in an organization interact
with as well. Incentives and rewards encourage certain kinds of behavior.
Physical structures may prevent two people who sit within inches of each
other from interacting at all—as happens so often in our cubicle environment. It is also worth mentioning that the order that emerges is not always
consciously intended. As French philosopher Michel Foucault famously
quipped, “We know what we do, we sometimes know why we do what
we do, what we do not know is what what we do does.”
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Agency and Power:

Stuart Kauffman, theoretical biologist, founder of the
Santa Fe Institute and a leader in research in complex adaptive systems,
considers agency to be an essential element in a general definition of life.
The humble E. coli bacteria swimming in a glucose gradient exhibits rudimentary agency: the ability to manipulate or navigate its environment on
its own behalf. In human social systems, agency has blossomed into
power, the ability of one party to affect the actions of another, affecting
us all in myriad ways and occupying social scientists for decades. Thus,
we ask: Where are agency and power enacted? How is power exercised?
Who wields it?
Even in the purest market settings, power plays a role; the power of
buyers or suppliers can shape an industry significantly, and the state and
other powerful institutions create the conditions that allow markets to
persist. Power is not just the obvious institutional authority or coercive
ability of the state. Power may be played out in daily rituals that establish
one person in a position of authority or dominance over others, for
instance, in how we address each other or take turns at talk. Understanding such details may enable us to see opportunities for positive
change. The Navajo activists I mentioned above were very successful in
this way. They recognized that various forms of power were at play in
their community, and how each functioned, from the relatively modern
institutional power of their tribal government, to the more traditional
modalities of power inherent in their system of clan relations, to the
power inherent in public persuasion and external legal frameworks. The
activists used all forms of power to overcome a number of environmental
and other threats on their homeland.

Time: One of the key differences between disorganized complexity and
organized complexity is the importance of time. Ordered systems
emerge, in time and history, as the result of the alignment and activities
of their constituents. With this in mind we might ask:
What happened in the past? Most importantly, how did the structures,
tools and practices that comprise current systems come to be there, and
what keeps them there? Some may simply be historical accidents. Some
may be tenaciously sustained by practices that people refuse to give up,
or institutional structures that are beyond anyone's power to affect.
Knowing the difference helps us be much more realistic when we
propose changing things.
There is also a more forward-looking element of time. From a business
strategy point of view, many of us are familiar with the work of Harvard
Business School professor Clayton Christensen on Disruption Theory
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(1997). Christensen observes that capabilities valued by the market tend
to improve over time through technology improvements or organizational learning. By plotting these trajectories of improvement over time
and investigating where those trajectories reach a point of diminishing
returns, we can be proactive, instead of reactive, about market strategy.

Systems Thinking
The questions above are really just the start. Recall that a central fact about
complex systems is that their parts interact and shape each other. So it is
with the elements of the framework. The best way to use the questions
above is to juxtapose and combine them. For instance, as mentioned,
Disruption Theory is predicated on tracing the historical trajectory of
technological capabilities, essentially combining questions of resources
and questions of time. Here are a few other simple examples of fruitful
combinations of questions:
– “How do the actions of the individual participants compare to
how the system as a whole acts?”
This is always a good question to ask. A central insight of complex
systems researchers is that the actions of the individual participants in a system should not be confused with the overall functioning of the system.
– “How do demographic shifts affect resource availability, and
what does that mean in terms of possibility for change?”
Western Europe, the United States, Japan, and even China are
undergoing dramatic shifts in their demographic makeup. These
countries have more and more elderly people with fewer young
people to take care of them. This demographic shift will have enormous consequences on markets, economics, and even national
security.
– “How might we create tools and resources with more agency
and what will that mean to the world?”
Intel creates the brains of the smartest objects known to humans.
As we equip our homes, cars, phones, and other devices with more
sensors, and we develop inference engines and other software that
enable sense-making and decision-making, the objects in our world
take on more and more agency. This has amazing implications for
the kinds of complex systems we may see in the future.
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Anyone who has managed to read this far might be left thinking, “Now
what?” This framework can be applied at a very general, strategic level,
or at the level of a product or service. My hope is that you use the questions. The framework can apply to competitors in a market, or to an
analysis of potential customers in their daily lives, or even to understanding how an organization functions internally. For would-be world
changers, I suggest the best place to start is by asking these questions
with regards to new products or services that you have in mind. For
starters, it may help to see if it is possible even to formulate the questions
in ways that make sense. That exercise alone helps when thinking about
how to change the world.
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I

ntel is a great technology company. Nowhere is this more apparent
than our industry leadership position in process technology expressed
through Moore's Law. It is amazing that we start with basically the same
materials, equipment, and CMOS process technology as every other semiconductor company in the world, and yet we maintain a 2-year technology
and manufacturing lead. How Intel obtained this remarkable lead is a story
of science and cultural change that provides valuable insights into other
areas of our business.
In the late 1980's Intel had a problem. Despite developing a next-generation process technology on schedule, we lost a market and leadership
edge as die yield dropped significantly when we transferred the process
from development to manufacturing. Our premier process development
group did its job and created the recipes, equipment selection, materials
selection, transistor designs, etc., to meet our goals of size and performance. Our culture of experimentation drove us to make data-based
decisions and we used scientific methods effectively to control the fab
environment such that the process was highly tuned. However, a manufacturing environment is not the same as a development environment.
The physical fab is different in size and scale, the process metrics are
different, the criteria for decisions are different, and the personnel have
different work modes and motivations. Thus, yields suffered. Months
were spent at great cost (and lost revenue) to re-engineer the process so
that yields returned to acceptable levels in the high-volume environment.
The development organization had an epiphany. The organization realized it needed to extend its culture of experimentation to include the
environment in which the technology would live. It must develop the
next-generation microprocessor process in a high-volume manufacturing
environment, one that was subject to the same forces and interactions as
a manufacturing environment, with all the accompanying variability and
17
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uncertainty. So the development organization changed its procedures and
entire culture to conduct development in an environment that would
become a high-volume manufacturing fab, with the appropriate metrics
and processes in place from the onset. The culture changed to such an
extent that a new process is no longer transferred out of the development
fab to a manufacturing fab; instead the development engineers leave a
fully running high-volume fab behind them and move to the next greenfield fab (now D1X) to begin the next generation of development. Thus
was born our current process development methodology and Copy
Exactly, in which the process development is completed in a manufacturing fab environment and experiments are designed around the
uncertainty that defines that environment.
The transition was not easy and it required edicts from management
to instill the culture in every employee. But once in place, this culture
became one of the core underlying forces that sets our technology apart
and drives our success as a company.

The New Business Challenge
In many ways, Intel, like most large companies, faces similar challenges
today in its new business ventures. Yields are low. In fact, one study
reports that since 1997 Intel has attempted 48 new businesses in its incubator; only 5 of those (10.4%) survived more than 5 years, and four of the
survivors were extensions of existing businesses, that is, Intel was an
incumbent (Raynor 2011). Only one of the truly new businesses for Intel
out of 40 (2.5%) managed to survive more than 5 years. So, why the low
new business venture yield?
In discussions about our new-business yield, senior Intel leaders made
several observations that begin to describe the challenge. First, they
stated that we often innovate too early, we have unrealistic revenue expectations, and we burden new ventures with corporate processes. Second,
leaders observed that it is a better use of Intel's capital to let others initially
bear the cost of developing new businesses. Intel can watch how the business landscape evolves and identify which companies are likely to be the
winners once the dust settles. Both comments suggest that the uncertainty in the new market (e.g., customer preferences, timing of dependent
capabilities) creates a high risk profile for our new business investments.
Thus we find ourselves with a series of contrasting risks that must be
balanced. We want others to bear the cost of funding and selecting the
best new businesses and yet we have unique insight into what those new
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markets are likely to be. We are willing to make investments in some new
businesses, but our internal processes hamper their success. However,
when a market does demonstrate significant value, it is difficult and
expensive for Intel as a new entrant to break in.
Over several years of data collection and analysis, we have come to
understand the wisdom in Intel leaders' insights. Others do need to drive
new market creation. However, our analysis suggests that Intel can and
should take a more active role in the early development of new markets
to more effectively balance the risks above—an active role of experimentation in the new market. We're not talking about a loose definition of
experimentation that can be interpreted as “…try something new, crazy,
and unstructured.” Quite the opposite. We propose a process to increase
venture yield by applying scientific rigor through experiments in the new
business landscape that test for emerging bases of competition and
optimal business models. We suggest that a cultural shift needs to happen,
as it did in our development fabs, to make this strategy successful.

Characteristics of New Business Landscapes
The nature of experimentation and the role of intuition in an existing
market are markedly different from experimentation and intuition in what
we are coining a new business landscape owing to two foundational characteristics. First, in new business landscapes, the bases of competition
themselves are evolving or unknown, thus specific markets are uncertain.
Second, the internet has fundamentally changed the way and pace at
which business landscapes evolve. Taken together, the implications of
these characteristics shed light on the critical need for experimentation
and how to design appropriate business experiments in new business
landscapes.
First, let us clarify what we mean by a new business landscape. We
introduce this term to draw a distinction from the traditional view of
markets, emerging markets, established business value networks, or individual businesses. Success in markets has historically been a corollary of
how well each competitor performs along top bases of competition. For
example, Intel's success for generations was tied to its relative ability to
deliver GHz clock speeds. In established markets, where the bases of
competition, customer needs, purchasing trends, and technological roadmaps are well understood and predictable, competitive fitness depends
on a firm's ability to most efficiently deliver the performance that the
market wants. Firms experiment through normal business processes of
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market research, product launch, and data collection in order to optimize
their ability to deliver value along the known bases of competition. Even
with no presence in the market, business managers can gather data
through primary and secondary market research. At Intel, having a datadriven culture, we naturally incorporate the data into our thinking and it
becomes part of our business intuition. We make business investments
confidently as the risk, that is, the uncertainty in outcome, is quantifiable
and the range of potential outcomes can be estimated. In these businesses, intuition-based decision making and data-based decision making
are nearly synonymous.
In contrast, new business landscapes exhibit higher levels of uncertainty. The bases of competition are less settled and purchasing trends,
technologies, and industry rhythms are less predictable. New business
landscapes are better understood as multi-dimensional spaces, in which
the dimensions correspond to different capabilities or bases of competition that can be represented as textured surfaces with peaks and valleys.
Each capability offers a different value or benefit that customers select
for when they make a purchase decision. As an analogy, think of species
vying for survival in a natural ecosystem. Just as natural selection operates
on traits across a species (e.g., longer necked giraffes reach those tender
shoots up high in the trees), consumer selection operates on the capabilities that products will offer. In new business landscapes, the selection
criteria can be intangible, difficult to predict, and in a state of dynamic
flux.
To better understand the new business landscapes, we recognize that
markets result from the interaction of technical, social, cultural and
economic forces. Firms and technical forces create capabilities, social and
cultural forces determine how those capabilities are valued and selected.
Economic and regulatory forces determine what individuals are willing
to pay for capabilities and when they become a commodity. The resulting
order is what defines markets and the bases of competition upon which
companies compete. Markets evolve or even come and go as these forces
interact. These are new business landscapes.
In cases in which these landscapes are stable and well understood,
traditional strategy tools and market assessment processes (e.g., Porter
analysis, ecosystem maps, adjacency plots, horizon maps) help individual
companies climb a peak and dominate the landscape (or at least try to).
But what happens when the landscape is not stable? Few tools exist to
help us deal with that instability, and yet this is where competition is low
and growth potential is largest. Traditional market research data is not
available and our intuition is not based on years of data gathering. Market
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predictions such as Gartner's Hype Cycle or the Institute for the Future's
top technology trends provide useful information, but do not reduce the
risk of decisions and are often not actionable. The challenge of succeeding
in a new business landscape is not one of better data to drive our decisions. Rather, as in the case of the high-volume fab, we believe the
challenge is one of experimentation in the new business landscape to
characterize the space as it evolves.
By recognizing that markets emerge as the product of interactions
among the forces mentioned above, we are able to make use of some
valuable tools to help us in situations where traditional tools of market
research do not:
– We can make use of tools to chart the various contributing
factors and forces that underlie the order and dynamics of new
business landscapes. Disruption theory (Christensen 1997)
helps us understand the forces of technical change. Ethnographic and user-experience research provides insight into how
social and cultural factors will change what customers value.
Economic and policy studies help us understand the macroenvironment. The tools of social science can help us think
through implication of these interacting forces on the business
environment.
– We can make use of tools from a burgeoning field known as
complex adaptive systems theory that has arisen at the intersection of biology, physics, economics, and the social sciences.
Among the many insights that this field offers is one very
humbling revelation: the order that emerges in complex adaptive systems, including new business landscapes, is not
predictable. This characteristic comes right out of chaos theory,
which is often exemplified in the popularized butterfly effect. It
is not a matter of more data, or better algorithms, or broader
studies. It is a fundamental law of complex systems: given
enough time, they become completely unpredictable. To guess
how a complex system will unfold is a shot in the dark.
– Finally, we can make use of mathematical insights. Recall above
we imagined markets as multi-dimensional landscapes. Finding
new business opportunities, therefore, can be thought of as a
problem of search for local and global peaks on these landscapes. It turns out that the problem of search on a multidimensional landscape is a well-studied area of mathematics,
and from the math we know two things: First, we know that
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such search problems are NP-complete, that is, they cannot be
solved in polynomial time. In other words, the space of possibilities is too large to explore exhaustively even through
simulation. There is no substitute for being there. On the other
hand, we know that diversity trumps expertise (Page 2007).
Having a group of reasonably intelligent agents searching a landscape produces better results than one really good searcher.
Techniques such as the use of genetic algorithms can provide
the diversity and adaptability necessary to perform an effective
search.
The challenge is to apply these tools and frameworks in a business context
to identify what bases of competition might emerge. The opportunity is
to create a holistic picture of a new business landscape around which
specific business hypotheses can be crafted and experimentally tested.

Implications of Radical Flux
As if the challenges of searching a new business landscape are not
daunting enough, thanks to the internet, we have to deal with a new paradigm of new business landscape creation and evolution. The internet has
created a platform whereby many of the factors of production and distribution have been transformed, particularly with regards to the creation
and distribution of digital goods. In essence, it has created a platform that
pre-solves or even eliminates many more traditional business problems,
including manufacturing, distribution channels, etc. That provides some
acceleration. In addition, the internet has produced a situation where the
simple notion of the consumer has been blown apart. There are now, as
we have seen in the world of participatory value creation, many means
that consumers have at their disposal to interact with corporations and
with one another. That simple relationship of corporation as producer
and the rest of us as consumer no longer works. This means two things:
corporations have to be much more cognizant of new kinds of backchannel signals from consumers (e.g., social media strategy). Secondly,
corporations can be disrupted by these participatory value creation
networks, when people start creating for themselves rather than relying
on corporations to create for them.
While expert intuition may have been able to see patterns in the emergent landscape in time to act previously (e.g., we could buy our way in
once a market is established), the network effect makes this strategy more
difficult. We see this in our industry in the accelerating design cycles, the
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expansion of original design manufacturers (ODMs) (e.g., 1000+ cell
phone manufacturers in China), and the leapfrogging of technologies in
certain geographies (e.g., active cell usages in the Andes mountains, yet
there are no PCs).
So what do all of these insights have to do with our call for a culture
of experimentation? Well, the argument boils down to this:
– Markets are inherently uncertain and evolving too rapidly for us
to rely on the traditional tools of intuition, market research, and
analysis. The data we would normally require to launch a new
business confidently cannot be obtained.
– While we can get ourselves in the right ballpark through ethnographic analysis and business analytics tools, we cannot
precisely identify new market opportunities without being
there and engaging markets directly.
– Finally, a single isolated business in a new business landscape is
like a ship on the ocean looking for a rogue wave. It may by
happenstance be in the right place at the right time, but odds
are low. We need well-designed business experiments with the
diversity and adaptability to adequately search multi-dimensional landscapes of possibilities.
We can view the ARM architecture through the experimental lens. Years
ago, ARM established a platform for development in the microcontroller
market with an emphasis on power minimization. Over time, ARM
processing performance improved and ARM's licensing-based business
model enabled many, many different firms and entrepreneurs to experiment with uses of the technology. Now, the ARM architecture is a
mainstay in smart phones and tablets. In order for this to happen, ARM
had to be present in multiple market experiments, testing the emergent
bases of competition in an evolving business landscape. As we now know,
the mobile segment of the computing business landscape evolved to
select power over performance.
Suddenly, ARM is the dominant architecture of an explosive new landscape of computing devices, and is even poised to disrupt Intel
Architecture in the world of PCs. Did ARM intentionally set out to do this
two decades ago? It is highly doubtful. Rather, ARM's many licensees
experimented with the architecture in a variety of new applications that
take advantage of the low power capability. ARM's structure enabled it to
benefit from market experimentation and highly distributed innovation
without it necessarily being conscious of its own advantage. That
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ecosystem is still running experiments today; there are currently more
than 700 licensees in the ARM ecosystem.
The ARM example is in sharp contrast to Intel's current methods to
growth new businesses. Multiple groups within Intel have an innovation
or new business charter. And while many apply good proven methods,
none run the experiments in the new business landscape as we suggest.
For example, many companies including Intel employ a venture capital
model to grow its ecosystem, a discovery-based new-business incubation
process with milestone-based funding, focused on increased value to the
business units, or a technology licensing model to grow new revenue
streams by licensing underutilized or non-mainstream technology, solutions, and know-how to non-competing companies and industries. These
groups focus on individual opportunities that have tangible business value
in the near term. They do not explicitly invest early in multiple, small,
experimental businesses to explore where new bases of competition
might emerge.
Admittedly, an experiment that seeds 5 to 50 companies that span a
new business landscape must be managed thoughtfully to navigate the
cost, brand, and intellectual property implications. This is why our
concept of new business should evolve to contemplate small early experiments in new markets as opposed to blockbuster hits in large markets.
Our business experiments are not likely to involve Intel Architecture (IA)
processors or even silicon businesses. And they may rely on open innovation and challenge-based innovation tactics to rapidly prototype
concepts in the market (borrowing tactics from the design community)
and fulfill the needs of the experimental plan. An experiment may also
include close monitoring of existing cutting-edge start-ups that test a
particular business hypothesis.
The alternative is to let the ecosystem develop without Intel experimentation. New bases of competition will emerge and eventually they
will have significant influence on customer choices so that Intel as
observer will come to see the market drivers in the new business landscape. But, with no direct engagement with the new landscape, it may
be too late for Intel to rally a timely competitive response or have a voice
in defining the architectures of the future. Our research suggests that an
early portfolio approach that focuses on continued learning and business
adaptation through experimentation is a superior path to manage business risk. An example may highlight the distinction.
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A Business Experiment: The Everyday Entrepreneur
This example illustrates how the framework can be applied to define new
business landscape experiments and ultimate create growth. Intel
researchers realized a fundamental social shift in the use of computing
enabled by technology and driven by shifts in expectations of connectedness. A few short years ago segments of our industry competed to
provide internet connectivity to customers. Internet service providers
(ISPs) offered various levels of service and features to deliver better
connectedness.
Today, we see a strong desire on the part of purchasers to not only be
connected, but also to be participants in communities of interest to them.
Facebook is the industry leader, but niche companies like MySpace,
LinkedIn, and Motorpool.com are still specializing and competing for
users based on the participatory experience they provide. ISPs have been
relegated to a different position in the value chain, albeit still a profitable
one, but the bases of competition that drive customer selection for the
online experience has evolved.
Our researchers discovered signs of further evolution of the landscape
in which users were more and more interested in creating value for themselves through online and digital interactions. We call this emerging class
of users, everyday entrepreneurs (see page 39). Whether this is an author
giving away content to drive speaking engagements or recommenders
building up a trusted reputation, it is clear that the business landscape for
the everyday entrepreneur is materializing, but the specific businesses,
that is, the products, services, business models, have not yet stabilized.
There is not yet a market to research, but there is a new business landscape that has been identified on which to experiment. And if these
insights foreshadow significant changes to our own industry, a wait-andsee strategy may not be prudent.
In a world in which customers select products for their ability to enable
participatory value creation, we can see a business landscape in which
companies compete on their ability to track the movement and activities
of digital objects, to enable individuals to benefit from their interactions
with digital objects, and create markets that are created by digital objects
in circulation, for example. A business experiment would define the
possible solutions and business models that define these bases of competition. For example, the ability to track the movement and activities of
digital objects could be enabled through new data structures or through
new tracking analytics. Small investments could be made in independent
entities that would develop products and services in each of these areas.
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Each company would adapt to the evolving market environment and
provide on-the-ground insight into the new business landscape evolution.
Structurally, these companies could be organized such that there is movement among them so that the experiment includes a genetic-algorithmlike ability to combine and reshape to maintain diversity. Intel would get
insights and data into the new markets very early as they evolved. And if
one business became wildly successful, we would have pre-negotiated
rights to acquire the business.
Similarly, Google is known to allow employees to select projects to
spend 20% of their time by voting with their feet, that is, by choosing
which project to work on. Still, while we see these signs of business
experimentation, to our knowledge no company has yet holistically
embraced this culture to their advantage in developing new business landscapes as we propose.
In a recent Harvard Business Review article, Anderson and Simester
(2011) state that “...creating a culture of experimentation requires companies to overcome internal political and organizational obstacles. And not
every experiment will succeed. But over time, companies that embrace
a test-and-learn approach are more apt to find the golden tickets that will
drive growth.” Intel embraced the culture of experimentation to improve
yield in our fabs. To achieve a culture of experimentation in new business
efforts will require similar steps.
We recommend that forward-looking companies launch business
experiments. Intel fabs have taught us that every generation of technology development can ramp to high-volume faster than the last.
Business experimentation is a skill we all can master with practice to
similar results. Companies should carve out a space to make it happen.
The team managing the experiments must be sufficiently decoupled from
the core business as to operate with independence while not compromising the corporation as a whole. Companies must rethink their
approach to IP, quality, and brand for the business experiments. And
companies need to embrace the culture of business experimentation so
that we develop new intuitions appropriate for new business landscapes.
Company efforts and structure must begin to reflect the multiple dimensions, rapid change and unpredictable dynamics of the markets we hope
to capture.
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T

here is a video that circulated around Intel some time ago that
showed a family using a device affectionately known as fridge pad.
It was actually quite memorable. There was nothing extraordinary about
the family; they were just going about their normal daily routines of coordinating rides, checking the internet, leaving video messages for each
other, playing games, listening to music. But the way they were doing it
was remarkable—all of it on a little pad device right there in the kitchen
where a lot of home life naturally happens. The device had no tethers or
power cords. Its screen was small—maybe eight or nine inches measured
diagonally. It had no keyboard or mouse. It handled multimedia and the
internet and all the rest.
That video was made in 1996. LCD screens were rare. WiFi did not yet
exist. The iPad was nothing but a gleam in Steve Jobs’s eye. Computing
still mostly happened on clunky desktop machines. Dozens, maybe
hundreds, of technology industry vision videos have come and gone
since then. Most are best forgotten, but that one has stood the test of time
remarkably well. The work was done by a team of psychologists, social
scientists, and designers whose goal was to better understand people at
work, at play, at home, in their natural environments. They used what
they learned to create a vision for how computing could be experienced.
That group of researchers, and some of us who have joined since, have
seen a lot of other key developments well ahead of the curve. We anticipated the way the mobile phone would explode in adoption and change
the meaning of computing at a time when there was no such thing as a
smart phone. We reflected on the importance of shrinking form factors,
lower power, and mobility in making computing fit with how people
really live, at a time when desktop PCs still ruled the world. It is not
because we were smarter, more perceptive, or any other such thing. It is
because of the tools we have. Ethnography, social science research,
27
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design, the structured ways we look at the world—these tools provide us
with a way of seeing and reading the signs of change that indicate shifts
in markets.
For all the value that ethnography provides, we have struggled with
the task of communicating our insights in terms that are immediately relevant and useful to our colleagues. It is one thing to be able to see coming
shifts in the landscape. It is quite another to be able to tell the right people,
at the right time, exactly what to do about it. Believe me, telling ourselves
“We knew it, we told you so,” is neither professionally satisfying nor a
good way to add value to one’s company.
We have made significant progress in recent years, to be sure. The Interaction and Experience Research (IXR) group at Intel Labs has become a
valued partner to many of the business units, bringing end user sensibilities to bear on a next generation of Intel products at a time when the
company is itself undergoing a major shift responding to the presence of
new categories of computing.
But there is still a piece of the puzzle that is missing. How do we identify and point out significant new opportunities for growth. In this paper,
we discuss recent work in the area of business innovation that is both
tremendously useful in the evaluation of new business opportunities, and
provides a crucial step in translating ethnographic insight into business
value.

The Tools of Business Analytics
If you joined Intel in the mid to late 1990s, odds are you would have been
required to read The Innovator’s Dilemma, by Professor Clayton Christensen (1997) of the Harvard Business School. In this book, Christensen
describes this dilemma: Good companies, doing what they ought to do
by attending to their most valued customers’ needs find themselves
suddenly at risk from what he called disruption. New entrants, many of
whom probably established their footholds with products that were too
down-market to be interesting, come along. Because of their humble
origins, they typically operate at lower cost structures, with products that
are both cheaper and worse. Such new entrants might look pretty nonthreatening to a large, well-established incumbent in industries where
technology or organizational learning drive steady improvements. (For
an example of steady improvements, think only of the continuous
increase in microprocessor performance that has been going on for
roughly four decades, famously known as Moore’s Law in the computing
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industry in honor of Intel co-founder Gordon Moore, who first noted this
trajectory.) New entrants can start moving up-market, capturing market
segment share. The large incumbents become most vulnerable if they
overshoot what the market needs—if they continue to focus on performance improvements past the point where such improvements are
valuable to customers. They fail to respond to the fact that the basis of
competition has shifted away from performance to some other measure
such as convenience, ease of use, cost, or perhaps performance along
some other technical dimension.
It turns out that Christensen’s elegant analysis can be codified into a
framework that is highly predictive of market success. That is just what
our colleague Thomas Thurston did. Using Disruption Theory, we can
ask two simple questions about a proposed venture. First, is the venture
an incumbent in a market, or a new entrant? Second, is the venture
pursuing a sustaining strategy (i.e., improving the performance of a particular product or capability) or a disruptive strategy (i.e., focusing on lower
cost and lower performance for key product capabilities)? These questions are represented in the decision table shown in Figure 8.1.

Disruptive
Technology

Succeed
(Autonomy
Required)

Succeed

Sustaining
Technology

Succeed

Fail

Incumbent

New Entrant

Figure 8.1 The Market Strategy Decision Table

With these questions, Thurston has produced a highly reliable predictive
framework. The most stunningly counterintuitive aspect of it is this: if
you are entering a new market, do not build a better mousetrap. Look,
instead, for the disruptive opportunities—the ones at the margins where
the incumbents will not or cannot respond. It is possible that, in some
cases, an incumbent might actually pursue a disruptive strategy, that is,
try to pre-empt the future capture of market share by directly addressing
down-market opportunities. Firms are usually loathe to do this because
it may mean diluting margins. As Christensen suggests, and subsequent
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analysis demonstrates, for a firm to produce a venture that has a truly
disruptive strategic potential, that new venture must enjoy some degree
of autonomy from the parent company. “It seems to be very difficult to
manage the peaceful, unambiguous coexistence of two cost structures,
and two models for how to make money, within a single company.” (Christensen 1997) The reasons for this are fairly straightforward: disruptive
startups cannot succeed if they are made to operate according to the same
demands for profitability, and the same processes, as the mature, parent
company business units.
What do we mean by autonomy? When is it necessary? Working with
Thurston, we surveyed the outcomes of a large set of Intel new growth
businesses focusing not market strategies, but rather on the internal
factors that affected the fate of each. From a very long list of internal
factors (e.g., who was the management team, what skill sets, what level
of funding, did the venture have an executive champion?) we performed
a regression analysis to come up with a much smaller list of criteria.
Ultimately, all of these eight questions shown in Test for Internal Alignment in Table 8.1 boil down to one general principle: A new venture must
be in alignment with the larger corporate structure. Does the new
venture help the parent company succeed at what it is already doing, or
does the venture offer a new pathway to growth? If the venture offers a
new pathway, then the venture needs autonomy.
Table 8.1

Test for Internal Alignment
Internal Alignment

Y

N

Margins big enough to be interesting to parent company?
Markets big enough to be interesting to parent company?
Directly help parent company sell its core offerings?
Operate in same general industry as parent company?
Help parent company combat its top competitors?
Same customers as the parent company?
Perceived as non-threatening to parent company’s top competitors?
Perceived as non-threatening to other parent-company business units?

If yes is the answer to at least 7 of the 8 questions in Table 8.1, the venture
is best thought of as in alignment and supportive of the existing business.
If no is the answer to 2 or more questions, the venture is out of alignment
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and should be given autonomy to find its own market, free of the burden
of operating like the parent business.

Ethnography and Business Analytics Together
The market strategy decision tree and the test for internal alignment have
proven to be powerful filtering tools. Indeed, Intel Labs’ new venturing
program has already begun making use of these tools to screen new
venture candidates. More challenging, however, is the task of actually
generating potentially high-growth, disruptive new business ideas.
Indeed, The Innovator’s Dilemma offers precious little in the way of
encouragement. According to Christensen, “It is simply impossible to
predict with any useful degree of precision how disruptive products will
be used or how large their markets will be.”
“…simply impossible…” might be overstating the difficulties. When
we combine the generative approach of ethnographic research with the
analytic tools described above, we come up with a potent combination.
Indeed, a follow-on to The Innovator’s Dilemma, called The Innovator’s
Solution (2003), seems to point to this very combination. This book
advises would-be innovators to think about their products in terms of the
jobs a product will do for people.
In a now well-known example, Christensen discusses the case of a fastfood company that wanted to sell more milk shakes. Their first attempt
to do so began with familiar tools of market research (e.g., interviews,
focus groups, profiling of milk shake lovers) to understand enhancements
or feature changes that might make milk shakes even more attractive. The
result was negligible improvements in sales.
A second approach involved detailed observation at the point of
purchase and beyond, including following the milk shake drinkers to their
seats or out of the store. Such careful observation and in situ interviews
are the hallmarks of good business-oriented ethnography. This type of
research yielded insights about the jobs that milk shakes do for people.
One of these jobs was to get people through their morning commute.
The milk shake provided a sort of slow, easy to consume source of (arguably nutritious) calories for people in their cars or on the train.
By seeing the product in terms of jobs to be done, new ways of thinking
about the attributes of the product were possible. New attributes
included portion size, thickness, flavor, nutritional content, and packaging (e.g., better insulated cups or thicker straws).
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Everything flows from there. When product designers understand the
job people want done, they have a much better grasp of what capabilities
a product or service will need to possess to make it attractive. These capabilities are precisely the bases on which the product will compete in the
marketplace. Marketers can then begin to ask questions such as “Who is
the competition?” It appears that milk shakes compete with coffee and
bagels. “Which capabilities should we compete on?” and “Which capabilities are under-appreciated in the industry?”
More importantly, and back to the issue of Disruption Theory, we can
also begin to ask, “Which of these capabilities are improving over time,
what is the point at which they become good enough for a given job, and
are we at the point at which disruption is likely to occur?” Knowing the
answers to these questions can drive strategy. The answers can help new
entrants to identify where the opportunities for disruption might lie.
Those same answer help incumbents decide whether they should
continue to focus on improving current capabilities or shift their attention
to some other dimension.
In the milk shake story there is an obvious, though perhaps superficial,
connection between Christensen’s solution and the use of ethnography
in innovation. The insights that led to the milk shake innovations came
from careful, observational attention and smart inquiry into the lived
experiences of people, not into the tastes of milk shake drinkers. Finding
the job to be done means, basically, doing ethnography. When members
of the Intel Labs IXR group conduct user experience research, we are
figuring out the jobs that the next generation of technology products will
perform, that is, the experiences they will deliver.

Systems Thinking
The milk shake example is wonderfully straightforward but perhaps a
little misleading. As we create ever more complex technologies meant to
address the needs of millions, sometimes billions of users, we face the
challenge of understanding and aligning different jobs for different
people. A more systemic approach is necessary, one which takes into
account the complexity of whole solutions.
In a separate essay (see page 7), we discuss an approach to systems
thinking. By asking certain questions of human social, cultural, economic
and technical systems, we are able to perceive important changes in the
world around us. By recognizing that such shifts in society and culture
can affect what people value, we can begin to map some of the factors
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that signal shifts in what jobs people want done, or what capabilities they
might value in a product, and thus what might drive their selection of
products in the marketplace.
We can thus use our understanding of human behavior and complex
systems to understand and anticipate shifts in the business landscape.
Sometimes those shifts will be driven by internal factors, for example by
overshooting performance needs as Christensen discusses. Sometimes
those shifts will be driven by external factors, for example, policy
changes, demographic shifts, scarce or abundant resources, or changing
expectations based on the appearance of other products or services.
Thinking systemically should be of tremendous value to Intel as we
shift to become a solutions company. First, it will help us recognize that,
in many cases, our products must fit into and even help align with the
interests and practices of many diverse types of people. In Christensen’s
terminology, our products will have to do more than one job for more
than one person, and those jobs had better align to produce value. Far
from being a later-stage go-to-market tactic, our strategic understanding
and the creation of new kinds of ecosystems really needs to happen at
the earliest phases of product research and planning (see page 7).
Here is an example drawn from our work at Intel Labs IXR group. It
began with an astute insight offered by colleagues on the basis of research
that the internet has brought about a change in cultural attitudes towards
ownership (see page 39). When some assets (e.g., music) are readily available from anywhere, people find it makes no sense to purchase and own
CDs, or even iTunes libraries. When it is suddenly easy to find a wide
selection of privately-owned urban apartments to stay in while on vacation, people find it makes no sense to spend a fortune on a cramped hotel
room. People are, it turns out, becoming far more entrepreneurial with
their assets, their skills, even their own personal information, thanks in
part to the facilitation of the internet.
This initial insight has expanded into recognition of the power of what
we call participatory value creation. In an age of lingering economic
stagnation, in the midst of disillusionment with both government and
corporations, we are seeing a surge in the desire of people to create value
for themselves and among themselves. Those of us in corporations would
do well, therefore, to recognize that people are far more than just
consumers. They now create potentially significant opportunities for strategic planners to evaluate.
What are the new jobs to be done? One way of figuring this out is to
look at common problems that many of these existing value networks
currently must solve. They must help people discover each other and find
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matches in complementary needs and resources. They must provide
assurances about personal safety and quality of goods. They must provide
a medium for exchange and some rewards for participation, however
explicit or implicit.
We can then start to break these jobs down into specific capabilities,
and ask questions such as, “Are there general capabilities that our products can provide to enhance and enable the scaling of this value creation
phenomenon?” If so, which capabilities should we focus on? By using the
tools of Disruption Theory we can explicitly focus on those capabilities
that seem to offer the most promise in the marketplace. Perhaps certain
capabilities will help many new networks of value creation spring up
because the basic infrastructure of trust, accountability and exchange are
already in place.
This is an example of the kind of thinking we are doing right now, to
explore the potential value and to hopefully shape strategy on the basis
of social scientific insights. There seems to be tremendous promise in
enabling such networks to scale. It is a far cry beyond milk shakes!

Systems and Hypotheses
We might temper our enthusiasm a little by recalling Christensen’s
discouraging insight, that it is impossible to predict precisely the market
value of any particular innovation at any particular time. There is just too
much in flux to be that accurate on the basis of analysis alone. There is,
thus, a final element to our coupling of ethnography and business
analytics that, we believe, must become a part of planning for new business growth. We must treat our ideas as hypotheses and test them
rigorously.
Think about it this way: The problem of business growth is really a
search problem. Our task is to find promising new growth opportunities
in a very large, constantly shifting space of possibilities. That space is
multi-dimensional—the dimensions are all the possible bases of competition. The number of dimensions can be large because products usually
compete along a number of vectors that are always shifting. This makes
for a challenging search problem because search spaces suffer combinatorial explosions. Brute force search methods aiming to examine all
combinations are no longer feasible. It has been mathematically shown
for such complex search problems, however, that diversity trumps
expertise.
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Diversity trumps expertise means that it is smarter to have a group of
reasonably intelligent, but diverse, searchers traverse the space of possibilities than it is to have just one expert do so. It is not because the diverse
team covers more ground – the difference in coverage can be relatively
minimal. Rather, it is because the diverse group of searchers is less likely
to get stuck in a locally optimal solution. Two searchers with different
ways of looking at the landscape, and different heuristics for traversing
it, are far less likely to both regard a particular point on the landscape as
an optimum. By summing across searchers, we can thus avoid the trap of
settling for a solution that is not optimal over a much larger area.
For that reason, as my colleague Bruce Barnett argues elsewhere (see
page 17), in addition to combining ethnography and the tools of business
analytics such as disruption theory, we need to consider a pretty serious
change in how we approach new growth. We need to add the capability
of experimentation. Based on all the above, we know that these experiments must be:
– Market based—there is no substitute for measuring shifts in the
marketplace other than participating in the marketplace
directly.
– Hypothesis driven—based on ethnographic insights and business analysis.
– Diverse—to avoid the local optimum trap.
– Autonomous—to avoid being inhibited by the constraints and
demands of the current business.
Our hope is that, when done well, these experiments may provide precise
insights into changing bases of competition, resulting in clear indicators
for strategic growth. They may also grow up to be sound investments in
their own right, as new business units, portfolio companies, or partners
in newly seeded ecosystems.
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ultural values change. Some change faster than others, but they
change over time nonetheless. While we can argue – and we do –
about whether the changes are good or bad, right or wrong, etc., what is
relevant and interesting is that certain cultural values on a global scale are
changing as a result of technological innovation and that people are
inventing technologies to push change. The changing values open seams
or rifts in the social fabric that offer opportunities for those clever enough
to recognize and capitalize on them.
– The next four articles, Ownership and the Emergence of
Everyday Entrepreneurs (Maria Bezaitis), Accountability
(Dawn Nafus), Social Participation (Tad Hirsch), and Data and
Science (Richard Beckwith), look specifically at how cultural
values are in extraordinary flux and identify opportunities
created by the flux. These are just a few of the values we believe
are changing radically as a result of complete digitalization.
– In presenting this material, we hope to spark some innovation
possibilities. In combination with Part 1, we can begin to think
systematically about how best to bring these innovations to
market. Our work continues in these areas as we begin to build
relevant businesses and experiences to reinvent how people
use computing.
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Ownership and the
Emergence of Everyday
Entrepreneurs
—Maria Bezaitis

O

wnership has shaped the relationships people have with their stuff.
There are lots of terms and practices that we can use to describe
how people relate to their stuff (e.g., people make stuff, destroy stuff, love
stuff), but ownership is somehow more fundamental, nesting the terms
of our relationships with things in a broad expanse of time. What ownership buys, first and foremost, is control (of access?) over time. “This thing
that I now own is mine until I choose to sell it, to share it, to give it away.”
People owning stuff is a topic that is very relevant to today's business.
An obvious connection is the assumptions we make about how and how
long people own products; these assumptions shape marketing, strategic
planning and even the design and manufacturing processes. A less
obvious but perhaps more important nuance to the changing nature of
ownership is what it means to be a consumer. Since the dawn of the industrial age, ownership has been at the heart of what it means to be a
consumer. If ownership is changing, then what it means to be a consumer
is changing as well. Presently, all of our marketing, strategic planning, and
development processes are based on thinking about people as 20th
century consumers. This begs the question that we'll try to start to answer
here, “If people aren't just consumers, what are they? And what does this
have to do with ownership?” Our starting point is this: everyday ownership practices, in the physical world, are changing. They are not going
away, but they are changing.
Let us start by teasing out what ownership means. Clearly, ownership
can mean a lot of different things to different people. What ownership
means often depends on the object in question and on a whole host of
other factors including brand, object age, where an object was purchased,
how it gets used. One common theme, however, is that ownership of an
object generally means that an individual has the rights to anytime access
of that object, a point made earlier about control over time. Second,
anytime access is accompanied by rights over or responsibility for the
39
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form of an object, or how a particular object is maintained, personalized,
and indeed cared for once it is owned. Let us call this second characteristic of how we relate to physical objects protection. For most consumer
goods, these two rights over an object, anytime access and protection,
serve as two of the most salient characteristics of our relationships to the
objects we own.
The third quality to call out about the objects we own is the ways in
which those physical objects are social. This means simply that many of
the objects in our lives participate in our own, and in some cases have
their own, social existence. Our physical books are an excellent example.
Books reside in our homes and when friends come to our homes they
can see and peruse the books on shelves, on the floor, on tables. We learn
about books through friends and colleagues. Social relationships have
always provided an important means to access what kinds of books we
want to read. Until now, those social relationships have consisted of
people we know and interact with face to face.

People Are Acting Differently With Their Stuff
In the last 5 years, a broad range of services have provided people with
new opportunities to access, circulate, and maintain physical items such
as clothing, tools, bicycles, and cars. These same peer-to-peer services
have enabled objects to circulate within broader communities of people.
Face-to-face familiarity is no longer a social prerequisite for how the
objects in our lives are social. Families can circulate a box of outgrown
children's clothes, items traditionally shared only through family or
friends networks, through thredup.com and exchange it for a box of sizeappropriate clothes for growing children from families not directly
known. Dozens of applications enable photo-sharing and, for the first
time it is likely that a total stranger might be using an excellent photo as
a screen saver. Bike-sharing programs, available around the world but only
on the rise in the United States since 2008, enable people who do not
own bikes or who want to use a bike for part of a commute, to do so for
a fee and with the assurance of technologies that can track user identity.
Tool-sharing programs enable exchanges such that it is no longer necessary to own a snow blower or lawn mower. Driveway-sharing applications
such as parkcirca.com allow people in San Francisco to take their donothing driveways and turn them into dynamic parking spaces for San
Francisco commuters on a daily or monthly basis.
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Each of these cases highlights a different set of practices than those we
saw associated with physical objects that are owned and not circulated.
In each of these cases, in addition to the lack of face to face familiarity as
a prerequisite for object access, exchange and circulation, the time frame
of use is specified. Access is increasingly constrained, though convenient
access is still a value. If a bike cannot be found when needed, the sharing
program brings no value. Protection is mandated only in the period of
use. Physical objects that are now exchanged, circulated, shared, have
more amorphous and far-reaching social lives. On-line exchange platforms and sharing programs enable us to directly or indirectly interact
with strangers. Importantly, this specification does not operate strictly as
a constraint; it also enables new possibilities. People who have exchanged
their children's clothes through thredup.com do so looking forward to
the new things they will get for their children that suit their needs. People
who participate in Airbnb do so with the intent of turning apartments
and homes into sources of extra revenue.1
Digital technologies are enabling new means for monetization and
value creation by shifting time and space, by reaching broad markets and
communities quickly and easily (e.g., Airbnb), or through the deconstruction of what we own for small periods of time (e.g., tools and driveways).
Finally, even here in the physical world we can see signs of a digital
economy and a community of circulation that is not dependent totally on
money, but also on reputation. Individuals who exchange clothes, borrow
cars, and share tools rely on the reputations others have to both lend and
borrow. Increasingly, these reputations are made visible in on-line marketplaces and communities.2
In addition to the new mutations of everyday practice that emerge out
of our now technology-mediated relationships to physical objects, some
categories of physical objects have been dematerialized. Content categories that include movies, music, books, all print media, have been or are
in the process of being transformed into digital objects. This transition
has created important new opportunities for how we experience each of
those product categories. Music albums, for example, are now data files
1. “People want to monetize what they had and make extra money off of that.
Our platform makes a marketplace more efficient.” Brian Chesky, Airbnb
CEO & Co-Founder. YouTube video, “Silicon Valley Uncovered” by thenextweb. 1/24/2011.
2. The fact of reputation management online and made visible to communities
of participants dates back to Ebay. As of late, reputation management and
the need to account for reputation is more commonplace before any kind of
exchange is possible.
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that we stream and are no longer making their way through the dorm
rooms of our college days as objects that become dog-eared and stained
by beer bottles and coffee mugs. Instead, we stream or download the
music we want when we need it, through Pandora, Spotify, or iTunes.
Thanks to the digitalization of music, recommendations for what to
listen to come from people we know and people we do not know. We
make decisions about what music to listen to by knowing what other
people like and by knowing what some people dislike. Reputations now
grow in the on-line world not just by following creators of some thing,
say music (bands) in the case of music, but by having strong and informed
opinions about music. People who have expertise in an area have the
ability to build communities around themselves with whom they can
share and circulate insights, opinions, and recommendations.
Curiously, as the music-object has disappeared into the format of a
digital file, the social side of that experience has expanded and morphed.
Today's digital communities can be very far-reaching. It is this intersection, digital objects and internet-mediated communities, that we will
focus on for the duration of this article because digital objects pose a very
new area of opportunity for technology. The internet has enabled physical
things to be transformed into digital things, in particular for the music,
film, and print media industries. This has achieved massive traction with
people. For example, Amazon recently reported that sales of e-books well
exceed sales of physical books. Concurrently, people's everyday experiences with those objects have begun to change as well. Social media
allows us to share what we are reading, for example, and this serves to
advertise and cultivate reputation; so reading a book isn't just about
reading a book. We have opinions about what we read and we can post
those opinions on-line. Today's value creation opportunities are limited
to broadcast since today's digital objects have no particular capacities of
their own.

Digital Objects Enable New Markets
Digital objects can create a focal point for communities to develop around
them. The latest book of a particular author can elicit multiple reviews
which effectively create a small temporary community around a particular
object. These communities are ephemeral and the most they can do today
is talk, that is, comment on each other's comments. Digital communities
are also a channel, however, that produces new interactions with objects
that circulate. Digital objects that manifest traces of interactions can
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enable digital communities to circulate those objects such that value
continues to accrue with each interaction. So, instead of a community
that comments once or twice and then disappears when a subject has
waned in interest, we can imagine communities that continue to evolve
and grow, rupture and renew as a function of new information contained
by the digital object itself.
Today, people are likely to be found behaving like entrepreneurs,
seeking to create and capture value from their interactions with digitized
information. Currently, entrepreneurship is enabled by peer-to-peer
internet-mediated services that enable people to do everything from
publishing their own books, finding investors for projects, or renting out
their driveways and bicycles. All of the former characteristics of our relations to physical objects are now opportunities. As objects go from
physical to digital instantiations, what matters is not the device, but the
data. Digitized information is a means to personal value creation. When
we display the book we are reading via Facebook, we enhance reputation.
When we comment on a restaurant via Yelp, we create opportunities for
that information to circulate to new communities.
Saying that people are everyday entrepreneurs does not mean that
everyone is becoming a small business owner. Rather, the point is that
new mobile technologies and constant access to the internet have
enabled people to start to use both technologies in the service of value
creation, and not just consumption. Every time someone interacts with
a digital object (e.g., reads it, watches it, has an opinion about it, shares
it), some sort of value is created in that interaction. Social media, the
channel that places into circulation information about us and what we
do, has provided an early means to extract value from our interactions
with digital things. The limiting factor today is that the digital object does
not change as a result.
The last decade has emphasized the value of sharing on-line. The next
decade will witness people engaged in personal value creation in the
context of their interactions with information objects and virtual communities. Our interactions with digitized information are increasingly a
source of value for each of us individually and for the communities within
which that information circulates. The media has corroborated that
people are becoming interested in monetizing the value of their interactions with digitized information, in part by highlighting the discontent
that results when people feel that their digital output is taken for granted
(e.g., sale of Huffington Post to AOL 2/2011). Further, these interactions
are never static or steady-state; rather, they are always in a state of flux,
responsive to shifting landscapes of options and constraints.3
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Opportunity for Technology Providers
If we consider the possibility that people are everyday entrepreneurs, and
we believe that digital objects and digital markets can be enabled in
unprecedented ways, then one opportunity for technology providers is
to insert themselves in the relationship between people and digital
objects and between the digital objects and the markets they enable.
Developing a clear strategy for how we help people manage their relationships to data is central.
Peer-to-peer platforms enabling object creation, circulation, and the
development of communities suggest a very interesting future for nextgeneration technologies. Another opportunity is to develop technologies
that empower people to create value with their own devices. A set of key
services optimized for hardware platforms is required:
1. Provenance services to track the movement and activities of digital
objects
2. Context services to enable the markets that are created by digital
objects in circulation
3. Reputation services that allow individual to benefit from their
interactions with digital objects.
Let us consider the possibility that people are not the only drivers of value
creation, but that digital objects are also actors and drivers of value
creation. Let us imagine that digital objects can be enlivened with capacities that allow them to circulate, to trace and to record their movements;
to find and create communities, and to allow individuals to monetize the
value associated with this movement and market creation. The remaining
question is how to architect new platforms, data structures, software, and
services.

3. My thanks to ken anderson for his collaboration in the ownership research
and to The Claro Group LLC for their landscape work on this topic.
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crutinize: to examine in detail with careful or critical attention.
At Intel we take accountability seriously; we all are accountable for
our work. We also implicitly assume that we know what accountability
is when we see it. But I argue we do not. I argue that accountability, that
is, what it means for people and systems to be accountable to each other,
is changing in ways most of us never imagined and still do not fully recognize. At all levels, from the individual to the national and global, and from
households through to communities and institutions, accountability is
changing because of economic, political, and cultural forces.
These forces are fueled by an important technological change: the
proliferation of data. As data grows, new ways for people to interpret and
represent that data are emerging, as are new social groups who can use
that data to scrutinize complex institutions and markets. Once only a few
specialists could hold institutions to account, while those institutions had
a vast array of tools to scrutinize their customers and citizens. With an
expanded range of sensors and more activities being tracked online, it
becomes possible for new kinds of experts and laypeople to aggregate
and make sense of other peoples’ data. While technologies do enable large
institutions to scrutinize people in new ways, they also enable ordinary
people to do the same to those institutions. In this way, technology is also
helping people play an active, informed role as stakeholders. A new
accountability ecosystem is emerging, and we are all in it. We are all both
scrutinizers and the scrutinized.
Consider something as simple as a blood test. The result of a test to
determine pregnancy or a vitamin deficiency was, at one point, shared
only between a patient and a doctor. It was a matter for two people who
knew each other face to face. As institutions get more complex, many
more people care about this blood test. Insurance companies use data
from it to make both patients and doctors accountable to market forces.
Indeed, people have strong opinions about whether this is for the better
45
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or for the worse. Regulatory agencies also use data from those tests to
make healthcare providers and drug producers accountable for the levels
of quality they deliver. Unusually high rates of vitamin deficiencies in the
area could be the result of a public health problem, or a shoddy system
that gives false results, or simply a single faulty machine. While we would
like to believe that something as personal as a blood test result is our data,
it is not ours exclusively. It glues together these large systems by mediating
relationships between institutions. It enables stakeholders to argue about
what is and is not in the public interest. Even when these points of view
do not form a consensus, data provides the common currency of agreement and disagreement.
While large actors such as health care providers or search companies
tend to believe that they own large data and monetize accordingly, we
should not conclude that in the future the world will be run by powerful
data monopolists who can control our actions through behavioral
marketing and other techniques. With enough complexity, it becomes
more difficult to monopolize what data is produced, where it goes, and
whether it is considered legitimate. Let us continue with our blood test
example. The impulse to quantify ever more about ourselves and our
world1 also made it possible for that same data to be collected at home.
Glucose and pregnancy testing are now more likely to be done by individuals at home than in the context of the medical system. In the near
future, a vast array of biosensors well beyond glucose and pregnancy
testing will become possible. This means that not only is an individual
person potentially in greater control of knowledge about her body, in turn
she can make choices about how that data affects wider system of which
she is a part. The ability to do more testing at home does not make institutionalized healthcare a thing of the past, but it does change the way it
comes under scrutiny. With more widespread consumer-level biosensing,
new patient groups such as Patients like Me are uploading their own
medical data onto websites to conduct their own diagnosis and epidemiology. Many of these people believe that mainstream healthcare
institutions and their regulators are failing to be accountable to the public
interest. For them, data can become a powerful tool in pressuring them
to become so. Patients might, for example, establish in a more convincing
manner whether a certain drug works as claimed. By aggregating their
data together, their claims become more than a personal anecdote and
are transformed into a shared voice.
1. Marilyn Strathern (2000) and others have called this increasing quantification “audit culture.”
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Not all of these scenarios will play out in the same way. In Europe, it
would be reasonable to expect that this sort of data could help direct
public funds to encourage scientists to research more urgent human
needs, and shape the debate on how science should respond to societal
needs. Conversely, in the United States, where there is weaker appetite
for public funding of science and a market-focused healthcare system, it
might instead be used to enable a boycott by the drug’s consumers. In
many situations, however, what we can say is that relationships between
institutions are getting more and more complex, and data is becoming
more readily available, with the combined result that digital data increasingly is the medium through which accountability takes place. This
medium has certain characteristics and affordances that set the conditions
for who can be made accountable to whom. We can also say that regardless of cultural variation, as new forms of data are used in calling
institutions to account, beliefs about what constitutes proof are likely to
be hotly debated.

Key Factors in a Changing Accountability Ecosystem
Data is shaping the accountability ecosystem that users see in three ways:

1. Data Availability Makes New Scrutinizers Possible
Just as consumers inadvertently leave traces of themselves digitally, so too
do institutions. This makes it possible for more groups to become both
the auditor and the audited. For example, there is every reason to believe
that in the not too distant future, corporate social responsibility will no
longer be a matter of self-report. Today, the United States Environmental
Protection Agency (EPA) is seeking ways to empower citizens with
sensors to monitor and report pollution. (US EPA 2012) Perhaps in the
future, third parties will be able to scrape the Internet to find additional
data that will enable them produce a fuller corporate social responsibility
(CSR) report with or without the company’s consent. They will not have
to subpoena documents or necessarily have the same skillset of today’s
CSR evaluator. (In fact, they are likely to have different skills. See Key
Factor 3.). Indeed, high-road companies confident of their environmental
track record could pre-empt possible adversarial relationships with
regulators and citizen groups by deploying sensors in an open and transparent way. The CSR literature identifies ongoing monitoring as a gap in
most companies’ CSR practices, in part because producing post-hoc CSR
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evaluations is costly with traditional methods. But with many eyes, all
flaws in emissions practices can become shallow.
However, we should not rush to the conclusion that there will automatically be a democratization of data access. In car insurance, for
example, companies like Progressive are already providing their
customers with kits that will monitor driver behavior for a month, and
provide a discount according to the level of safe driving. The ability to
track driver behavior may, as currently implemented, mean a reduced rate
for safe drivers. But in the future, it might also be used as a back door way
to raise rates by creating new ways of inferring what it means to be unsafe.
For example, unsafe may be indicated by an unwillingness to participate
in a program that enables Progressive to know more about you than you
know about Progressive. The more closed the data is and the more secret
the method of determining rates is, then the more likely this outcome is.
The outcome is not pre-determined, however. We could envisage a
scenario where customers had access to their own data, as well as the
full anonymized dataset. Customers could regulate insurance agencies by
ensuring that premiums did in fact correspond to driving behavior that
they found reasonable to consider risky, and not because they parked
their car in a bad neighborhood or because they recently googled tips on
weaving through traffic, both of which are legal in the US and technologically possible, if not accepted as ethical. As Eli Pariser (2011) asks in
his ground breaking study of the search business, perhaps we should
never satisfy our curiosity about things we do not intend to do, for fear
of being labeled risky. This very real possibility does not have to be our
reality, however. Instead, there could be an opportunity for companies
to calculate risk as, say, a standard deviation from current traffic flow,
rather than current speed, and make that calculation transparent. How
companies use information asymmetries will remain an issue, but early
adoption of more desirable business models can steer the ecosystem
toward positive and profitable outcomes that disrupt some incumbents.

2. Ability for Scrutinized Institutions to Organize Data
Like consumers, institutions are increasingly aware of what their data
traces say about them. Intel’s own recent research in Australia showed
that despite a large scale Government 2.0 initiative to encourage public
officials to engage the public with new social media tools, and a genuine
enthusiasm for openness and responsiveness, issues remain about
whether something as informal as a blog could be construed as policy.
New dispositions, habits, and policies are evolving to answer that
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question. Whereas there used to be a belief within Australian government
that data should be closed to the public unless there was a reason to open
it up, now a creative commons license is the official default.
New institutional processes are also evolving in that context to not just
put data online, but make it meaningful to the public. These changes are
not just institutional formalities, but add up to a cultural change that
supports public officials’ ability to talk more informally to citizens online.
Conversely, groups that want to represent themselves to that government
stand a better chance of gaining a voice because they have new tools to
scrutinize aggregations of people, resources and collective experiences.
We documented cases where something as simple as having a relatively
large Facebook group was a deciding factor in local government decisionmaking.

3. Ability for Scrutinizers to Interpret Data
New conventions for assembling, visualizing and interpreting data are
emerging. The Quantified Self movement is a rapidly growing community
of data enthusiasts who use data about themselves to understand or
change some aspect of their lives. This movement is an important arena
where people are honing their skills and developing new techniques.
Social media metrics companies like Klout are developing new
techniques to make complex datasets interpretable without simplifying
them or dumbing them down. As the world gets more numeral, lay understandings of numbers will change too. This new numeracy will not be a
matter of formal mathematical education but new rules of thumb that coevolve with the displays and sensors we have at our disposal.

Accountability after Web 2.0:
From Public Shaming to Open Source Precision
Web 2.0 began changing accountability by introducing new roles for the
public to play. When a disgruntled diner goes onto Yelp and reviews a
restaurant, the diner is making that restaurant accountable to not just for
the diner’s complaint but also for the possible complaints of a wider
public. When German legislator Malte Spitz requested his own data from
a mobile phone company and created an online visualization of it to show
the public exactly how much connectivity providers know about their
customers, he was not using his legislative powers to scrutinize the
telecom industry. (Zeit Online 2009) He was using new technologies
available to him as a consumer to make things public. Indeed, the iPhone
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user’s reaction to the iPhone location tracking scandal was not to turn off
their devices, but to access their own, surreptitiously tracked data, visualize it and put it online. (Farivar 2011) It is as if they were saying, “I see
you seeing me.” By depriving Apple of its surreptitiousness, users did not
gain back privacy but instead chose to demand better transparency and
a say in how data is produced and used.
The subsequent shift we are talking about combines the practice of
public naming and shaming introduced by Web 2.0 with the greater precision provided by ubiquitous data. In a world where consumers’ online
behavior is already intensively scrutinized by marketers, we need to
rework and refine those tools so that we can help people make those
marketers accountable to their customers with equal precision
Without intervention, as the internet increasingly relies on personalization and data tracking, we are headed into a world where data is
defining people in new and undesirable ways. We need to enable people
to understand and document how their data is being used by others.
Perhaps when we upload pictures onto Facebook it could start sending
reports about what kind of algorithms others attempted to run on it or
perhaps, more helpfully, send this information to a consumer interest
group at your request, who could work to change the situation as locally
appropriate. Without technologies like this, ordinary people have no way
of knowing whether they have been defined as risky through our search
history or social media activity. We might pay for our Scarlet R’s while
never being told why, exactly, we have been branded as risky people.
The picture I am painting is not a far off future. Today, the FCC already
offers free broadband speed tests, which enables them assess the difference between broadband speeds as advertised and actual broadband
speeds. With air quality monitors improving and becoming more affordable to put on mobile devices, as the Intel Labs Common Sense project
did, the prospect of open source CSR becomes real. As scrutinizers rely
further on automation and passively collected data, and the techniques
to make sense of that data evolve, the stage is very clearly being set now.
This change is similar to the change we are seeing in production and
consumption, where the roles of producer and consumer have become
intertwined. Here too, individuals, companies, civil society and governments all have roles that involve scrutinizing and being scrutinized
because of expanded digitalization.
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A Call to Action
The ecosystem as a whole needs to:

Shift from thinking about the user to the institutional relationships that user has to
deal with: We should not design for the user; we should design for the
user’s ecosystem. Key markets such as cars, health, and even content
recommendation systems all involve additional stakeholders where the
individual end user is not an autonomous decision-maker. We should be
clear that their ecosystem is not necessarily our ecosystem. For example,
what would it take to design the data me record—a visualization of all
the data I use and generate in a day, week, month that reflects the relationships I have and begins to suggest how I can monetize my data-based
relationships? We need technologies to track it, visualize it, manage it and
monetize all the data that is me.

Shift from privacy thinking to accountability thinking: Privacy implies that
data is private or it is not, with varying levels of permissions and
anonymization. Yet even without any violations of privacy law or other
best practices, harm can—and most likely will—come to individuals. This
is particularly true when some actors are more powerful than other
actors. When we recognize that data is what mediates relationships
across a system, it becomes sensible to think about systemic risk mitigation rather than individual risks on individual devices. The industry
should augment its current notions of security, focused on n permissions
and data lockdowns, with technologies that make it harder for one party
to load risks onto another. This might mean developing technologies and
services to create greater redundancy and decentralization across users’
ecosystems, such that people are not dependent on a small handful of
institutions accumulating data. One possibility is building a service that
would monitor consumers’ ecosystems for potential increased risk, rather
than relying on consumers to negotiate privacy settings as an individual
one off decision without a real understanding of how that system works.
Get serious about data visualization and interpretation:

Visualization is more
than a usability problem; it is what makes data meaningful and connects
people, groups and institutions. Visualization is how data mediates relationships. Beliefs about risk, control of data, privacy, etc. are significant
barriers to sensor adoption. Visualizations and interactions that can make
data meaningful and compelling can go a long way to overcoming these
barriers. For example, a visualization that uses a person’s purchasing data
to give her sense of how inflation was personally affecting her is one that
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will enhance users’ experience of their own data. Done well, it can,
inform, delight and become a indispensable tool in everyday decision
making. Done well, it can help her explore, and not narrowly define her
as this or that target market. Done badly it can ensure she never uses a
store loyalty card again.

Pop the filter bubble: Too much information can become paralyzing, and
makes it easy for people to make spurious arguments on high volumes of
low quality data. Our current tools for providing coherence—filters,
recommendation engines, etc. have utility but too often create filter
bubbles that can pigeonhole people’s media consumption. They create
endless loops of similar content rather than provide a meaningful sense
of transparency. A person in the filter bubble sees things too narrowly to
act as an informed stakeholder in an accountability ecosystem. Instead,
we need anticipate what coherence will look like in a post-filter world.
We can start today by adding occasional serendipitous recommendations
into our recommendation system—recommendations that explicitly do
not fit the model of the user that we are building, but also do not present
every choice under the sun. Similarly, given the choice of two equally
good business partners, companies should choose to work with the
partner whose filter algorithms provide some level of transparency to end
users.

Develop technologies that assure data provenance: As data begins to mediate
high stakes relationships, trustable data—the issue of “Did all this data
come off of sensors that work properly?”—will matter. A lot. Companies
that meet the growing demand for data provenance will do well in the
new ecosystem of accountability.
Grow the range and usability of available sensors:

Just as location was once
only location, but now supports a range of applications, so too biometric
and environmental sensing will no longer be about just health or environment. They should not be thought of as niche technologies but as integral
to future general purpose sensor platforms as location is today. To do this,
alongside the ongoing efforts to lower power and increase battery life,
we need to design for greater robustness—these things are going to be
worn on bodies and out in hot and cold temperatures after all. We also
need to improve the software development environments for sensors that
make it possible for more developers to create applications for them.
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T

he year 2011 was a big year for social unrest. In the first several
months of the year, the Middle East was rocked by a series of protests
that toppled governments in Tunisia and Egypt, and threatened a dozen
other regimes. Then, in August, London was literally set aflame by mobs
of British youth running rampant in the streets, burning cars, looting
stores, and fighting with police. In each case, the combination of low-end
mobile phones and Internet services including Facebook and Twitter
were key in mobilizing constituencies, coordinating action, and communicating with the outside world.
These spectacular events dramatically demonstrate the capacity
afforded by ubiquitous connectivity for disparate groups of individuals to
rapidly organize and act. However, their exceptionalism occludes a
deeper and more fundamental shift that we are seeing play out in various
ways around the world; namely, the ease with which it has become
possible to share information and coordinate action is enabling a wide
variety of once solitary social practices to become objects of collective
action. We can call this shift the rise of the collective, by which we mean
that people, aided by ubiquitous communications technology, can and
increasingly do organize themselves into groups united by common cause
and oriented towards action to voice concerns, address needs, and fulfill
desires across a wide range of human activity.
In this essay, I will look at how the rise of the collective is playing out
across a wide swath of human activity, including entertainment, healthcare, business, scientific research, governance, and activism. Drawing on
a range of disparate examples, I will argue that we are witnessing a fundamental shift in the way that human labor is organized, made possible by
the advent of ubiquitous communications and computation technologies.
I will suggest that equally significant to the expansion of collective activity
is a growing expectation for social participation in all spheres of life, and
53
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that these two social facts --- more participation, and the expectation of
more participation - raises particular challenges to traditional institutions.
Finally, I will consider what the rise of the collective means for Intel and
the continued invention of technologies.
We are seeing the rise of the collective play out across a variety of
human activity. In technology development, the open-source Arduino
(www.arduino.cc) community has produced an ecosystem of 8-bit microcontroller boards based on the Atmel AVR platform that have become the
de facto standard for DIY electronics enthusiasts, and have enabled AVR
to largely displace the incumbent PIC (Microchip) and Basic Stamp
(Parallax) platforms in the amateur market. In healthcare, patient-based
social networking sites like PatientsLikeMe (www.patientslikeme.com)
enable chronic disease sufferers to share diagnostic and treatment information and provide mutual aid and support. And in entertainment, the
recently released film, Life in a Day, was produced by award-winning
filmmaker Kevin MacDonald by marshalling a network of thousands of
volunteers from 140 countries to shoot and upload videos to YouTube on
a single day. (www.youtube.com/user/lifeinaday, MacDonald & Scott,
2011)
These are but a few of literally thousands of examples of groups of
motivated individuals working together to create innovative and
impactful projects. While efforts like these have been evolving over the
past decade, it's only in the past few years that the widespread diffusion
of Internet technologies and the nearly ubiquitous connectivity afforded
by a proliferation of mobile and affordable devices has enabled these
efforts to reach truly global scale.
Obviously, social media services like Facebook and Twitter provide
much of the technical infrastructure undergirding the rise of the collective. However, the shift towards collective action points to a set of use
cases that go beyond the capabilities afforded by contemporary social
media offerings. (Hirsch 2011) Facebook and Twitter that enable users to
easily create networks and share basic information including status
updates and simple messages. These services are primarily aimed at
allowing their users to maintain social contact—to stay in touch with
friends, family, and colleagues. As social networking technologies mature,
we are starting to see the emergence of a new class of products and
services that go beyond social contact, augmenting quick and easy social
networking capabilities with an emphasis on collective action for
tangible, real-world results. These services de-center the traditional software industry's focus away from providing services to individual users,
shifting instead towards providing infrastructure for ongoing, collective
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projects. As we shall see, this shift has implications for how we design
and ultimately use technology.
It is also important to note the centrality of data in these endeavors.
While social participation has been a central fact of life for as long as
people have been around, the advent of information and communication
technologies (ICTs) has facilitated the formation of collective projects
around data (as opposed to, say, a shared activity like cooking or quilting).
Consider the following example. Asthma is a chronic lung condition
affecting 300 million people around the world. While the symptoms are
well known, the specific triggers can be hard to identify and are highly
variable among individuals. Historically, learning to identify and mitigate
asthma triggers has been a painstaking and highly individuated process.
In recent years, however, this has begun to shift. Asthmapolis, for
example, is a relatively new service that provides patients with GPSaugmented inhalers (asthmapolis.com). Whenever the inhaler is used, the
time and location is recorded by the device and uploaded to a web service
that aggregates and visualizes user data. The resultant maps show asthma
hotspots than can be used by patients, doctors, and public health professionals to identify environmental triggers.
Asthmapolis and the aforementioned PatientsLikeMe represent a new
and growing class of applications that create communities based on
sharing, interpreting, and ultimately, acting on medical information. They
are also noteworthy because they represent a fundamental shift in the
way we think about data. Historically, medical information has been
considered personal and private; it was the sole providence of medical
professionals and to a lesser extent, their patients. Now, though, it is
treated as a public concern. This is partially a logistical shift (i.e., it has
gotten easier to share), but it is largely cultural as well. Once the exclusive
provenance of doctors and other specialists, patients have come to
demand—even expect—an ability to access and use medical records in
a variety of new ways.
The shift from private to public data is a pattern than we see repeated
across the contemporary media landscape. Generally speaking, the rise
of the collective brings with it an expectation that such collectivity is the
norm. This expectation is empowering for individuals and threatening to
institutions whose authority depends on controlling the flow of information. Take for example, the recent Vodafail campaign (www.vodafail.org).
Frustrated by poor quality of service, a rigid contract, and unresponsive
customer support by Australian mobile service provider Vodafone, 23year-old student Adam Brimo created a website where disgruntled Vodafone customers could register complaints against the company. In short
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order, the site received 14,000 complaints. Brimo analyzed and compiled
these into a report detailing billing, network and customer service issues
that he submitted to the Telecommunications Industry Ombudsman
(TIO) and the Australian Competition and Consumer Commission
(ACCC). The site gained widespread media attention, and lead to a
meeting between Brimo and Vodafone CEO Nigel Dews. There is also a
class action lawsuit in the works.
As Vodafail illustrates, internet technologies enable motivated individuals to transform traditionally isolated, private experiences, in this case,
an unsatisfactory call to a customer service line, into public matters.
Making things public in this way enables the creation of campaigns and
movements that can make demands and hold institutions accountable.
If the Vodafail example shows the risks that the rise of the collective
presents to entrenched institutions, NASA's Be a Martian campaign
shows the promise (beamartian.jpl.nasa.gov). In addition to allowing visitors to engage with NASA's Mars Exploration Program in a fun and
compelling way, the site also encourages visitors to become citizen-scientists by counting craters and analyzing images captured by the recent Mars
mission. This project directly involves the public in real and useful scientific endeavor, while simultaneously strengthening ties between NASA
and the public.
Crowdsourcing projects like Be A Martian have gained in popularity
in recent years. It is no accident that some of the best such programs have
been tied to government agencies (e.g., the Australian National Archives'
Faces of Australia project [www.naa.gov.au]). Among large institutions,
democratic governments are at the forefront of public engagement
efforts, having a need, desire, and mandate to involve the public in planning and operations. A quick scan across public engagement efforts in
the UK, United States, and Australia reveals a variety of models and
approaches. In addition to crowdsourcing, a growing number of governments are providing open access to government datasets, including
geographic, demographic, and policy data. These datasets are taken up
by a variety of social and commercial interests who develop businesses
and advocacy campaigns that revolve around collective interpretation and
action (e.g., the Sunlight Foundation's many projects (sunlightfoundation.com) aimed at making government transparent and accountable).
In some ways, though, crowdsourcing and open data are the lowhanging fruit of public engagement. Much more difficult, and ultimately
much more rewarding, is the potential for governments, corporations,
and other institutions to engage constituents in consultation about goods
and services. Consultation may be as simple as providing ways for citizens

RadFlux.book Page 57 Saturday, June 8, 2013 1:38 AM

57

to report problems (pothole-reportage is a particularly popular form of
the genre), or as complex as participatory urban planning and usercentered product design efforts. The e-government community is exercised by the prospect of responsive agencies and effective program
management that makes full use of citizen engagement to provide
services that meet real and shifting needs in a timely and appropriate
manner.
The commercial sector is similarly keen to involve customers directly
in brand management and product development efforts to ensure better
products and build brand loyalty. However, consultation poses many deep
challenges for institutions.
– For example, if a company solicits public comment, is it
required to respond to every suggestion or critique?
– What are the knock-on effects in terms of trust, reputation,
accountability, and the like from following or diverging from
public sentiment?
– Is it desirable or even appropriate for institutions to mobilize
and nurture communities that will ultimately petition those
same organizations for goods and services?
– And, how do institutions make sense of public sentiment,
particularly as public participation scales?
It is one thing to hold a town hall meeting for a few dozen people; it is
another to involve thousands in an ongoing conversation.
So far, I have argued that we are witnessing a fundamental shift in the
ways that people and labor are organized. I have suggested that ubiquitous
communication and computation technologies enable the easy creation
and mobilization of collectives, and that these are different in both scale
and the centrality of data to their operations than previous incarnations
of collective action. I have further suggested that the ability to form collectives has been accompanied by an expectation of public participation in
all aspects of modern life.
In laying out this argument, I have intentionally relied on examples
from a wide variety of seemingly disparate fields, including healthcare,
government, entertainment, business, and scientific discovery. The point
is that the rise of the collective is a pattern that is emerging in virtually
all aspects of life. We increasingly assume that endeavors from how we
work to how we decide what is for dinner are social activities.
Simply put, social participation is increasingly how we do things. Not
some things. Everything. This transformation challenges institutions,
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disrupts industries, and offers opportunities for companies who can show
up at the right time with the right technology, the right application, and
the right business.
From a product standpoint, the challenge for corporations is to develop
devices, platforms, and services that facilitate collecting, sharing, interpreting, and acting on data. At present, much of this activity occurs on
an ad-hoc basis. Asthmapolis, for example, relies on custom-designed
hardware for data collection and aggregation, and Google maps for visualization. Combining inhaler incidence data with, say, EPA air quality data
or activity data gleaned from a user's mobile phone requires additional
programmer hours and may not be easily reused for other purposes.
Common data collection, sharing, and visualization platforms would
greatly reduce the costs of development and make it easier for new
entrants to create new products.
There are nascent efforts to provide common platforms for data sharing
and interpretation. Pachube (www.pachube.com) is a platform that tries
to fill this need. The viability of its model remains to be seen. It is worth
noting that Pachube takes a web service approach, focusing entirely on
providing an environment where data can be stored and shared. There
may be opportunities for companies in developing platforms like Pachube
to provide one-touch communication between devices and cloud
services or could verify the accuracy of sensor readings. Similarly, there
is a present and growing need for advanced analytics capabilities to take
millions of heterogeneous data points (e.g., sensor readings, images, user
commentary) and turn them into meaningful, actionable information.
Multinationals are large, complex organization. In addition to thinking
about product opportunities that the rise of the collective presents, new
forms of social participation can challenge the ways companies do business. How should companies embrace social participation in our
processes? For many people, Facebook, Twitter and the like have already
become a kind of second, informal layer over work relationships.
Employees routinely use these tools to share a variety of both social and
work-related information with each other, and with the world. This is
unlikely to change; if anything, I expect use of social media to increase
both as user bases grow and more importantly as new and existing
employees increasingly expect the workplace to mirror other aspects of
their lives. Are there ways that companies should formalize these tools to
make them part of their organizations, challenge what's inside and
outside the organization, and how companies engage and work with
supply chains? How can companies develop grassroots ecosystems to
drive innovation and adoption?
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These are hard questions. Tackling them requires taking a close look
at all corporate processes (e.g., manufacturing, product development,
marketing, human resources, IT management) and thinking carefully
about how current practices are already changing to accommodate the
rise of the collective, and making intentional, intelligent decisions on how
they should be adapted for the future. Such activity will likely call into
question long-held corporate values; but it is work that needs to be
addressed.
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Data and Science
—Richard Beckwith

“I

f you can't measure it, you can't manage it,” or so we say at Intel. But
what happens when you can't manage your measurements? An
inability to manage could certainly happen when the amount of data
increases exponentially. Google's (too conservative) estimate holds that
we are creating about five petabytes of new data a year. Five petabytes
is equivalent to all of the textual data recorded from 2003 back to the
beginning of recorded history. Eric Schmidt—recent CEO of Google—
says, “I spend most of my time assuming the world is not ready for the
technology revolution that will be happening to them soon.”
Science, however, is getting ready. Science is becoming massively data
intensive. In this data deluge, computing and communications—both,
together—have enabled an entirely new form of scientific discovery.
Science is not what it used to be. Science is making the digital
transformation.
Following Jim Grey's (2009) analysis of the evolution of science, the
earliest era of scientific data was generated empirically, with scientistphilosophers like Aristotle simply describing the phenomena they
witnessed. Science moved from description to the age of analysis, with
Kepler and Brahe using algorithms to parsimoniously and analytically
describe observations. That is, data were used to generate more data.
More recently we've seen computational sciences addressing issues that
cannot be solved analytically and must, instead, rely on simulation as with
physical cosmology (ala Stephen Hawking) where simulation is used to
predict possible measurements that can then be looked for or even many
of the more recent strategic simulation environments, like our own Water
Wars (Hirsch, 2010). Data intensive scientific practices build on each of
these previous eras and, in their turn, create more data and opportunities
for analysis than ever.
61
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It is true that each generation of scientists creates more data. However,
with today's and tomorrow's instrumentation, the role of the everyday
citizen scientist and the increasingly connected networks of scientific
systems around the world, we expect a veritable Cambrian explosion of
data that will require massive computation and intense connectivity to
open enormous analytic and synthetic opportunities for businesses and
individuals. Let us have a quick look at the role of instruments, the scientists who use them, and then at the implications scientists and engineers.

Instruments
Along the way, science has picked up various instruments that generate
data. For example, in a relatively simple, but profound shift, within a
generation the state of the art in astronomy moved from Brahe's naked
eye to Galileo's telescope. Today's instruments range from tiny sensors
numbering in the billions to hadron colliders generating billions of tiny
particles in the violence of their impacts. Current estimates hold that the
amount of scientific data doubles every year due in large part to these
inexpensive sensors, massive simulation environments, and advanced
scientific instruments. Today, Sloane's 2.5 meter telescope gathers more
astronomical data than professional scientists have the time to inspect.
The Large Hadron Collider at CERN itself can create 15 petabytes of data
per year (Apparently Google's estimate of five petabytes a year doesn't
include data about atomic particles.) As with data from scientific instruments, the data generated by simulation can also be enormous, bigger in
fact than the recorded observations on which the simulation is based.
Basic science is not the only, nor perhaps even the primary driver for
big data collection. Consider, for example, air pollution. There is a scientific interest in understanding pollution but there are also policy, and
individual drivers. For example, on the individual side, 1 in 15 US citizens
has asthma. By some estimates, asthma accounts for roughly one quarter
of all US hospital visits and costs the US economy at least 18 billion dollars
a year. As part of an inner city study, we interviewed a young mother of
a child with asthma. Every day, she goes on-line to get a respiratory
weather forecast. She uses the forecast to plan her child's path to school
and to suggest whether her child should stay inside during recess.
The problem is that existing data collection points are inadequate.
There are only a handful of sensor stations in the Chicago area and we
know that these are insufficient to characterize the specific local conditions relevant for her child. This young mother doesn't really know what
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asthma trigger levels are like on the various routes she and her son could
take nor does she know whether her son's school has good indoor air
quality. She needs the knowledge that comes with more sensors that can
generate data appropriate to her needs—as do millions of asthma
sufferers. If she collected data as she walked her son to school, perhaps
her cell phone passively sampling the air as she walks, and had access to
sensors in and around her home, she could develop a database that more
clearly reflected her own life and she could help her son to avoid a debilitating attack. She could also share those data with others who were
collecting data.
If a very small percentage of asthma sufferers were to collect data, we
are talking about a very large geo-located data set that could help everyone
involved. If all these data were aggregated, among a large number of other
things, policy makers could better decide how to regulate traffic or industrial emissions or even street tree choice and placement. Of course,
scientists could also use these data to understand dispersion patterns and
mesoclimate variation for better interpolation and, ultimately, more data.
These data would add to the already existing massive data stream available
for science. See how this works?
This deluge of data from instrumentation and simulation has been met
by a new era of computation and this has led to new scientific practices,
which may be carried out in virtual environments or using powerful visualization and data mining tools. Furthermore, it is more and more
common for data to be published along with analyses. Mining and visualization have enhanced our ability to access and analyze these large
published data sets. Where, in the past, published papers tended to
define the current state of the art, today we see that alternative theories
can be simultaneously proposed and supported with access to the same
data sets and the publication of these analyses into what is called the gray
literature can be virtually instantaneous. Thus technology has transformed the relevance of documents and increased the metabolism of
science.

Scientists
One way in which science is changing is in the analysis of data. As noted,
the Sloane 2.5 meter telescope generates more data than professional
astronomers can view. Various data releases from the Sloane Digital Sky
Survey (SDSS) have including mind-numbing numbers of data points. A
recent data release included 287 million objects, nearly a million galaxies,
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and one hundred thousand quasars all contained in 10 terabytes of data.
The SDSS supports an online set of projects with nearly a quarter of a
million volunteer astronomers participating in a variety of research projects involving these data.
For example, some analyses can be done with machine vision while
others cannot. One study looked to count the relative proportions of
elliptical and spiral galaxies. This was necessary because machines could
not easily be trained to distinguish between these galaxy types. Within
24 hours of going live, this project was receiving over 70,000 categorizations an hour. Ultimately, enough galaxies were characterized that a
machine vision application could be trained.
Lone volunteers can also make a contribution using data from SDSS.
Such a volunteer, Hanny van Arkel, a school teacher in the Netherlands,
discovered what's now called Hanny's Voorwerp. Voorwerp is the Dutch
word for thing reflecting the fact that no one is quite sure what this thing
is. However, van Arkel developed an interest in this thing and astronomers were puzzled by its nature. It is now thought to be a gaseous cloud
and key to understanding the life cycle of quasars and black holes. Van
Arkel learned on her 25th birthday that interested scientists, she among
them, would be getting a time slot on Hubble for greater observation of
her Voorwerp.
Clearly, opening access to data changes not only how the science is
done and who is considered a scientist but also how quickly things can
be discovered. Some technologies have allowed scientists to collect more
data than they can analyze while other technologies, have made it
possible for citizen scientists to collaborate with professional scientists
to help analyze these data. Not everyone wants to be an astronomer but
projects cut across many areas and even extend beyond data analysis.
Another way in which science is changing is in the collection of data.
Dense measurement is required in atmospheric (and many other)
sciences and inexpensive sensors are offering science a new level of
understanding. Segal's Law says that “A man with a watch knows what
time it is. A man with two watches is never sure.” Time has the property
of not varying in a significant sense over large swaths of space. Environmental sensing is quite the opposite. A man with an anemometer may
think he knows which way the wind blows but he only knows for the
precise location where the sensor is placed. The wind may be different
even very nearby. Scientists need the data from lots of sensors in order
to develop good models for what happens between those sensors. As it
happens, scientists really do need a weatherman to know which way the
wind blows. Many areas need wide spread and frequently quite dense
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measurement so that they may be understood. Citizen scientists are also
helping in these areas.
On July 28, 1997, Fort Collins, Colorado experienced a devastating
flash flood. Lives were lost. There were hundreds of millions of dollars
in damage. Weather forecasts failed. Even weather recordings failed.
Data from the weather monitoring equipment in the area used by scientists were analyzed and did not report sufficient rainfall for the disaster
that had ensued. Where did the water come from? Post-hoc simulation
was undertaken to try to understand more about the source of the flood.
These analyses revealed that over 14 inches of rain had to have fallen on
sections of this urban community that day yet none of this rain was
measured by the existing weather monitoring systems. The flood waters
in Fort Collins were such a surprise because the monitoring equipment
was too sparsely deployed to let people know what was in store.
Following the floods, a group at Colorado State University put together
a program for volunteer weather observers called CoCoRaHS (for Collaborative Community Rain, Hail, and Snow network). Volunteers agree to
use both a particular set of technologies and a specific protocol to record
data that are then uploaded to a shared website. Now, thousands of
people are collecting rain, hail, and snow data as a part of this project.
Similarly, thousands of people are collecting personal weather station data
and sharing them through the website Weather Underground. This
couldn't have happened in the past for a number of reasons: What technology could people have used to collect data? How could they have
shared data? How could the data have been analyzed easily? Technological changes allowed these things and, as a consequence, people have
changed and our culture has changed. Opportunities and even responsibilities are different.
Our community—the tech community—is
responding to these changes with new and powerful technologies that
can be used by anyone with access. Social participation is not limited to
Facebook and FourSquare. As a result of these technologies, social participation has changed the face of science.

The Systems of Science and Implications for Scientists
Science has never stood still but recent data intensive shifts signal a
profound change across many scientific fields. Science must keep up with
the world in which it exists. As the ecosystem changes, so changes
science. The recent shift to data intensive science is a function of the
technological ecosystem. This ecosystem is called out in the EU in
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descriptions of eScience, a name which focuses on the change in underlying tools and technologies and, within the US, the infrastructure itself
is called out as Cyberinfrastructure by the NSF. Ubiquitous technologies,
both large and small, have created a new context for science and science
is evolving within this ecosystem.
It hardly bears mentioning that the advances in computation and
communication have had a substantial role in the evolution of science.
But change is not done. There is still much more in the pipeline that will
continue to influence the direction of growth within science.
High powered mobile devices are changing data collection in science
but they open up new problems as well. Columbia University built an
application for identifying different plants using machine vision to
discriminate among leaf shapes. The LeafSnap application runs on mobile
phones that connect to cloud computing resources where machine vision
analyses are then performed. The user sends a photo of a leaf to a server
and is then shown a small set of candidate leaves with accompanying
descriptors to use to select the correct ID. The developers used LeafSnap
to support a volunteer tree census for Central Park. The application is
now available from the iPhone App store. At the same time, across town,
over a thousand volunteers were manually recording the identities of
street trees in Brooklyn and certainly could have used some computational assistance. As these technologies become more stable and
ubiquitous, is there any question that they will be more widely used?
Similar technological solutions will support many such activities.
One major issue here is that as more citizens provide data, it becomes
more important for scientists to be certain that the data metadata are
correct and protocols have been followed. Are the date and time correct?
We know that with shared photographs, we sometimes see that people
have the wrong date on their camera. To automatically collate data, date
and time must be correct. How can we use technology to correct errors?
It is at least as important, and more difficult, to ensure that the appropriate
protocols have been followed. In the earlier example of air quality
sampling, how can someone be sure that the readings are useful? Do we
know where this device was either geographically or even if it is in a location that will allow it to sample effectively? In many cases, it is likely that
simultaneous recordings from separate sensors on the same device can
be helpful. For example, we may be able to use camera data to ensure
that a handset is actually out in the ambient environment and not in a
pocket.
Other work on the client side will also have an impact. As citizens
become more involved in scientific endeavors, whether it is distributed
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monitoring of the environment for pathogens or analyzing previously
collected data, they will develop expectations about how they can
interact with those data themselves. Many mobile augmented-reality
applications will depend upon scientific data and visualizations and, in
order to be responsive enough for a mobile client, significant processing
power must be available on or very near the client (to deal with dynamic
local changes in conditions like camera view) so that the data overlays
match the images on which they are being overlaid. Either putting these
capabilities into femtocells or directly on the client will be important
advances.
The cloud architecture will influence large scale data collection and
compute-intensive analysis but there are many unsolved problems.
Because visualization is all but necessary when dealing with big data,
rendering farms will be increasingly required for dealing with the analyses
of large data sets. Data centers are almost certain to be at the core of
these activities. There is work to be done to refine the visualization tools
for dealing with very large data sets to optimize for some of the rendering
farm hardware . These tools can be used, also, for simulation. With even
more processing power, real-time analysis will be possible and would
prove quite useful for short-term forecasting of weather and even
tsunamis.
As science itself has evolved, technology has been a central determinant of the direction of that evolution. Technology has brought new
instruments and, by changing the requirements for engaging in science,
has changed the makeup of the scientific community. As science moves
into ever more data intensive ecosystems, technology will remain a
central player that will influence all of our lives.
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Part 3: Things in Flux

S

ome of our most pervasive and frequently used technologies are in
flux. Digital technology enables all of this. The ubiquity of
computing and communications technologies is creating all manner of
new value, in some cases extending what we have got to infinity and
beyond and in other cases offering entirely new ways to exchange value
amongst us. It is up to us to choose arenas for investment and to create
the markets for new products and services, building on everything we
know about business and social forces.
– In Digital Media is not Killing TV—Yet, Susan Faulkner
analyzes the shifting meaning of television as the amount of
content grows to be nearly infinite.
– Street Smarts and Car Smarts, authored by Alexandra Zafiroglu
and Jennifer Healey, respectively, explore the evolution of technologies for the automobile. Fed by inklings from cartoons and
science fiction, automobiles are starting to drive themselves.
– Currency technologies, that is, the technologies of Making
Money, are diversifying as digital technologies affect the way we
store and exchange value in digital forms.Scott Mainwaring
provides an analysis.
– In Domesticated No Longer: The Internet as Feral, Kathi
Kitner examines the changing nature of the internet. No longer
viewed as an information superhighway, the internet is more
akin to an atmosphere within which we live and breathe.
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Digital Media is
Not Killing TV—Yet
—Susan Faulkner

T

he internet is not killing television. The death knell has been ringing
for years. What is taking so long? At Intel many of my colleagues claim
TV is already dead. “No one watches TV.” “I haven’t watched TV in ten
years.” “Why do we care about TV since it is going away?” “There’s nothing
to watch. I don’t even have a TV.” Since many of us access content through
the internet, we watch television series, movies, and a seemingly endless
array of short video clips through online sites such as YouTube and Hulu,
through streaming services such as Netflix, and downloaded from
services such as iTunes and Amazon Instant Video. In addition, there is a
proliferation of sites offering free, illegal, pirated content. Use of the
internet leads to the assumption that no one watches broadcast TV.
The truth is just the opposite. Consumers are spending more time
watching all types of video content. They watch more than they ever have
before on traditional TVs, mobile devices, and the internet. The vast
majority of that time is spent watching broadcast TV. Americans spend
an average of nearly five hours a day watching broadcast TV, both live and
time-shifted (McDonough 2012). So, while those of us who work in the
hi-tech industry might exclusively access content over CAT5 with a terabyte of storage and a powerful media server, we are the exceptions and
the resounding trend globally is to watch more of every kind of media,
but mostly traditional TV.
Don’t wag your finger at the DVR because it is not killing TV either.
DVR viewing accounts for only about 24 minutes of the average American’s daily viewing time. (Poggi 2012) But DVRs have killed advertising
revenue because we skip all the advertisements, right? Wrong. Viewers
watch more TV now that they can watch one show live while recording
another one on a different channel, and they are viewing most of the ads
whether live or recorded. People are much less quick on the fast-forward
trigger than is commonly thought. The average DVR user watches more
71
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prime time ads than their non-DVR-using neighbor because they can
watch America’s Got Talent live and then view Gossip Girl delayed even
though they aired at the same time. Ratings for popular shows like The
Office, that do not need to be viewed live, but are a fun way to pass a halfhour at any time of day, go up substantially when DVR playback is
included. Modern Family has gone up as much as 56 percent from its live
program rating when including playback views. (Kondolojy 2012) And
chances are the household that recorded Modern Family was watching
X Factor or The Voice on Wednesday night when Modern Family aired.
We are also not watching nearly as much internet content as we think
we are. Viewers watch videos on Google sites for an average of only 15
minutes per day. (Nielsen 2011) Our research shows people self-report
more viewing hours on the internet than tracking data confirms. It may
be that the process of finding a desired show or movie on the internet
makes the activity more memorable. Plus, the content may be more
valued by the viewer, that is why he or she actively sought it out online.
We also know from years of research with TV viewers all over the world
that often while they watch a clip, show, or movie online, the television
remains on in the same room.
No one has ever asked to search for more TV content. Consumers don’t
say, “What I really want is to search for shows on TV!” In six years of
conducting in-depth ethnographic interviews in homes all over the
world, no one has ever professed a passion for actively searching for and
discovering new content on TV. We know this is partly because the
current search interfaces provided by service providers are lousy. Using
a remote control to painstakingly enter letters into a search field, often
producing unhelpful search results, is an activity most consumers avoid.
Research participants tell us they hear about new shows from friends and
family, and through TV network advertising. Search and discovery are not
seen as a problems because people do not search, at least not in the way
those of us in the hi-tech industry hope they search.
Most consumers in the U.S. and Europe, markets where consumers are
likely to have advanced set-top-boxes that include DVR capability, have a
set routine when they turn on the TV. They see what is on their favorite
channels by dialing up and down, entering numbers on the remote from
memory, or browsing through several pages of their electronic programming guide (EPG). For most, the search, such as it is, ends there. Some
continue to look by checking their DVR in box to see what is available.
Next they turn to video-on-demand or catch-up TV to see what their
service provider is offering for no extra charge. In many parts of the world,
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China for instance, most consumers never check the EPG and do not use
DVR capability. They turn the TV on, look around a bit, and let it flow.
TV is undemanding; it just flows, and there is no need to search.
Because of this, TV is part of the fabric of people’s lives. For many it is
the background accompaniment to all of the time they spend at home. It
is a way to escape and veg out, it is social and a nice way to spend time
together with family and friends, plus it is informative and even instructional. TV is in and out of viewers’ attention while they make dinner,
fold laundry, check Facebook, play a game on their mobile phone, or
change the baby’s diapers. TV is also habitual. Viewers keep time
according to certain shows. Research participants in Germany tell us they
watch the nightly news at 8:15pm. In the U.S. it is the 11 o’clock news
that signals bedtime.
Most countries have a Good Morning Tokyo-Sydney-Cairo show most
people watch while getting ready to leave the house. People set their
internal clock by the timing of the horoscope or traffic report. These
shows need to appear at their appointed hour. Similarly, a reality show
such as American Idol, The X Factor, or Dancing with the Stars, shows
that unfold live and often have an interactive component, must be
watched when they are broadcast. The same is true for sports. In most
parts of the world you will know the minute your national FIFA team
scores because of the thunderous roar coming from your neighbors’
homes. However, time-shiftable video clips, shows, sitcoms, dramas and
movies, can appear at any time. For many viewers it doesn’t matter when
30 Rock or Modern Family is broadcast as long as they get to see their
show.
What we need to do is stop trying to make TV more like the internet
and try to make the internet more like TV. An engineer colleague of mine
says, “There is no push on the internet. If something is pushed, that means
it is a virus.” The internet is timeless, pull-only, and nonlinear. Since it is
impossible to push an infinite amount of internet content, it will take
sophisticated algorithms to make continuous streaming internet content
possible. This presents an enormous challenge, and a huge opportunity.
Until the internet can provide an effortless, nonstop stream of content,
the TV will continue to win viewers’ attention, but a similar, yet enhanced
experience displayed on the same monitors and with the same picture
quality will win them over.
The industry should take the lead in this effort and build the capability
to not only push online media, but to deliver a tailored experience that
goes beyond the current broadcast TV model. Create an experience for
the computer that feels like broadcast TV. A consumer should be able to

RadFlux.book Page 74 Saturday, June 8, 2013 1:38 AM

74

Digital Media is Not Killing TV—Yet

turn on the computer (instantly!) and see TV without needing to look for
the next show. Shows that must appear at certain times according to the
viewer’s own habits and timetable should appear at those times. The
Today Show should start at 7AM, but a sitcom like The Big Bang Theory
can appear anywhere in the stream along with videos that have been
plucked from YouTube especially for the viewer or movies the system
knows the viewer or viewers would like to see. If the baby starts to cry,
then the show can be recorded and stored for later viewing.
While TV viewership, and DVR viewing, is down slightly since 2011,
overall TV is booming. Average Americans spend 20 percent of their day
watching TV. (Nielsen 2012) We love TV. Why is it thriving? Why don’t
people pick up the remote and skip ads when they watch a show stored
on a DVR? If so much content is readily available on the internet, why do
Americans spend five hours a day watching TV? Because TV just is. There
is no need to use a password, no software has to be launched, connectivity
is rarely an issue, and most of all, searching is not required. It is by far the
simplest and least demanding technology in our homes. It is radically
uncomplicated; turn it on and it provides a never-ending tidal wave of
content. Instead of turning the TV into the internet, we need to make the
internet more like TV. That is the challenge and the direction we see as
profitable moving forward.
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Street Smarts
—Alexandra Zafiroglu

A

fter 100+ years of moving faster and further with automobiles, we
are grinding to a halt. More and more drivers exercise the individual
freedom to move about promised by car ownership. The fruits of our selfdefeating quest for mobility surround us. Examples are plentiful and vivid:
– Lady Gaga and William Shatner tweet warnings and advice
about LA's imminent Carmaggedeon during construction
closure of a major freeway
– In Northern China, 11 day, 100 kilometer long traffic jams
happen from time to time
– São Paulo Brazil and other megalopoli restrict access to roads
based on license plate numbers
– Cameras capture license plates of cars entering London's
Congestion Charging Zone to discourage car use
The dream of exercising our individual freedom of the road has given way
to the urgent reality that we need to think beyond our own four wheels
if we are to keep moving at all.
As one of the defining technology of the 20th century, automobiles
fundamentally transformed our scales of daily mobility, our manufacturing
and marketing models for consumer goods, social roles and norms, political landscapes, expectations for monitoring and surveillance, the
environment and global geo-politics. The promise of the open road is so
great that we are unlikely collectively to give up our cars in favor of mass
transit, bicycles, or working from home, even though we know our
current transportation systems cannot handle the loads we are placing
on them.
75
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We need to rethink both what makes cars useful and what makes a
usable road. The result will likely be radically redesigns of both the
moving and stationary parts of our road-based transportation systems as
well as how the two interact. The 21st century is more about smart streets
than simply updating 20th century cars to make them smart. Integrating
advanced communications, services, and sensors to transform cars into
smart cars will not be enough; a smart car will only be useful in conjunction with smart roads and cloud-based services supporting new systems
for resource use, communication, information, regulation, taxation, and
surveillance. Such cars will also integrate with our digital devices and
services in (and out) of the car.
The integration of intelligence and services into transportation environments and cars will likely be a tipping point when we will finally
openly recognize that we are already in the nascent age of ubiquitous
computing. Current automatic debit systems for road use, fleet management technologies, OnStar assistance and similar services, as well as their
lower-tech counterparts like São Paulo's license plate–based road restriction schemes, hint at how our on-road experiences will be transformed
as we integrate advanced computing, communication capabilities, and
services into our cars, into the devices we carry into cars, and into the
transportation environment and infrastructure.

Cars Don't Kill People; People Kill People.
A significant portion of current smart car development focuses making
the car do what drivers often do not do well: pay attention, react quickly,
and make good judgments. This research and development framing
suggests alleviating or removing the problem of fallible humans will result
in cars that are less dangerous, more efficient users of time and space,
and thus will fix some of the 20th century problems caused by their popularity; gridlock, accidents, loss of life, environmental impacts. One of the
more ambitious and compute-intensive visions for smart cars that specifically touts increased safety, gas efficiency, and the potential to increase
the carrying capacity of existing roads without gridlock is the GoogleStanford self-driving car. In its current prototype, a car, with all manner
of instrumentation, drives itself sensing and reacting to the environment
around it, while sending queries, and collecting and sharing massive
amounts of data with servers guiding the car. In this version of a smart
transportation system, all roads lead to Google as drivers' experiences of
the physical world are funneled through their cloud-based services.
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It is a remarkable vision. And it has merit. If Google could start with a
blank slate and build infrastructure to algorithms to user experience from
scratch, as they did with internet search, the economies of scale for revolutionizing transportation would be astounding. In the early days of the
World Wide Web, Google had a relatively blank slate and nonenculturated
users whom they could teach about the digital landscape, how to search,
and how to get to various destinations. The reality with smart auto transportation is that Google and others will construct complex ubiquitous
computing (ubicomp) systems of sensors, communications, computation
and services on top of globally very diverse, uneven and deeply
entrenched existing ecosystems of roads and other physical infrastructure, official regulations, monitoring and rule enforcement, tacit
understandings and local driving practices well over a century in the
making.
We cannot wish away or ignore this complexity as Intel Fellow and IXR
Director Genevieve Bell and co-author Paul Dourish argue some ubiquitous computing researchers do: “…postulating a seamless infrastructure
is a strategy whereby the messy present can be ignored, although infrastructure is always unevenly distributed, always messy. An indefinitely
postponed ubicomp future is one that need never take account of this
complexity.” (Bell & Dourish 2007) If we are serious about building smart
roads and smart cars, then we need to engage with the messy present,
rather than wait for a smart transportation equivalent of September 3,
1967, Sweden's H-Day when all drivers switched from driving on the left
side of the road to the right side. Such a day will never come for smart
transportation; we will not wake up one morning and all switch to selfdriving cars operating on uniform, purpose-built smart roads.

Street Smart: Engaging the Messy Present
Although cars may be global technologies with universal basic mechanics;
standardized gas and brake pedals, steering wheels, seat design, etc., ubiquitous computing-based smart transportation futures will be differently
realized in various markets. These futures will emerge from and build on
and potentially transform the messy present of deeply entrenched
existing localized automobility landscapes and practices. Therefore, to
scope opportunities in smart transportation, we need to be both street
smart and car smart. Being both entails understanding and building solutions that are responsive to, build on, and enhance the mundane realities
of owning, using, and spending time in with and around cars, daily
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mobility, transportation infrastructures, regulatory environments, and
related institutions as well as the tacit rules of the road, cultural understandings, social dynamics of cars and driving in various locations.

Driver's Ed 101: Getting Local
Simple question: What is a car? Unpack it: What is the experience of
owning, driving, and using a car like in different markets? What is the
transportation landscape like? What are the key characteristics of and
current experiences of automobility? What insights and inspiration for
creating disruptive experiences around data economies, services, hardware and software enabled by smart transportation systems might we
learn from understanding current automobility practices in situ around
the world?
Our first attempts to get street smart were relatively modest: starting
with a tarp, folding step stool and cameras we interviewed cars owners
in the US, UK, Australia, Singapore, Malaysia and China. The insights and
shortcomings of this research prompted us to more in-depth and targeted
research in Brazil, China and Germany and to add passive GPS tracking,
sound/movement/light sensors, participant-made video and smart phone
tracking software to our tool kit. This second wave of research is still in
progress. Data from both rounds of research identify conditions and practices that point toward a plurality of future ubiquitous smart
transportation opportunities.
In our first round of research, we started with a bit of excavation.
Spreading tarps next to cars, we summoned our archaeology training and
asked drivers to unpack and explain the contents of their cars to us, while
we meticulously recorded the location of each object and probed: What?
Who? When? Where? Why? We inventoried and photographed all of the
items that people use, store, bring in and out, forget about, discard, rely
on, transport, etc., in their cars.
Such a simple exercise, yet it yielded insights on important activities,
routines, and social relationships that take place in, with, through,
around, and because of the car. It also became a way for participants to
talk about the mundane, small moments of car use otherwise so close at
hand as to be invisible to them: common sense about car use is neither
easy for anthropologists to elicit nor easy for participants to articulate. In
the process of discussing everything from tissues to food, to active charcoal pillows to CD collections to smart phones to religious icons to
forgotten fish cakes, we learned about the specificity of automobility
practices and automobile landscapes.
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Three observations strongly indicate that to be successful in building
solutions for smart transportation, we need to broaden our focus beyond
the four wheels of the car to the specific characteristics of local automobility environments.
– First, discussing what is in cars opens a broad discussion about
the large number of users and stakeholders in and around automobiles we sometimes forget about in our concentration on the
driver and her experience.
– Second, as more internet-connected and video-playing devices
make their way into cars, what belongs and does not belong in
a car is still being worked out by drivers along with lawmakers,
regulators, and law enforcement officials.
– Third, what preoccupies the large number of users and stakeholders in and around automobiles are quite place specific, and
cannot be addressed by car manufacturers alone, but could be
addressed by data economies enabled by smart roads, cars and
services.
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Invisible/Visible Users
Let us look at the evidence for multiple invisible users in two cars that
we excavated.
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Chloe's Minivan in Portland, Oregon, USA: In the US, we heard repeatedly
that people bought larger cars as their families grew. Chloe upgraded from
a Volvo station wagon to a minivan when her two daughters both started
school because “… that [Volvo] could only fit a couple of kids. … We
needed more space … I think once you start having kids and each of them
has a friend and that makes four… and a dog. He needs a spot too.”
A. Clipped to Front Visor:

I. Dashboard Top

• Color-coded print-out of carpool schedule

• Compass

B. Dashboard Cubbies:

J. Front Passenger Seat Floor

• Bluetooth headset, meal coupons for the homeless

• Reusable shopping bag

C. Middle Console:
• Non-slip pad for iPhone, Bluetooth, charger, sunglasses, napkin, local coupon book 2011, empty
printer cartridge, pens, Groupon coupon

D. Front Driver Side Door:
• Loose change, emergency tool for breaking out
of car trapped underwater, hand sanitizer, ice
scraper

E. Back Row:

K. Passenger Side Door:
• Potpourri pinecone (cinnamon), sun screen

L. Glove Compartment
• iPhone charger, reusable grocery bag, expired
local coupon book, receipts, school directory,
magazines, iPod charger, flashlight, Armor All,
tissues, check card for local gas station, dog
poop bags, big first aid kit

M. In Middle Row Storage in Seat:
• Nerf darts

• Kid’s quiz flash cards (math)

F. Back Storage / Trunk
• 4 reusable shopping bags, a blanket for dog,
rope, bungee cord, tire changing stuff, old paper
towels, loose / spare parts to hitch, paper towels

G. Yakima Roof Storage Pod:
• 2 folding chairs

H. Rear View Mirror:

N. On Middle Row Seats:
• 2 booster seats

O. Middle Row Area (Strewn on Floor &
Seats):
• Bag for trash, pencil, drink lid, paper, kid's quiz,
flashcards (general knowledge), hello kitty hairbrush, small plastic pink frog toy, children’s artwork

• School ID

Additionally, Chloe bought the larger van so that she could drive less.
Because her car can fit 5 children, she is responsible for fewer carpool
rides to her daughter's private school. Her car was riddled with things
that do not belong to her or to her kids (e.g., booster seats for other kids,
toys). She also had items that were not intended for anyone in the car,
but for those she met while driving. For example, near her steering wheel
she kept food coupons to hand out to homeless people asking for help
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at stop lights. Chloe's car was also loaded with currently unrealized
dreams. She has added a hitch to her minivan in the hope that she will
someday own a rare and highly desirable vintage pop-up camper that she
cannot afford unless she finds one used online at a steep discount and for
which she has no parking at her house.

Norashikin's Myvi SE in Penang, Malaysia
In Penang, Malaysia, Norashikin fiercely defended her new special edition
Myvi SE with custom sound system as her car, not her husband's nor her
4 children's, but hers. She specifically bought the car for its small size.
She can't fit all of her kids in the car at once. Her husband's car, by default,
remains the family car.
And yet, when she unpacked her car, we found a host of Liverpool
football decorations chosen by her eldest son (Norashikin doesn't like
football); her husband's fancy commemorative pen, her sister-in-law's
pregnancy medical records, her son's sunglasses, an Islamic blessing to
protect her bought by her husband, and a slim volume of Islamic texts
received as a guest gift at a wedding.
These two simple examples suggest that it is not only the driver, but also
the other occupants and people who interact with the car, who are
concerned about the people in the car and their own investment in using
the car that we must take into account when designing ubiquitous smart
transportation opportunities.

What Belongs to and in the Car, and What Doesn't
During our interviews and excavations, car owners expressed deep
ambivalence around the appropriateness of bringing and using mobile
internet-enabled communication technologies into their cars and of
investing in built-in solutions to keep them more in the flow of their digital
lives. There is a growing list of electronic devices such as cell phones,
smart phones, tablets, portable media players, and laptops that people
bring into their cars. In our interviews, we found that people are still
struggling with what technology they feel belongs in their cars, what does
not, and how these technologies interact with the car itself, and the value
of investing in built-in vs. brought-in technologies.
British and US car owners used their cars as a purgatory for their CD
collections, a technology no longer useful anywhere else.
– Reggie in London quipped, “My car takes me back 10 years,” and
yet he was unwilling to do away with his CD player in favor of

RadFlux.book Page 83 Saturday, June 8, 2013 1:38 AM

Street Smart: Engaging the Messy Present

83

an IVI system or even a stereo with USB or memory card slot. It
wasn't worth investing in a technology that he couldn't take
with him outside his car.
– Savannah in Portland, Oregon, had a similar logic for not fixing
the quirky built-in GPS system in her SUV. It was not worth the
effort when she could just as easily find directions using her
iPhone. In fact, she was not even sure her GPS system was
broken; she blamed the faulty performance on her own shortcomings in understanding the logic of the interface.
– In China, Singapore, and Malaysia we met several drivers who
had installed after-market IVI systems in their cars, primarily for
GPS. Repeatedly, we heard bitter complaints about the devices
not keeping up with the development of new roads. Upgrades
to the software were costly and considered not worth it, particularly when drivers could get up-to-date maps on their smart
phones.
– In Recife and São Paulo, all aftermarket and portable technologies (e.g., GPS, smart phones) were brought into the car for each
drive, and carried out when the car was parked. Car stereos
were upgraded (often with removable faceplates), but largescreen IVI systems were avoided in favor of portability. We
found after-market GPS units with TV Tuners entertaining
drivers and passengers alike in taxis or personal cars.
Consider this: Drivers could recite the exact amount of fines and points
on their licenses if caught by a traffic engineer using their phone with a
Bluetooth earpiece or while holding the phone up to their ears. Television, however, remained a legal grey area in the minds of the drivers we
spoke with: was it illegal to have broadcast TV playing in the car while
in motion? No one was quite sure, and they were willing to chance it to
stay entertained. Even with smart phones, people were not sure if they
could be fined for using an app while driving. And when is driving truly
driving? Is it OK to check Facebook while stuck in a colossal São Paulo
traffic jam? Is it OK to text at a stoplight? To check your email while
waiting to turn left?
These tensions and uncertainties arise as new access to information,
communication and entertainment are made possible in moving cars
generally in formats and interactions not well-suited to the driver's tasks.
Ubiquitous computing transportation infrastructures and services will
end cars as oases of the 20th century but will still need to take into
account local legislation around drivers' access entertainment and
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communication in cars, and car users sensitivities to paying for such
access.

Location-Specific Preoccupations
Globally, cars are considered sites of great risk. During excavations, we
learned about location-specific safety concerns and local solutions to
perceived dangers. These local dangers and solutions were not about the
car protecting people, but rather supplementary forms of protection from
potential dangers that were intimately related to being in or using the car.
They are not dangers that car manufacturers could easily predict and
design for, but for which a smart transportation system could offer
solutions.
Drivers take for granted that their cars are constructed with built-in
safety features like air bags and anti-lock brakes to help them prevent collisions and to minimize the impact, should one occur. What the car
manufacturers can't control is the local driving environment and the
behavior of other drivers. To address this danger, almost every single car
we have excavated had supplemental protection against accidents in the
form of religious artifacts: crosses, Korans, evil-eye medallions, Chinese
knots, Bibles, Buddha, the Virgin Mary, and other religious pendants,
statues, and iconography hanging from rearview mirrors and sitting on
dashboards. Most often, these were gifts from mothers or other female
relatives (i.e., more invisible users) who want to keep drivers and occupants safe.
Beyond the collision risks of being in a moving car, car users have markedly different safety preoccupations. Brazil, the US and Singapore
illustrate three very different types of preoccupation, focused on the
danger of routes and public spaces, not properly managing social obligations, and in-car behavior.

Brazil: In Brazil, air conditioning and tinted windows are explicitly
described as necessary safety features, rather than as nice-to-have features
that add to the comfort of your drive in a hot climate. Leaving windows
open while driving leaves the car vulnerable to grab-and-dash muggings
from moto-boys (i.e., young men on motorcycles, often working in the
delivery industry) slipping between traffic-jammed cars. Tinted windows
keep potential thieves or carjackers from seeing who and what is in the
car.
From this discussion of car features we learned how Brazilians
approach driving. Drivers often leave substantial distances between themselves and the car in front of them at traffic lights so they can take evasive

RadFlux.book Page 85 Saturday, June 8, 2013 1:38 AM

Street Smart: Engaging the Messy Present

85

action if confronted by a carjacker or thieving moto-boy. Drivers slowly
roll through stop signs and traffic lights at night to avoid a full stop and
an opportunity to be robbed. Self-driving cars in Sao Paulo running algorithms designed for Singaporean roads (where people have very different
safety concerns and driving behaviors) could be disastrous. Imagine if
they enforced car stops at all red lights or made more efficient use of the
road by tightly packing cars. Smart cars will need to understand the local
conditions of smart roads; a one-size-fits all algorithm will not work.

Singapore: In Singapore, people were more concerned with social risks
than personal and property safety. Glove-compartments were filled with
ang pau, or good luck envelopes used to gift money at New Years,
weddings, birthdays, and other celebrations. The possibility of showing
up to an event without the proper materials to fulfill your social obligations was a much greater risk than anything that people worried about
happening along the route. The explanation we heard over and over again
was that ang pau are in cars because drivers never know when they might
be invited to an emergency wedding. What they really meant was “What
if I shame myself by not being prepared for my destination?”

United States: In the US, car users were most concerned about keeping
the interior of their cars protected from dangers posed by occupants.
Toys, books, and electronic devices kept children occupied and disinclined to fight with one another.
– Bob, a father of four in San Francisco, planned all trips over 1
hour with his children to start around 9 p.m., so they'd be
asleep and he could concentrate on driving rather refereeing
who has the iPod Touch, who has the DVD player, and who has
thrown raisins at whom.
– In Los Angeles, Myles, a twenty-something talent scout fond of
weekend trips to Las Vegas and Palm Spring with his friends,
keeps plastic bags in his back seat to protect his car in case any
of his friends drank too much and felt ill.
As these examples suggestion, as intelligence and services are integrated
across cars and local infrastructures, opportunities for adding value to incar experiences of safety will be dependent on the specific characteristics
of different automobility markets.
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What is interesting to us at Intel and what should be interesting to smart
transportation developers is not any one of these attributes (e.g., the relationships people have with each other, their stuff or to lived experiences
like safety), but to all of these requirements in combination in specific
places like Brazil or Malaysia and while on the go from point A to point
B. Taken together, we begin to see forming a rudimentary design space
that goes beyond the car itself and considers the infrastructure and
ecosystem around the car. How the car is used (e.g., by whom? why? under
what conditions? when?) is context dependent.
With the layering of ubiquitous computing systems of sensors, communications, computation, and services on globally diverse existing
automobility ecosystems, it will be possible to increasingly tailor the
atmosphere, that is, the information, services, entertainment, communication channels, data economies, in and around a car, its occupants, and
its locale. To be successful in redesigning transportation, we need to
consider the environment and design for street smarts, not just car smarts.
As we move from insights to inspiration for creating disruptive experiences around data economies and services enabled by smart
transportation systems, we should consider the car as if it were a digital
communication and computation device, such as a tablet or PC, but with
a distinct set of purposes and design features. In many ways, smart cars
are not unlike smart phones, that is, mobile phones and their relationship
to other phones, other networks, and other people. This analysis, preliminary as it is, opens a new design space for thinking about cars as part of
a living network of people, places and things in motion.
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F

ahrvergnügen. Professional Driver: Closed Course. The feel of the
open road. There are many romanticized images of what it means to
drive; to have an enhanced the experience of the road, to feel the car as
a powerful extension that affords unprecedented speed and control, and
to have access to remote and beautiful locations. However, there also
persists the opposing view, which is a chauffeur-driven car ride, a transition from one location to another during which enjoying entertainment
or conducting business can continue uninterrupted, and a smooth ride
that separates the rider from the road to the greatest extent possible.
These two desired experiences of getting from point A to point B might
be broadly divided based on demographics, but alternating desires can
exist within the same person based on variable factors such as weather
and traffic conditions, the beauty of a particular driving route, and
whether or not the car is filled with distracting company.
While these experiences may be polarized, they are both enabled by
the computer-mediated experience of the car. Consider the Ferrari Enzo.
Jeremy Clarkson (2004) of the BBC show Top Gear describes the car with
the following words, “[The Enzo is] so brilliantly focused… There is
nothing to distract you, there are no electric windows, no satellite navigation. There's nothing to distract you from the job of driving because
when you are in here, that is all you want to do, just drive and drive and
drive.” And yet this pure driving experience is largely controlled by a
computer. To switch gears in this pure driving experience, “The onboard
computer … disengages the clutch, selects a new gear, orders up a burst
of torque from the engine to sustain speed during the change, and firms
up the rear suspension to stop the back of the car squatting and it does
all that in 150 milliseconds.” Mr. Clarkson goes on to further comment
87
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that one would have to be mad to disengage the traction control on this
vehicle. The experience of incredible responsiveness, steering, and
control that this car affords is actually beyond the human driver's ability
to directly micro-manage. It is essential that the human meta-gesture indicating a gear shift is translated by the computer into the series of
adaptations that need to happen across multiple systems that are needed
to elicit the desired response from the vehicle. In essence, the age of
The Transformers (1984, 2007) is already here. Cars dynamically adapt
their steering, braking and even shape dynamically to adapt to different
speed and road conditions.
In contrast to the ultimate driving experience, there are times when
the opposite extreme is preferred. A congested road, a car full of children,
and a tight deadline for work are some conditions where the task of
driving may be seen as a difficult chore rather than an exhilarating joy. In
these cases the dream is not for ultimate power, speed and control, but
rather for a considerate chauffeur who accelerates and decelerates
smoothly, leaving you undisturbed to continue with your life as much as
possible while transitioning to your destination. The next digital revolution will provide both the technology to make automatic driving possible
and the technology to allow our digital lives to flow seamlessly from home
to phone to car to work, to be a part of the relationships we have with
others and our things, and to keep us safe, that is, to be street smart. To
accomplish this goal a series of technical challenges must be overcome.
There must also be a path of incremental improvements towards this goal
to build the market forces necessary to create mass demand and drive
down costs.

Towards a Self-driving Car
Researchers are exploring the requirements for a self-driving car. The
most successful self-driving cars have been developed by researchers for
the DARPA challenge (Thrun 2006), many of whom are now working for
Sebastian Thrun at Google. The Google self-driving car uses a 3D model
of the world and a 3D laser scanning system to accurately map the car's
position on the road and its position relative to other cars. (Thrun 2011)
The map is necessarily created in advance by a human driver who drives
the route and collects the 3D laser information from the active scanner
on the car. The onboard computer vision system and the human driver
also both augment the map with important information such as the location of Stop signs. Since Stop signs rarely move, they are easily recognized
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by a computer algorithm thus leveraging the computer's perfect memory.
The Google car also uses computer vision to monitor changing conditions
such as traffic lights.
The light detection and ranging (LIDAR) system both actively calculates
the car's current position on the static 3D map and monitors the cars
position relative to other cars and objects in the ever changing driving
environment. Since computer supported LIDAR sensing can be faster and
more accurate than human sensing, with more sophisticated algorithms,
automatic driving could be theoretically much safer than human driving.
Also cars could be much more closely packed on roads since today's lanes
widths and safe stopping distances are determined by how fast humans
can perceive changes in velocity and how accurately humans can estimate
their car's distance from other cars.
The same LIDAR system is used to generate the map and to guide the
car. The system can cost upwards of $100,000, but according to Thrun,
the price will come down drastically once there is a mass market. The
processor power needed to drive the car is substantial. The original
DARPA challenge car, Stanley, had two racks of Pentium processor-based
servers on board. The car also needs the storage capacity to carry the 3D
LIDAR maps for every road it might ever encounter or a secure high-bandwidth connection to maps stored remotely. To make the self-driving car
a reality will require new algorithms that guarantee safety in all types of
weather and graceful re-engagement with human drivers when the automatic pilot fails. These transitions between human and machine control
are already in place as driver assist systems become more prevalent and
sophisticated.

Driver++
The human will always be in the driving control loop to a greater or lesser
extent. The promise of the future is choice: exceptional control and
performance when driving down a twisting road on a beautiful hillside
or automatic pilot while you are inching along in traffic on your way to
work. The transition from human control to computer control is already
more advanced than most people realize. Although it may seem that the
steering wheel is actually turning the axel or that pressure applied to the
brake pedal might actually be translated into brake pad pressure on the
wheels. The truth is that the steering wheel and brake pedals are no longer
directly controlling anything. In the case of the Ferrari Enzo, an onboard
computer is actually monitoring the interior controls and initiating a
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series of coordinated actions to control the car (e.g., power steering, variable and anti-lock braking). What seems to be an ergonomically designed
set of controls is really now just a haptic UI connected to the car's control
computer.
Not only action but also perception is augmented by cars' sensors. In
the past, this perceptual augmentation was physical, for example, with
mirrors to see behind the car and a meter to see how much gas was in
the tank. On board sensors and computation now allow us to see with
under-car cameras monitoring the side of the road and the rear of the
vehicle as we are backing up or parking and laser sensors actively scan
to feel when we are getting too close or when cars enter the mirrors'
blind spot. In the future it will be possible to project a 360 degree view
of everything surrounding the car onto the inside of the vehicle, making
the car seem invisible when looking out. We will also be able to see
through other cars and buildings by wirelessly accessing other cameras
outside the car and integrating them into our augmented view. These
augmented perceptions will also be adaptive depending on the driver's
preferences, the driver's state, and the road conditions. Drivers will have
the information they need at the appropriate time, just as rear cameras
come on automatically only when the car is backing up.
The intelligent vehicle of the future will also use a combination of
visual, audio, and haptic cues to draw our attention toward necessary
actions, for example, if the under-car camera detects a lane change and
the driver-facing camera does not detect that the driver intended the
change. The conflicting information might initiate a vibration on the
steering wheel or seat belt indicating that the driver had crossed a virtual
line, mimicking the intentionally rough road drivers encounter on the
sides of highways to warn them they are going off course. In the future
the one size fits all warning beeps will be replaced with a progressive
system of engaging the driver's attention starting with a vibration, adding
visual and audio cues, and finally perhaps taking automatic actions if the
driver fails to respond to override the automatic system. The interaction
between driver and car will feel as if the car is a natural extension of the
self. Just as our bodies only feel pain when we need to attend to a problem
and how the multiple components of our hands respond when we think
grasp, so too will our future cars engage our attention in appropriate ways
and respond to our meta-control gestures with a coordinated series of
optimal actions across car systems.
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Digital Life Flow
GM recently embraced an ethnographic approach to creating the ultimate
driving experience and outlined the fact that the flow of the car user's
digital life was interrupted as soon as the driver touched the car door
handle. (Gellatly et al. 2010) While other OEMs have expressed this sentiment, we believe no other has put it forward quite so well. As citizens
of the digital age, we expect to be constantly connected to our computationally-extended life. People strive for this and habitually bring a suite
of additional electronic devices such as cell phones, smart phones,
tablets, portable media players, and laptops into their vehicles. However,
the car is not a living room because the space is different, the car is in
motion, and the driver needs to engage in the intermittently boring yet
life-critical task of driving. Future connected in-vehicle infotainment (IVI)
systems will have to address many challenges to create the illusion of
seamless flow into and out of the driving experience.
People have always wanted to stay connected while mobile. In fact
the first mobile phones were car phones due to the fact that they were
so heavy that it was impossible for a person to carry it. These early carphones were used by the military to keep track of troop status and locations and to convey messages to and from central command. Today's
mobile extended-friend-and-family circles can require even more
complex logistical management than World War I troops, for example,
when tracking the locations of various family members and matching
these to individual travel and carpool routes and schedules. The baseline
technical challenge for continuous connectivity is that the car is designed
for motion. Seamless handshakes need to happen from one wireless tower
to the next to keep the car physically connected to remote services. The
other challenge is how to keep the person connected to both the world
outside the car and the driving task simultaneously. Shifting from remote
thoughts to immediate reactions to the road requires a different type of
perceptual handshake. Ideally the automatic pilot would allow the safest
use of remote connections. In the meantime, driver distraction monitoring systems such as Face API from Seeing Machines, in combination
with traffic monitoring and intelligent user interfaces, might allow drivers
to turn their attention elsewhere when the driving task is less demanding
(www.seeingmachines.com).
Entertainment has also always been part of the driving experience. Car
radios began to emerge in the 1920s at the same time as Ford’s Model T.
Except for special circumstances, the task of driving or being a passenger
is not sufficiently engaging to preclude the desire for distraction. People
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expect that their personal digital entertainment media should be able to
come with them into the car. When multiple people share a car, their
personal entertainment should be able to travel with them and adapt to
their role and position in the vehicle. The car should recognize, either
via computer vision algorithms or otherwise, who is sitting in each seat,
adjust the space to individual preferences, and transfer their media to the
nearest available screen or speaker. In the future, audio beams could
create personal sound spaces for each of the seats, creating a small
personal media consumption space. The car controls and navigation
systems could adapt specifically to each driver's preferences, providing a
sportier or smoother ride or adapting the voice control to another
language.
Beyond passive entertainment, people crave social connection.
Driving can be a very lonely experience. The car is a social bubble,
isolating us within a sea of other people. There have been many imagined
instances of where future cars are enhanced with a personality that can
carry on conversation with the driver and essentially become their best
on road friend, such as KITT from the TV series Knight Rider. The idea
of a car having personality is becoming manifest in navigation systems
that instead of simply telling the driver where to go, does so in the voices
of well-known celebrities. Tom Tom now even offers the authentic voice
of Homer Simpson, who will not only give you driving directions but also
comment on your driving with expressions such as “You are a genius!”
and embellish it with a cackle. But why wait for AI companionship with
so many other human intelligences on the road? All that is needed is to
find the right applications to enable cars to communicate with each other
and other drivers on the road. Consider how the mobile phone has transformed from a voice-only device to an application-centric social
connection machine with voice, texting, email, Facebook, and Twitter.
Advanced in-vehicle infotainment (IVI) systems will enable representations (e.g., avatars) of other cars on the road, perhaps each with its
owner's status message or an invitation to talk on particular subjects of
interest. There is nothing preventing cars from tweeting each other.

Adaptive Risk Analysis
Beyond personalization in the infotainment and control spaces, identifying the driver and tracking driving habits can enable adaptive risk
analysis. Currently cars can tell drivers a lot about how they are driving.
Cars can provide information about how many miles until the fuel tank
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is empty, what the current pressure is in the car's tires, and current fuel
efficiency. There are even research projects aimed at providing higher
levels feedback such as current level of environmentally friendly driving.
But computers could do more. By accessing historical crash data, drivers
could get an assessment of how dangerous it has been to drive on different
roads at different times, and at different speeds. Drivers could ask the
navigation system to plot a route with the least risk of death or grievous
harm. An adaptive system could estimate how the likelihood of a crash
increases or decreases according to current driving behavior such as
speed or choice of lane. If data is shared with an insurance company, an
adaptive rate plan could be developed based on driving habits.
Alternatively, an insurance company could simply refused to insure or
increase rates during periods where a car is driven in certain neighborhoods or over certain speeds, similar to roaming charges on your cell
phone. There might even be social data sharing services for people who
wanted to drive cooperatively, prescribing certain driving patterns such
as not changing lanes or not cutting in that enable drivers to accumulate
points for good behavior and penalties for poor behavior.

Computing in Cars: Inside and Out
Over 40% of the bill of materials for a car is related to sensors and computation, and that percentage is likely to rise as computers make cars safer,
more fuel efficient, and more fun to drive. Computation will also define
the in-vehicle experience through advanced user interfaces, connectivity
to remote services, and personalized information and entertainment
delivery. The infrastructure and services that define the car's ecosystem
will largely be driven by advanced computation. Already certain grocery
stores are offering per gallon discounts on gasoline for members of loyalty
groups. People who share a certain travel pattern could join in routebased loyalty services that span their commute. “Buy gas here, get a free
coffee at McDonalds.” is an example. Social collectives could emerge to
form on-road driving groups. People who liked to drive safely could form
a caravan for mutual protection against more aggressive drivers. Driving
data could be offered as positive evidence for lower insurance rates or
even to improve a person's risk profile for personal loans.
Computation has transformed control, communication and entertainment as drastically as cars have transformed distance. As computers
become part of the transportation ecosystem, super-human possibilities
will become a reality. We could design an automatic car that was so
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precise that it would never crash. Personalization could become so
portable and so transformative that it would define the experience of
owning a car. People could walk up to any car and make it their own
through authentication. Insurance could become a dynamic pay-as-yougo, pay-how-you-go service. Traffic law enforcement could become automatic with penalties based on constant monitoring instead of the
occasional arrest. The future of automobility will be dynamic, connected,
and mediated by computational algorithms that will truly allow us to
enjoy the ride.
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A

s the digital revolution continues to transform and infiltrate all
aspects of people’s lives, the domain of money is no exception.
Visible manifestations are everywhere: Networked credit cards, debit
cards, and stored value cards pervade the developed world. Millions of
Kenyans use basic mobile phones to pay bills and fulfill family obligations
by wirelessly transmitting M-Pesa mobile cash. Chinese netizens purchase
Tencent Corporation’s Q Coins to purchase all sorts of virtual goods, from
game minutes to software. US technophiles hold up their bar-code
displaying smartphones to pay for their grande half-caf white mocha soy
cappuccinos with their Starbucks Mobile App. At bottom, however, all
these are representations of the same money we have today, aren’t they?
Or are they?! I mean, we all know what money is, don’t we?
It turns out that the answer is surprisingly nuanced and open to innovation, despite the economists’ essentialist, technical definition of money
as “a medium of exchange, a unit of account, and a store of value.” Just
as “What is a computer?” will be answered and oriented to differently by
the mathematical theorist, the electrical engineer, the pundits at
Gizmodo, or the newly affluent classes in India, money admits to no
single, stable essence, even though it requires us in many cases to pretend
it does. Computing technologies can bring to life many different kinds of
platforms, user experiences, consumer ecosystems, and business opportunities so different that it would truly be missing the point to lump them
all together as mere representations of one underlying idea of computing,
we shall see it is the case with digitalized money as well. Not all money
is the same, nor has it been the same historically, nor will it be in the
future.
Money is a social technology that people and cultures create and recreate with each generation. Its meaning, in theory and in practice, has
a history. The social technology is realized in payment systems, financial
95
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institutions, regulations, and social beliefs and practices. There are long
periods and many examples of stability. Gold coins were invented in the
6th century BC, but still are advertised to nervous investors on late-night
TV. Paper money dates from the 7th century AD and remains crucial for
all transactions in much of the world and for many transactions even in
the most developed global cities, such as New York, for example. Credit
cards date to 1887 and only recently have begun to be issued without the
embossed raised print required by off-line point-of-sale (POS) imprinters.
Did Bellamy (1888) invent the credit card? Perhaps, but only in the indirect way that visionary writers influence the future. Today, however,
visionaries have more than words. Online technologies and platforms are
becoming available to allow corporations, associations, and individuals
to literally invent and engineer their own money
In the history of money, we are currently in the midst of an explosion
of innovation and reconstitution prompted both by advances in technological capability and global economic crises. It is possible that future
historians may consider the turning point to have happened in the 1970s,
when the US unilaterally abandoned the gold standard, technological
advances in networking and computing fueled explosive growth of credit
cards and electronic transfers, and the public face of money and the prominence of international institutions that back it began to resemble what
we take for granted today. It became increasingly hard to hide the subjective, contingent, social basis of money in old ideas about the intrinsic
value of precious metals and self-contained economic ecosystems
immune from politics, panics, bubbles, and seismic reorderings.
The roots of this transformation are far older than the 1970s of course.
Consider the scene in the classic film It’s a Wonderful Life (1946) in
which Jimmy Stewart’s character, George Bailey, tries to raise the
consciousness of his depositors to head off a run on his Building and Loan.
The Great Depression is just beginning.1 The crowd’s literal concept of
money could be summarized as if they were saying, “We gave you this
possession of ours, you have it, and now we want it back. It is just a material thing.” This concept is successfully overlaid in a persuasive Stewart
oration with a more modern, complex, and socially-constituted
definition.
“You… you… you're thinking of this place all wrong! As if I had the
money back in a safe. The, the money's not here! [pointing, reacting to
their incredulity] Well, your money's in Joe's house... that's right next to
1. I am indebted to Prof. William Maurer at UC Irvine for calling attention to
this example.
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yours. And in the Kennedy House, and Mrs. Macklin's house, and, and a
hundred others. Why, you're lending them the money to build, … and
then, they're going to pay it back to you as best they can. Now what are
you going to do? Foreclose on them?”
In other words, George Bailey is arguing, “Don’t just think of money
as a formal system, think of it as a human system.” He is actually attempting
to recreate, through the imagery and passion in his language, the user
experience the depositors have of their own money. By re-making their
perception of money, he is indeed re-making their money, for in the
domain of user experience, perception (i.e., look, feel, branding,
meaning) is what matters. Technology is critical, not as something directly
experienced, but as the infrastructure that creates or reinforces perception. George Bailey had at his disposal technologies like the physical
architecture of his brick-and-mortar business, centered around a large
walk-in vault conveying one message and his physical presence and voice
conveying another. Modern digital technologies provide many more tools
for making and re-making money.

Two Sides of the Ongoing Digital Revolution
What is the nature of the current explosion of forms of money, payment
systems, and public understanding? The question has two sides, corresponding to the division apparent in George Bailey’s dilemma.
On one hand, there is a formal and technical revolution underway.
Money, from this view, which is also the view of the rioting citizens of
Bailey’s home town, Bedford Falls, is a material thing, that is, coins and
bills. Many new methods are becoming practical for moving money
around as electrons (e.g., near-field communication, encrypted transfer,
trustable mobile and web platforms that can function both as wallets and
POS terminals). Built upon these are online platforms like app stores,
airline mile and other loyalty point systems, online game worlds with
virtual currencies, peer-to-peer lending sites like kiva.org and
prosper.com, and mobile money systems like M-Pesa, the Starbucks
Mobile App, and Google Wallet.
Exchange in all of these, from the formal and technological perspective, is a matter of interchanging two objects of equal (or equalized) value.
A sum of money moves from party A to party B, in exchange for a good
or service either real or virtual, usually with a receipt as well, moving
from B to A. Successful exchanges depend on transparency, recourse, reliable transmission and transportation, and so forth. The point of exchange
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in time and space thus becomes a focus of technical attention in order to
create and maintain trust in the whole system. Timeliness, reliability,
protection, and enforcement of policy are key aspects that can be
measured and audited to increase trust. The value that must be maintained
in an exchange, whether of an object of money or of a good or service,
can be seen as ultimately impersonal and objective. It is a matter of fact
that a US dollar in a PayPal account is worth exactly that, and that the
price of the ringtone it was exchanged for was no more and no less. Part
of George Bailey’s job is to keep his Building and Loan up to date in terms
of security, audit compliance, customer service, and so on.
On the other hand, there is an intertwined revolution just beginning
in the user experience of money. Money from this perspective is a perception, and object of thought, and an embodied practice. This can make
money far more nebulous and context-dependent – and malleable as the
product of well-designed and well-executed digital money platforms.
Current user experiences for money are only starting to take advantage
of the new mobile, social, online media. Rather, quite predictably from
trajectories that other new media systems have taken (e.g., telephone,
radio, cinema, TV, the web), the new media for the most part has mostly
been used to re-create existing forms. We have online shopping carts,
application stores, wallets, statements, and receipts all harkening back to
the material conception of money. Even online games have been conservative in this way, with gold pieces in World of Warcraft and Linden
Dollars in Second Life. Transactions are still experienced as swaps, trust
as a matter of technical security, and value as impersonal and objective.
The Basis of
…

As a Formal System

As a Human System

Money is

A material object

A perception or conception

Exchange is

Swapping one object for another

Creation or maintenance of a
relationship

Trust lies in

Technical processes (computational, legal)

Social processes (psychological,
cultural)

Value is

Impersonal and objective

Relational and subjective

The new opportunities lie in going beyond the current interfaces to
money, grounded in old metaphors and the pre-internet world, and
finding ways to define or redefine digital forms of money, exchange, trust,
and value that are grounded in the ways that money is a human, not just
a formal, system. We now consider each of these in turn.
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1) Make the money itself: Minting material money requires a lot of cumbersome overhead—counterfeit-resistant manufacturing methods, armored
cars, and so on, as illustrated by how the citizens of the newly formed
country of South Sudan had to wait in the summer of 2011 for truckloads
of freshly made South Sudan Pound notes to arrive from a specialized
British printer. Digital money is far easier to manufacture, though not
without its own difficulties (e.g., bug- and downtime-prone systems, malicious and ever more powerful adversaries) and physical logistics (e.g.,
distribution of updated POS terminals, new SIM cards for e-moneyenabled phones).
But this is still thinking about digital money in material terms. In human
terms, digital money becomes all about the engineering of brand, identity,
and affiliation. VISA, MasterCard, PayPal, Q Coins are above all else brands,
with all the modern machinery of brand management behind them. Don’t
leave home without it, …Priceless, and What’s in your wallet? are all
carefully manufactured parts of American culture. Branding of digitallybased credit and debit cards has for a long time been cross-platform,
appearing across billboards, TV, cards, POS terminals, websites, and now
mobile app screens. As these platforms become more capable and interconnected, opportunities abound for delivering user experiences across
them much deeper than mere labeling or sloganeering, experiences
grounded in security, ease of use, social connectedness.
Digital money is highly amenable to co-branding and functional
layering, as in the United Airlines Mileage Plus VISA Signature card from
Chase and what it is to pay with such a cash-alternative derives from what
the promises and user experiences behind these brands bring to the
exchange before, during, and after purchase. This example ties together,
for better or worse, three global corporations (and their changing reputations), two currencies (i.e., USD and United Mileage Plus points), an
international credit product (i.e., VISA Signature), the US credit score
infrastructure, and so on. What is missing in this example, however, is
personalization, affiliation, and meaning below a fairly generic level. How
much pride or investment does one have in being a Mileage Plus member
or a Chase customer?
The rapidly expanding world of mobile and social media points to
opportunities for forms of digital money tailored to more collective and
individual identities. Creating and expressing one’s identity online is
rapidly becoming mandatory for upper-middle class people, and how one
pays and accepts payment is becoming as much part of this process as
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what is purchased or sold. With innovative systems like Pay with Square
(squareup.com/pay-with-square), in which customers pre-authorize
transactions which are then verified via automatically transmitted profile
photos and verbal-only interactions at the point of sale, online identity
and personal branding can be seen as taking on increasingly important
roles.

2) Transform Exchange: Finding ways to move beyond perceptions of
money in terms of physical materials or generic objects such as US dollars
is necessary to more fully express a human systems view of money. An
analogous transformation is required to transform the user experience of
using these more deeply branded moneys in actual exchange. If the transformation of money itself involved finding ways to make it more
perceptual as well as personally and collectively meaningful, the transformation of exchange involves finding ways to make it more social.
One vector in this space involves innovation in the payment and
exchange structure. Consumer payment systems traditionally involve
individuals buying things for themselves.2 Russ Jones at the payments
consulting firm, Glenbrook, wrote a nice piece pointing out that there
are other, more social forms of payment emerging (Jones 2010). These
include group (e.g., friends co-funding a single payment), contingent (e.g.,
as exemplified by kickstarter.com, fans of an idea contributing partial,
reversible payments towards realizing a risky goal), networked (i.e., a
promise to pay passed through a network of friends until the obligation
is settled), dual-party (e.g., a child buys something and the child’s parent,
through pre-arrangement, pays), and parallel (i.e., an individual settles
payment with a number of vendors at once through one parallel
payment). We need to create secure infrastructures with the flexibility to
support these and other emerging genres of social payments.
A second important dimension involves ways to represent the relationship created by and persisting beyond a transaction. An old metaphor for
this that may be extended in digital form is the receipt. Unlike material
receipts, digital receipts produce far less clutter, and can have dynamic
online aspects in which either party could notify the other of a relevant
possibility that could renew the relationship.
3) Facilitate Trust:

The material perspective on trust is exemplified by the
display of an awarded certificate of compliance expressing faith in a

2. Likewise, institutional payment systems such as the Intel/Amex corporate purchasing card involve an individual agent of the institution purchasing something for
it.
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component because it complies with a trusted standard. Physical
currency has this property, being itself nothing more than a certificate
that can be examined against a standard to rule out counterfeit. Digital
forms include eTrust, secure sockets, and the VISA logo itself, which
represents a fixed, enforceable legal contract the bank, the merchant, and
the individual are entering into through the act of payment.
This approach works not so well if money is thought of as arising out
of not-entirely-formalized human systems. At a macro scale, this insufficiency can be seen in foreign exchange trading where trust in the strength
of the US dollar is not just a matter of US compliance to standards. Trust
is a judgment of future US behavior in light of historical and present
behavior and changing global conditions. Uncertainty can produce huge
deflations and inflations, even if technically the system is working
perfectly. Thus, the avoidance of swings in the buying power of money
can create personal-scale, user-experience challenges to trust as well. For
example, online crypto-currency BitCoin experienced speculationfuelled deflation while a celebrity in prominent blogs followed by bubblebursting inflation when it was revealed that an online exchange had been
hacked.
Trust in money as a human system is necessarily grounded in trust of
human, social, and political processes. One strength in the digital domain
is that such processes are no longer completely abstract, obscure, and
known only to specialized professionals. Rather, they are visualizable and
publishable, even manipulable. Some of these visualizations will be
professionally created to address the general public while others might
have a strong bottom-up component. For example, the personal finance
website, Wasabi, created safe ways for people to open up their own financial practices to scrutiny by friends and strangers. Like most startups,
Wasabi failed, but the approach is promising and illustrates how privacypreserving technology can enable, not just be, the basis for people to
make better informed judgments about the inherent risks and dynamics
of socially-grounded money.

4) Create Value: The realization that the value of money, like the value
of anything, is as much personal and subjective as it is impersonal and
objective can be highly unsettling. People and social processes feel like
a much shakier foundation upon which to conceptualize and actualize
money than technological and economic formal processes.
With increased risk comes opportunity. There is a growing opportunity
in the digital technology industry to address the issues of risk around
money, specifically, around debt, investment, agency, public vs. private

RadFlux.book Page 102 Saturday, June 8, 2013 1:38 AM

102

Making Money

goods. The message is not just that digital technologies can tame the
dangerous world of money (i.e., playing upon fear), but that they can actually unleash the social potential of money to make the world better (i.e.,
playing upon hope).
Digital technologies provide tools for creating new value, and also,
almost equivalently, for recognizing value that may be obscured by poor
visibility, weak understanding, and a lack of transparency. Creating and
unleashing value is a time-honored method of making money, lots of
money. Making money by making money does not just apply to the
highly profitable and risky art of the counterfeiter. It applies just as well
to the engineering arts. Through world-class media computing capabilities, new ways of visualizing, communicating, and learning about the
flows of money can be created. Sensors and soft-sensors will accomplishing the tracking necessary to capture such flows as they pass through
devices across the compute continuum. Investments and expertise in
security and privacy technologies will assure compliance with the range
of standards and legal structures, both existing and to be developed, that
will create the technical and social forms of trust any such vision will
depend on.
Perhaps most fundamentally, the evolution of the concept of money
will depend upon the ability to craft platforms tightly defined and closed
enough to stay true to their core functionality while being flexible and
open enough to produce new ecosystems of products and services
around them. Historically, money has been exactly this sort of closed-yetopen platform.
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Domesticated No Longer:
The Internet as Feral
—Kathi R. Kitner

F

or more than a few years now, Genevieve Bell (2010) has been talking
about the next revolutionary changes to the internet, and has named
six phenomena that point the way to understanding this radical change:
– The internet is feral
– The internet is becoming more polylinguistic
– Globally, internet speeds are variable and cost will only increase
– Rules and regulations will be imposed on and around the
internet, restricting, and sometimes liberating, access
– The truth is subjective online
– The internet embodies socio-technical concerns, such as
whether or not the internet makes us dumber or is destroying
family life
All of these six topics could be looked at distinctly, and merit deeper
discussion, but this article will challenge the idea that each is separate
and distinct. Rather, I posit that the internet is becoming feral and, in fact,
it already is in many instances. I believe that the other changes Bell speaks
to are social reactions either pushing more feralicity or attempting to
constrain the wild liberation.
How has this happened? The internet was once a sort of domesticated
thing. It rather lolled around my house, like my old dog, a bit fat but faithfully always there. Now it is moving out in wild sorts of ways, into cars,
phones, energy meters, health clinics, tablets, netbooks, notebooks, and
so on. In its liberation it has also encouraged—released?—all sorts of new
possibilities in terms of human potential, from social activism and participation (e.g., the Arab Spring of 2011) to monitoring disasters (e.g., the
103
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BP Gulf of Mexico oil spill) to global-participation in the creation of beauty
(e.g., onedayonearth.org). But it is not just big possibilities that this wild
internet has invoked, but also smaller, more quiet ones, such as the Gujarati mother who can now video-chat with her newly married daughter in
the far-off next village, or the Mexican girl who can now teach
quinceañera dances to her friend using Facetime on their iPod Touches.
In this article I will also explore a bit more deeply what the feral internet
has meant in terms of mobile phones and how that sort of wild breaching
of the box that was the desktop has had some pretty amazing impacts on
all kinds of people: teenage girls in Mumbai, farmers in Kenya, Cubans in
Miami, and my sister in Pennsylvania. For, now that the internet has
escaped its cage, it is roaming globally, seeking out corners and gaps,
leaving no one a place to hide.

Feralicity
Throughout human history there has been a yearning to tame the wild
and incomprehensible, to domesticate the animal, to till the soil, and to
explain existence through myth, religion and the scientific method. The
internet, a creation spilling from rational and methodical thinking and
collaboration, began as a knowable thing with set parameters and properties. It was tame and controllable by its very nature. But as this thing
called the internet opened up to the world, it slowly connected not only
to other machines, but to the people running those machines, and their
desires and imaginations. The pace of innovation kept the internet tame
for awhile: connections were slow, the graphics simple, and the cage-box
that contained the internet was big and cumbersome. The internet was
fixed, both in time and space. It was domesticated, limited in where and
when it went. It was the slightly fat but loyal dog sleeping in the living
room, snoring lightly.
Then, almost stealthily at least for the general public, the internet has
metamorphosized and escaped its past. It is now lightening quick, lithe,
and fast-moving. It also now lives in places that are smaller, like a mobile
phone or a sensor on a bridge. It seems to move on without us, shedding
its captivity and turning up in surprising places.

Vignette: Amita, 21, lives with her mother, father, younger brother and
her paternal grandparents in an older flat in the tree-filled Girgaon area
of Mumbai. Amita is studying interior design at a local college, and is adept
at using a computer in school. There is a PC at home (in the kitchen area)
but her brother uses it and refuses to share, a problem her parents and
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grandparents fail to acknowledge. Amita no longer really cares because
for her last birthday, her grandparents and father gifted her a new smart
phone with a lovely touchscreen, a great camera, and good audio. Now
she can not only Facebook chat with her secret boyfriend, but she is
taking an online course in English that will, she fervently hopes, help her
move to London one day.
With Amita, we can see three ways that illustrate how the internet has
become feral, jumping fences, shattering boundaries. But before
exploring the feral internet in the everyday, or pondering where this situation might lead us, let us first list the conditions that have made the
internet transform from the domestic to the untamed.
– No longer confined to one location in the home or the office,
the internet now moves, not just through time, but through
space. Amita’s brother has a monopoly on the internet by
controlling its point of access. The cable company that provides
the connection to Amita’s flat also controls the flow of connectivity. Wireless connectivity might have led to another computer
in the home, but instead the mobile phone came along and set
up the conditions for true physical mobility. Cellular telephony
opened the cage door and the internet began to run free. With
an infrastructure (e.g., 2G and 3G) that allowed for communication almost anywhere, the internet soon spread like a wildfire.
– With internet connectivity being almost ubiquitous in many
parts of the world, the internet has now slipped into smaller and
smaller devices. First it was laptops and now it is phones and a
myriad of other objects, from cars and trucks to fuzzy toys to
wave sensors on buoys in the deep ocean. With the internet
being everywhere, all one needed to harness its power was a
small, almost ubiquitous (in the last 10 years) thing: a phone.
One might even be tempted to claim that phones are now not
just smart, but feral too, and in being so, are challenging the
norms and practices of everyday experience and structure in a
viral and global way. If we look at courting and marriage practices in India, most marriages have been arranged by families
and matchmakers to optimize economic and social harmony.
But now Amita “has her boyfriend in her pocket,” circumventing the social custom, increasing her agency, and that of her
boyfriend.
– The transformation from domesticated to feral is not complete.
The internet is not just the connected machines humming in
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server farms or buzzing in one’s pocket. The hums and buzzes
are the sounds of information flying hither and yon. But they are
not yet unfettered.
So, here is where the shift in Bell’s argument should lie: some changes
she predicts will actually increase the Feral Internet Quotient (FIQ) and
others will hinder and contain it. Consider the following:
– Polylinguistic: The trend is still for English to be the language
used by most internet users, but Chinese is a close second,
followed by Spanish. As more languages become present on the
internet, the FIQ increases.
– Internet speeds are variable and cost will only increase: As
more people access the internet, it is predicted that providers
will continue to throttle down speeds and upscale costs,
decreasing the FIQ.
– Rules and regulations will be imposed on and around the
internet, restricting (and sometimes liberating) access: As
stated, these rules can increase the FIQ (declaring access to the
internet a basic human right) or decrease the FIQ, as when a
government prohibits access to, for example, Facebook (which
is, by the way, the most banned site on the internet).
– The truth is subjective online: This observation also points
both to more feralicity and less; the trend is to less freedom, for
most half-truths are meant to hide free information, and free
information is key to a high FIQ.
– The internet embodies socio-technical concerns: This point lies
at the heart of whether the FIQ grows or is choked off under
increasing regulatory actions. If the internet is seen as a threat
to existing conditions by those in power, then the FIQ goes
down. Over time, there will be a counter push, and the FIQ will
increase.
Conceivably, these changes might happen simultaneously. Furthermore,
either increasing or decreasing the Feral Internet Quotient can pose
danger to the status quo, making such developments often politically and
emotionally charged. However this is by no means a call for internet chaos
even if that were possible. As most other socio-technical developments,
the FIQ will tend to equilibrate, increasing and decreasing at different
historical and local moments.
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Now that we have established that the internet is indeed becoming, if not
already is, feral, we might ask how that quality is manifest in today’s world.
Let us return to Mumbai, to Amita and her smart phone. She loves her
phone, and although she has owned four mobile phones before, this one
is special, and she loves it. It is never out of her sight, never really out of
her immediate touch. Amita says that it is the first thing that is truly hers,
that she doesn’t have to share with her brother. She sleeps in the same
room with her parents, but her phone is her connection to the rest of her
world, to her boyfriend, and school friends. The internet on her phone
has brought intimacy to her relationships, has circumvented the lack of
privacy in her shared, cramped flat. Because her phone travels, her
internet travels, and she can meet up with friends, look for a close-by
snack store, or call her father to say she is late.
A few years ago, many young women (and men) in cities like Mumbai
would have been on one side of what used to be called the Digital Divide,
being the digital have-nots, the great unconnected. People believed it was
actually necessary to be connected by a PC to the internet and the requirements for that connection were vast in low resources areas, not only in
Mumbai, but in New York City. Now that the internet has been freed from
cord, cable and big box, internet users are not only connected, but they
are connected and moving in larger ways. They are riding the wings of
the feral internet, and there is no turning back, at least not easily.
But if the internet is feral and free, it also means it can pose a danger.
The internet unbound becomes like a bad boyfriend: alluring, vibrant,
knowledgeable, but also unpredictable, unknowable, rash and sometimes
cruel. The examples seem endless, and cause social panic at times.
It would be remiss to not mention the dark side of the feral internet:
phishing, money scams, malicious hacking, human rights abuse,
terrorism, identity theft, and unfettered and relentless commercial
pursuit of every person ever to visit a website. Such things pose challenges for the feral internet to not slip into the danger zone completely.
Less criminal but still seen as threatening, the internet is sometimes
seen as dangerous when it allows for the questioning of the status quo.
For in liberating itself, the internet liberates others too. The August 2011
riots in London prompted many good citizens to vociferously grouse
about the “…riff-raff with their internet-enabled mobile phones,” and how
they must be somehow stopped. David Cameron, the Prime Minister,
asked if it would be alright to ban Facebook in light of the riots. The same
has happened in the bottom-up revolts of the Arab Spring, and the public
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gatherings expressing solidarity with Ana Hazare and the Anti-Corruption
Movement in India. While most of the internet sites and tools that were
used in these incidents were non-indigenous (e.g., Facebook, YouTube,
Twitter), even the local Chinese Weibo has faced the uncontrollable
internet recently (Reuters 2011).
The spread of mobile-only internet users, those who exclusively access
the internet through their phone, is only increasing the FIQ. In Egypt, 70
percent of internet access is through the mobile phone, in India it is
approaching 60 percent, and even in the United States with a high rate
of internet usage, 17% of internet users are now mobile only (GoMo News
2011, Pew Foundation 2012). Fueling this rapid uptake of the mobile
internet are phone and tablet manufacturers, who in India alone launched
20 new phones and tablets in May, 2012 alone (The Mobile Indian, 2012).
There are, of course, places in the world without access to any internet
at all, or the electricity to power access devices. However, with the developments along the path of Moore’s Law and the recent improvements in
near-threshold voltage (NTV) processors (with the ability to conduct
super-computing at extremely low power demands), one can imagine
that devices of all sizes might advance into areas not previously thought
as internet compatible and with them, the feral internet will hitch a ride.

The Future of the Feral Internet
The more feral the internet, the less relevant are particular networks, and
the more relevant is simply the network. People have no interest in navigating one form of connectivity over another. And the internet is not a
thing you go to, or log onto, but it is an atmosphere around you. Here are
three trends we expect to occur in the near term:
■

First, as the internet becomes increasingly feral, then we expect
businesses to increasingly provide seamless access to individuals
regardless of device or location.
– US roads and highways are regulated and paid for by a variety of
agencies, but drivers just drive. We expect the same regarding
the internet. And left to others, it will occur first in emerging
markets where business and technologies are in greater flux.
We need the technological and business innovations to make
that happen.
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Second, the internet is not the information super highway we had
imagined. Information, per se, is overrated. Also overrated is the
individual.
– The internet is rapidly becoming a network not for individual
expression but for expressing relationships – whether people to
people or people to data or data to data. These relationships
have identities, personalities, and preferences. When the
internet was the ARPAnet, it was designed to protect not just
individuals but relationships—secret, top secret, and so on. We
see the beginnings now of people designing their own relationship networks, establishing an identity for them, and
establishing rules. Not network rules, but relationship rules. It
remains difficult to do this. Google+ is the latest popularly
known instantiation. Designing for relationships, relationship
identities, and preferences requires a different approach to
accommodate a combinatorial explosion of nuances that people
have for millennia managed quite well.

■

Third, the ways and means people will use to access and flow with
the feral internet will continue to diversify and some will be incredibly powerful and robust.
– We see nothing stopping people from owning powerful servers
driving enormous monitors while lounging in expensive
massage chairs scattered in a room dedicated to access. On the
other hand, we see the smallest internet objects blossoming
into a wide variety of access types with their attendant applications and operating systems increasingly moving toward a least
common denominator to let everyone express themselves over
time and space. Managing this range from the biggest to the
smallest and from the most powerful to the least powerful will
become increasingly important if we are to maintain the relevance of processing capabilities. People will not tolerate a
diminished experience with smaller devices; rather, companies
will redesign the entire ecosystem to accommodate the
nuances, subtleties, and whims of humanity.
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A Specific Example
In recent years, the video game entertainment industry has accelerated
its velocity with annual sales rising to $50B in 20111. Although there are
still hard-core gamers playing first-person shooter games, Massively Multiplayer Online (MMO) games, and big-name titled games (e.g., Call of Duty)
on the major gaming consoles, a new category consisting of casual
players is joining the gamer family in huge numbers. This shift is causing
the image of the anti-social gamer living in his parents’ basement, pale
and glued to the screen, is no longer accurate and in fact, the image is
disintegrating. Gamers now populate all the various demographically
different groups including age, gender, income, and ethnicity. They also
game everywhere: they play games while commuting, while waiting in a
doctor’s office or when trying to fall asleep at night. Along with its ubiquity, gaming is very often a social activity as well. Gamers play games
while commuting, while waiting in a doctor’s office or when trying to
fall asleep at night. Gaming is very often a social activity as well. Casual
gamers play together with their family, their friends, significant others,
and even anonymously with complete strangers. They are not playing a
game on the internet, they are just playing.
This sudden influx of casual gamers has been made possible in large
part by the new feralicity of the internet, and the related changes and
adaptations in existing network technologies as well as in the business
and product ecosystems around gaming. To wit:

Cheaper and Faster Technology: Devices like smartphones, tablets, and
netbooks are mobile and multi-function. As device options continue to
expand, greater access to the internet is predicted.

Greater Game Variety:

Titles proliferate in many of genres of games and
in broad price ranges. Improved understanding about player psychology,
a large number of independent game development companies, a bigger
library of successful games, and better, easier, and cheaper tools for
creating games have all contributed to an increase in the number of available games. In 2010, the top ten paid applications for the iPhone were
all games.

Games Easier to Buy: In addition to easier installation solutions for PC
games, game applications for mobile devices are easily available from
1. Thanks to Shawn Kelly for many of the insights regarding gaming and the
internet.
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online storefronts such as Google’s Android market and Apple’s iStore.
They come with a user-rating system and require a minimal investment.
Other options include downloading and streaming subscription services
for monthly fee.

New, More Intuitive Interfaces:

Game developers are taking advantage of
the gameplaying opportunities created by touch screens, motion-sensing
infrared cameras, accelerometer and gyroscopic controllers, GPS locators, connection to social networking sites, and other features.

Faster and More Widespread Broadband and Cell Service in the US: The social
gaming market has become a $1 billion industry while internet connectivity among different platforms has enabled consumers to access more
online and multiplayer gaming options. Major retail chains offer free wifi
(e.g., McDonald’s and multiple coffee shops).
Whether games or other information, what flows on this feral internet is
data. But that data has meaning expressed in relationships between
people. And while a lot of data is still bound by strictures of computing
in the past, we suggest that having a closed universe of services is one
example of a struggle to keep the internet bound and tame. People are
opening up, expanding their own use and access of the internet, and
expressing relationships and forming social relationships through a
variety of means, including gaming. After all, information wants to be free.
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Part 4: Movement in Flux

W

e end Radical Flux with a look at two articles of much broader
scope describing work that is currently in its very early stages.

– In Why Leave Home? ken anderson argues that, from a technology development perspective, it is far more useful to think of
mobility as data in motion. That is, people will no longer need
to move for any instrumental purpose while data swirls around
them with purpose and intention.
– Vibrant Technologies ends this volume and describes our most
literary work. Maria Bezaitis begins to examine what it means to
bring vibrancy to our technology. By this, she means to suggest
that the time has come for technologies to act on their own for
their own benefit as well as ours, far beyond simple control
technologies such as anti-lock braking systems.
Taken together, these last two articles strongly suggest a transformed
world alive with data.
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The Future of Mobile Computing is Vibrant Data

—ken anderson

W

hy Leave Home? was the sign at the New Work City co-work space
in New York. The sign was about why actually coming into work
at New Work City, instead of just working from home, was a good thing.
To me, however, it was a sign of the times that made me ponder a new
mobility. Indeed, why leave home at all?
A fundamental shift has taken place in the last decade around mobility.
In the early 2000’s mobile computing was about creating small mobile
devices, getting devices to talk to each other, enabling mobile connections, and making sure people had access at any place and at any time. In
short, it was about people, devices, and places. Today, working among
transnationals, creatives, and everyday entrepreneurs, mobility is not
about us or our devices moving, but about data moving between and
among people, places, objects, networks, and communities. The focus is
not on individuals’ mobility, but around data’s mobility. As our technologies and the internet have proliferated, we have shifted from a world
dominated by physicality to one dominated by digital data. With the shift
to a world of digital data, the opportunities around technology and physically mobility have been replaced by opportunities in the mobility of
data. In this mobile digital era, people are only nodes in the data flow. We
need to shift designing our systems from people and device centered
mobility to understanding the new mobility is data. We need to design
computing and connectivity for data.
I do not mean to imply that all problems around the mobility from the
last decade are solved perfectly; indeed a quick trip to rural India or
Oregon will convince you they are not. There are issues around having
network connections, seamless content anytime and anywhere, getting
our devices to work with each other in a flawless manner, and more!
These technology challenges, however, are rapidly approaching good
enough. My running shoes connect to my iPod. My iPod connects to my
115
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data in the cloud and my laptop. My laptop, my phone and my iPad all
share content wired and wirelessly. And I can access e-mail, music,
photos, and movies most places I go, and I go a lot of places. The business
opportunity around the mobile space of people, technology, and places
has moved on. Connections at home, work, Starbucks, and even the
street are being resolved. As society and the world become more digital,
the next mobile business horizon is around data, and specifically, vibrant
data.
The digital data being generated by and about devices and people is
producing a new wave of opportunity for economic and social value
creation. The rate of increase in the amount of data generated in today’s
digital world is astounding. IDC (2010) predicts by 2020 the global
volume of personal digital data will increase 40-fold. Equally important to
the growth of volume is the growth in importance. The Economist (2010)
calls data a new type of “raw material” on par with capital and labor.
Finally, the EU Consumer Commissioner Kuneva (2009) has declared that
“data is the new oil of the Internet and the new currency of the digital
world.”
Data emerges as a new asset class that will touch all aspects of society.
This growth of the digital world, and with it a growth in data, has put the
world in a state of radical flux. A data revolution is underway where the
outcome is not known but clearly will impact the very social-technological core of society (i.e., business, government, and culture). We see
vibrant data as an integral part of the revolution. Vibrant data are data
bundles that have agency independent of direct control of people. Vibrant
data can act, circulate, enable participation, and effect change in a digital
world.
We are rapidly moving toward a world of data in which mobile communications and connectivity, social technologies and sensors of all sorts are
connecting people, their technologies, the internet and the physical
world into a vast atmosphere of data surrounding us as much as air does,
but with more purpose. The kinds, types, quantity, and value of the data
being generated vary widely, but mobile phones and laptops, the mobile
technologies of the last decade, are at the forefront today of the data being
generated about who we are, who we know, where we are, where we
have been, and what we are doing. In addition, other objects around us
know where they are, have been, and are doing. Collecting, analyzing,
and distributing these data provide opportunities to understand a databased world at the individual, collective, and even global levels.
A brief comment about terminology of data: Data can be volunteered
as part of participation in something, that is, created and meant to be
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explicitly shared by people with other people. One might think of Facebook status updates or profile pages. There is also observed data that are
data automatically recorded about an individual’s actions and behaviors.
Our cameras and smartphones knowing our location is an example of this
type of data. And there are inferred data. Inferred data are data about
people, objects, or activities based on the analysis of volunteered or
observed data. The most common example of this would be credit scores.
The new data world is also going to have a very different look and feel
to it. Our current data world is dominated by siloed data, tame data if you
will, that fit neatly into rows and columns, and specialized in domain
areas. We might have something called personal health data or credit
data coming in from predicable places with known desired outcomes.
The new data world, however, is more like a wild frontier of data. Data
will be available from multiple sources; they will be of heterogeneous
kinds, and can be used for multiple purposes. Individuals, companies and
governments will continue to derive value from old data structures, flights
still need to be made and books need to be ordered, but overwhelmingly
the new data coming from the a proliferation of new sources are going
to be utterly unstructured. There will be less signal and more noise, few
models and little curation of data (i.e., data will be in the raw). Today’s
data world dominated by SQL and warehousing approaches will give way
to one dominated by data and algorithms that need to learn, infer and
make on-the-fly classifications. In short, tomorrow’s data world will be
one that requires new data bundles that enable data agency.

Participation
In the past, we have focused much of our attention on two aspects of the
social roles: production and consumption. One of the first requests from
a recent study we conducted (Anderson 2011) was how much of
computer time was devoted to consumption and how much to production? Indeed, our image of people has been of them either as producers
or consumers in life, on and off the computer. A new component to this
equation is participation. Participation is a more lucrative, productive,
and robust frame to understand the person-technology relationship than
simply production and consumption. Participation changes the value
equation from either-or a producer-consumer to one with a new opportunities. Participation, then, changes the power and business dynamics
of the producer-consumer model. In the old industrial age, the consumer
was where a relationship is captured, developed and owned; in a digital
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participation model, people are active participants in value exchanges of
services and experiences. The new question is not “Are people participants?” but rather, “What are our modes of participation?” Participation
provides new modes of value creation for people, technology, and data.
At the core, the act of participation is about intentionally being a part of
larger group, with a purpose, manifested largely through sharing. Like
other aspects of the internet, the scope, scale, and time scales have shifted
participation. One can spend hours participating with the Wikipedia
community by making a new entry or one can participate for a minute
with ones friends with a status update in Facebook. In our conversations
at research home visits there has been a shift. It used to be common when
people saw a video or read a web page, the questions were along the lines
of “Do I want to bookmark this?” and “Do I want to see it again?” But now
in home visits the questions on people’s minds are “Do I want to ‘share’
this?” (e.g., on Twitter, Facebook, Google+, Tumblr). The sharing of web
pages, pictures, and updates to all kinds of data is a core way that we
participate with our data through tiny acts in daily life.
Data are the new raw material of our everyday lives. With data we are
choosing where to participate and from data we are getting value on what
to do, how people are, where to go, and other everyday decisions in our
lives. To give just a few examples: YouTube has 700,000 hours of video
uploaded each day, FourSquare has 1 million location check-ins each day,
Twitter has 200 million tweets per day, and 1 billion pieces of content are
shared on Facebook each day, not counting status updates. The data join
in circulations helping to inform us what sites to visit, videos to watch,
books to read, music to listen to, and restaurants to eat at. If each of us
knew what we all know, we would each be a lot smarter. By creating
easy systems for everyone to participate and add their data to our infrastructure, common knowledge and information will be accurate and
useful in surprising new ways. In a future world, if you need to ask, then
it is already too late. Technology will proactively pull answers from the
collectives and circulations of data.
Thus far we have focused primarily on volunteered data; however,
observed data are of equal or even greater importance in the digital
participation economy. Asthmapolis provides a model of value and participation. Asthmapolis provides asthma patients with GPS-augmented
inhalers to automatically geo-locate when the inhaler is used. These
observed use and location data are then used by the patient to know risk
environments that they routinely visit. The data are also used by the
collective of participants to map areas throughout the USA that might
pose asthma risks. Finally, the data are used by the Center for Disease
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Control for government health care strategies. The simple act of doing
what one would do in everyday life has generated enough data to be of
value at the individual and collective levels. This case exemplifies a
balanced data-based digital world. The example illustrates a future world
where:
– Everything we do can create data
– Our data can have value for us, for someone else, for other data,
and for other systems
– Value comes through the ability of data to be mobile and to
participate in markets, and not merely remain stored with individuals on their personal devices
The notions of mobility, circulations and participations are not trivial.
Without these, the value of data remain extremely limited. Understanding
data as the new digital currency might help imagine where the value lies.
In the analogy, currency works primarily because there is a group that
agrees upon its value and it circulates. In using value, we mean value to
the person, as well as to the market. People need to receive value for their
data. The value can take many forms, from Google allowing a quicker and
more accurate web search to easier breathing situations for Asthmapolis
participants to cash discounts for checking in on FourSquare. Mobile data
have value when they travel through time, space, and among a group of
people. The more data are able to circulate in all three of these directions,
the more value they have.
There are a number of contributing factors leading to the importance
of digital participation in our lives. The past decade witnessed rapid
change in society. Social dislocation around the globe created new channels for interaction and our need to participate and join together is going
to grow in this regard. Chief among the technological factors are our
mobile devices and the web. Participation has become an important part
of new way of experiencing everyday digital life.

Implications for Research and Development
Designing for Vibrant Data
Our focus on data is in the service of the shift from producer or consumer
to participant in a value network. We have also presented a case that data
represent a future mobility—mobility in and through data. As we start to
design for mobile data systems, then one place to start is a shift in the
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understanding of mobile data as passive in the circulation process to
becoming a full active agent. We have labeled this data with agency –
vibrant data. Vibrant data represent a shift from data as being a static entity
to understanding data as active and rich. Like people, vibrant data can act
on their own. Vibrant data have agency to transform, translate, distort,
and modify the meaning or the elements of information that they carry.
We are borrowing from Bruno Latour (1993), who uses similar notions
of agency, whether applied to people or objects like data. Vibrant data
represent data that are acting, not just being acted upon. We are not
referring to data acting only to recommend places to go, people to see,
things to buy, and ways to spend our time, that is, directing our services
as if we were robots, but rather, acting to facilitate creation of associations
and collectives (or markets) with other people, technologies, and data.
The world rich with heterogeneous data like we have discussed is not the
data world of today. The data world today is dominated by contained data,
in domain silos and warehouses, where it can be acted upon by algorithms
to deliver efficient results. The new data world is going to be one
dominated unstructured heterogeneous data that will require vibrant
algorithms to have agency to learn, infer and act. Vibrant data, then, can
challenge and confront us, not always doing what we expect or want.
Vibrant data transmit, they judge, they speak, they act. Vibrant data are
full partners in the digital social world, just like people; they interact with
other agents whether or not the agents are human, cultural, technological, or vibrant data. Finally, vibrant data are mobile; they participate
and form their own paths through the digital social landscape.
Our understandings of data also need to be richer to design and develop
for and with them. Our changing understanding of data should be like
our changing understanding of people in technology sectors. Our understanding of people, where I have spent the bulk of my career, has moved
from an understanding of a generic user to a fuller understanding of
humanity’s interaction with technologies and people through technologies. We have developed a language around needs, usages, personas, and
geographies all trying to bring a fuller picture of people into our development of technologies. This deeper understanding of people and
technology has led to improvements in user experiences with technology.
As we begin to think about data mobility, we should reconceptualize how
we think about data and to give them a more meaningful name to reflect
a richer understanding, like we have done with people. At Intel’s Experience Insights Lab (XIL) we have been referring to this active data as
vibrant data. (see page 125). A characteristic of vibrant data is interactions. We can start with what we have learned about our other
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interactions and apply them to data. Our interactions, relationships, and
participations as people are seldom neutral and generic and neither are
vibrant data’s. A move to vibrant data calls into a question a whole series
of characteristics we do not usually think about when separated data from
its mobility and agency. Data that join with other people, data and technologies become things that take on identities and affiliations. Data can
be mine, ours, green, trusted, expert or Obama data. Vibrant data are a
part of collectives, as much as we are. Vibrant data also take on characteristics like people. We can hate, love, attack, abuse, kill, chase or flaunt
vibrant data. Instead of talking solely about user experiences, we need to
consider data experiences with vibrant data.
Vibrant data are not fully developed today, but we can see inklings of
it today in the black box algorithms of Wall Street traders that are set to
make trades on their own or even Netflix’s recommender engine, Pragmatic Chaos, designed to seek out recommendations before the
customer even asks. Vibrant data are where the mobile action will be.
Whether data develops agency and becomes vibrant or not, the more data
there is, the more value that is being developed. To that end, there is an
opportunity in expanding the devices that help to create more data. Since
the value is coming from the data, its capture, analysis and distribution,
then the more technologies available for data creation, the better.

Rethinking Compute Continuum
A key part of the trinity of people, devices and data is the devices. The
proliferation of current devices, such as smart phones, smart TVs, cars,
and tablets, adds to the sources for data collection. On a personal data
level, the devices themselves in combination can create a better picture
of a person and the places that person goes, what they do and what they
are like. The kinds of recommendations or suggestions emerging could
create better value for the person and the collective. In the case of vibrant
data, more is not just more but better. For individuals now it is things like
better internet searching, restaurant recommendations, and coupon
deals. Businesses are using the data to support more personalized service
delivery business models. Governments are using the data to provide
effective and efficient public services. The more data the better! The more
data created the more audiences as well. The new mobility is about this
data-value spiral. The more people, devices, and data participate, the
more data are created. The more data are created, the greater opportunity
they have to participate in a data economy. The more participation we
have, the more data that can be created, and so on. The environment of
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flux where this is unfolding makes uncertain how much value will be
created and who will profit it from it. An implication of this new spiral is
that businesses should shift. A technology company has the potential to
shift from being a hardware partner in a software spiral to being a
company at the core of the vibrant data spiral by being involved in the
creation, authentication, collection, distribution, analysis and participation of data. Bain (2010) suggests profit sources and markets are shifting
to companies that automate and mine these vast amounts of data, data
that are continuously being generated.
Success in the environment will be contingent upon interoperability.
How data move from machine to machine and their mobility through the
value chain will be a key driver for both social and business value creation.
Enabling vibrant data movement on a secure, trusted and reliable infrastructure will be vital.

Issues
Social, cultural and legal issues surrounding practices around vibrant data
are in flux. The landscape is not charted yet but will require some
corporate tolerance for risk, uncertainty, and ambiguity in helping to
build a vibrant data ecosystem. One topic that emerged in our recent
studies was ownership of data. “Who owns the data?” may seem like a
simple question at first blush. Most people we talked to believe that they
own their own data. However, even a cursory look at corporate practices
reveals that businesses such as Facebook and Google are profiting from
the use of people’s data. That individuals do not own or control their own
data is not new to the digital world. Individuals also do not own data such
as credit scores or criminal records. Medical records are supposed to be
in the possession of an individual’s doctors. We are exploring other alternatives to data such as accountability, access, rights management, and
trusted data. Our focus is on understanding how value can be created and
on what our entrepreneurial vibrant data experiences are.

Conclusion
We have presented information on how we see data, people and technologies working together to enable participation and create lively data. The
wide variety of forms that people and data already have taken on in our
lives will only grow and flourish as more technologies and data become
part of the digital economy. Vibrant data include our relationships to
people (e.g., on-line profiles, contact lists, status updates), our identities

RadFlux.book Page 123 Saturday, June 8, 2013 1:38 AM

Conclusion

123

(e.g., email addresses, phone numbers, addresses, demographic information), and our financial data (e.g., transactions, accounts, assets). In
addition, vibrant data include the media we produce, consume, and share
(e.g., sounds, images, video), our communications (e.g., SMS, email, IM,
phone calls), our health data (e.g., medical history, prescriptions, insurance coverage), our institutional data (e.g., governmental data, employer,
academic) and our general activities and interests (e.g., location, time,
clicks, searches, browser histories) all coming in and through our laptops,
TVs, smart phones, cameras, cars, desktops, appliances, and embedded
systems. Making data mobile represents a post-industrial opportunity
with global reach and that is growing at an extreme velocity.
In this data world, vibrant mobile data are not interesting just because
they offer a different perspective on the digital landscape, but because
there is a market opportunity. IDC’s Gantz and Reinsel (2010) claim that
individual’s observed and volunteered data represent 70% of the total
digital data created in 2010 and expects a 44x increase in the amount of
data by 2020. Ericsson (2010) and Cisco (2010) both predict that there
will be 50 billion connected devices generating data by 2020. The scope
and scale of the growth indicate someone will be harvesting business
opportunities in this space.
To be a player in the data area, however, will require new ways of
thinking about the people-technology-data assemblage. Rethinking the
central importance of this trinity will be fundamental to the transformational nature of the opportunity. Understanding the importance of all
three parts to act with agency and participate is key to new solutions and
insights for business value. The future of mobility is vibrant data.
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Vibrant Technologies
—Maria Bezaitis

T

echnology1 has changed the world slowly and in very important
ways. Because our everyday lives are so tied up with technological
stuff, it is no longer possible for us to think about any single technology
(e.g., device, internet, software) as a thing that is completely outside of
ourselves. The fact that technologies now make our lives happen in so
many small and big ways means that we need to treat them a lot more
like close relations, that is, organisms that are, for better or for worse,
wholly caught up with who we are, what we are, what we do, and how
we live. We need to infuse our technologies with vibrancy2.
Vibrant technologies have agency. They are non-compliant actors.
They are motile, dynamic, and able to participate with people and other
technologies. A vibrant technology is not a wholly automated robot; not
Hal 9000 of Stanley Kubrick's 2001: Space Odyssey, nor is it IBM's Watson,
the Jeopardy winner (2011). Resistant to being shaped by other people
or events, Hal and Watson are both anti-social, optimized for intent to
control, to compete and win. As technologies that participate with us,
we might think of vibrant technologies as peers, not tools. Just as our
ways of being social in the world are intertwined with whom and with
what we are surrounded by, the agency of vibrant technologies depends
1. Any reference to technology or technologies is deliberately broad and
includes devices, internet, data, software, wireless communications, networks, machines, pets.
2. I have borrowed the term from Jane Bennett's Vibrant Matter (2010) and am
seeking to extend her vitalist materialist argument to technologies. Bennett,
a political theorist, brings attention to the fact that agency does not belong
exclusively to humans and that non-human forces actively participate in
events. Far from acting alone, according to Bennett, people are enmeshed in
webs of forces that enable certain kinds of outcomes.
125
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on assemblages that include other people, other objects, other
technologies.
To illustrate a particular embodiment of a vibrant technology, let me
tell a short story about my colleague and his pets. In response to a request
for applications that illustrate the best instantiations of context awareness, a colleague of mine offered the following: “Dog knew when it was
time to play, when we were tired and resting, when we needed consolation. Dog was aware of changes in the local environment before we were:
deer or bear in yard, a stranger approaching the house. Dog was also good
at cleaning up after us: food dropped on floor miraculously gone.” My
colleague suggested that his cat was “similar, but not as reliable.” The cat
does know when it is time to sleep, and is quite good at alerting us to
strangers (especially other cats) roaming free through the yard. However,
whereas the dog seems to be alerting us, the cat seems to be engaging
entirely in conversation with the intruder. It is only after the intruder
leaves that the cat remembers we are there.
My colleague concluded by saying, “While both dog and cat exhibit
signs of attachment to us, the dog is the superior context-aware app as
compared to cat.” For the purposes of this article, I want to suggest that
dog embodies the current state of context-aware computing, a state
which is, in the definition I will offer here, not so vibrant. Instead, I
propose that we consider the possibility that cat, with its self-centered
nature and yet dialogic relation to people, its dynamism which does not
place people at the center of its universe, represents the future of contextaware computing. The cat, unlike the more person-centered dog, participates in assemblages, or webs of forces and agencies that include people
and other vitalities, including the weather, other animals, spatial arrangements, institutions, objects and appliances. The cat is a vibrant
technology.
The word vibrant refers on the one hand to a kind of physical movement, specifically vibration or the rapid, rhythmical movement to and
from. However, vibrancy also emphasizes vitality, or the capacity to live.
We might say that a technology that is vibrant is one that can initiate its
own movement and generate its own energy, physical and not. A vibrant
technology is a source of aliveness. To relate this briefly to the discussion
of pets, to the extent that dog's vitality seems so tightly intertwined with
owner's preferences, cat is more vibrant than dog. Is cat more accurate
than dog? Does cat perform better than dog? No, rarely does cat do either
of these things. But cat is always directed by an intention that emerges
from, (re)encounters and is redirected by the intentions of others. What
results is at times expected and on other occasions utterly serendipitous.
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Cat surprises. Cat interrupts. Cat comes and goes. Cat acts in good faith
and it does not live for others, it lives with others.
As part of a web of agencies that includes people, domestic environments, and the weather, cat produces context with people. Here, context
emerges through active participation and the ability to move from one
thing to the next, to create paths with others, with information, and with
a range of stimuli.3 Indeed, everyday interactions between people,
between people and environments or objects are meaningful not because
someone, some place, or some thing is acting on our behalf. Everyday
interactions, positive or negative, are meaningful simply because they
happen, because we have participated in them, because we make sense
of them, and because often we are changed in this process.
The fact of our participation, and our ability to make sense given access
to a range of inputs, ensures our own sense of aliveness in the world; it
ensures our ability to produce context. Indeed, context is not a thing that
we have. Context is not the by-product of our physical movement and
interactions in the world; it is not the data extracted to reveal where we
are, who we are with, what we like or dislike, all physiognomic traits of
an experience that may occasionally act as our proxy. Context is a kind
of vitality. Technologies conceived as participants in everyday acts of
meaning-making have the ability to produce context with us (not for us);
context that shapes how those technologies evolve and grow, and, in turn,
how people evolve and grow. These technologies are vibrant. And
through experiences with vibrant technologies we too remain vibrant.
The term vibrant is powerful because it forces attention to the issue
of how technologies do things with people, not for people. Importantly,
the term vibrant pulls attentions away from the question of what people
want from technologies, a limiting question to ask when we are
attempting to set the stage for future innovation.4 Vibrancy asks us to
consider the possibility that, along with people, technologies can be vital,
that they have some kind of agency which can generate their own movement, and that technologies are participants in life with people,
3. I want to acknowledge my colleagues Professors Tom Boellstorff and Bill
Maurer for an excellent collaboration on this topic. The impetus for this
argument for vibrancy emerges in part from a multi-month engagement with
Tom and Bill on the future of context.
4. It is the strong opinion of this author that people never know what they want
from new technologies. Other than to help refine features, or work on issues
of ergonomics, what people need should not drive innovation. Innovation
should emerge from points of view about how the world might work if we
could just make the right stuff.

RadFlux.book Page 128 Saturday, June 8, 2013 1:38 AM

128

Vibrant Technologies

institutions, events, and other things. These energetic, motile things can
effect change and in doing so, enable us to live more fully in the world.
Without vibrancy, technologies are dead.

What is a Vibrant Thing?
One of the challenges before us is to understand what agency means in
the context of vibrant technologies. Is agency about automation? Does
agency assume self-interest in the ways that we understand humans to
embody self-interest? Do technologies, in particular data, suggest through
their material structures and in the energies that they produce any
different views of agency? These questions require more research. In the
meantime, a few characteristics emerge as starting points for designing
agency, and thus vibrancy, into future technologies. Keeping in mind the
overarching framework of vibrant technologies as those that can act,
enable participation, and effect change, here are three key facets that
might usefully shape the kind of agency vibrant technologies produce:
affect, willfulness, assemblage.

Affect
The focus on affect emerges from the fact that first and foremost, technologies have proximate relations to each other.5 They run into each
other, connect, clash, and occasionally integrate. To date, the artificial
intelligence community has conceived of affect in computing in a way
that relies on anthropomorphism. In this way, we have seen evidence of
robots that are happy or sad and can even emulate human emotions and
rudimentary gestures.
However, technologies have a material basis of their own, whether
physical or digital. Those materials have properties that result in unique
energies and capacities: attractions and repulsions, vibrations, oscillations, friction and static. How do we start to pull from the inherent traits
of these material bases (i.e., of code, electrons, physical materials) to
develop a means with which to understand how technologies feel each
other? What would it mean for a technology to feel another, to make

5. Steven Shaviro in The Universe of Things talks about aesthetics as providing
another means to understand objects: “When I feel a thing when it affects
me, or changes me. And what thus affects me is not just certain qualities of
the thing, but its total and irreducible existence.” (undated manuscript)
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connections not as a function of mechanics or cognition, but through
affect?

Willfulness
Technologies that are willful can choose an option among many options.
They have motive. They can insert themselves in our choices, intervene,
or interrupt. They change and so enable us to change our minds and to
realize that we may not know exactly what we want. Willfulness is not
the same as filtering. Filtering proposes to constrain a set of options
through preferences. Instead, vibrant technologies that are willful are able
to challenge and confront, to leave in search of data, other interactions,
more insight, and return to engage with us. Technologies that are willful
prompt detours and interventions, allow us to remain open to chance,
and to the prospect that set paths may change.
Willfulness equips technologies with intent and with the ability to get
people and other technologies to (re)consider a course of action. Vibrant
technologies may even espouse character, beliefs, and aspirations. These
traits provide the basis from which to form assemblages that bring
together people who identify with these values and access the contrastive
undercurrents that keep an assemblage active, dynamic, and in check. So
a disposition or aspiration focused on sustainability doesn't just seek out
the same. Rather, it is motivated to find deviation, disruption, the detours
that may enhance current interests, focal points, and activities. How do
we design technologies not just with the intent to do something but with
the means to contextualize this intent in beliefs and aspirations?

Assemblage
Vibrant technologies act within a web, or an assemblage, that includes
multiple agencies. The agency of a vibrant technology depends on other
agencies. These agencies may be human, cultural, political, and technological and each of these has its own terms for how it wants to be social.
Vibrant technologies rely on their own sources of action, energy, and
information to form and evolve. To do this they might keep track of themselves, seek out relevant others, run into things, repel, modify, anonymize,
or reveal. By working through (and with) other people, objects, technologies, vibrant technologies shape individuals, communities and the ways
in which people are social. How do we design ways for technologies to
find each other and create their own clans? How do we design self-organizing architectures?
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Why Vibrancy?
Ultimately, the three overlapping facets described above—affect, willfulness, assemblage—all operate under a general rubric of mobility, meaning
movement as doing and enabling on-going change. Vibrant technologies
are fundamentally mobile not because they physically move, but because
they produce feelings, they have dispositions, they generate energy, they
forge paths, they enable participation (of one technology with other technologies, with people, with events).
Vibrancy isn't just powerful; it is good. Vibrancy is good for us because
we are social creatures and because relationships are central to what we
are as a species. We feel valued when we are desired. We feel relevant
when we have something to give. If all of this is true, then we need to
extend these profound, defining tendencies to technologies as well; to
be desired by technologies, to be engaged by technologies, to be rejected
by them. Vibrancy is good for us as people because it forces us to respect
and to engage capacities that are not simply human and to treat them
relationally. Vibrancy is good for our business because it potentially
ensures a central role for performance and processing power as persistent
values in technological experiences by directing those values away from
hardware and towards data, for example: to the services that shape data,
to the technologies that will account for how data interacts with data and
with devices, to the programming languages and architectures that will
support all of the above.
Our businesses need to change not simply to enable data-based experiences, but to deal with the shift towards vibrancy as the central ethos
of the next-generation of computing. This means marketing and brands
that reach out to people and to technologies; that are set to respond and
interact with collectives of people and technologies. This means products
that focus on data and what it takes to invigorate, power, harness, proliferate, access, release data. This means services that act as the
infrastructure for shaping data-capabilities and other material and digital
sources of technological vibrancy. On this trajectory to vibrancy, we need
new notions of trust, privacy, security all of which assume that people
are not the only affected party and that data, too, has trust, security and
privacy needs, aspirations, practices.
Technologies that do with people and relate with people, are social
peers and not simply processor entities. In this major and crucial shift,
these vibrant technologies give people a better shot at doing both individually and collectively.
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Epilogue
—Tony Salvador

W

e are living in remarkable times. Sporadically in history, we are privileged to invent significant technologies that affect people, business, and
the world. Rarely are we so privileged as to shape the future of global society,
its structures, values, roles, and responsibilities. Never before have we been
so privileged and challenged as we are now. Our industry has the opportunity
to provide technologies that will enable greater access to information, to form
new kinds of relationships, to foster new forms of social organization, to
witness tremendous shifts in power, and to enable the creation of not just
wealth but genuine value. This is Radical Flux.
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methods is intended to make it more practical for you to embrace the latest technology
with greater design freedom and reduced risks.
I encourage you to take full advantage of Intel Press books as a way to
dive deeper into the latest technologies, as you plan and develop your
next generation products. They are an essential tool for every practicing
engineer or programmer. I hope you will make them a part of your
continuing education tool box.
Sincerely,

Justin Rattner
Senior Fellow and Chief Technology Officer
Intel Corporation
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