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Computing’s tremendous business potential.”

—Gordon Bell, author of Total Recall: How the E-Memory Revolution 
Will Change Everything; former Vice President of R&D at 

Digital Equipment Corporation

“In a field where there remains a surprising paucity of authoritative
reference works in print, Bo Begole’s detailed and comprehensive overview
stands out. Alongside Kuniavsky’s Smart Things, his book should form the
core of any serious working library on Ubiquitous Computing and will
challenge preconceptions of this technology’s place in business for years 
to come.”

—Adam Greenfield, Managing Director of Urbanscale; 
author of Everyware: The Dawning Age of Ubiquitous Computing

“Finally, a comprehensive and wonderfully clear articulation of Ubiquitous
Computing—one that goes to the heart of Mark Weiser’s original vision and
explains just how powerful this vision was and still is. Indeed, this vision
goes to the root of why we still feel so frustrated by today’s technology, but
also why the Ubiquitous Computing perspective will bring less stress and
more productivity to us all.” 

—John Seely Brown, Former Chief Scientist of Xerox Corp. 
and Director of Xerox PARC; co-author of A New Culture of Learning: 

Cultivating the Imagination for a World of Constant Change

“Ubiquitous Computing for Business provides a blueprint for anybody in
management who seeks better intelligence on the market, more actionable
information without the overload, and instantaneous data for fast decisions.
For innovating in an ever more uncertain world, Bo Begole shows us that
computing power everywhere has emerged as the essential foundation.”

—Michael Useem, Professor of Management and Director of the 
Leadership Center, Wharton School, University of Pennsylvania; 

author of The Go Point: When It’s Time to Decide

“Few people on the planet know more about Ubiquitous Computing and
context awareness than Bo Begole. Applying these two technologies to
improve the way businesses interact with their customer is sure to be
transformative.”

—Justin Rattner, Intel Chief Technology Officer and 
Director of Intel Labs



“Ubiquitous Computing was coined at PARC decades ago, and the vision
has continued to evolve here since. So it’s wonderfully appropriate that 
Bo Begole, the current manager of this technology area for PARC and 
its clients, has authored a book that helps strategists—from CTOs to
inventors—understand and exploit its disruptive business possibilities. 
This book will not only help readers map the various technologies to
corresponding trends, but more importantly, help them sort hype from real
value. The most valuable part, after all, isn’t just ideas about what the
future will hold, but actionable plans for turning these opportunities into
products and services that people use.”

—Teresa Lunt, Director of Computer Science Laboratory, 
Palo Alto Research Center 

“Coming from the birthplace of Ubiquitous Computing at PARC, Dr.
Begole’s excellent introduction to this growing technology is approachable,
interesting, well-informed, and humorous. His insightful treatment of the
connection between Ubiquitous Computing and business is one of the few
I have seen anywhere, and it goes deeply into what’s coming and how
businesses will be affected.”

—John Krumm, Microsoft Research; 
Editor of Ubiquitous Computing Fundamentals

“Ubiquitous Computing for Business takes the potential value in Ubicomp
technology and makes its value real. Its straightforward approach distills the
experience of two decades of research and innovation to help executives
and managers understand the business impact of pervasive computing
technology in a way that no other business and technology book has tried.
Every chapter is full of great ideas and practical advice from the thought
leaders in the field.”

—Mike Kuniavsky, author of 
Smart Things: Ubiquitous Computing User Experience Design

“On par with the business impact of laser printing, the Ethernet, and
personal computing, this new paradigm of Ubiquitous Computing is
revolutionizing the ways businesses exchange information and interact 
with customers. This book provides a practical view into the business
opportunities enabled by embracing Ubiquitous Computing’s capabilities.”

—Sophie Vandebroek, Xerox Chief Technology Officer and 
President of the Xerox Innovation Group
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Introduction: Reading the Waves

It’s often hard to notice a sea change until it washes over you. You
know one is coming—it’s happened before—but it creeps up slowly
and is hard to pay attention to. We see this effect often in information
technologies: the web, personal computers, three-dimensional graph-
ics, digital media, virtual worlds, smartphones, social computing, and
more. We call such technologies “disruptive” because they seem to
come from nowhere to wash over the established leaders.

For the most part, though, we could have seen any of them com-
ing. Each had made a preceding beachhead: hypertext, workstations,
animated sprites, cassette tape recorders, text-based multiuser
domains, citizens’ band (CB) radio, bulletin board services, and other
forgotten predecessors of today’s rich electronic media environment.
At the time, those capabilities were mere novelties, prominent
enough to take notice of but only actively used by devotees and geeks.
In fact, the “flash in the pan” effect seen in the media causes us to
sometimes dismiss later versions that actually do cause the sweeping
changes prematurely predicted previously. Think back to when you
first heard of hypertext; we had grand visions of universally intercon-
nected information but dismissed Xanadu as providing marginal
value,1 unable to foresee the tremendous value of today’s World Wide
Web. Similarly, workstations preceded personal computers, bulletin
board systems demonstrated community-generated content before
Wikipedia, multi-user domains (MUDs) anticipated SecondLife and
other virtual reality systems, and CB radio foreshadowed mobile
phones. The rudimentary capabilities of the early versions of such
technologies are easy to dismiss, making it difficult to imagine their
ultimate success.

1

1
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A sea change is hard to see—so many swells rising, merging, and
dipping. It’s the same with technologies. Gartner research uses the
notion of a “hype curve” to describe the pattern in which a new idea
creates inflated expectations that cannot be realized, leading to a
crashing wave of disappointment and dismissal of the idea, which
eventually does bring some measure of its initial promise to market.
Gartner plots each idea at a point on the “hype curve,” as an estimate
of each idea’s position in the rising and falling cycle. But the notion of
just one “hype curve” along which all technologies rise and fall is mis-
leading. In fact, each idea has its own swell and surge, and they all mix
together to cancel or reinforce each other—like waves. This conver-
gence of reinforcing concepts actually generates the enormous effects
that overwhelm markets.

A champion surfer can “read the waves” to anticipate which
rhythms of rips and sweeps will create that “fat wave” that comes
once a day. But even champions know that the waves are not entirely
predictable and that the big ones are very hard to see. The history of
failed business projections and predictions of disruptive technologies
makes the business strategist’s job seem impossible. We cannot
expect to see exactly what the changes will be, but we can at least see
the general trends and estimate some prospective impacts both hori-
zontally across and vertically within industrial sectors.

Who This Book Is For
This book aims to help business strategists, chief technology offi-

cers (CTOs), futurists, innovators, and entrepreneurs understand the
mix of technologies that form the field of Ubiquitous Computing and
to understand the opportunities and threats these imply. The business
strategist’s role is to foresee oncoming sea changes, to anticipate the
ebbs and swells that will affect the ways in which they conduct their
business, and to find the best ways of exploiting the positive while mit-
igating the negative effects. The aim of this book is to provide a map of
the capabilities and benefits of Ubiquitous Computing technologies,
not a map of the technologies themselves, and to help you identify
which ones are reinforced or diminished by other trends in our society.
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What This Book Is About
This book describes a long-coming trend in information tech-

nologies called Ubiquitous Computing (“Ubicomp,” for short), first
described in the early 1990s by Mark Weiser of the Xerox Palo Alto
Research Center (Xerox PARC) as a research agenda for innovation.
It’s now seeing substantial commercial impact. I’ll provide a more
thorough description in Chapter 2, but the short description of Ubi-
comp is the use of technologies to bridge physical and electronic
information spaces to increase efficiencies in our personal, school,
and work lives. Ubicomp goes beyond simple mechanical automa-
tion, such as antilock brakes and automatic doors, by using sophisti-
cated processes to proactively predict future needs, accurately target
information to personal needs, help people reach one another at con-
venient times, conserve energy resources, remember meetings and
encounters in our lives, provide personalized service, and coach us
about healthy life choices.

Questions This Book Answers
Dozens of books cover the technologies and research in this area

by addressing the question “How does it work?” but no one is answer-
ing the hard question of “How valuable is it?” The aim of this book is
to describe the value of interweaving computing throughout our
everyday activities across work, life, and education to create new busi-
ness opportunities.

A term such as Ubiquitous Computing obviously covers a lot of
ground, so it’s important to identify the segments and technologies
that can generate breakout value, as opposed to those that will simply
grow as part of the natural progression of technology and business
process refinement. Conversely, which technologies are not likely to
live up to their hype, and why? Which technologies will reinforce each
other, and which will cancel each other out? What steps should you
consider to position your business for these transformations? What
should you build, partner with, or buy? What barriers will your busi-
ness need to overcome in adopting Ubicomp-based business models?
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What if during the course of reading this book it seems that your
business is likely to be on the losing side of coming transformations?
In addition to taking comfort from the notion that a rising tide raises
all ships, you’ll also see points of weakness that you can leverage to
slow or redirect the change elsewhere. Yes, I’m a proponent of Ubiq-
uitous Computing, but we all need to protect our business position at
least long enough to find a value position in the new order. What bar-
riers can you erect against the competition? Can you erect impedi-
ments anywhere to cause the surges to expend energy prematurely?

How This Book Is Organized
The book consists of two parts. Chapters 2–5 provide background

knowledge to identify technologies, general business opportunities,
and threats related to Ubiquitous Computing. This part begins with
some history, current trends, and future potentials.

Chapters 6–11 provide methods to exploit business opportunities
or counter threats. Included are case studies of recent examples of
business germination in this field. The book concludes with Chapter
12, “Ubiquitous Business,” which includes an action plan to help you
sketch out an approach for your business.

Endnotes
1Gary Wolf, “The Curse of Xanadu,” Wired, June 1995. www.wired.com/wired/
archive/3.06/xanadu.html

www.wired.com/wired/archive/3.06/xanadu.html
www.wired.com/wired/archive/3.06/xanadu.html
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Profound Technologies

The most profound technologies are those that disappear.
They weave themselves into the fabric of everyday life until
they are indistinguishable from it.

—Mark Weiser, 1991

Ubiquitous Computing is the use of technologies to accomplish
both simple and complex tasks throughout our work and personal
lives. Ubiquitous Computing systems are embedded in the environ-
ment or carried on the body and adapt to the natural interactions of
people. In contrast to terms such as personal computing and main-
frame computing, which are derived from the type of computer used
to do the work, Ubiquitous Computing is not intended as a descrip-
tion of the ubiquity of computer devices themselves; it’s a description
of how computing fits in our lives ubiquitously.

Repeating History for Profit
“Santayana taught us that those who do not know history are con-

demned to repeat it. That surely is true in design as in anything else,
but in design there is a corollary: Those who do know history are priv-
ileged to repeat it at a profit.” So said Ralph Caplan in his book By
Design.1 The history of Ubiquitous Computing provides several les-
sons from which we may all profit.

It’s obvious now that computers have taken over our lives. They
are ubiquitous. They permeate our work and home environments,
transportation systems, entertainment and news media devices, pay-
ment and financial systems, and healthcare. But this wasn’t always
obvious and it hasn’t happened by chance.

2

7
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At one time in the history of information technologies, the prob-
lems were big and obvious and partitioned into easily recognizable
technical categories, such as the following:

• Performance: Computations should be instantaneous, not
take an entire day.

• Storage: Information should persist and be accessible as long
as needed, without deteriorating.

• Transfer: Separate computing components should be able to
get information from each other without requiring manual
transfer.

The problems were apparent immediately to anyone using a com-
puter and have been the focus of computer research and develop-
ment for many decades. These problems persist today, although they
are not nearly as acute, as a result of microprocessor advances,
increasing storage density, and pervasive networking. We’re not done
yet. Computing systems are not 100% reliable or anywhere near
instantaneous, and we’d like them to continue to become smaller,
faster, and cheaper so that everyone can have access to the full range
of computing capabilities, including weather prediction, artificial
intelligence, and even biological simulation. On the other hand, out-
side of complex scientific investigation, today’s technologies are well
beyond “good enough” for the vast majority of information-oriented
problems at work, home, and school.

Today’s information problems are more subtle and are often
related to the human biological processor in the loop, having less to
do with unreliable electronics. Let’s be clear: Computing has always
been about creating results for human use, but in the past, the pri-
mary bottlenecks were in the limits of the technologies. Today the
bottlenecks are primarily imposed by humans: cognitive limitations
of human users, legal and policy constraints of data access, and the
economic objectives of businesses. Today’s innovations wrestle with
fundamental questions that are not inherently technical at their
core, but for which technologies can provide solutions. In addition
to performance, storage, and transfer, today’s problems are of the
following nature:
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• Control: Who owns the information and how can they control
who can access it when

• Overload: How to find pertinent information
• Interoperation: How data from one system can be used by a

complementary device or service

No progress can be achieved in solving such problems by making
technologies that are simply smaller, faster, and cheaper than before.
The problems are vague and ambiguous, the sort that stymied gov-
ernments and businesses long before information technologies
arrived. Who owns data? How do we control bits? What determines
“pertinent information”? How and when should it be presented?
Who decides? How do we anticipate that a device or service might be
used by another device or service unless both are specifically
designed for each other? Ground-breaking inventions today require
deeper knowledge of human, social, business, and political problems
than the key inventions of yesterday.

Foreseeing a Big Wave

In the late 1980s, the information age was just bringing personal
computing into everyday business life. Rather than having to share
time on big-iron mainframe machines, a personal computer allowed
individuals to use computer power at their individual discretion.
However, researchers at the Xerox Palo Alto Research Center (Xerox
PARC)—where personal computing had been invented—and else-
where foresaw a future in which there would be more than one com-
puter for each person, but rather their environments would contain a
multitude of computers.

In the 1970s, Xerox set up Xerox PARC as one of several research
centers charged with the mission of creating technologies for the
“office of the future” (sometimes envisioned as a “paperless office”),
giving Xerox early access to new technologies that could revolutionize
its business in paper copiers and printers. For centuries, paper or
paper-like media and marking technologies had facilitated the trans-
fer and storage of information, but the founders of Xerox PARC could
see that the advantages of the then-emerging electronic forms of
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information storage and transfer (not to mention interaction and pro-
cessing) would make paper and printing eventually superfluous.
Toward that eventuality, Xerox PARC employed scientists from a
wide range of disciplines: physicists, chemists, information scientists,
designers, linguists, engineers, psychologists, anthropologists, and
even artists. The lab was set up to cover the full spectrum of areas for
innovation, “from atoms to culture,” which led to new ways of making
physical marks on paper (laser printing), creating content (“what you
see is what you get” [WYSIWYG] word processing), enabling devices
to communicate with each other (Ethernet), enabling devices and
humans to communicate (graphical user interfaces), and improving
the effectiveness of our life and work with technologies. We have yet
to realize a fully paperless office and perhaps never will. In The Myth
of the Paperless Office,2 Sellen and Harper, researchers in Xerox’s
Cambridge, U.K., research center, outlined a variety of factors that
keep paper alive, mostly attributable to the ubiquity and simplicity of
paper throughout our lives today. From such insights across Xerox’s
research centers emerged a vision of Ubiquitous Computing that
focused not on inventing technologies that were cheaper, smaller, and
faster, but on inventing technologies that were pervasive and conven-
ient, and that didn’t require special training to use effectively.

Ubiquitous Computing emerged in the late 1980s, by which time
Moore’s law3 was well accepted after several generations of continual
miniaturization of computation had already been observed. The com-
putational power that once required a warehouse of space could now
be contained on a microchip. Mainframes had already given way to
mini-computers, which personal computers soon displaced. Mobile
computing devices were seen in the form of programmable calcula-
tors, and embedded microprocessors were controlling many electric
appliances and automobiles. Just as the paradigm of personal com-
puting had moved computation and storage out of centralized main-
frame centers and into individual office workers’ environments, many
of the leading minds of the 1980s saw that computation would con-
tinue to pervade our lives such that we would interact with tens, if not
hundreds, of computing devices throughout our daily routines. In the
future, it was predicted, there would be too many devices in a per-
son’s life to be able to give each one the full individual attention
demanded by the then-emerging personal computer.
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A prominent spokesperson for a way out of the impending era of
information overload was Mark Weiser, who coined the term
Ubiquitous Computing (often shortened to Ubicomp) while heading
the Computer Science Laboratory at Xerox PARC in 1988. In a semi-
nal article in Scientific American, he described a vision of “calm com-
puting” in which the computer did not require full attention to
operate: Instead, information technologies would “disappear” and
“weave themselves into the fabric of everyday life until they [were]
indistinguishable from it.” He wrote:4

The idea of integrating computers seamlessly into the world
at large runs counter to a number of present-day trends.
“Ubiquitous computing” in this context does not just mean
computers that can be carried to the beach, jungle or airport.
Even the most powerful notebook computer, with access to a
worldwide information network, still focuses attention on a
single box.

Weiser’s description of Ubiquitous Computing was in stark con-
trast to the then-popular notion that everyone would become a
“power user,” directing operations of the world from behind the con-
sole of their computer, like a fighter pilot. He also wanted to make
clear that making the computer portable was not the solution. Rather,
people would engage in life and work by using computing services
scattered conveniently throughout their environment.

The main insight of this philosophy is that the best tools fit into
the flow of one’s work and that the work, not the tool, remains the
central focus. Weiser pointed to many examples of “invisible” tech-
nologies that we take for granted, such as pens and pencils (we don’t
generally think about a “personal pencil”), electric motors (20–30 per
vehicle), electricity itself, furniture, and other everyday objects. Con-
sider a recent example when you had several productive hours (at
work or leisure). The time passed unnoticed; you were not conscious
of your surroundings; you were engrossed in the activity; you uncon-
sciously used tacit skills, knowledge, and resources; and the situation
included rich detail and subtleties that you unconsciously incorpo-
rated into the flow of the activity. Whatever tools you used may have
made you more efficient, but your internal knowledge and access to
resources were critical to the accomplishment and required your
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personal conscious effort. Good tools require attention only when
they break down (for example, pen ink dries, pencil lead breaks,
wiper blades fail, power cuts out, or a chair wobbles), implying that
any technology that dominates the interaction as much as a personal
computer today is, at best, a brittle tool and, at worst, creates more
work than it solves.

Weiser’s call for “calm computing” was a reaction to the increas-
ing complexities that information technologies were creating. The
promise of computing systems was that they would simplify complex-
ities, not introduce new ones. Information explosion is both a blessing
and a curse. We are surrounded by technologies that allow us to
maintain knowledge of things that are not directly discernable by our
human senses, as well as to take actions that go beyond natural
human ability using sophisticated electro-mechanical devices. Con-
trolling all of this is taxing to human cognitive processes that evolved
to control our bodies within the immediate social and environmental
situation. Weiser and other progenitors of the field of Ubiquitous
Computing sought to create technologies that enhance people, allow-
ing them to manipulate an environment filled with information and to
control elements of the physical world spontaneously and effortlessly.

On the heels of creating laser printing, Ethernet, and the first
personal computer, Xerox PARC researchers turned their attention
toward realizing the new classes of computing devices that would be
needed to support effortless, convenient, and pervasive computing.
They created hardware and software prototypes spanning handheld,
tablet, and wall-sized computers and displays, which they referred to
as computing by the inch, by the foot and by the yard (see Figure 2-1).

The PARC Tab was a very early handheld computer with a touch-
screen display. Xerox PARC researchers invented new interaction
techniques for these devices, such as the Unistrokes character input
in which each character of the alphabet could be written without lift-
ing the pen.5 The PARC Pad was an early tablet computer also with
touchscreen input.

Both devices used wireless networking based on infrared, which
requires line-of-sight communication between the device and the
network hub. Although line-of-sight communication required that a
hub be installed in each room of the building, it allowed the system to
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know in which room each device was located. Indoor location led to
the invention of several location-based and “context-aware” services
that proactively provided personalized assistance such as supplying
navigation; locating colleagues; locating nearby devices (such as print-
ers and projectors); indexing information according to where, when,
and with whom it was created; securely connecting nearby devices
(for example, a handheld computer connected to a large display or
projector in the same room); and appropriately routing incoming calls
and messages depending on your activity. These kinds of context-
aware services were early precursors to the location-based services

Figure 2-1 Early examples of Ubiquitous Computing devices circa 1991:
PARC Tab handheld computer (upper left), PARC Pad tablet computer
(upper right), and Liveboard wall-sized computer (bottom). © Palo Alto
Research Center, Inc. Included here by permission.
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that have now become popular on GPS-enabled smartphones. We
explore context-awareness in more depth in Chapter 4, “Still Stupid
after All These Years.”

Japan

Beginning in 1984, before the term Ubiquitous Computing was
coined, Ken Sakamura led The Real-time Operating System Nucleus
(TRON) project at University of Tokyo. The project aimed to create a
single unified operating system that could be used by every object
that contained a computer and would allow interoperation and shar-
ing of information across the network.6 Versions of TRON have
appeared in smart houses, intelligent buildings, and intelligent furni-
ture. Versions of ITRON (Industrial TRON), an architecture for real-
time operating systems for embedded systems, run on mobile
phones, digital cameras, CD players and other devices; ITRON is
said to be the most widely used operating system in the world.7 Today
organizations such as the TRON Association and the T-Engine
Forum continue to advance the aim of developing a unified platform
for Ubiquitous Computing. However, it seems that computing plat-
forms are even more fragmented today than in the 1980s.

United Kingdom

In addition to the activities in Palo Alto and Tokyo, technologies
that contributed to the vision of Ubiquitous Computing emerged in
the United Kingdom. In investigating the creation of computer-
telephony integration (CTI) technologies, researchers at Olivetti
created the Active Badge Location System.8 The Active Badge was a
small battery-powered device with just one input button that was
connected to a wireless infrared network and worn by the user like a
badge. In an early example of “open innovation,” Olivetti created a
number of sets of the Active Badge systems for other research labs,
including Xerox PARC, EuroPARC, Digital Equipment Corporation
(later acquired by Compaq and, ultimately, Hewlett-Packard), and
the MIT Media Laboratory, allowing others to experiment with
indoor location-aware services.
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The increasing computational power on personal computers led to
an expansion of what was thought of as “information.” Early business
computers were able to handle information in the form of simple num-
bers and text strings, but new digital recording devices were generating
multiple forms of media such as still images, audio, and video. The
Active Badge was only one component of a larger Olivetti project called
Pandora9 that explored the creation of multimedia services over high-
speed networks. Handling multimedia information involved revising
the software of the day to support complex, multiformat data structures
and repositories. In addition to mouse and keyboard input, multimedia
documents used new kinds of input devices: cameras and micro-
phones. Multimedia information is common today partly because of
the value of the capabilities demonstrated by the early prototypes.

Weiser Words on Ubiquitous Computing

Over the years, Mark Weiser’s description of Ubiquitous Comput-
ing evolved from an emphasis on the ubiquity of technology to an
emphasis on invisible, natural, calm interaction. He published the
following definitions of Ubiquitous Computing on the PARC web
site (www.ubiq.com/hypertext/weiser/UbiHome.html).

Ubiquitous Computing #1

Inspired by the social scientists, philosophers, and anthropologists
at Xerox PARC, we have been trying to take a radical look at what
computing and networking ought to be like. We believe that peo-
ple live through their practices and tacit knowledge so that the
most powerful things are those that are effectively invisible in use.
This is a challenge that affects all of computer science.

Our preliminary approach: Activate the world. Provide hundreds
of wireless computing devices per person per office, of all scales
(from 1-inch displays to wall sized). This has required new work in
operating systems, user interfaces, networks, wireless, displays,
and many other areas. We call our work Ubiquitous Computing.
This is different from PDAs, dynabooks, or information at your fin-
gertips. It is invisible, everywhere computing that does not live on

www.ubiq.com/hypertext/weiser/UbiHome.html


Ubicomp Stalls During the 
World Wide Web

At the dawn of the Ubicomp vision, the researchers who
embraced it anticipated that it would be the next major wave of com-
puting, following mainframe and personal computing. Ubicomp
researchers at PARC and elsewhere foresaw the limitations of per-
sonal computing: lock-in on operating system and applications,
emphasis on the computer and data rather than the people and tasks.
At the time, other alternative paradigms were being proposed, such
as virtual reality and agent-based interaction, but these also implied
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a personal device of any sort, but is in the woodwork everywhere.
(© Palo Alto Research Center, Inc. Included here by permission.)

Ubiquitous Computing #2

For 30 years most interface design, and most computer design, has
been headed down the path of the “dramatic” machine. Its highest
ideal is to make a computer so exciting, so wonderful, so interest-
ing, that we never want to be without it. A less-traveled path I call
the “invisible”; its highest ideal is to make a computer so embed-
ded, so fitting, so natural, that we use it without even thinking
about it. (I have also called this notion Ubiquitous Computing and
have placed its origins in post-modernism.) I believe that in the
next 20 years the second path will come to dominate. But this will
not be easy; very little of our current systems infrastructure will
survive. We have been building versions of the infrastructure-to-
come at PARC for the past four years, in the form of inch-, foot-,
and yard-sized computers we call Tabs, Pads, and Boards. Our pro-
totypes have sometimes succeeded, but more often failed to be
invisible. From what we have learned, we are now exploring some
new directions for Ubicomp, including the famous “dangling
string”10 display. (© Palo Alto Research Center, Inc. Included here
by permission.)
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direct control and management of the tool itself instead of augment-
ing existing skills by providing information and services to help peo-
ple gets things done. Weiser wrote:

Perhaps most diametrically opposed to our vision is the
notion of “virtual reality,” which attempts to make a world
inside the computer. [...] Although it may have its purpose in
allowing people to explore realms otherwise inaccessible [...]
virtual reality is only a map, not a territory. It excludes desks,
offices, other people not wearing goggles and body suits,
weather, grass, trees, walks, chance encounters and in general
the infinite richness of the universe. Virtual reality focuses an
enormous apparatus on simulating the world rather than on
invisibly enhancing the world that already exists.

Prescient though they were, even the Ubicomp visionaries missed
the really big wave on the horizon and the impending sea change of the
World Wide Web. It wasn’t that they didn’t see it coming at all—most
of those researchers were living in distributed computing environ-
ments—but they didn’t realize that massive internetworking and the
act of opening the world’s databases to each other and to consumers
would create such tremendous opportunities for new businesses. The
technology industry and research communities have been largely con-
sumed with the potentials (and fallout) of the dotcom era until recently.
As a result, the advances in Ubicomp have received less attention than
the early researchers anticipated. Timing is everything in innovation, as
in surfing; even a champion surfer may pre-anticipate the biggest wave.

The network revolution alleviated some of the key issues that Ubi-
comp addressed. Information access has expanded beyond what is
immediately physically at hand (hard drives, removable disks, flash
memory), to vast information repositories on the network. Further-
more, we can reach these repositories from a wide range of net-
worked devices, including mobile, wirelessly connected phones and
other devices. However, we still access the information through brittle
tools that require nearly as much knowledge and time to use as they
alleviate. Web services and smartphones today still largely follow the
point-to-point connections of a client/server architecture rather than
the multipoint, multiservice interactions that ubiquitous technologies
should certainly be capable of. Despite the vast interconnectedness of
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our networks and information technologies, we are still forced to
manually copy and paste data from one place to another, or to print
paper documents and forms that we or others manually re-enter.11 I
am reminded of the early complaints of iPhone users prior to version
3 of iOS, which enabled copy and paste: Why should we need to man-
ually copy and paste? Why can we not invoke services and seamlessly
transfer data from any representation of information we encounter?

Despite their certainty of long-term adoption of Ubicomp princi-
ples, Weiser and colleagues struggled to find near-term commercial
success for these “calm” and “invisible” technologies. In an era when
the complexity of computing systems was accepted, providing calm
interfaces was seen as “nice to have” but not essential to creating
value. In addition, the value of Ubiquitous Computing services
occurs only after some critical mass of ubiquitous wireless networking
exists, which has only started to be realized as wireless networking
based on the IEEE 802.11 standard became popular after 2000.

Tragically, Mark Weiser died quite unexpectedly in 1999 just as
Ubiquitous Computing was beginning to achieve commercial reality
and reach into people’s everyday lives: The World Wide Web con-
nected machines across the globe; the first Blackberry from Research
In Motion provided wireless two-way email; the Palm Pilot took a
huge chunk of business from printed calendars, address books, and
agenda notebooks; and the world awaited the imminent demise of
mainframes as Y2K drew near.

Post-Web Ubiquitous Computing
Fast-forward 20 years from when Weiser first articulated the vision

in the late 1980s and early ’90s to 2011. Today Ubicomp is a major sub-
discipline of computer science and electrical engineering research and
innovation, to the point that at least two annual international confer-
ences are held on the topic, and several periodical magazines and jour-
nals (listed at the end of the book) focus on it. Ubicomp research
certainly has not sat stagnant while the web washed over everything.
On the other hand, although exciting advances have emerged in these
research venues, Ubicomp will not have arrived at its promise until it
comes out of the labs and is realized in most people’s everyday lives.
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How far have we come toward achieving the dreams of seamless,
effortless interaction with information? The reality is that Ubicomp
commercialization has grown at different rates in different parts of
the world. Broad adoption of Ubicomp-based systems, wireless digi-
tal services on mobile phones, and GPS-enabled phones has emerged
in Japan and Korea. Considerable innovations in mobile and wire-
less technologies also have taken place in Europe. In the United
States, we have only recently achieved the critical mass of digital
technology adoption that is needed to reap the network-effect
value of Ubicomp.

Why has the growth of Ubicomp been slower in the United States
than in other parts of the world? The most likely explanation has to do
with the key barrier for Ubicomp to provide value: interoperation.
The usefulness of any digital device depends on the information it
carries. To the extent that a device has everything it needs, such as a
personal computer, interoperation is not needed. But as soon as the
information needs to be updated, edited, or provided to some other
service, the device needs to be able to exchange data with other
devices and services. In some ways, because the United States
deployed telephone networks and digital infrastructure earlier than
many parts of the world, we are stuck with older technologies that are
not as convenient as Ubicomp equivalents but that get the job done.

For example, in Japan, the Super Urban Intelligent Card (Suica)
system provides fast and convenient electronic payment for transit
services and is increasingly used for payments of other products and
services. The Suica system was first deployed in 2001 and uses a form
of near-field communication (NFC) radio-frequency identity (RFID)
chip that is embedded in a card or in the body of a mobile phone.
This system is so fast and reliable that commuters flow quickly
through the payment turnstiles in mass-transit stations without paus-
ing an instant. The technology is also being used to pay for products
at kiosks and in small shops in transit stations throughout Japan.

Proponents of NFC payment systems for the U.S. and other parts
of the world often point to the success of the Suica system. Unfortu-
nately, the United States already has a widely deployed payment sys-
tem based on magnetic stripes on cards. This magnetic stripe
technology is primitive by comparison, much less robust, and much
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less secure than NFC, yet, frankly, it is good enough. Although NFC
systems read cards in an instant, it takes only a second or two to swipe
a card through a magnetic card reader. NFC readers have few moving
parts and almost never fail, whereas magnetic strip readers wear out.
On the other hand, the magnetic stripe readers work more than 95%
of the time and are fairly inexpensive to replace. Good enough.

Fundamentally, though, no entity in the United States has the
motivation to pay for installing NFC systems across the country or
even across a local region. The United States does not have a nation-
wide organization to coordinate the various parties who would be
involved. In Japan, the transit system is controlled by seven privatized
spin-offs of the now-defunct government-run Japanese National Rail-
ways. Although the current transit companies are independent, they
do not compete directly and they share a cultural history of top-down
organization and consensus-based execution. Japanese transit is heav-
ily used, running trains with such frequency that the rail lines are uti-
lized at near-full capacity. To add capacity, the transit companies
faced a hard choice: invest in more rail lines or pack the trains more
densely. Installing a reliable high-speed NFC payment system
allowed the companies to increase the passenger flow for much less
than it would have taken to lay more track and to purchase and run
more trains. For the Japanese rail companies, NFC payment is a
necessity; in the United States, it would be a convenience.

Another example is in South Korea. I remember marveling at the
integrated “smart” hotel room I stayed in at the Shilla Seoul. The
lights and air were controlled by both my room key card and a panel
of buttons next to the bed. The room even came with free mobile
phones that were integrated with the room’s voicemail box. In fact,
those rooms are ten years old and are outdated by some of the more
modern hotels and apartment buildings going up in Korea today.

A new city, Songdo International City, is being built in the
Incheon region of South Korea. Construction for Songdo City, out-
side of Incheon about 40km from Seoul, began in 2000 with the
buildup of 200 square kilometers (77 square miles) of land reclaimed
from seabed. The city is being constructed using sustainable methods
and materials, and includes plans for many technology marvels,
including a theme park called Robotland. The city’s infrastructure
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includes video connections between the residents, schools, govern-
ment offices, business offices, and stores. The infrastructure further
allows residents to remotely control all the appliances, security, and
other electronic services in the residential units. These pervasive con-
nections and advanced capabilities caused the organizers to refer to
Songdo as a “ubiquitous city.” People in Songdo will be able to con-
nect with each other and services to live and get things done without
even having to use transit or otherwise expend time, fuel, or energy.

Initiatives such as Songdo City require the kind of heavy invest-
ment and long-term commitment that only a national government can
muster. Not since the creation of the city of Washington, D.C., has the
U.S. political system allowed our government to come together on
such a grand building scheme. Anyone voting in favor of such white-
elephant spending would be thrown out in the next election cycle.

A further example of government enablement of interconnectiv-
ity is the seeding of Ubiquitous Computing research by the European
Union (EU). In the late 1990s and early 2000s, the European Com-
munity created the Disappearing Computer initiative that funded a
large number of research projects to explore the invention and appli-
cation of technologies beyond desktop, laptop, and conventional
computers of the day. In 2005, the EU committed to further research
in Ubiquitous Computing technologies on the order of $216 million
U.S. dollars over a number of years.12 In the United States, Ubiqui-
tous Computing does not garner direct research funding, although
advances do occur under funding for other objectives, such as those
for the military or healthcare.

An All-Too-Ubiquitous Reality

As illustrated in Figure 2-2, the technology trends that spawned
Ubiquitous Computing in the 1980s continue today. Regardless of the
differences in rates of adoption, growth in the ubiquity of technologies
throughout the world has been steady, particularly with regard to wire-
less networking for communication and data services. Digital devices
exist in a wide variety of sizes and capabilities; wireless networks per-
meate the airwaves at work, school, and home; and complex machines
contain embedded processors that simplify how humans control them
(such as antilock brakes). We are well past the early dream of many
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computers serving each person and well on our way to tens, hundreds,
and someday thousands of computing devices per person.

Unfortunately, the proliferation of technologies has so far
resulted in more complexity than simplicity. People often become
frustrated as they are required to contend with many mundane
details of system administration in interacting with multiple devices,
multiple networks, multiple service accounts, multiple data formats,
multiple digital rights mechanisms, and multiple inconsistent inter-
faces. Figure 2-3 illustrates that in many ways, yesterday’s dream of
Ubiquitous Computing (widespread computation, information,
media, and communication) is no longer a dream, but an all-too-ubiq-
uitous reality in which managing and controlling these many types of
information services, devices, and applications is becoming increas-
ingly impossible.
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Figure 2-2 Although a personal computer was a lofty goal in the 1970s,
researchers in the ’80s saw that the proliferation of devices would
quickly surpass one computer per person. See Figure 4-1 for the exact
growth of number of devices per person in the United States.
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Figure 2-3 Ubiquitous Computing is no longer a dream, but an all-too-
ubiquitous reality.The many devices and services we manage are any-
thing but “[woven] into the fabric of everyday life.”

The ubiquity of technologies has created new complexities
among devices, information, people, and networks.

Too Many Devices!

At the device level, many of us deal with multiple computers
(home, work, school, volunteer organization), multiple mobile media
devices (camera, music player, video player, game device), and one or
more wireless phones; we are system administrators of home net-
works, we have multiple remote-controlled media devices, we have to
program our home thermostats, and some of us have installed home-
automation systems to control lighting and security. Soon our homes
will be on the smart grid, with dynamically controlled energy pricing
and consumption. Personally, even as a programmer, I dread the idea
of having to debug my smart home. Something has got to be done.

Too Much Information!

Precisely measuring the growth of information is difficult. Should
we count only new information? How much should we count
“remixed” information? Regardless of whether it is new or old
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information, how much of it is actually consumed? And of what is
“consumed,” how much of that did someone actually pay attention
to? Analysts differ on what metric matters most, but regardless of the
metric used, they all point to explosive growth.

International Data Corporation (IDC) published a report in
200813 that estimated that the amount of information created in 2007
was 281 billion gigabytes (281 exabytes) and that the amount of data
is growing at a compound annual growth rate (CAGR) of almost 60%.
At that rate, the amount of data created will reach 1.8 zettabytes
(1,800 exabytes) by 2011.

Researchers at the University of California, San Diego, published
a report in 2009 estimating that the average U.S. household consumes
as much as 34GB of information per average person in an average day.
This sounds tremendous, but considering that each pixel in a video
image is at least 1 byte, and taking into account the growth of video
games and interactive web content, this number is not so surprising.

So what? There’s a lot of data. Information is valuable, so isn’t that
good? The problem is that although a lot of information is presented in
a form that humans can read and use, only 5% or less of it is “struc-
tured” in such a way that it can be reused by other information services.
“Structure” here means that the information is tagged with “meaning.”

A database is structured. In the classic model of a database table,
each record is a row in the database, and the columns represent the
fields of information. A typical example is an address record that con-
tains fields such as first_name, last_name, initials, address_line_1,
address_line_2, city, country, region_state, and postal_code. This
structure is necessary so that a computer program, such as a billing
system, can place the fields in the correct slots of a bill. However,
more than 85–95% of the information that flows across our systems
today does not preserve the field names of information because most
information is formatted for human consumption. Because humans
can easily parse an address label to learn what they want to know, pre-
serving the structural metadata is not seen as necessary.

After the field labels are stripped, computer systems have a
hard time determining how to parse information into chunks. That’s
why when you see an address on a web page, your computer cannot
automatically import it into your address book or show it on a map.
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Someone has to have made the explicit connection between an
address (or the general format that an address takes) and a mapping
service.

Actually, addresses are relatively straightforward to parse, and we
are seeing more automatic recognition of addresses and phone num-
bers on mobile phones, for example. In fact, there have been tremen-
dous advances in natural language technologies that can extract
important types of information such as proper names, phone num-
bers, addresses, corporate names, monetary amounts, times, dates,
and similar fields that are referred to as “entities.” Unfortunately,
today’s entity-extraction techniques still miss many things that a
human reader would easily see.

Although text parsing has come a long way, we now need to be able
to parse information out of new types of media: images, video, and
audio. Recognizing people and objects in images and video is an active
area of research referred to as “computer vision.” It is already possible
to easily detect people’s faces in scenes, along with some easily distin-
guishable objects (a house versus a car, for instance). However, com-
puter vision cannot perceive many things with anything near the
reliability that humans can, such as distinguishing an image of a cat
from that of a dog. This is an active and exciting area of research, but we
are probably at least a decade away from the reliability that text parsing
is capable of today, which already falls short of human capabilities.

The upshot is that, along with having to deal with an exponen-
tially expanding universe of information, we have to manually inte-
grate information generated from one source into other sources. This
is true of enterprise services, consumer web services (how many web
accounts do you have to enter your personal info into?), and also dig-
ital home entertainment systems, in which owners have to teach their
universal remote how to control devices they’ve purchased from
other manufacturers. The ubiquity of devices is turning us all into
part-time computer system administrators.

Too Many Social Connections!

All this connectivity has greatly increased our capacity to reach
other people. Face it, the main purpose of computing systems
and networks is really to communicate with other people, not to do
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complex computation. Whether the system is tallying monthly
account statements, recording a purchase transaction, editing a docu-
ment, creating a product plan, or calculating next quarter’s budget,
that work is intended to communicate the results to someone. Some-
times that someone is just your future self as you write down some-
thing so you can remember it later, but usually this is another person.

In the past, our ability to communicate was partly throttled by the
necessity to convert electronic information to physical form such as
paper in order to distribute the information. The cost of physical dis-
tribution kept a lid on how much was generated and distributed. Now
with pervasive networking, the floodgates are open and it’s easier to
send an email to a hundred people across the planet than it is to phys-
ically talk to someone in the next cubicle.

And of course, social media networks such as Facebook,
MySpace, Twitter, and LinkedIn expand the number of personal con-
nections we can each maintain. Unfortunately, such systems increase
others’ expectations of how much we know about what’s going on in
their lives. We need something that gives a quick update of a person’s
life right before we run into each other.

Many statistics indicate high percentages of mobile phone pene-
tration across the globe, approaching saturation. Combine those
phones with the growing number of communication channels, such
as email, Twitter, social networks, instant messaging, Short Message
Service (SMS), and Multimedia Message Service (MMS), and it’s no
wonder that we seem to be always talking to each other. Yet somehow
we still have trouble connecting to the people we need to talk to at
the right time. They might be away briefly, or in a meeting, or driving
their car, or helping their children with schoolwork—or the cellphone
battery could be dead. Despite the huge arsenal of communication
tools at our disposal, we still spend a large portion of time figuring out
who to talk to and the best way to reach them.

Too Many Networks!

The Internet itself is another area of complexity. How many net-
works do we encounter during the course of a normal day? Workplace
local area networks (LANs) are standard today, with 95% of U.S. work-
ers having a broadband connection to the Internet.14 Many workplaces
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have multiple networks (private intranet and a public guest network).
More than 57% of U.S. homes have broadband network connections
as well,15 growing by 300% between 2001 and 2007.16 Wireless net-
works are available in many public spaces, such as schools, cafes,
hotels, and airports. Also keep in mind the growing number of network
service providers, including cable and satellite television networks, and
other forms of wired and wireless networks that carry digital traffic.

We all gain tremendous value from being able to connect to a
broad wealth of devices, information, and people. Yet the prolifera-
tion of networks introduces a set of technical administrative tasks to
contend with as we attempt to cross networks to access content that
physically resides elsewhere. There are firewalls to cross using virtual
private networks, and network addresses to resolve that change
dynamically, along with many, many user accounts.

Fortunately, the problems Ubicomp has raised also provide the
seeds of a solution. The proliferation of devices and services provides
multiple points of interaction that can be recorded and mined for pat-
terns to increase efficiencies. These patterns allow automated sys-
tems to proactively assist people and provide knowledge that they
wouldn’t otherwise encounter. I refer to this as “contextual intelli-
gence,” which is explored more fully in Chapter 4.

What’s the Difference between Ubicomp and Augmented
Reality?

Several terms overlap with Ubicomp: Pervasive Computing, Mobile
Computing, Symbiotic Computing, Wearable Computing, Multide-
vice Interaction, Ambient Intelligence, Context-Aware Computing,
Everyware. Those terms carry some minor distinctions but are prac-
tically synonymous. Augmented Reality, however, is quite different.

Augmented Reality (AR) is the presentation of electronic infor-
mation along with a real-world object, projected physically or as
seen through an electronic display. Ubiquitous Computing (Ubi-
comp) is the seamless integration of information services as we
accomplish goals throughout our work and personal lives.



28 UBIQUITOUS COMPUTING FOR BUSINESS

Both have to do with the use of information services in conjunction
with real-world objects. However, AR focuses on perceiving “real-
ity,” and Ubicomp focuses on the usefulness of a “computing” serv-
ice to our goals.

The key point of overlap, and the source of confusion to some, is
that both AR and Ubicomp utilize machine perception to detect
the state of the real world and to supplement the physical state
with digital information. AR systems typically use cameras, GPS,
and electronic compass to detect the location and orientation of
physical objects relative to each other. A Ubicomp system may also
employ those same sensors, along with others such as switches,
thermistors, microphones, chemical detectors, strain gauges,
accelerometers, and more.

AR depends on machine perception technologies to project infor-
mation alongside a physical object. Common examples are seen in
television broadcasts of sports, such as the yellow “first down” lines
during U.S. football games and the colored location tails of hockey
pucks.

Ubicomp does not necessarily require that the information be dis-
played alongside one’s perception of the real-world items. Ubi-
comp uses machine perception to incorporate inputs that are not
necessarily explicitly entered by human operators—these include
physical states of motion (such as running, walking, driving, or rid-
ing), attention demands of the situation (such as driving in traffic
or sitting on a train), other people’s attributes (such as their roles,
demographics, or psychographics), and more. It further encom-
passes electronic information about things outside of one’s physical
environment, perhaps adapting the presentation based on the
attention (driving in heavy traffic) and physical (arms full)
demands of the user. A common example of a ubicomp system is a
portable navigation device that tells a driver where to turn; some of
these systems are integrated with an automobile’s radio and reduce
the volume of the music in the driver’s side speaker when giving
turn instructions. More sophisticated examples appear throughout
this book.
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Summary
Ubiquitous Computing (Ubicomp) describes the paradigm of

information technologies embedded throughout our everyday work,
home, and school environments that are designed to fit into natural
practices of humans. Unlike most information technologies, Ubicomp
systems should not require any training to use them and are designed
to fit into and adapt to what humans need and do.

The vision was first described by Mark Weiser, then head of the
Computer Science Laboratory at the Xerox Palo Alto Research Cen-
ter (Xerox PARC) in 1988, where Ubicomp technologies and busi-
nesses continue to be created. Along with scientists and engineers in
the United Kingdom and Japan, the early Ubicomp systems focused
on creating prototypes of mobile, wirelessly networked devices along
with sensors and other devices to perceive the state of the physical
environment.

The rate of adoption of these kinds of solutions has varied across
the globe. Japan and Korea have broadly adopted Ubicomp systems
into their everyday infrastructures. Europe has seeded invention in
the field by actively funding research programs. In the United States,
political and business structures limit the kind of top-down coordina-
tion needed to achieve critical mass of value among ubiquitously
interconnected computing devices. Nevertheless, the technologies
have grown in the United States as well, with recent successes seen in
smartphone adoption rates and location-based services.
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Harmless if Used as Directed

Perk up pouting household surfaces with new miracle Ubik,
the easy-to-apply, extra-shiny, non-stick plastic coating.
Entirely harmless if used as directed. Saves endless scrub-
bing, glides you right out of the kitchen.

—Philip K. Dick, Ubik1

By this point, it may have occurred to you that Ubicomp is simply
a description of the state of information technology today: Comput-
ing is everywhere, all the time. How is Ubicomp different from other
computing paradigms? This question reminds me of the metamor-
phic product at the center of Philip K. Dick’s 1969 novel Ubik, which
showed up as a different product for each chapter ranging from an
electric vehicle to a pain reliever. Ubik was advertised as a cure for
any and all ills (when used as directed), and its value was derived
through the consumer’s simple faith in its effectiveness. In some
ways, a new computing paradigm can have a similar feel to Ubik: It
can be anything you want it to be and can seem to solve any problem,
yet it may actually be simply repackaging an existing set of capabilities
(can you say “cloud computing”). Is Ubicomp (or should we say
Ubikcomp2) really a distinct category of information technology, a dif-
ferent paradigm for interacting with information systems?

Yes. A distinction exists between the ubiquity of information
technology and the paradigm of Ubiquitous Computing. A Ubiqui-
tous Computing system is generally one that interleaves information
from physical and digital worlds. Desktop, mobile, web, and embed-
ded computers are all examples of digital systems on one side of the
information stream. The other side contains the physical elements:

3
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location, paper, images, audio, or tactile information. In most cases,
the person is trying to achieve a goal (which may be simply enter-
tainment), and the Ubiquitous Computing system provides
assistance or knowledge that the user needs, if not proactively, then
at least conveniently.

Figure 3-1 shows the three key pillars of a Ubiquitous Computing
system: ubiquitous interoperation among devices, information, and
networks to create interactive and proactive services for personal
assistance and knowledge. A successful Ubicomp system combines all
three of these to serve the user’s needs.

Embodied
Multimedia

Implicitly Controlled
Mixed Initiative

Context-Awareness
Activity Detection

Behavior Modeling
Need Prediction

Mobile and
Ambient
Devices,

Networks,
Information

for
Personal

Assistance
and Knowledge

Ubiquitous
Interoperation

creates
Interactive

and Proactive
Services

Figure 3-1 Ubiquitous Computing innovation focuses on new technolo-
gies and practices to interweave digital and physical information
sources when working toward an objective.
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What Did the Car Say to the Home
Heating System?

Nothing. And that’s the problem. Why doesn’t your vehicle tell
your home heating system when you are headed home so that it can
preheat the home? Why doesn’t your thermostat setting at home get
used to set the temperature in the car? Why don’t all of my devices
share the information that I enter into them?

The first dimension of advances in Ubiquitous Computing has
focused on leveraging the increasing miniaturization of computation
and proliferation of devices throughout our lives. At the inception of
the field, research and invention centered on creating the hardware
devices and software infrastructures for exchanging information that
would be needed to realize the vision.

In the previous discussion of the history of the field, I described
some of the early prototype devices and networks developed by
researchers at Xerox PARC and elsewhere, such as the PARC Tab,
PARC Pad, the Tab Network, and Liveboard. At the time (late 1980s,
early ’90s), wireless battery-operated computing devices were not
commercially available, so researchers were required to implement
the hardware. Today, of course, wireless battery-operated devices are
common in the form of laptops, e-readers, tablets, and smartphones.
Until recently, the research community focused on the integration of
sensors with the devices, but even that has become commercially
common, with examples such as accelerometers, GPS, gyroscopes,
and digital compasses on more handheld computers. Certainly, Ubiq-
uitous Computing will continue to advance the field of hardware
devices, but at this point, we can be assured that the critical mass of
pervasive devices, networks, and information does exist. The larger
questions to address today involve leveraging this ubiquity into new
services.

The Interoperability Barrier

Increasing computational power on personal computers has
expanded what we conceive of as “information.” Early business com-
puters were able to handle information in the form of simple text and
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numbers, but new digital recording devices are generating multiple
forms of media: still images, audio, and video. Today documents on
the web and word processors can readily handle image, audio, and
video media, so the focus of investigation in media technologies has
shifted to issues related to the digital delivery of media content for
consumer entertainment rather than to business users in the work-
place. The same problems exist for consumers as they grapple with
understanding how to compose a wide assortment of devices from
multiple manufacturers that generate and consume multiple media
types (text, photos, video, animations, music, and voice). It’s easy to
understand that technical difficulties would arise in translating from
one media type to another, such as speech to text, but it’s hard to
understand why so much complexity surrounds the seemingly simple
problem of encoding and transcoding content across the dizzying
array of “standard” formats (JPG, RAW, WindowsMedia, Quicktime,
RealMedia, DVD, Blu-ray, and MVI DVD), as well as exchange pro-
tocols (Universal Plug and Play, Digital Living Network Alliance) and
media networking technologies (HDVI, Bluetooth, WiFi, and propri-
etary network protocols). The diversity and complexity is feeding a
large segment of the media industry to help consumers understand
the various tradeoffs to optimize fidelity, cost, and performance. This
confusing array of formats, along with the risk that any new standard
might become quickly obsolete, slows adoption of new technical
capabilities The wise consumer waits for the standards wars to run
their course before making a purchase.

The problems with multimedia are not entirely technological, of
course. Some of the “standards” are owned by businesses that aim to
optimize commercial benefit by exploiting some proprietary advan-
tage or consumer lock-in to a standard that they own or control. The
complexity of standards can keep small players out of a market. Even
for the large companies that can afford to participate in standards
consortia, the agreements require time-consuming negotiation and
fail to accommodate unforeseen technical advances. A recent exam-
ple is the unexpected growth in 3D video that the recently adopted
video standard, H.264, does not cover. The limitations of existing
standards give rise to new standards, but the fundamental problem
with standards approach remains: standards lag innovation.



CHAPTER 3 • HARMLESS IF USED AS DIRECTED 35

Despite the fact that the problem is not wholly based on techno-
logical issues, Ubiquitous Computing research has investigated solu-
tions to these sets of problems, such as dynamic transcoding of media
formats to match the rendering device’s capabilities.3 In a recent
example, researchers at PARC (see sidebar PARC Today) devised
technologies for “recombinant computing,” called the Obje™ inter-
operability framework,4 which uses the approach of dynamically
transferring a media codec from a media source (such as a video
library server) to a media renderer (such as a digital display). This
approach not only solves the core problem of interoperability, but also
enables new models of device interoperability, such as “recombinant”
device networks,5 in which end users can co-opt a device designed for
one purpose to be used for a different objective (such as using an off-
the-shelf digital camera as a page scanner to send a fax through a net-
worked computer).

Under the Obje framework, a flexible security mechanism allows
devices to alert each other of their presence and allow safe intercon-
nectivity of trusted and untrusted devices all under the user’s direct
control. With this and similar approaches to interoperation, con-
sumers can remain confident that their new and existing products will
work together. Manufacturers also are free to introduce new and
innovative devices, media formats, and networking options without
depending on the sluggish creation of standards. As time-to-market
cycles shrink, the need for faster iteration of interoperation is increas-
ingly necessary.

PARC Today

Xerox’s Palo Alto Research Center, founded in 1970, recently cele-
brated its 40th birthday. In 2002, Xerox PARC was transformed
from a division of Xerox into an independent company. In its new
form, PARC, Inc. is still owned by Xerox and now has the flexibility
to create technologies with commercial impact outside of Xerox’s
traditional business domains (which itself has broadened from doc-
ument scanning and copying into information services and busi-
ness process outsourcing). Historically, some of Xerox PARC’s
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Keeping Control
Even if the problem of various digital media formats and proto-

cols went away, we would still have two problems: making sense of
what kinds of interconnections are possible, and then controlling the
connections. Think about a typical home media system: The possible
connections between TV, video library, music, speakers, and satellite
or cable feed are endless—just look at the back of your components at
home to see the tangle of complexity there from wires and terminals.

At least today you can see the wires that define the connections.
Those wires are disappearing; wireless digital networks are supplant-
ing wires throughout our environments. Sure, the wires are annoying
and we will all be better off with fewer. On the other hand, the exis-
tence of a physical wire between two connected devices leaves no
uncertainty that they are connected. When no wires exist, how will
you know whether the media server in your living room is connected
to the speakers in the kitchen (or the neighbor’s speakers)?

Today’s home media entertainment systems come with a remote
controller for each device, each using the specific control codes and
protocols for that model device from that particular manufacturer.
These remote controllers quickly add up to too many to keep track of.
A common solution is to use a “universal controller” that is capable of
talking to several models of devices from several manufacturers.
Thus, we might imagine extending the capabilities of such devices to
include the ability to define the logical connections between media
servers and players in a wireless network. However, today’s universal

technologies were inadvertently commercialized by companies
other than Xerox. Today PARC deliberately commercializes
technologies with partners across various industries, including
solar energy, natural language search, biology, retail shopping,
and water filtration. In addition to technology innovation,
today’s PARC is innovating in the business of doing research.
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controllers can control only a device that has been physically con-
nected to another device; universal controllers are not currently capa-
ble of making connections, just controlling existing ones.

Let’s think of the extension of universal controller as a kind of
“universal connector.” What would that look like? First, it would need
to show a representation of all the media devices or services (sources
of content and destinations for playback) that it knows about and
allow direct control of each. Second, it would need to provide a way
to define that two (or perhaps more) media endpoints should be con-
nected without physical “hardwiring.” These connection configura-
tions should sometimes include simple instructions of what to do
when some event occurs, such as to turn down the volume when the
telephone rings. Finally, it should make the connections semi-perma-
nent by recording the connection. Figure 3-2 shows an example of
such an interface based on the Obje framework described earlier.6

The first market entry point for this capability is consumer media
devices in the home, but it could expand to include interoperation
with other electronics in the environment, such as smart conference
rooms, smart stores, and others.

This first dimension of Ubiquitous Computing has become a real-
ity. The devices that once required research scientists to construct
can now be purchased at electronics stores. In this sense, Ubiquitous
Computing is already upon us. As we have seen, however, users con-
tinue to struggle with how to make sense of the richness of technolo-
gies available to them, so the full vision of Ubiquitous Computing has
not yet been realized. Fortunately, the continuing adoption of mobile
and embedded devices and networks opens up two new capabilities
that reduce user confusion and propel us toward the ultimate vision
of technologies that weave themselves seamlessly into the fabric of
our everyday lives: interactive and proactive services that address the
needs of personal assistance and knowledge.



38 UBIQUITOUS COMPUTING FOR BUSINESS

Front Door Webcam
in Front Door

Devices
and Media Connections Setups

TV
in Master Bedroom

Stopped

Click to restart

View Details

Delete

07 Going To California
in Led Zeppelin

MP3

Speaker
in Kitchen

Ready

Click to start

View Details

Delete

06 Oil 1
in Moby

MP3

Speaker
in Kitchen

Ready

Click to start

View Details

Delete

Make New Connection

Devices
and Media

Connections Setups

Microphone
Location: Kitchen

Speaker
Location: Kitchen

Music Library
Location: Living Room

Screen
Location: Kitchen

Photo Library
Location: Living Room

Discover and control devices and services

Connect devices and services



CHAPTER 3 • HARMLESS IF USED AS DIRECTED 39

Proactive Interaction

But if you’re proactive, you don’t have to wait for circum-
stances or other people to create perspective expanding expe-
riences. You can consciously create your own.

Stephen Covey, The 7 Habits of Highly Effective People

It often seems that the world of electronic information is separate
from our own; our PCs, handheld computers, and mobile phones pro-
vide tiny portals where people can peer through the screen at a sliver
of the info-verse. People manipulate information and devices by pok-
ing buttons and pushing a mouse. Ubiquitous Computing adopts the
philosophy that no distinction should exist between information space
and physical reality, and that we shouldn’t have to be trained on how to
input data into a computer. Just as we are able to exchange informa-
tion with humans without necessarily using a text-entry keyboard or
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Figure 3-2 Obje Univer-
sal Connector simplifies
defining connections in
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wires.The Universal Con-
nector can dynamically
learn about the existence
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device/service because
the control interfaces are
served up by the devices
themselves. (Figure
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mouse, we should have natural ways to interact with computers as
well. The keyboard and mouse are recent inventions, but our bodies
long ago mastered touching, grasping, speaking, moving, hearing, and
interacting naturally with the world.

Act Naturally

Generally, a human operator explicitly directs what functions the
system should take by deliberately generating commands that direct
the operation of the system. Why is it necessary for us to direct every
single operation of the computer? Human coworkers don’t tell each
other explicitly what to do (for the most part). Furthermore, why do
we have to manipulate information by poking buttons, pushing pucks,
touching graphics, and occasionally speaking to devices? Ubiquitous
Computing adopts the philosophy that, just as we don’t have to use a
keyboard to talk to other humans (though my wife just sent me an
email from the kitchen!), we should have natural ways to interact
with computers as well.

What qualifies as “natural” interaction? Natural is a subjective term
based on the perception and experience of each individual. A number
of metrics are used in the field of human–computer interaction to eval-
uate the effectiveness of interactive systems: performance speed, num-
ber of errors, time on task, perceptions of quality, simplicity, and others.
Perhaps the closest metric to the notion of “natural” interaction is ease
of learning. A system that is simple to learn seems more natural. The
simplicity of learning, however, depends on the skills of the person
using the system: Someone who has not yet learned to use a mouse will
find even the simplest graphical user interface difficult to use.

Let’s use “natural interaction” in an extreme sense: An interactive
system is natural if any human in the targeted user demographic (age,
gender, education level, work type, and so on) will be able to use the
system with absolutely no prior training. Examples of purely naturally
interactive systems include automatic doors, motion-sensing light
switches, antilock brakes, and traction control in automobiles. Any-
one who functions normally in the world can use these systems with
no training whatsoever.
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Computer Perception

The oldest medium for exchanging information is speech.
Despite ambiguities and imprecision, human language is the richest
form in which to express concepts. Computers in the dawn of Ubiq-
uitous Computing had some ability to recognize human speech, but
researchers realized that wasn’t enough. Speech is not the only means
by which we interact; we point, gesture, draw, emote, write, gaze, and
use other external cues to indicate meaning. Each of these communi-
cation modalities is better at communicating some types of informa-
tion than another. Humans often combine modalities to emphasize
and reinforce meaning. Similarly, human–machine interaction bene-
fits from the use of multiple input/output modalities: text, mouse,
voice, gesture, vision, and touch. Researchers have even done experi-
ments with interaction technologies based on olfactory and taste
sensing. The goal is to enrich human–machine interaction beyond
the use of one or even two input mechanisms (keyboard and mouse)
so that people can use the best communication modality to express
their intent.

Touching, Moving, Grasping

“Direct manipulation” is a commonly used computer-interaction
paradigm in which users “touch,” “move,” “select,” and in other
ways interact with objects that they want to perform operations on—
physical objects or abstract objects such as information files and doc-
uments can be represented for users to manipulate. Direct
manipulation is a more “natural” interaction style than the command-
line interfaces that preceded it. On the other hand, direct manipula-
tion interfaces are actually somewhat indirectly controlled through
the movement of a mouse on a surface that moves a corresponding
pointer on a screen. Modern touchscreens get closer to the intent of
direct manipulation, but there again, the icons on the screen are usu-
ally indirect representations of objects.

An even more direct form of manipulation is present in tangible
user interfaces (TUI), such as those created by the Tangible Media
Group at MIT since 1996, in which the physical space where informa-
tion is represented is also what the user manipulates.7 One example
of this approach is Illuminating Clay, a system that allows a landscape
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designer to manipulate a flexible clay landscape model. The system
laser-scans the clay model and calculates heights, contours, water
flow, and slopes; those are then projected onto the clay model in
near–real time. The clay, a traditional tool for landscape designers, is
used as both the input and output medium, providing direct support
for the iterative process of design.8 Certainly, such interfaces are
quite “natural” to use, but most TUI-based applications require some
user training to understand what actions can be performed on the
tangible objects and what information will be delivered as a result of
actions. TUI-based systems are easy to use after this information has
been conveyed, but some amount of training is definitely required.

Natural interaction is one among a superset of interaction para-
digms that has been referred to as Reality-Based Interaction (RBI).9

This set covers a broad range of interaction styles “that diverge from
the ‘window, icon, menu, pointing device’ (WIMP) or Direct Manipu-
lation” interaction, including virtual, mixed, and augmented reality;
tangible interaction; Ubiquitous Computing; context-aware comput-
ing; handheld interaction; and perceptual and implicit interaction
styles, such as natural interaction. All of these interaction paradigms
utilize people’s tacit knowledge in the following four categories: sim-
ple physics (gravity, friction, persistence of objects, relative scale),
body awareness (proprioception, range of motion, two-handed coor-
dination, and whole-body interaction), environment awareness (navi-
gation, depth perception, distance between objects), and social
awareness and skills (presence of others, verbal and nonverbal com-
munication). Systems that embody the paradigm of natural interac-
tion leverage the user’s knowledge in all four of these categories.

The same kinds of technologies that enable multimodal interac-
tion can also detect user actions that implicitly indicate the user’s
goals and intentions without requiring deliberate direction from the
user. A recent example of such a system is the PARC Responsive Mir-
ror,10 shown in Figure 3-3 and described in more detail in Chapter
11, “Clear Sailing.” This is an implicitly controlled video technology
for clothes fitting rooms that allows a shopper to directly compare a
currently worn garment with images from the previously worn gar-
ment, matching the shopper’s pose as she moves. When a shopper
turns to look at herself in the mirror, she is indicating a need for infor-
mation about how she looks from that angle. A camera detects the
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Figure 3-3 The responsive mirror is implicitly controlled: Images in the
electronic display on the left match the angle of the user’s view in the
conventional mirror in the center. (Figure credit:Takashi Matsumoto)

shopper’s orientation, and an electronic display shows images of pre-
viously worn garments in the matching orientation, providing the
information that the shopper desires (how she looks in multiple gar-
ments from the same angle). People exhibit many other behaviors in
retail settings that indicate their information needs: picking up and
examining objects, searching for assistance, comparing products side
by side, and more. As machine perception becomes more reliable and
less costly to deploy, we will see the ability to deliver information
based on implicit behaviors in other domains. Think about all the sit-
uations in which you can pretty much tell just by looking what people
are trying to do at work, at home, or in kitchens, schools, airports,
shopping districts, theaters, hospitals, and more.
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Proactive Systems

Proactive systems span a spectrum from ones that automatically
take anticipatory action to ones that merely detect and facilitate a
potential need for action but that wait for the user to take action. The
degree of proactivity depends largely on the appropriateness of taking
action and the severity of being wrong. For example, automatic doors
sometimes open incorrectly, but the cost of this error is low because
little harm results if no one goes through an open door. On the other
hand, although automatically printing to the nearest printer usually is
the right thing to do, possible exceptions make it more prudent to ask
the user which printer to use. It is safe and still helpful to sort a printer
list according to the proximity to the user, allowing the user to quickly
select the nearest printer but still search for others when desired.

Assistance and Knowledge
The main objective of Ubiquitous Computing is not any particu-

lar technology or interaction mode. Instead, it is to assist users in
achieving their objectives with the most appropriate technology at
hand. Certain aspects of Ubicomp systems make them particularly
suited for such assistance.

Context-Aware Systems

Computing devices seem oblivious of the environment in which
they are being used: mobile phones ring in the middle of meetings,
email notifications pop up in the middle of presentations, speech-
enabled navigation systems interrupt conversations in automobiles,
and users cannot simply state that they want to connect to the “near-
est” printer, display, or speaker, they have to pick it from a list. In the
Ubiquitous Computing paradigm, devices are aware of the context in
which they are being used and behave appropriately. Context
includes the state of the physical environment (location, time, and
weather), the state of the electronic environment (calendar appoint-
ments, contents of recently viewed documents and emails, phone
calls) and the state of the people involved in the situation (talking,
concentrating, laughing).
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Context-awareness allows systems not only to react appropriately to
the situation, but also to anticipate user needs and behave proactively
when appropriate. It’s not enough to simply have access to contextual
information; effective proactivity requires understanding what the situ-
ation means to the person and what actions are appropriate and will be
helpful. Some categories of proactive assistance are almost trivial to
implement, requiring little or no analysis of tradeoffs or innovation.
Automatic door openers are context-aware, proactive, and easy to
implement—for example, a switch or motion sensor rigged to a door-
opening actuator is all it takes (but do take care to design the passage-
way so that the door won’t strike a person as it opens).

A grand challenge in artificial intelligence is that of a digital per-
sonal assistant. Although prototypes of such have been developed in
laboratories, we are only now seeing the emergence of commercial
products in this category. The ultimate personal assistant is one that
knows your personal preferences, can tell how you would react in any
given situation, adjusts for social/political objectives, and behaves
proactively only when you would want it to. A combination of a Radar
O’Reilly who presciently knows what you want done, a Passpartout who
smoothes the way on your journeys, and a Jeeves who deftly extricates
you from a jam—the ultimate executive assistant for us all! Between
these two extremes lie a broad range of personal services requiring dif-
ferent levels of complexity and innovation to make them real.

The vision of intelligent agents is marvelous and shares many
objectives with Ubicomp but takes the approach of doing as much as
possible without you (see the accompanying sidebar for more). Do
you really want something else to do the work for you? Have we not
learned that a sedentary life is not healthy? Will our abilities to learn
and think for ourselves atrophy? Ubicomp has publicized the notion
of calm computing, but the calmness is intended to be with respect to
how one thinks about the computers being used, not that the person
is necessarily calmly, lazily existing but not achieving. In fact, while
the early visions of Ubicomp espouse systems that anticipate and
proactively satisfy needs, they just as equally describe people actively
engaged in their lives and work.
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Limitations of Agent-Based Interaction Metaphor

The notion of using computer intelligence in the service of users is
also at the heart of a subdiscipline of artificial intelligence known as
Agent-based Interaction. For the most part, Ubicomp and Agents
are complementary notions that enable each other—the ubiquity of
systems allows them to be more intelligent, which, in turn, spreads
the systems ever more ubiquitously. However, the two have one fun-
damental difference. An intelligent agent is modeled after a human
co-pilot and intended to be a centralized locus of control, handling
all your needs in one place. Ask, and it responds. Command, and it
performs. Relax, and it will alert you when trouble arises.

To get any particular job done, the agent may have to call on others to
perform subtasks, usually in a hierarchically structured organization.
Unfortunately, this mode of commanding an agent boils down to
essentially the same problem as in using any single point of control.
First, you have to be able to communicate what you want. However,
we humans do not always have a clear idea of what we want—when
we do, by the time we’ve articulated clearly the goals and the con-
straints, we might as well have done it ourselves. Speech recognition
may help but is not a complete solution, either, as there is inherent
ambiguity in human speech. How many times have you seen people
in a conversation come away with different interpretations of the dis-
cussion? Text input is nearly error free, but does that make keyboard-
based user interfaces easy? Second, as a single locus of control, an
intelligent agent needs to be able to utilize other services to accom-
plish goals. Somehow, the agent will have to preserve your intention
as commands are dispersed to other systems and actions are taken on
your behalf. Generally, intentions blur and become reinterpreted
with each link in a communication chain, resulting in inefficient iter-
ations of command-response cycles and outright unintended results.

The Ubicomp paradigm is modeled after a flat business organiza-
tion in which the leader connects directly with frontline employees
and customers. Ubicomp systems are intended to work in the mold
of artisanal tools that become extensions of the artisan’s body.
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TABLE 3-1 Distinctions between Intelligent Agents and Ubiquitous
Computing Systems

Intelligent Agent Ubiquitous Computing

Single locus of information
about me

Distributed, partial information by place,
time, and situation

Command the computer What computer?

Personal, intimate computer Personal, intimate people (whom I happen
to access through a computer)

Filtering, blocking, re-routing Breathing, living, strolling, engaging

User interface between person
and computer

No boundary between you and the
machine

DWIM (do what I mean) WIWYHIAFI (when I want your help, I’ll
ask for it)

I interact with an agent. You
reach me through my agent.

I interact with the world. You reach me.

Today, though, instead of using physical tools to construct physical
artifacts, modern work involves complex information gathering,
planning, and communication. Instead of subcontracting the work
out to an agent, Ubicomp systems consist of controls, displays,
workplaces, communication channels, authentication protocols,
and other information tools arranged to facilitate the direct
achievement of knowledge-oriented tasks.

At a symposium on User Interface Agents in 1992, Mark Weiser
used a version of the following table to contrast the two philosophies.

To be fair, the idealized visions of personal assistants in fiction
(Radar, Passpartout, and Jeeves) know when it is appropriate to
intervene and when to get out of the way. The vision of humanlike
interaction with an intelligent agent is not inconsistent with Ubi-
comp; it’s just that the emphasis differs. An intelligent agent would
do the work for you, calling on you only in extreme circumstances.
In a Ubicomp system, you still do the work and conduct the inter-
actions, but you have at your disposal a broad set of well-designed
tools that extend and augment your own inherent personal abilities.
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Figure 3-4 Timeline from research to commercial adoption of context-
aware services.The adoption rate is accelerating now that critical mass
of wireless networking, handheld computers, sensors, and networked
information services exists.

The concept of location-based services and context-aware systems
began at PARC with the deployment of Olivetti’s Active Badge and
the PARC Tab, which were able to detect the room in which a person
was located in the building. Although these prototype devices proved
the viability and value of the concept, commercial success depended
on the availability of location-tagged information and reached critical
mass in the early 2000s with web-based mapping systems. Since then,
a wide range of location-based services has emerged in the form of a
variety of GPS-enabled navigation devices and smartphones.

Figure 3-4 shows that the time between the research concepts of
context-aware services and the onset of commercial services was
roughly ten years. Widespread adoption of location-based service did
not occur until around 2007, largely due to the lack of commercial
infrastructure for location awareness. Now that the infrastructure
exists, the subsequent advances in research labs will become com-
mercially viable at a much faster pace. As an example, prototypes of
the grand vision of a digital personal assistant existed only as research
projects starting around 2005 with the Cognitive Assistant that
Learns and Organizes (CALO), funded by the Defense Advanced
Research Projects Agency (DARPA) and developed jointly by many
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academic and commercial research firms. Later advances included a
mobile phone prototype codenamed Magitti for providing personal-
ized recommendations of restaurants and stores (described in more
detail in Chapter 8, “Breaking Out of the Supply Chain Gang”). It
was developed by PARC and Dai Nippon Printing (DNP) in 200711

and commercially released for the iPhone in 2010.12 A subsequent
prototype system called Ubidocs combined content-analysis along
with digital context to find and present the people, events, and pieces
of information related to your email. It was prototyped at PARC
between 2008 and 2009 and was commercially released as Meshin in
2010. These early digital personal assistants do not have the full
power of a competent human assistant, and research and innovation
are still needed to achieve that vision. The take-away message is that
commercialization of research in context-aware services will be much
faster-paced now than ever before.

What Are You Trying to Achieve?
The ultimate goal of context-aware systems is not simply to know

the state of the environment, but to have insight into the intentions
and goals of people acting in the environment. This is largely deter-
mined by a person’s tasks and activities, which can be partially inferred
by combining inputs from multiple sensor types, as well as content of
electronic data that the person has generated or accessed. For exam-
ple, if the system observes people entering a conference room, com-
bined with the fact that a meeting is scheduled in that room, the
system may infer that the activity of the people is a meeting. The sys-
tem may even know the topic of the meeting and information related
to the meeting, from information associated with this location and col-
lection of people. This concept formed the premise of the Activity-
based Information Retrieval (AIR) in the early 1990s. Since then, we
have seen considerable advances in activity detection, to the point that
systems are able to detect activities at multiple levels of granularity:
from mechanical actions (walking, biking, brushing teeth, and so on)
to longer-lasting and cognitive levels of activity (playing football, eat-
ing in a restaurant, compiling a report, planning an outing, socializing,
preparing a meal, and more). Activity detection provides insight into a
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person’s state of mind. As an example, researchers have demonstrated
that people are less mentally receptive to an interruption when a sys-
tem detects that they are actively involved in conversation or work
tasks (explored in more depth in Chapter 10, “Coordination”) .

Summary
In contrast to the early days of Ubicomp research, mobile wire-

less devices are common today in the form of smartphones, laptops,
and embedded sensors. Ubicomp innovation is now centered on
reducing some of the complexity in our pervasively connected lives:
information overload, device management, social connectivity, and
network bridging. The Ubicomp field today can be described as pur-
suing the use of ubiquitous interoperation of devices, networks, and
services for the creation of interactive and proactive services that pro-
vide personal assistance and knowledge.

Ubicomp systems have several characteristic technologies:

• Ubiquitous interoperation is the exchange of information
and commands among all systems to perform a task. Ubicomp
systems must interoperate with a wide range of system types,
including web services, sensors, digital media, phones, building
control, medical equipment, games, transaction services, and
social network services—any and all encodings of information
across all types of technology.

• Natural interaction allows humans to use their anatomy and
cultural history of interacting with people, objects, and infor-
mation in the physical world.

• Multimodal interaction allows the use of multiple forms of
input simultaneously: speech, text, vision, touch, and so on.

• Physical and embodied interaction (also called tangible
user interface) allows people to directly manipulate physical
objects to perform digital tasks.

• Implicit interaction occurs when systems automatically per-
form tasks without requiring directive commands. Automatic
door openers are a simple example.
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• Context-aware systems use the state of the physical and elec-
tronic environment (location, nearby objects, people, recently
exchanged email, calendar appointments, and so on) as factors
in performing an information service.

• Activity detection is the use of sensors to identify the physical
or cognitive activities of people.

• Proactive systems anticipate the user’s goals and suggest or
perform actions to facilitate their accomplishment.

Although Ubicomp systems employ intelligence and personaliza-
tion, they fundamentally differ from the notion of an intelligent agent
that provides a single locus of control with the world, letting the user
specify rules and policies that the agent performs. In a Ubicomp sys-
tem, the user performs the work and engages with the world through
the use of well-designed tools that extend the user’s inherent personal
abilities.

These capabilities create new classes of applications and services
that will have increasing business relevance. The remainder of this
book outlines some of the major classes of new services, illustrated
with case studies of their applications in business.
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Still Stupid after All These Years

For me context is the key—from that comes the understand-
ing of everything.

—Kenneth Noland, American abstract painter1

When I first heard the term personal computing in the 1980s, I
thought, “Finally! I’ll have a device and software tuned to my per-
sonal needs and ways of getting things done.” And for a while, I
believed it. The PC let me create small programs (batch files on
DOS, scripts on UNIX) that customized and combined functionality
in ways that I wanted them to work together on that individual
machine. Of course, you had to be something of a programmer to
make it happen, but that was pretty much true of all customers in the
computer market at the time. Not too much later, though, the indus-
try created operating systems that included the desktop metaphor
and graphical user interfaces (such as X-Windows, MacOS, and MS
Windows) that let you tailor the “look and feel” to your personal pref-
erences—setting colors, fonts, placement, icons, and background
images to your individual taste. You didn’t have to be a programmer
on these GUI-based systems, but you did have to manually specify
each custom setting. I don’t know how many hours I spent tailoring
such settings, only to have redo it all every month or so: The operat-
ing system got wedged and needed to be reinstalled, or I upgraded
the graphics card to provide more colors to choose from, or some-
thing else happened. (I’ve given up on all that customization and use
a pretty vanilla configuration these days—must be middle age.)

This kind of personal computing was tolerable when you had to
configure only your one personal computer. But computers turned

4
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out to be like bunnies. Pretty soon, I had two in my life: one at work
and one at home. Then they started popping up at schools, libraries,
hospitals, airports, and friends’ houses and offices. The United
Nations data on the number of computers per 100 people in the
United States (see Figure 4-1) has grown at an average annual rate of
roughly 10% since 1994; the country passed the one-computer-per-
person mark in 2007, and projections estimate the number of com-
puters in 2010 to be 120 for every 100 people.2 Forrester estimates
that the average number of computers in U.S. households ranges
from 1.4 to 2.2, depending on household demographics.3 In my own
home, at one time we had eight PCs for two adults and three kids who
were too young to read. My wife has since imposed a computing-
reduction plan, so we have winnowed it down to seven.
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Figure 4-1 The number of computers per 100 people in the United
States has grown at an average annual rate of 10% since 1994.

(Source: United Nations Statistics Division)

This number doesn’t even factor in the number of other home
information technologies (broadband and wireless routers, external
storage, multifunction printer/copiers), handheld computers (smart-
phones and personal digital assistants), digital media devices (high-
definition televisions, portable media players, video servers, music
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servers, Internet radio), vehicle electronics, digital cameras, game con-
soles, and other types of digital devices that we interact with daily. The
Consumer Electronics Association4 estimates that the average U.S.
household contains 23 consumer electronics devices. Across all demo-
graphic segments (early, middle, and late adopters; male and female;
income level; education level; and size of household), the average
number ranges from no fewer than 17 to as many as 33 devices owned.

These devices increasingly use digital formats and provide inter-
connectivity with conventional computers and the Internet. The good
news is that this leads to network effects in growth of value to the
consumer. One of the inventors of Ethernet at PARC, Bob Metcalfe,
characterizes the value of devices in a network as proportional to the
square of the number of connected devices.5 While the cost of n
devices grows at a constant rate by price, the derived value grows
exponentially at n2 – n because the devices can share media and func-
tionality with each other. The bad news is that the average U.S.
household has to customize, configure, and manage on the order of
232 – 23 = 506 device interconnections. We are going to need IT sup-
port staffs for our homes (already a growing business).

Captain, the Engines Are Overloaded—
She’s Gonna Blow!

The rapid growth of information on the Internet and the World
Wide Web has unleashed Pandora’s box of information, resulting in
information overload. The International Data Group (IDG) esti-
mates that the “information universe” grew by almost 500 exabytes
(500 billion gigabytes) of information fueled by the increasing con-
version from analog to digital media of print, audio, image, and video
information. At an annual growth rate of approximately 65%, IDG
predicts a five-fold total increase in four years. Other sources report
similarly alarming rates of growth in the amount of information that
we confront. The implication of these reports is that we need more
efficient technologies to store, transfer, and retrieve information.

Another implication of the explosive growth of information,
which some reports only lightly cover, is the increasing amounts of
time people spend organizing and finding what they need to get
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things done. In a different report from International Data Corpora-
tion (IDC is a subsidiary of IDG),6 a survey found that people spend
as much as 26% of their time trying to forestall information overload
and that cutting information overload by 15% could save a company
of 500 employees as much as $2 million per year. Whereas we used to
pay money to get more information from newspapers, television,
magazines, and analyst reports, most people today would gladly pay a
service to find less information and only the items that are pertinent
to what they need.

The problem of information overload resonates with many peo-
ple, but it is a fairly amorphous term. How can there be an overload
of information? Certainly, digital information and distribution are
increasing exponentially, but there are widely used web services like
search, personal portals, and filtering to help make sense of it all. Per-
haps the information itself is not overloading us; maybe the problem
lies in how we receive and process information. Perhaps the overload
has more to do with our increasing number of communication chan-
nels, such as email, phone, social media, text messages, and others by
which we share attachments, brainstorms, action items, FYIs,
reminders, warnings, and meeting requests. The IDC survey points
to communication media (email and voice calls) along with docu-
ments and forms (in paper or digital) as the leading contributors of
information overload. Basex, an analyst firm specializing in informa-
tion overload, estimates that knowledge workers spend as much as
25% of their day handling unnecessary interruptions from instant
messaging, spam, telephone calls, email, and other distracters.7

Cumulatively, this creates an estimated $900 billion drag on the U.S.
economy. My personal pet peeve is waiting for a web page to load; if
it takes more than half a second, I’m on to something else. As a con-
sequence, I have left many half-finished emails sitting unsent on my
desktop because of some distracter.

Research into the practices of communication and collaboration
by Victor González and Gloria Mark at University of California,
Irvine has shown that workers spend an average of three minutes of
sustained time on a particular task before being interrupted.8 They
grouped tasks into projects (which the researchers refer to as “work-
ing spheres”) and found that the average amount of time spent on a
project is only about 10.5 minutes before switching, usually due to an
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interruption. Furthermore, of the interrupted projects, only 82% are
resumed before the end of the work day, meaning that as much as
18% of interrupted work is not resumed (at least, not on the same
day). In later studies, Mark and colleagues found that workers who
are habitually interrupted work more quickly but more superficially,
with lower-quality output.9

In the old days of analog media (television, radio, and paper), the
recipient of information was mostly in control of how fast he or she
read memos, watched reports on television, and listened to news.
These days, our friends and coworkers send innumerable links and
pointers to must-read items because they don’t want us to miss a thing
that we might somehow, someway, someday find useful. So maybe
we’re really suffering from “communication overload,” as the Inter-
net makes us all more interconnected.

Or maybe the problem is “task overload,” as we all take on more
activities to lead complete lives and increase productivity at work. Or
perhaps it is “application overload,” as we need to manage the inter-
change of information across separate silos of services and applications.
Or perhaps the heart of the problem is simply “lifestyle overload,” as
we all cope with the multiple complex demands of personal health,
work, family, and social lives. Regardless of whether the prime culprit
is information, communication, tasks, or combinations of these, the old
information filters of physical distribution and social filtering have
been bypassed by the frictionless distribution of digital information on
the Internet, leaving us searching for new ways to get personal control
of the information fire hose.

Personal Services, Not Personal Computing

When the web came along, it offered far more personalization
than personal computing ever did. Web portals allowed you to
select your favorite set of information “widgets” to display: calendar,
weather, and the obligatory stock ticker. Multiple vendors offered
personalized services for banking and finance. As with the desktop
PC, you had to manually specify your personal account settings, and
now you had to do it across multiple vendors, each running a sepa-
rate software service.10 But at least from the web, this personal
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information stays the same regardless of which of your several “per-
sonal computers” you use to access it. You can log in to each web
service from whatever device is at hand.

More important, the web has brought true “personalization” of
some services, particularly in terms of personalized product, media,
and news recommendations. Product pages include sections that
show other products that shoppers who looked at this product also
looked at, the percentage of people who considered this product and
purchased it over similar products, and other statistically generated
recommendations. Movie rental services (such as Netflix) show indi-
vidually calculated scores for movies based on your prior ratings of
movies and others who rated those movies similarly. Internet radio
services such as Pandora provide personalized playlists of songs that
suit your personal tastes.

Although we’re only now seeing commercial viability of personal-
ization, many of the techniques and applications have been demon-
strated at technology research conferences, such as the Association
for Computing Machinery’s (ACM) Special Interest Group on Infor-
mation Retrieval (SIGIR), held since 1971; User Modeling, Adapta-
tion, and Personalization (UMAP), held since 1986; and ACM
Multimedia, held since 1993. The algorithms are many and varied,
but they generally fall into two classes:

1. Characteristic-based filtering, which identifies items similar to
items you liked.

2. Collaborative filtering, which identifies items liked by people
similar to you.

These techniques are described more fully in Chapter 7, “The
Soft Sell: Personalized Marketing.”

For super-popular items, such as blockbuster movies, you don’t
need to use any special algorithm; most people like them. But as
Chris Anderson explains in his 2006 book The Long Tail: Why the
Future of Business Is Selling Less of More,11 full commercial value
includes items that are less widely popular but are highly valued by
those who do like them.
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Making Sense
It seems that since the widespread adoption of Mac OS and Win-

dows GUIs in the 1990s, not a lot has fundamentally changed in IT.
It’s all just gotten smaller, cheaper, faster, and more distributed, but
you still can do basically the same things today as a decade ago: docu-
ment editing, email, search, teleconferencing, chat, and database
form entry (now all on the Internet, but same capability). Sure, grand
challenges such as true artificial intelligence (however you define it)
still have to be solved, so there’s that to keep the scholars busy, but
the ground-shaking revolution of information technologies for busi-
nesses and consumer applications seems all but complete. Is it all just
a matter of IT service consolidation and integration now?

On the other hand, computers theoretically might answer ques-
tions that are currently beyond their abilities. What nearby restaurant
would I like best? When will the project be done? Where is that slide I
used in March? Why did we lose that sale? Who made that decision?
How should we cut costs? Basically, what does it all mean to me? Such
questions are not easily answered by conventional technologies because
they involve combining multiple pieces of ambiguous information.

Let’s look at the first example: What nearby restaurant would I
like best? Hotel concierges worldwide adeptly handle this question
several times a day, yet it is beyond the ability of IT services today. To
answer it well, the concierge needs to combine several pieces of infor-
mation: What restaurants are nearby? How far is “nearby” to you (by
foot or by cab)? Are you in the mood for anything in particular? No?
Then what do you usually like? How much variety do you like? What
restaurants have you been to recently? What price range suits you?
Are you with companions? What are their preferences? Some of the
answers may conflict with each other, yet the concierge identifies the
tradeoffs in the given context and makes useful recommendations.

The concierge’s recommendation process is an illustration of one
aspect of human intelligence called “contextual intelligence.” We face
similarly complex problems in many domains: business, healthcare,
travel, communication, shopping, finance and more. Contextual intel-
ligence technologies identify the important contextual elements that
help answer the hard questions that normally require human intelli-
gence today. In contrast to the grand challenge of artificial intelligence,
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which aims to emulate the breadth of human intelligence, contextual
intelligence utilizes technologies that aggregate relationships among
information, people, and places, and uses the resulting context in use-
ful ways to provide insight and support information problems.

In psychology, the term contextual intelligence describes the kind
of “street smarts” or practical common sense that people use to make
sense of their environment and where they fit with respect to other
elements in the environment. This is one of the three categories of
intelligence in psychologist Robert Sternberg’s Triarchic theory of
intelligence,12 which also includes analytical intelligence (problem
solving) and creative intelligence (creativity, intuition, vision). Com-
puters excel at analytic intelligence and are practically incapable of
creative intelligence.13 Contextual intelligence, on the other hand, is
well within reach of information technologies but has not yet been
well studied in computer science or exploited by the IT industry.

Sternberg describes cases in which people employ contextual
intelligence to adapt to their environment. They do so by understand-
ing the relationships between items and themselves. Computer sys-
tems, for the most part, understand only what they are told to do:
type a word, enter a number, add a column, and so on. If a number is
related to a word, a human being has to identify that relationship and
preserve it in a database. But system developers know only about the
information needs of their individual application, so they do not pre-
serve relationship-defining information that can be seen when a con-
textually intelligent system looks across applications: When did this
paragraph get changed, who was recently involved in conversations
about some topic, where did that image originally come from, what is
the sequence of operations used by highly productive people? Such
information could be inferred if systems captured and organized the
relationships. Currently, however, our systems do not record data
beyond the specific needs of an application, so important contextual
information is lost. That will likely change as we see increasing value
in leveraging how information is used beyond just what it contains.

Contextual intelligence provides the following key benefits for
users of information systems, allowing businesses to become more
efficient and allowing individuals to enjoy their personal lives more
richly.
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• Show more of what you would not know to search for
• Discover new information serendipitously
• Show pertinent information you would not know to look for
• Deliver pertinent information proactively

• Show less of what you do not want
• Provide better filtering and sorting of information queries
• Autoupdate processes without requiring explicit user action
• Summarize large information sources

• Make hidden relationships visible 
• Identify unrecorded relationships between people, times,

tasks, activities, events, places, and topics
• Support multitasking by preserving state between task

switches, enabling fast recovery

At Your Service

Context-aware services are ones that use information about the
user’s current physical situation (location, time, activity, presence of
others) to adapt their behavior appropriately. The earliest example, at
PARC, was an application that listed the closest printers to users of a
wireless handheld computer. As part of the Ubiquitous Computing
deployment, researchers at PARC created a wireless network using
infrared as the transmission medium. At the time, infrared was more
commonly used for wireless communication than radio frequency,
which is in common use today. Because infrared requires line of sight
for transmission, each room in a subsection of PARC was outfitted
with an infrared network hub. A happy side effect of this was that a
mobile device knew the identity of the hub it was connected to and,
thus, the room where it was located. Recognizing the potential use-
fulness of this, the researchers devised a number of services that took
advantage of the location, such as finding the nearest office printer,
locating a colleague in the building, routing calls to the nearest tele-
phone, and other “context-aware” applications.14

In addition, context awareness provides a new way of organizing
and accessing information that leverages human associative memory.
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Instead of having to recall the hierarchical folder structure in which
you filed a presentation, you can remember where you were when you
last showed the presentation. Or perhaps you remember a unique per-
son you met at the presentation—you can use the record of that meet-
ing to find the information. Organizing information by physical context
enables you to use your spatial memory to quickly retrieve items.

In those early days of Ubiquitous Computing, just making a
machine aware of its physical situation was a technical challenge; the
term context-aware reflects the challenge of that time. Today pro-
viding awareness of context is no longer the difficult technical chal-
lenge: Many handheld devices are equipped with a variety of
sensing technologies, such as GPS, microphones, cameras,
accelerometers, digital compass, and other sensors. Today the chal-
lenge is not in making services that are aware of context, but in cre-
ating services that intelligently use that context. At this point, our
technical notion of relevant “context” goes far beyond location, and
context-aware services are even more complex and useful than find-
ing the nearest printer (although I still can’t do that on any commer-
cial products).

Threads of Context

The word context is derived from Latin for “weave together.” In
common usage, it refers to the text that comes before and after a
phrase that establishes the meaning of a phrase. Many words and
phrases have multiple possible meanings that are clarified by the con-
text of their use. For example, the word “break” has several meanings:
fracture, time off, good fortune, interruption, escape, and others.
Such ambiguity is rarely a problem in common practice because con-
tent makes the meaning clear: “let’s take a break,” “there’s a break in
the dam,” “don’t break her concentration.”

Roughly, think of context as the associations between a central
item of interest and surrounding items. The existence of the sur-
rounding items clarifies the “meaning” of the central item. Typically,
in information services, context is coded as metadata describing both
the existence of a relationship between two items and the nature of
the relationship. Just as the meaning of a word in a sentence is deter-
mined by its context, contextual metadata defines the “meaning” the
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items have with respect to each other. These relationships form a
semantic network with which to clarify the meaning of items in the
network. Ironically, context is itself ambiguous, referring to any of a
broad range of different information types:

• Physical context: The physical attributes of people, devices,
and objects in a physical environment: time, location, light,
sound, weather, temperature, physiological state, and so on.
These attributes may be detected with sensors carried on the
body (such as in a smartphone), in the environment (such as
with cameras), or in vehicles (such as in vehicle telematics).

• Social context: The relationship and roles of people with
respect to each other and objects. Sources of information about
the relationships include communication tools (such as email,
phone, and social network services) and physical sensors. Social
context includes the ratings and reviews that people apply to
objects (such as product ratings) or to the amount of social
attention that an object receives (as with web site popularity).

• Behavioral context: The patterns of people and objects
over time, including patterns of interaction with devices and
services. Such patterns detect and predict formalized proce-
dures (such as workflows), recurring sequences of actions
(such as routine tasks and typical locations), types of motion
(such as walking, running, and standing), tasks (such as having
dinner, washing clothes, and fixing the car), and goals (for
example, socialize, hire, sell, be fit, or simply enjoy).

• Content context: Relationships between pieces of content
(email, web pages, documents, and so on). These relationships
can be detected by finding shared occurrences of names,
places, organizations, dates, times, linguistic structures, layout,
images, and more. Pieces of content that share such elements
are related.

Your Personal Semantic Network

Humans adeptly use context, the associations among pieces of
information, to determine the most likely intent of a word in a sen-
tence or the implications of an action taken by another person. Com-
puters, on the other hand, are traditionally poor at making such
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inferences. They perform best when no ambiguity is associated with
the type and value of information: phone number, name, address,
serial number, and so on. Such explicitly structured information is not
needed for human consumption, however, because we readily recog-
nize that a string of digits is a phone number, address, zip code, and
so forth without having to look up a metadata tag. Information in a
database poses no ambiguity to information systems because each
item is stored according to a schema that defines the type and rela-
tionships among elements in the database. The grand vision driving
the Semantic Web15 technologies is to similarly tag every piece of
electronically generated information with its type and relation to
other elements, creating a web of semantic relationships.

The Semantic Web is certainly within the realm of technological
feasibility—the main technical challenge is supporting the mass scale
of potential relationships among elements on the web. The real diffi-
culty, however, is in agreeing on a vocabulary to describe items and
relationships. As part of the Semantic Web community, some stan-
dards are emerging that attempt to identify only the pertinent rela-
tionships and types for certain problem domains.16 An unfortunate
consequence is that any of the agreed-upon vocabularies are usable
only within each problem domain, falling short of the ultimate vision
of universally understandable information. Unfortunately, there is no
way around this. “Meaning” is a social construct, something that
requires agreement among a group of people. Because we cannot all
participate in the negotiation of all meanings, it is inevitably left to a sub-
set of people to create meaning, which is then unclear to the rest of us.

Another problem with the vision is that the creation of unstruc-
tured information is far outpacing the generation of structured data
(data tagged with meaning). The unstructured information is largely
created for human consumption in the form of slide presentations,
email, documents, web pages, instant messages, wikis, audio, images,
video, and other media. As mentioned, humans can generally differ-
entiate a segment of information and can make sense of its relation-
ship to other elements. Increasingly, technologies are sprouting that
can detect the contextual associations among elements within
unstructured formats. Linguistic analysis can identify names, organi-
zations, phone numbers, addresses, and other entities that are shared
among pieces of unstructured data. Similarly, image analysis can
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identify recurring segments of images, slides, company logos, prod-
ucts, photos, and other visual information. Context is also implicitly
generated through the use of previously mentioned “context-aware”
devices that are able to sense their environment: location, time,
sound, other people, and so on. Location-based services, for example,
are a fast-growing segment of applications that utilize just the loca-
tion of a device, but these, too, miss the opportunity to combine other
elements of context.

Contextual Intelligence

Collecting and re-creating context is just the first step. Contextual
intelligence includes novel ways of aggregating the context to extract
meaning from it. Context aggregation includes pattern-matching
approaches such as workflow activity detection, hybrid recommender
algorithms, knowledge representations of context, and automated
reasoning around context. Stepping far beyond the early examples of
simple context-aware applications, contextual intelligence enables
several additional types of awareness:

• Physical awareness: Identifying where people and things
are relative to each other

• Preference awareness: Characterizing the typical tastes
and interests of a person or group

• Rhythm awareness: Predicting typical temporal patterns
such as arrival and departure times of people and things, as
well as times of events and durations of tasks

• Activity awareness: Knowing the sequence of actions that
are related to accomplishing a larger individual or team activity

• Receptivity awareness: Detecting a person’s mental recep-
tivity to intrusion, interruption, and information

• Goal awareness: Inferring the overarching goal or purpose
of an individual or group.

• Relationship awareness: Identifying how a set of facts,
information sources, and people relate to each other

The underlying foundation of contextual intelligence comprises
three layers on top of unstructured information, illustrated in Figure
4-2 and described in the following sections.



66 UBIQUITOUS COMPUTING FOR BUSINESS

Unstructured Information

At the lowest level is simply information in a variety of unstruc-
tured and unassociated formats: text, image, audio, email, web
pages, office documents, order forms, places, people, things, events,
and so on. This system has no intelligence at this level, but human
intelligence can make sense of the information and use it.

Relationship-Aware Systems

These systems represent the associations between pieces of infor-
mation, people, locations, time, and so on. Relational databases,
spreadsheets, and even web hyperlinks are examples of structured
information in which relationships are explicitly represented. Rela-
tionships in unstructured information can be detected using content-
analysis techniques to identify matching elements between two
pieces of information. Such relationship networks can be used in
these ways:

• Navigate information by association, allowing a person to
retrieve information by switching among the most relevant
attributes (time, topic, other people, location, and so on)

• Discover information that is most highly rated or used by
humans and in what circumstances
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Office
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patterns and deliver information that the user 
would not otherwise have known to look for.

Systems extract and present relationships 
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Figure 4-2 Contextual intelligence takes the vast ocean of unstructured
data; identifies relationships among information, people, places, times,
and locations; and enables the proactive delivery of information and
services.
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• Assess the veracity of information by tracing its relationship to
other items

• Summarize email and other communication by seeing the top-
ics and related entities

• Synthesize the most relevant and up-to-date information on a
topic using the collective web browsing behaviors of many people

• Capture organizational knowledge via services that find the lat-
est or most relevant information on a topic using information
about the documents, presentations, reports, and so on that
employees are finding, reading, and writing

• Estimate progress on projects toward goals, based on commu-
nications and intermediate products of project team members

Context-Filtered Systems

These systems use associations between the user’s current loca-
tion, time, nearby people, and other aspects of a person’s physical or
digital environment to constrain the results of an information query.
Consider these examples:

• Location-based search
• Local information
• Location-based advertising

The basic concepts of contextual intelligence are similar to other
semantic technologies, such as those utilized by Semantic Web. By
examining the nature of the entities and their relationships to each
other, systems can extract and synthesize increasingly complex levels
of information. Contextual intelligence and Semantic Web share the
use of knowledge representations using semantic networks and a vari-
ety of reasoning techniques. However, the Semantic Web primarily
focuses on providing the semantics that allow web services to under-
stand other web services, whereas contextual intelligence focuses on
providing understanding between human users and information serv-
ices in general. In addition, the Semantic Web is largely based on
structured information that is described with agreed-upon ontologies,
whereas contextual intelligence technologies reconstruct associations
and infer the salient associations among unstructured data.



68 UBIQUITOUS COMPUTING FOR BUSINESS

Proactive Systems: Making Machine Intelligence Work for You!

The goal of an intelligence system is to provide “actionable” infor-
mation. In most cases, the best action depends on a complex combi-
nation of constraints, best left to human judgment. In such cases, the
analysis and presentation of context can help the human making a
decision by providing information she is not otherwise aware of or by
providing associations among information that she can navigate to
find what she needs.

In some instances, systems can proactively anticipate a subset of
alternative actions that are most likely to be selected in a given situa-
tion—perhaps a subset as small as one. When the cost of being wrong
is low and outweighed by the benefit of automation, it may be appro-
priate for the system to proactively take action on the user’s behalf,
reducing the user’s load.

Automatic door openers are proactive because it is assumed that
someone approaching a door wants it to open, and the cost of a mis-
take is usually small. On the other hand, the grand vision for context
awareness is the personal assistant who knows your personal tastes,
can tell how you would react in any given situation, adjusts for
social/political objectives, and behaves proactively only when you
would want them to. Between the triviality of an automatic door
opener and the ultimate executive assistant lies a broad range of
proactive services that can be subdivided into the following tiers.
Each tier uses different types of contextual meta-data and analysis
that enable different classes of services.

Context-triggered systems have awareness of a person’s current
physical or digital environment and proximity to other items (infor-
mation, people, places, events). Context-triggered systems enable
applications that are triggered by a change in physical context and can
take immediate action with little or no interaction from the user,
because the action to take is agreed upon in advance. Such systems
include these:

• Motion-sensing light switches
• Heating, ventilation, and air conditioning
• Storage of data indexed by context (such as geotagged 

photographs)
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• Location-based services
• Asset tracking
• Reminder systems

Behavior-aware systems detect and use the patterns of an indi-
vidual’s actions in different contexts based on temporal characteris-
tics (such as sequence, duration, frequency, recency, or recurrence).
“Behavior” can be conscious or unconscious, overt or covert, and
voluntary or involuntary, such as typing, walking, standing, holding,
turning, clicking, and so on. Behavior-aware systems enable applica-
tions that infer, and potentially respond to, present behavior without
necessarily understanding the user’s conscious activity or intent.
Consider these examples:

• Shopping behaviors (behavioral advertising)
• Presence patterns (call routing, HVAC and building-manage-

ment systems)
• Security monitoring (anomalous use of credit card detected)
• Traffic patterns (Contextual reminders)
• Information-use behaviors (systems that collect data about

what information people are using and what they are doing
with it, to assist in future information activities)

Activity-aware systems model the person’s activity from obser-
vations of context and behavior patterns. In contrast to “behavior,” in
which a person’s actions are not necessarily consciously made, “activ-
ity” is a conscious, voluntary pursuit (for example, shopping for
clothes, writing a report, searching for an answer, making tea, explain-
ing a solution, and so on). Examples include these:

• Intelligent communications: Detecting priority of incom-
ing messages and best times to interrupt

• Elder care: Detecting engagement in activities of daily liv-
ing and alerting caregivers if problems arise

• Activity-targeted advertising: Understanding a lifestyle,
preferred ad placement, and work role

• Shopping support: Identifying the stage of shopping and
proactively providing useful information
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• Sales force automation: Autopopulating the stages of the
sales process with relevant info

Goal-aware systems have insight into what the person is aiming
to accomplish, inferred from context, behavior, and activity models.
Goal-aware systems not only detect the user’s current situation, but
also adequately predict future behaviors or actions that a person is
likely to do to achieve the goal and suggest suitable alternatives for
those steps. Examples include these:

• Proactive information delivery (a leisure activity planning tool
to find shops, a restaurant, and a movie that you would like)

• Planning systems (travel routes, service routes, task plans,
and so on)

Each layer builds on the information gleaned by the lower levels,
as Figure 4-3 illustrates. As we go up the layers, the accuracy of the
inferred information is lower but is still useful for applications, as we
explore next.
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Figure 4-3 The layers of proactive intelligence build on each other,
starting with simple sensor triggers and moving to more complex levels
of inference.
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Actionable Information
We use information technologies for a variety of purposes, from

pure entertainment to actionable insights that provide a competitive
edge. Frankly, it is not always clear which purpose information tech-
nologies serve. People consume news reports as much for the gossip,
entertainment, and drama as for anything that will cause them to act
differently. Businesses waste inordinate time creating reports and
presentations that contain as much fluff as figures, many of which end
up forgotten, unread, or unheeded.

When businesses invest money in information technologies, it is
under the expectation that the technologies will provide a positive
return on investment by making the operations of information
exchange more efficient. Unfortunately, reducing costs of informa-
tion exchange does not address the underlying question of the value
of that information—what proportion of it is actually useful. The
problem is that identifying useful from fluff is nearly impossible to do
correctly, and businesses have to rely on human judgment to make
the determination ... leading us ultimately back to the problem of
information overload.

Large businesses are beginning to get a handle on the value of
their information, however, through large-scale business intelligence
(BI) systems. These systems use business process theories and met-
rics to spot trends and important variations in business outcomes,
such as productivity per dollar across various business divisions, costs
and reliability metrics across suppliers, projections of product lifes-
pan in various markets, and other fine-grain analyses of business met-
rics. BI systems consist of advanced technologies for accurate
reporting and dissemination, along with a variety of technologies for
data mining, text mining, and predictive analytics. By analyzing
trends and notifying the right people about important business indi-
cators, BI systems help business people make better decisions.

For the most part, the results of a BI system are consistent with
human intuitions, perhaps because they are constructed by human
understanding of business models. Business people who see the same
data going into BI will perhaps more quickly notice any dramatic
anomalies than the system will. On the other hand, BI systems have
validated their investments by identifying small anomalies that
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human analysts miss. At the global scales of many businesses today,
shaving even a few cents off the costs of operations can add tremen-
dously to the bottom line.

BI works because it is explicitly not entertainment. It is an impas-
sionate examination of the costs and tradeoffs of various options, leav-
ing out all considerations to the social and political pressures within a
workplace. The information that comes out of BI is actionable—pro-
viding an assessment of various options that confront a decision
maker. But note that a human or a group of humans still makes the
decisions; the right place for computers in this process is doing the
mundane work of analyzing reams of data and sorting the various out-
comes by likely usefulness, but leaving the ultimate decision to
humans. The aim of BI is to describe a set of options that the human
decision maker can visualize and comprehend to serve as a
supplement to a group of people’s own knowledge. Advanced BI sys-
tems enhance the cognitive capacity of people by synthesizing data
into a computationally derived prediction along with the underlying
data. These can expose information that would otherwise fall below
the threshold of human awareness. People can assess the veracity of
the calculations against their own internal mental models of the situ-
ation and, augmented with their own understanding of the patterns
and knowledge not available to the computational model, adjust the
calculations mentally before deciding on an action.

Personal Actionability

The main objective of business intelligence is to provide “action-
able information” for globally scaled business processes. It works
because of the large amounts of data that such businesses generate
and ingest in their day-to-day operations. The data sets are of such
massive scale that sporadic anomalies (noise) are washed out. What
makes this interesting to the rest of us is that we, too, are generating
similarly massive data sets as we interact with Ubiquitous Computing
in our day-to-day lives.

Individually, we create enormous amounts of data about our-
selves through our interaction with computing devices, electronic
services, media, and home electronics—not to mention the various
sensors we carry in our phones and computers and via public surveil-
lance. We probably create as much data as any large corporation
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does—but we don’t use it for introspection as a business does. For
many reasons, we haven’t been leveraging our information output:
computation cost, inaccuracy of inferences, and invasion of personal
privacy. I explore these and ways to mitigate their impact in more
depth in Chapter 5, “Missing Ingredients.”

Actionable information is different for an individual than for a
business. Information is “actionable” when it potentially causes you to
act differently than you would have without the information. For an
organization, that can mean high-level decisions such as budgeting
and spending that may not show an impact on the business until a
subsequent quarter. For an individual, though, actionable means
something that causes you to operate differently in the moment of
your actions (whether the activity is business or pleasure).

For example, if you get an email stating a new company policy
when preparing proposals, but you are not preparing a proposal and
do not anticipate doing so in the foreseeable future, that policy is not
actionable and will be forgotten quickly (if read at all). On the other
hand, suppose that you unexpectedly are involved in preparing a pro-
posal and the new policy comes up on your screen. Then it is action-
able. Companies already know that they prefer to get information out
when it is actionable, but there is no way for them today to determine
such moments. With contextual intelligence, a system can detect the
sequence of actions that typically precede proposal preparation (for
example, receiving email from colleagues talking about a new pro-
posal, opening an old proposal to copy text from, searching for corpo-
rate proposal templates, and so on) and trigger the just-in-time
delivery of the pertinent policy.

It’s all about timing. As another example, suppose you are in a
sales meeting pitching the glories of your new product line when one
of the customers in the room says, “Actually, we’ve had a sample of
your new product for two weeks and have complained to your cus-
tomer service several times.” Oops, you didn’t know that. It would
have been nice if someone in customer service had told you about
that before this meeting. But how were they to know you were going
on a sales call to this customer today? Finding out about the problems
during the meeting is actionable to some extent (you now need to
change your pitch to address the concerns), but it would have been



more actionable before the meeting. A contextually intelligent system
would have seen that you had that customer visit planned in your cal-
endar and identified that there had been several trouble calls related
to the new equipment. It would connect the dots between the prob-
lem reports and your objectives. Salespeople are usually selling the
newest products, and the contextually intelligent system would have
identified the correlation between salespeople and recently launched
products, along with their need to be aware of problems with new
products and the context of those facts with respect to the sales meet-
ing on their calendar. By identifying these contextual relationships, a
system can proactively deliver pertinent information.

Determining “Actionability”

The process of converting raw data and information to actionable
information involves several stages, illustrated in Figure 4-4. This
process begins with data collection and moves up to the presentation
of the alternative courses of action to a human who makes the deci-
sion of which course to take.

After the human selects the course of action, the process contin-
ues by assessing the outcome of the execution of the action and feed-
ing those results back into the predictive components of the system,
illustrated in Figure 4-5. The feedback allows these components to
improve from real-world experience. Such feedback provides a new
stream of data from which the system learns to recognize patterns.
The feedback may also be used to adjust the confidence of recom-
mendations for different courses of action in the future.

There’s really no magic here. The loop in Figure 4-5 is essentially
no different than the classic feedback loop in control theory: meas-
ure, decide, act, and repeat. Of course, not all feedback loops are well
behaved, but robust, stable models can be derived using careful
design methods. I describe a concrete example of such a system in
Chapter 8, “Breaking Out of the Supply Chain Gang,” and how feed-
back improves the accuracy of the system over time.
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The Brains: User Models
In addition to the two types of contextual information (physical

context and electronic context), contextual intelligence requires two
components that make sense of the contextually related elements
with respect to the individual user: an interest model and a behavior
model of the user (or a class of users), collectively referred to as user
models.

The interest model contains a description of topics and their rela-
tive importance. The topic list can cover different aspects of the per-
son’s interests, including these:

• Expertise in various topics
• Preferences for various characteristics of products, media, and

food
• Activities at work, home, school, and other places
• Side interests in hobbies and extracurricular activities

The interest model helps prioritize the likely relevance of objects
that a system would present, such as the results of a keyword search;
recommendations for restaurants or stores; news items for work,
school, and other places; business events related to their expertise or
work activities; and more.

The behavior model contains a description of the typical actions
that the individual (or people like the individual) has taken when
placed in a similar context in the past. That is, when this person was
previously in a similar physical situation and received similar types of
information in the past, what action did he perform? For example, to
describe behavior such as “typically this person does not answer the
phone when talking to someone in her office,” the behavior model
would contain some formulation such as ‘when talking and

in_office, phone_answer_likelihood=13.2%’. The behavior model
can be rules, statistical descriptions, or combinations of both, and is
generally indexed according to contextual dimensions such as the
following:

• Geographic location (in one region of a city, for example, the
individual usually goes to restaurants and not to stores)
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• Time (for example, the individual usually does grocery shop-
ping at a particular time on a particular day of the week)

• Event sequence (for example, the individual usually opens a
spreadsheet after receiving an email containing the term
quarterly budget)

• Physical activity (such as talking, running, sitting, reading,
and so on)

• Environmental condition (such as weather, noise level, lighting,
and so on)

Behavior models can be programmed manually and learned auto-
matically. When programmed, they usually take the form of a trigger-
action pair. When the specified set of conditions is detected, the
specified action is triggered. The early forms of context-aware sys-
tems used such rule-based trigger-action pairs. Many forms of
electromechanical automation are founded on this approach, includ-
ing automatic door openers, grocery store conveyor belts, and vehicle
antilock brake systems. However, the appropriate action for a set of
conditions is not always universally agreed upon. A funny example is
the scenario of a couple watching television when the phone rings:
One person may want the television volume to go down so they can
talk on the phone, while the other person may want the volume to go
up so they can hear the television over the phone conversation.
Impasse! (Of course, this has never happened in my household.)

Learned behavior models are derived by observing actions and
situations over time and constructing statistical descriptions of the
frequency of behaviors within situations. The technologies for learn-
ing models are commonly employed today: machine learning, statisti-
cal modeling, and probabilistic reasoning. The basic idea for
predicting future activities is to match recently observed events
against prior observed sequences of events in a repository, as illus-
trated in Figure 4-6. If there is a “close” match, there is some likeli-
hood that some portion of the previously observed future sequence
will be repeated—perhaps not precisely, but with some probability.
The probability would be low if the pattern had been observed only a
few times and would increase with the frequency and recency of the
pattern.
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Figure 4-6 If recent activity “matches” some set of prior observations,
there is some probability that future activities can be forecast. (Figure
credit: Kurt Partridge)

The major technical difficulty with activity detection is that no
two situations and no two actions are exactly alike. Some metric for
similarity must be devised that allows the system to group similar sit-
uations and actions. In some cases, similar conditions are fairly
straightforward to determine, such as whether it is raining. Unfortu-
nately, for many human-level problems, similar conditions are
ambiguous and depend on the context, such as whether two people
with the same job description and performance rating will do the job
just as well (it depends on their motivation for the project objectives
and interpersonal working relationships—motivation is not solely
about compensation and benefits, after all).

The ultimate goal of a contextually intelligent system is to infer
the user’s state of mind. Despite some predictions to the contrary,
we’re still a long way from computer mind reading, but a contextually
intelligent system can provide an approximation of the topics of inter-
est or actions that are likely to come next. Figure 4-7 shows conceptu-
ally how the comparison of the current situation against previously
observed patterns can indicate what people are doing, what they are
trying to accomplish, what their plans are for accomplishing it, and
what they already know (or have done).17 With this estimate, the sys-
tem can set up services in anticipation of their need.
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By comparing the cost of an incorrect estimate against the benefit
of a proactive service, the system can determine whether it is worth the
downside risk. If the benefit of the prospective service or information is
estimated as low, it may not be worth the cost of being wrong (including
the cost that can arise simply by disrupting the user’s attention). When
the estimated benefit outweighs the estimated cost of being wrong, it is
probably worth at least suggesting the service or information to the
user, though perhaps not taking action directly. When the cost of being
wrong is minimal, the action may be taken directly.

Summary
In psychology, contextual intelligence is a type of practical “street

smarts” that people have but information systems today lack. Achiev-
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Figure 4-7 Contextually intelligent systems detect the current physical
and electronic situation, combined with models of the individual’s inter-
ests and behaviors in similar situations to estimate the person’s activi-
ties, goals, plans, and knowledge.The social model provides information
about how other people who are socially connected or similar would act
in the situation. A variety of services are enabled by these estimates,
from information retrieval to lifestyle and wellness.
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ing contextual intelligence involves identifying the relationships
among pieces of information, people, organizations, events, times,
and places, and using these to establish the meaning of ambiguous
information.

Computing systems are traditionally incapable of contextual
intelligence because information needs to be explicitly described to
be processed. Fortunately, content analysis and contextual inferenc-
ing technologies are emerging that make it possible to extract or con-
struct a network of the contextual relationships across one’s digital
and physical interactions.

Contextual intelligence helps filter and prioritize information,
increasing the precision of search. Contextually intelligent systems
are also able to proactively detect situations when you need some
information but would not have known to search for it. Proactive
delivery increases the unanticipated discovery of information (or
services) that a person might not otherwise learn of, augmenting that
person’s knowledge and abilities to accomplish tasks. CI systems
retrieve “actionable information”—that is, information that may
cause one to act differently than without it, accomplishing goals more
quickly and making better decisions.

The core intelligence of these systems consists of two key mod-
ules: an estimate of the current situation (both physical and digital)
and a set of instructions for how to act in the situation. The instruc-
tions may be specified manually in the form of “rules” or may be
learned by the machine by observing actions in situations over time.
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Missing Ingredients

Later, I realized that the mission had to end in a let-down
because the real barrier wasn’t in the sky, but in our knowl-
edge and experience of supersonic flight.

—Chuck Yeager, test pilot1

The research community has demonstrated the technical feasibil-
ity of personalized context-aware services. From a business perspec-
tive, the next question we should ask is, how much needs to be
invested to commercialize these concepts? A completely accurate
answer isn’t possible because it hasn’t been entirely done before, but
we can at least characterize the difficulty of the problem and get a
sense of the rough boundaries.

Inaccuracy: When Does “Almost” Count,
Outside of Horseshoes and Hand
Grenades?

Despite the amazing growth in the number of people tweeting
their every clever thought, we should not expect people to take the
time to tell systems what they are doing all the time. The first chal-
lenge to address is the complexity of the artificial intelligence needed
to distill meaningful descriptions of activity from raw data. This
involves combining low-level electronic information sources and
weighting them appropriately to infer higher-level meaning.

5
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One complication is that the inherent inaccuracy of sensors and
ambiguity of the information leads to increased error when inferring
higher levels of meaning. Let’s examine the example in Figure 5-1,
which assumes the existence of location-detection technologies that
can be combined with the time of day, information from an individ-
ual’s calendar, and detection of the devices the person interacts with.
The location-detection technology will tell us roughly where the per-
son is located but carries some amount of inaccuracy (10–30m is cur-
rently typical of Global Positioning System, or GPS). Nevertheless, by
looking at a series of location readings, it should be possible to detect
whether the person is walking, running, or driving, although not with
100% accuracy. Appointments in an online calendar may be crypti-
cally worded in terms that make sense only to the owner of the calen-
dar, though when combined with the location traces, it may be
evident that the person is en route to the scheduled item in the calen-
dar (again, however, the system cannot be certain). Stepping up the
levels, as the system gathers more information, the inaccuracies are
compounded. However, occasional points of detail may clarify ambi-
guities. The user’s driving route could indicate a likely destination at a
ski resort, resolving the cryptic entry in their calendar that read
“Think snow.”

How much inaccuracy can be tolerated? It depends on the type
of service that would be provided. Taking marketing as an example
(we explore this in more depth in Chapter 7, “The Soft Sell: Personal-
ized Marketing”), providing ads that are more personally relevant and
useful benefits both marketers and consumers. Because of the inher-
ent uncertainty, though, mismatches will inevitably happen. The
objective is not to avoid all possible mismatches, but to reduce the
number of mismatches compared to conventional targeting and seg-
mentation of advertising.

It is safe to say that artificial intelligence will never be 100% correct,
any more than human intelligence is. Such systems are making an esti-
mate based on the evidence they see, but information may be missing.
Fortunately, they don’t have to be correct all the time any more than
people have to be correct all the time; they just need to be designed
such that the cost of being wrong does not outweigh the value of being
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Figure 5-1 Higher levels of meaning come with higher levels of ambigu-
ity and uncertainty. (Figure credit: Dan Greene)

right. That was the mistake of the infamous Microsoft Clippy, which
was very accurate in detecting “It looks like you’re writing a letter.
Would you like help?” Well, sure, if you could write the letter for me,
Clippy, that would be great. But if all you’re going to do is show me how
to use the word processor, no thanks—I’ve got that covered. In many
cases, Clippy was correct but wasn’t offering anything valuable, while at
the same time incurring a cost by distracting the user’s attention.2

To summarize, the uncertainty of an inference rises along with its
semantic interpretation and usefulness. The best way to mitigate the
inherent uncertainty is to design systems in which the cost of false
inferences is outweighed by the benefits from accurate inferences. In
the case of an advertisement, the cost of a falsely targeted advertise-
ment is fairly low, as an uninterested recipient can simply ignore it; on
the other hand, the benefit of accurate targeting is valuable to both
the advertiser and the customer. Applications beyond advertising
have similar net positive value to users, such as recommendation sys-
tems for stores, restaurants, movies, and so on. Applications also can
benefit knowledge workers, such as serendipitous information discov-
ery (finding information that is valuable but that you wouldn’t have
searched for).
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Incorrigible Computers: “How Many
Times Do I Have to Tell You ...?”

We’re seeing exponential growth in the amount of information
available for machine learning and other probability-based computa-
tion. However, the amount of data needed to detect statistical patterns
robustly is quite large. Web services that receive hundreds of thou-
sands of user interactions per second are collecting more than enough
data in 1 second to robustly detect patterns of population behaviors
and preferences (such as whether a 2-pixel border leads to more click-
throughs than a 1-pixel border). Building a model based on data from
one individual’s behavior, however, takes longer. The number of data
samples is not necessarily the limiting factor; rather, it is the granular-
ity of the pattern that the system is trying to detect. For example, a
sample rate of one per second produces roughly 86,400 samples over
24 hours, which would seem to be more than enough samples to test
for statistical significance. However, when the patterns we are trying to
detect are those that reoccur over multiple days and weeks, one full
day’s worth of data is really only one sample. For example, if you check
email once an hour at work, collecting samples on any particular work
day should pick up the pattern in one day. However, if you buy gro-
ceries every Tuesday, collecting a full day of samples on any other day
of the week will miss the pattern.

Systems can use many techniques to minimize the amount of data
needed to detect a pattern (boosting, clustering, and so on), but fun-
damentally, more than one sample is needed, which could take days
to observe. Some delay will always exist between when a person starts
to use a personalized service and when it can make useful predictions
of the individual’s pattern, which we refer to as personalization
latency.

A similar delay occurs when a person changes his or her pattern,
which we refer to as change latency. A pattern can change for any
number of reasons: change in lifestyle, school calendar, road damage
or improvement, and so on. A system cannot immediately discern
whether an anomalous observation is just a one-time exception or the
adoption of a new pattern. As a general rule of thumb, change latency
is about half the amount of time of personalization latency, because
determining that a pattern is no longer robust requires about half the
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number of observations that it took to ascertain that the pattern was
robust in the first place. One way to reduce the change latency is to
ask the user whether the pattern has changed every time the system
detects an anomaly from the pattern, but the whole point of personal-
ization is to reduce the burden on users, not pester them with 
questions.

Another form of latency in these systems is the amount of time it
takes between when a person becomes engaged in some pattern and
when the system has enough confidence to act on it, which we call
detection latency. For example, consider a system that tries to detect
when people are in a “conversation” (a lengthy interchange of dia-
logue) without being able to recognize the content of their speech
(detecting sounds that indicate humans are speaking is a simpler
problem than recognizing the words being spoken). At the onset of
detecting speech, it is not clear whether the people are just exchang-
ing greetings or are engaging in a conversation. The system needs to
detect sustained speech over some minimum amount of time, which
is its detection latency. In at least two cases, colleagues and I,3 as well
as researchers at IBM Research,4 found that such conversation detec-
tion required at least three minutes before systems reached enough
accuracy to be reliable. Shorter times resulted in too many “false pos-
itive” detections of conversation. A human observer, on the other
hand, would have immediately known whether people were engaging
in conversation or merely saying “hi.”

Accuracy and latency are purely technical problems, but person-
alized services must contend with some additional challenges that are
not simply technical, but also social and cultural, such as privacy.

Privacy: Getting to Know You, Getting to
Know All about You

What about privacy? Behavioral targeting depends on recording
and reviewing an individual’s actions. Releasing such data carries a
risk that someone might use the detailed information for undesirable
purposes. In the dotcom era, a number of “spyware” companies
popped up that bundled monitoring software into desirable applica-
tions that then recorded the web pages you visited—even portions of
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credit card numbers. The software then analyzed the electronic
routes you took and retrieved and displayed personalized advertise-
ments, sometimes overwriting ads placed by the content provider of a
web page. Today most antivirus programs detect and remove spy-
ware, and several of the early spyware companies have shut down, in
part due to the negative backlash they faced from consumer privacy
and civil liberties groups.

The precedent of spyware gives us all cause to question whether
the benefit of behavioral targeting is worth the cost. The benefit is
potentially receiving information of higher relevance and usefulness
than we encounter in advertising today. How much risk is that worth?
What are the risks? Let’s unpack this issue of privacy a bit to under-
stand the root concerns. Multiple layers of risk are at play, each with
differing costs.

Economic Risk

Some concern arises that marketers could use data analytics for
profiteering, perhaps exploiting vulnerable customer segments.
Many of us have heard some version of the apocryphal story of how a
data mining system detected that when men bought diapers at a drug
store in the afternoons, they also often bought a six-pack of beer.
Although it is clever, it is also disturbing to think that a retailer might
use this insight to increase beer sales to new fathers. The actual cor-
relation of beer and diapers is disputed, but the tale gives rise to the
concern of using personalization technologies that might encourage
undesired behavior for profit. Although this tension is one that con-
sumers deal with daily in a market-driven economy, many people are
reluctant to give marketers even more power.

Although it is possible to combat economic costs by developing
stronger sales resistance, consumers are also concerned about personal
economic risks in areas in which they have limited choices, such as
insurance. Insurance actuarial calculations are already partitioning the
population into buckets of varying risk and insurance premiums. Why
give insurance companies more ammunition with context-sensing and
tracking technologies? Sure, if we could identify individuals who habit-
ually engage in risky driving, it would seem to make sense to charge
them a higher insurance premium—it might even encourage people to
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drive more safely. Indeed, some insurance companies are already offer-
ing discounts for safe driving, verified by in-vehicle sensors. Driving
style is something you can control; but what if an insurance company
calculated that your commute route has more traffic accidents than
average and charged you a higher premium on your auto insurance? At
a macroeconomic level, this kind of precision would be a benefit by
increasing the efficiencies in insurance markets. However, although a
bad driver can certainly improve his or her habits and reach the lower
premium, an individual has only limited control over how to get
between home and work in an efficient amount of time. We may never
see insurance companies charging a premium based on commute route
patterns, but people fear that personal contextual data could identify
aspects of their life over which they have only limited influence and for
which they would not want to be charged a premium.

Security from Crime

A more serious concern is the security risk that someone might
use such information for criminal activity: financial account theft,
harassment, and stalking. Certainly, laws already protect us, to some
extent, but there’s no reason to make it any easier for criminals to do
harm.

Preventing criminal activity is more of a security concern rather
than a privacy concern. Account numbers and addresses certainly
should be held private, but when we talk about privacy, we more gen-
erally are talking about less critical information. Most behavioral tar-
geting systems do not capture personally identifying information;
they use identity codes that are not coupled to financial account
information, street address, or place of work.

On the other hand, security researchers have shown that it is pos-
sible to identify individuals or small sets of people by combining
behavior-tracking data with publicly available information, such as
medical studies, voting lists, school and police records, or census sta-
tistics. In one famous example, Latanya Sweeney demonstrated that
by combining a public record of Massachusetts state employee health
claims, which carefully did not include the names of employees or
other personally identifiable information, along with voter registra-
tion records, which did include name and address but not health
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record number, she was able to learn that the then-governor of Mass-
achusetts had cancer.5 Sweeney’s analysis of U.S. census data showed
that 87% of the U.S. population is uniquely identifiable, given their
full date of birth (year, month, and day), sex, and the zip code where
they live.

Sweeney’s work resulted in a metric that describes the identifia-
bility of personal information, called k-anonymity, which is the num-
ber of people who share the same attribute (data of birth, sex, zip
code, and so on). A larger k-anonymity number means that there is a
larger group of people who share those attributes, making it harder to
identify a unique individual within the group. If you live in an urban
zip code region with a population over one million, it is probably safe
to share your birthday (day and month) because about 2,740 others in
the same zip code have the same birthday. But if you live in a rural zip
code of 1,000, only about 2 or 3 people will have the same birthday.

Larger k-anonymity is more secure, but it is difficult to predict
just how identifiable some pieces of information will turn out to be.
For example, what about the postal code of where you live or work?
Zip code regions are fairly large—you certainly wouldn’t be able to
find a friend’s home if all he did was give you the zip code where he
lived. In fact, in a recent analysis at PARC,6 Philippe Golle and Kurt
Partridge showed that, for 90% of the people in the United States, the
postal code where they live or work results in a k-anonymity of more
than 1,000 other people. Pretty safe. However, keep in mind that
postal code information is fairly easy to determine. In many cases, it is
possible to identify the zip code where a computer is located from its
Internet address. Many smartphones and in-car navigation systems
can track a person’s location via GPS technology, from which it is fairly
straightforward to identify the rough coordinates of an individual’s
home and workplace.7

If you have the zip code of where a person both lives and works,
Golle and Partridge showed that 50% of the U.S. population would
have k-anonymity of 21 or less. That is, for a person who lives in one
postal code and commutes to another postal code for work, for half of
the U.S. population, only 21 or fewer other people live and work in that
same combination of postal codes. Someone with malicious intent
would have to go through only 21 people to identify the 1 being tar-
geted. This is not saying that we’re all at risk; the other half of the U.S.
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population has k-anonymity from 22 and up to 100,000 when you com-
bine the postal codes of where they live and work. But note that, for 7%
of the U.S. population, the combination of home and work postal code
results in a k-anonymity of 1. That means that, out of 100 million U.S.
workers, 7 million are unique in the combination of where they live
and work at the level of a postal code. Sounds like cause for concern.

It’s not that simple, of course. First, a criminal mind would need
to get the combination of home and work postal codes for a large
number of people—say, a hundred. He could theoretically identify
seven unique people in that set. Then he would need to combine the
identity with some valuable piece of information about the seven peo-
ple, such as a list of credit card accounts. It’s not easy to do, but the
risk to security does exist. People are right to be concerned, and this
concern hinders the adoption of contextual intelligence technologies.

Public Relations

We already take care to protect most of the types of information
I’ve described so far: home address, health records, financial
accounts, and so on. In addition to the potential for real damage from
exposing such private data are psychological factors that simply make
people uncomfortable about sharing personal data electronically,
even when the same information is publicly displayed. Collecting and
distributing data electronically heightens concerns of being suscepti-
ble to undesirable uses. Why would people be more concerned about
public information when it is in electronic form?

In the early 2000s at Sun Microsystems, colleagues and I ran an
experiment to test this. We were developing tools for distributed
workgroups to coordinate their activities effectively and were particu-
larly focusing on ways to increase spontaneous conversation among
remote coworkers—the kinds of conversations that co-located
employees have as they encounter each other in hallways, meeting
rooms, and common areas. Among the variety of technologies we cre-
ated, one used a motion sensor to detect when a person was physically
present in an individual office. It also had a microphone that could
detect when there was a conversation in that office, but not who it was
or what was said. The system, called Lilsys (“little sister,” as opposed
to “big brother”), was intended to provide the same cues to remote
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coworkers that co-located coworkers use to determine whether any
particular time is good for an interruption. Chapter 10, “Coordina-
tion,” has more details about Lilsys and related systems.

Before we built the system, people expressed some discomfort
with having sensors on all the time. To mitigate this concern, we
added a timer switch to the sensors that let a person turn them off for
a period of time, as well as an on-off toggle switch that let them turn
it off entirely. We deployed four of the systems for three months (and
more) in offices in California, Massachusetts, and France. Over the
entire time of the trial, no one used either switch. Ever. Nevertheless,
users were reassured by the ability to opt out at any time they wanted.

Opting out is an effective strategy, but why was there any concern
to begin with about sharing this information with remote coworkers?
Co-located people can physically see when others are in the office and
can physically see whether others are in a conversation and usually with
whom. So why would there be more concern when such information is
captured electronically and sent to remote coworkers? Why do people
seem to want control and awareness of information about them?

One explanation can be found in the work of Erving Goffman, a
renowned sociologist who studied the fine-grained mechanics of
human interaction. In the 1950s,8 Goffman studied the ways in which
people take pains to influence how others will perceive them. In what
he referred to as “face work,” people try to control the information
that others see about them and how the information is interpreted.
People pre-empt, detect, and repair negative impressions if they per-
ceive that some cue they have given off might be perceived nega-
tively. For example, when someone physically sees you in the office,
you can see them back and know who it is. It would not bother most
people if a coworker noticed that they were staring out the window in
the office. If the boss happened to notice, though ... well, it might
have been better to have looked busier. We all engage in some kind of
personalized public relations campaign with friends, family, and
coworkers to varying degrees and using varying methods.

Face work is made much more difficult when personal informa-
tion is recorded electronically. First, in contrast to the vagaries of
human memory, the persistence and precision of digital records
leaves less room for reinterpretation of facts. Ambiguity gives people
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the ability to influence others’ memory and manage the way in which
something is perceived. When precise records of activity are made
digitally available, it is more difficult to adjust how it is interpreted by
others. Second, electronic information is trivial to copy and distrib-
ute, resulting in copies spreading far beyond where users can keep
track and know how it is being used. Our ability to detect and repair
negative interpretations of information is decreased because we don’t
know who is seeing what; maybe there’s not a problem, but we don’t
know, and that uncertainty can be disconcerting.

One way around this is to let people find out what interpretation
others are making from their personal information, such as credit
scores. U.S. law now specifies that individuals can request details of
their credit rating from the rating agencies once a year free of charge.
Similarly, Google has made the inferred profiles of people it tracks
available to them and allowed them to choose to opt out of the profil-
ing. However, tracking these interpretations takes time and effort, in
contrast to the face work that is typically performed subconsciously
and in the moment. Furthermore, although it is straightforward to
determine that a low credit rating will leave a negative impression on
creditors, it is not as easy to detect what attributes of a profile might
give off an unwanted impression to others. (Do the fast food restau-
rants I visit leave a bad impression with some of my friends?) It’s not
simply a matter of designing technologies that avoid making “nega-
tive” interpretations, because the definition of “negative” varies with
time, context, and relationships. A widely circulated article from The
Wall Street Journal in 20029 reported that the TiVo recommendation
system was pigeonholing some viewers into inaccurate stereotypes
and that their attempts to correct the machine’s impression swung too
far into opposite poles.

Another prominent sociologist, Irwin Altman,10 examined the ten-
sion between people’s desire to publish and to maintain privacy. He
identified three dimensions along which people choose how to bal-
ance their desires to be simultaneously public and private. The first
and most obvious dimension is the binary choice of whether to dis-
close information at all. Today systems are increasingly providing
access controls to restrict who can see what. For example, Facebook
recently introduced a new set of controls that provides a number of
levels of restrictions and access. Users can create groups of friends
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and control their access to photos, activities, news, and other items.
By the time this book is released, we should have a better idea how
much effort Facebook users are willing to put into managing this kind
of access control. My suspicion is that the vast majority of people will
leave the settings unchanged from the default values. Research in the
field of computer-supported cooperative work (CSCW)11 since the
1990s has found that approximately 80% of users do not change their
sharing settings from the default.

But face work involves more than just fine-grained access controls.
Altman’s second dimension is identity. When people do disclose per-
sonal information, they shape the information so that it reinforces and
does not undermine the individual and group identities with which
they associate. That’s where the problem with the TiVo recommenda-
tions came in—they weren’t consistent with the identities those people
affiliated with. Similarly, suppose that the preference profile accurately
infers that you like to buy junk foods, animal furs, and high-watt light
bulbs. Even if that’s true (which I’m sure it is not), if those tastes are
not consistent with the kind of identity you want for yourself, it may
cause discomfort in you to be confronted with the reality.

Third, Altman identified a temporal dimension to what one
would be willing to disclose. Things that are suitable for disclosure at
one time (those college party photos) could become embarrassing in
the future. Traditionally, people expected that certain information
would be ephemeral: the clothes they wore, the times they arrived at
work, the music they listened to in the 1980s and so on. Electronic
infrastructures today provide no means for information to expire or to
rescind access to information that you’ve previously disclosed. You
may be able to block future disclosures, but if it has been recorded
somewhere, you can’t control someone else from releasing it.

These and other issues regarding privacy are changing rapidly.
Technologies are beginning to support varying degrees of disclosure.
At the same time, social expectations for persistence of data are
increasing and the acceptability of exposing personal information is
growing. We are all adjusting to the reality of changes in personal and
group identity over time. Nevertheless, personalization will probably
always irritate deeply ingrained sensitivities surrounding impression
management.
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Best Practices to Mitigate Privacy Concerns

I want to recap the techniques we have seen as most effective in
mitigating the concerns people have about security and privacy of
their personal information. Many of these are obvious, but they bear
repeating to prevent negative backlash against personalization.

• Disclose fully, honestly, and simply what information is being
collected and for what purpose.

• Accept only users who opt in to the service.
• Allow people to opt out at any time, and guarantee destruction

of their personal information.
• Allow people to see (and edit) the personal information.
• Keep personally identifying information separate from other

pieces of information.
• Keep k-anonymity of combined information high.

Summary
Contextually intelligent systems cannot avoid several purely tech-

nical limitations. The first is that the accuracy of such systems is lim-
ited and that they can have false positives and false negatives. The
accuracies are nevertheless adequate for many applications. The best
way to ensure a net positive benefit is to design services so that the
negative cost when it is incorrect is far outweighed by the beneficial
value when it is correct.

Such systems can have three kinds of delays. Personalization
latency is the amount of time (or the number of sample observations)
that a system requires before it can build a robust model of an individ-
ual’s pattern. Change latency is the amount of time before a system
can be confident that a series of anomalous observations is not just a
string of one-time exceptions, but an indication of a persistent change
in the pattern. Detection latency is the amount of time needed for the
system to observe a sustained behavior before it reaches enough con-
fidence that the user is likely engaged in a pattern.
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The most imposing barrier to widespread adoption of such sys-
tems is the concerns they raise about invasions of privacy. The key
underlying reasons that these concerns exist include personal eco-
nomic costs, criminal activity, and impression management. These
very real concerns cannot be entirely avoided, because of the inher-
ent need for contextual data to personalize information and services.
However, well-designed systems can employ several practices to
inform and mitigate the risks to individuals.
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Part II

Business Opportunities





Making Choices

Strategy is about making choices, tradeoffs; it’s about deliber-
ately choosing to be different.

—Michael Porter, Harvard Business School1

Throughout this book, you’ve been introduced to a number of
Ubiquitous Computing technologies and examples of their business
applications. After almost 20 years of exploring these techniques and
applications at PARC, we’ve identified a number of patterns regard-
ing the strategic implications of these technologies on business.

First, let’s look at how technology research contributes to creating
business. Technology research is not about developing business strat-
egy; it’s about invention. As Alan Kay of PARC once quipped, the best
way to predict the future is to invent it. Usually, this means that tech-
nology innovators are left to devise new technologies and validate
their inventions to the scientific community, not offer business
advice.

I don’t buy that. Unlike government-funded research, businesses
invest in research solely to gain strategic advantage, creating
prospects for future business.2 Fortunately, I work in a commercial
innovation center whose impact on the world comes from
breakthrough inventions that make their way through the vagaries of
business processes to become products and services. PARC has a long
track record creating technologies that have transformed the comput-
ing industry: laser printing, graphical user interfaces (GUIs), personal
computing, Ethernet, WYSIWYG (what you see is what you get)
word processing, multiplayer games, object-oriented programming,
Ubiquitous Computing, and much more.3 We know the realities of
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what it takes to work with commercial partners in multiple ways to
make our research have commercial relevance.

A conventional model of the inventor’s place in the value chain
looks something like Figure 6-1.

At an abstract level, this holds true, but it is only slightly more
sophisticated than the business plan of South Park’s Underpants
Gnomes. There’s an invention, business needs and value are identi-
fied, and the invention is integrated into a revenue-generating prod-
uct or service that hopefully garners revenue. But in practice, it
doesn’t work this way at all. First of all, invention doesn’t start the
chain—problems start the chain: Necessity is the mother of invention.

Notice that the arrows in the invention pipeline (sometimes
drawn as a funnel) imply a flow from left to right, suggesting that
the invention flows into business needs. The sad truth is that inven-
tors are notoriously bad at identifying business needs. First of all,
necessity really is the mother of invention, and inventors solve the
needs they see. Technologists spend so much time trying to under-
stand the complexities of technologies that they rarely have the
capacity to identify business problems. Furthermore, even when an
innovation does have potential business value, inventors rarely
understand the difficulties in monetizing that value. Solving a prob-
lem does not necessarily mean that someone is willing to pay much
for it, so we see that successful new technology companies arise as
much from innovative business models as from novel technologies.
Examples include advertising that supports so much web-based con-
tent and services, the virtual currency of virtual worlds, and notori-
ous software “maintenance” subscriptions that provide a more
consistent revenue stream than the conventional model of product
purchase.

Google’s transition from a search company to an advertising com-
pany is a great example. Better search results solved a real problem—
indexing large sets of web pages or documents—but there was no

Invention Business
Need

Product Revenue

Figure 6-1 Conventional view of the innovation-to-product pipeline.
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obvious way to monetize it. Google’s first business model was to cre-
ate a whole new product category that needed time and testing for
the market to understand the monetary value: enterprise search
appliances (still only a niche market segment today). Advertising, on
the other hand, was an established industry with known business
processes that tackled the eternally acute problem of informing con-
sumers of prospective products. That’s where Google’s value lies—
better search has real value but is more difficult to monetize than
tapping into an existing value chain that had real problems to solve in
the new domain of online advertising.

The most common strategy for creating business value from inno-
vation is referred to as technology transfer, in which innovations are
gestated in a research organization and then transferred to people
with better business sense. That rarely works, because the technolo-
gies rarely fit directly into an existing business opportunity. Continu-
ing the Google example, making the connection between search and
advertising required another round of invention to fuse keyword
search results to advertising content.

The upshot is that invention and business value is not a pipeline
in which handoffs occur between different people at different stages.
It requires continual interconnection and learning among all the
components, something more akin to Figure 6-2.

Not only is revenue at the center of this process, but revenue is
also caged in by the other components. You’re not going to see rev-
enue unless successful interaction takes place among all the compo-
nents. No one component comes first, and no component can be
eliminated.

Product

Revenue

Invention Business
Need

Figure 6-2 Realizing revenue requires interaction among all elements of
commercial innovation.



I’m writing this book for two reasons: to strengthen the intercon-
nection among all of these components by sharing my understanding
of the technologies of Ubiquitous Computing, and to demonstrate
some models for commercialization based on businesses we have cre-
ated at PARC and elsewhere. My aim is that you, the reader, with
even deeper business insights in your field, will hear about inventions
from the Ubiquitous Computing research field and see other more
direct channels for monetization. At the same time, I hope to engage
with you to learn about new problems that need inventions of the sort
that colleagues in the field of Ubiquitous Computing can tackle.

Who Wins, Who Loses?
Ubicomp technologies come into play at the points where digital

and physical worlds connect, which occurs to some extent in all indus-
tries because, ultimately, real people are involved. However, Ubi-
comp technologies will have more impact on industries that are more
closely connected to physical elements, such as construction, rather
than others that are almost entirely oriented toward the manipulation
of information, such as finance. The latter have already been revolu-
tionized by information technologies and global networking. All
enterprises have information processes in their operations: finance,
accounting, human resources, payroll, and more. Most industries
consist of a mix of information-based value that either already is or
will be digitized and connections to the physical world to create, iden-
tify, assess, or deliver goods or services. Let’s look at the potential of
Ubicomp’s impact on the prominent industry segments in a little
more detail.

• Finance (investment, loans, and banking): Finance is
fundamentally about manipulating information: prices,
exchange rates, interest rates, projections, transactions. At
some point, the information is related to some physical
resource, but the industry operates largely independent of the
physicality of those resources. On the other hand, the very
nature of this kind of work allows it to be performed from
almost any location; the spread of ubiquitous networks and
wireless computers will affect the workforce of this industry, if
not the work itself. We look at how Ubicomp technologies will
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affect the communication and collaboration inherent in any
enterprise in Chapter 10, “Coordination.”

• Insurance (life, medical, and property): Insurance is sim-
ilar to finance, in that it is largely based on setting prices, pro-
jecting risks, and paying out claims. Payouts go toward physical
services performed by other industries (healthcare, automotive,
construction). Unlike finance, however, the insurance industry
does have some critical points of connection to the physical
world: estimating risk and assessing damage claims. Some
amount of physical validation needs to get done to make sure
the information matches reality. In fact, there is a growing trend
in automotive insurance to install in-vehicle telematics that can
report driver behavior and provide a discount to safe drivers.

• Media publishing (books, movies, music, and news): Pub-
lishing is a bit of an odd duck and one that digital technologies
have quickly overtaken. Regarding the publishing industry, we
have the perception that we are paying for the information con-
tent, but the way the industry monetizes that value is through
charging for the distribution that media companies provide for
home or retail delivery. This industry is quickly becoming under-
mined as the manufacturing and delivery of media that once was
consumed in physical form (magazine, newspapers, records and
books) is being supplanted by increasingly ubiquitous digital dis-
plays and networks. We look more at the publishing industry in
Chapter 8, “Breaking Out of the Supply Chain Gang.”

• Advertising/marketing: The trends in this industry are a
close parallel to media publishing. The content is increasingly
distributed and presented electronically. By observing online
clickstreams, web-based advertising has introduced behav-
iorally targeted ads that receive higher response rates than
nontargeted ads. Online advertising has also revolutionized the
field of ad metrics, which track and estimate the effectiveness
of advertising. Ubiquitous computing technologies introduce
even richer information sources for personalized targeting
through sensors on mobile phones and embedded in stores,
shopping malls, and other physical environments. This industry
segment is the focus of Chapter 7, “The Soft Sell: Personalized
Marketing.”



• Manufacturing: Whether it is constructing buildings or
creating consumer or industrial goods, manufacturing
processes have similar information problems that Ubicomp
technologies address. First is the physical state of machinery
used in the process—where they are located, their status,
and their predicted availability. The locations of supplies and
components need to be tracked to anticipate arrival and
optimize the processing line. The quality of pieces through-
out the process needs to be verified and repaired when
problems arise. Beyond reducing the cost of production,
there is tremendous opportunity in potentially increasing the
value of products by expanding their interoperation with
other products. We look at examples of novel ways of inter-
operation among devices in Chapter 9, “Discontinuous
Connections.”

• Energy and utilities: These industries deal with the contin-
ual distribution of environmental resources to consumers. To
operate optimally, they need as much information as possible to
project the demand and consumption of the resources at the
end point. The “smart grid” will allow utility companies to mon-
itor power generation and consumption at different times in
different locations, setting prices to optimize the efficiency of
the distribution network.

• Hotels and restaurants: This segment deals with physical
assets of fixed capacity. They use physical information to proj-
ect demand, set prices, and allocate space for customers. Cus-
tomers in this industry also face information problems in
understanding the physicality of what a remote hotel or restau-
rant offers.

• Airlines and transportation: Similar to hotels and restau-
rants, this segment deals with the allocation of assets that have
fixed capacity. The problem is complicated, though, in that the
assets are not in static locations and may be en route or stopped
at remote terminals. They can optimize the allocations using
real-time information about asset location and estimations of
future locations.

• Telecommunications: Whether wired or wireless, the
objective of this segment is to provide portions of a limited
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resource to consumers on an as-needed basis. The more infor-
mation about the point of need they can get, the better they are
able to plan and construct the necessary infrastructure.

• Retail: The fundamental that service retail stores provide is
the end distribution of relatively unlimited resources: commer-
cial products. Retailers act as a storage buffer, ideally never
running out of product but also not carrying more than will be
sold. Retail efficiencies are optimized by having as much infor-
mation as possible about physical inventories and sales projec-
tions. For some product categories, the projections may shift
depending on physical conditions such as weather and time.
Shoppers also encounter interesting information problems as
they explore and select products. We explore these in more
depth in Chapter 11, “Clear Sailing.”

• Healthcare: This is a large segment with a variety of
subindustries whose characteristics are covered by previously
described segments. The pharmaceuticals subcategory has sim-
ilar characteristics to the manufacturing of goods. Hospital
facilities and managed care are similar to the hotel and restau-
rant categories. A unique aspect of healthcare, though, is at the
point of direct care, where medical staff examine and treat
patients. Testing and examination requires probing and record-
ing physical characteristics of the patient. Ubiquitous networks
and devices make it possible to do some testing and monitoring
at home and elsewhere, rather than at a medical facility.

Deliberate Transformation
I’ve seen the following kinds of business strategies work well in

the past for commercialization of Ubiquitous Computing technolo-
gies. Other strategies may also succeed, but these are the ones that
have demonstrated success:

• Capture new value by changing position in your industry’s
value chain

• Increase the value of your product with digital interfaces to its
services

• Increase value by personalizing content



• Decrease operating costs and increase productivity through
enhanced internal operating efficiencies

• Create new markets via blue-ocean opportunities

These kinds of successes can be realized through means other
than Ubiquitous Computing technologies, but those technologies do
provide some unique and novel capabilities that make it easier to suc-
ceed by investing in Ubiquitous Computing; you’ll see this in the case
studies included for each approach. These broad directions do not
necessarily apply to all businesses, so those of you with deeper knowl-
edge of the processes and technologies in your own industry must
decide whether and how to apply these patterns to your industry.

In this book, I primarily focus on identifying technology solutions
that can be incorporated into a product or service, or that can be
spun into whole new business opportunities. A successful business
needs more than just a technology, however; success involves inter-
weaving many capabilities, including marketing, distribution, and
customer service. Because most of those elements are not needed
until there is a product (or service) to offer, we start by looking pri-
marily at ways to identify and develop the offerings within each of
these strategies. The following chapters describe case studies of
problems in particular industries and the application of Ubiquitous
Computing paradigms to create new business opportunities.

Summary
Creating a strategy means making choices about what you will

and will not do to be different. A strategic choice to innovate in Ubiq-
uitous Computing requires investing in technology invention. The
conventional model of a pipeline of invention leading to business is
flawed because it is largely based on the idea of creating an invention
first and then finding the business. This approach has yielded an
occasional success, but success is more common when invention is
coupled with business need, and product is coupled with revenue as a
central aim.
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This chapter described the current and projected impact of the
new wave of Ubicomp technologies and services on major industries,
including finance, insurance, media publishing, manufacturing,
energy and utilities, hotels and restaurants, airlines and transporta-
tion, telecommunications, retail, and healthcare. Almost all major
industries are affected in some aspect of their operation, whether in
how they acquire material, operate internally, or interact with cus-
tomers. The impact is greater for industries that connect to physical
elements in one or more aspect than for those that mainly manipulate
information.

Endnotes
1Keith H. Hammonds, “Michael Porter’s Big Ideas,” Fast Company 44 (28 February
2001): 150–156.

2In fact, some governments fund research to foster new business as well.

3See www.parc.com/about/milestones.html.

www.parc.com/about/milestones.html
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The Soft Sell: Personalized Marketing

Because the purpose of business is to create a customer, the
business enterprise has two—and only two—basic functions:
marketing and innovation. Marketing and innovation pro-
duce results; all the rest are costs.

—Peter Drucker, Management: Tasks, Responsibilities,
Practices1

In my teens, my family drove on the Blue Ridge Highway in the
Appalachian Mountains to visit my grandparents in North Carolina.
The repetition of curves in the winding roads and the vivid fall colors
of the trees would put me in a trance ... only to be shattered by the
sight of a billboard reminding me that good eats could be found off
exit 81 just 3.2 miles ahead! Curse those who would despoil nature!
For centuries, marketers have deliberately found times to crassly grab
our attention for profit. Why would anyone want to encourage the
increasing pervasiveness of such disruptions?

Some marketing campaigns, however, are more subtle, fitting the
messages into the environment, into the rhythm of life. On those
grand road trips, the incremental display of signs for Burma-Shave
shaving cream on the side of the road delighted travelers: A peach /
Looks good / With lots of fuzz / But man’s no peach / And never wuz /
Burma-Shave.2 The sequential presentation of the slogans fit the
rhythmic monotony of the roads instead of jolting the mind with
information. The amusing wordplay tickled the mind instead of trig-
gering a jarring disruption. The brand successfully raised awareness
without raising consumer resistance. Since then, we’ve seen more
sophisticated means of associating a product with a lifestyle and inte-
grating marketing seamlessly into items that draw our attention.
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In some ways, advertisements are providing information that can
actually benefit consumers: They make consumers aware of product
options, show solutions to major and minor problems and inconven-
iences, describe evaluation criteria, compare the features of their
products against others, point out when competitors are misleading
consumers, and are sometimes entertaining.

Yet advertising is widely despised. A New York Times article in
April 20043 reported the results of a survey by market research firm
Yankelovich, in which 65% of respondents stated that they “are con-
stantly bombarded with too much” advertising and 69% said they “are
interested in products and services that would help them skip or
block marketing” (emphasis added).

If advertising is a form of communication, providing at least some
beneficial information to consumers, why does the majority of the
population hold it in contempt? The Yankelovich survey sheds some
light. Fifty-four percent of respondents stated they “avoid buying
products that overwhelm them with advertising and marketing;” 61%
agreed that the amount of advertising and marketing to which they
are exposed “is out of control.” These answers suggest a diagnosis of
information overload.

In spite of the examples of advertising done well, the very men-
tion of advertising makes most people cringe as they recall the many
times it is done poorly. In fact, most ads seem to miss the mark so
widely that it makes you wonder why more than $125 billion dollars
was spent on advertising in 2009.4

Why Do Advertisers Keep Pestering Us?
Given such negative impressions, why do advertisers continuously

subject us to “overwhelming” and “out-of-control” advertising? In
2006, Jim Morris, then Dean of Carnegie Mellon’s campus in Silicon
Valley, gave a talk at PARC called “Advertising is Flirtation”5 that clari-
fied some of the mystery. Even when ads are irritating, there can be
positive economic results. Look at it from an economist’s perspective.
Economists are neutral on whether any particular individual person or
company comes out ahead, as long as the aggregate value to society
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increases. Some categories can show losses, but as long as the net gains
outweigh the losses, we’re increasing the economic value of our society.

Think of advertising at the economic level, which is counting the
aggregation of business transactions. The sender of an advertisement
gains value if more products are sold. The receiver gains value if he or
she learns about something that would be useful and relevant, per-
haps learning about products that are cheaper or higher quality than
what he or she already knows. That’s a win-win scenario!

But the win-win scenario is oh-so-rare. More often, ads inform
us of things we already know of or are not interested in. By the cold
calculus of economics, however, even when many individuals are irri-
tated, if a few more are informed of benefits that lead to an increase
in the aggregate number of product purchases, the net value of the
advertising campaign is positive. That’s the case for those jarring
roadside billboards—they are irritating to most people who see
them, but some number of drivers wouldn’t otherwise know of the
existence of some of those gas stations, restaurants, and outlet stores.
Despite having annoyed a large number of people, the economic
value is a net positive, indicated by the shaded regions of Figure 7-1.
Based on the nearly universal dislike of advertising among con-
sumers, I would surmise that the large majority of advertising falls
into this net positive category. There’s little negative economic impact
to being irritating, and even negative publicity is good publicity from
the marketer’s perspective.

Despite evidence to the contrary, marketers are humans, too. For
the most part, they’d all prefer to be developing win-win material.
They want to send information that is both highly relevant and highly
useful to people. Relevance is the degree to which information is
related to the receiver’s interests, needs, or objectives. Usefulness is
the degree to which such information satisfies a desire or need. Of
course, these definitions are vague and imprecise, but we generally
acknowledge a sense that things can be relatively more or less rele-
vant and useful. Marketers would like to make ads better, but until
recently, they’ve had little information to help determine relevance or
usefulness to a particular individual at a particular time, so they resort
to scattershot methods and hope enough eyes land on something they
like to offset the cost of irritating others.
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Figure 7-1 Advertising has net positive value, but largely at the cost of
irritating prospective customers.

Scattershot methods are not entirely aimless. Ads can be bundled
alongside content on the same topic, as done in magazines. We can
assume that the topic of the content is at least relevant to someone
who takes the time to read it and that ads on the topic that a person
reads will be more relevant to that person than ads on other topics.
We still don’t know how useful the ads are to the person in the
moment. Is there any utility in learning about a hair care product
while reading a magazine? It’s hard to tell.

Then there’s search-based advertising, which bundles ads on the
same topic as the results of a keyword query entered into the search
engine. We can assume that providing information on the topic would
be more useful in this moment than at moments when the person is
not searching for information. Search-based advertising is really a
panacea—people are not only explicitly stating the topic they want
information about, but they are also telling the system that they want to
receive the information at that moment. Search-based advertising has
increased relevance and usefulness over conventional content-bundled
advertising. That’s the secret to online search advertising’s success.

Similarly, annoying billboards are effective because some of those
people passing by on road trips do need to refuel their vehicles and
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their bodies. Not everyone looking out the car window is a passenger
merely looking at the trees—some of those people are looking for a
good place for a pit stop.

Getting to Win-Win
In addition to search query targeting, Internet users provide

additional information about things that are relevant to them simply
by following links on the web. Each time a person clicks a link in a
web page, that person is indicating at least mild interest in the topic
of that page. By tracking these streams of clicks, demographic and
psychographic algorithms can classify the categories that matter to
groups or individuals. Google, Yahoo!, and several other services offer
these kinds of analytics to advertisers by tracking “cookies” placed on
web pages that display advertisements brokered by them.6 These
techniques push more of the economic value of advertising into the
win-win quadrant, as seen in Figure 7-2.
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Figure 7-2 If targeting is effective, the number of ads that are of positive
value to the receiver increases.
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Personalized targeting not only reduces irritation to consumers,
but it also increases the effectiveness of advertisement to businesses.
In a survey conducted for the Search Engine Marketing Professional
Organization and released in February 2009,7 75% of advertisers
reported that they would be willing to spend 13% more, on average,
for behaviorally targeted advertisements. Another agency, eMarketer,
projects near-exponential growth in behaviorally targeted online
advertising, from $775 million in 2008 to $4.4 billion by 2012. Person-
ally, I’ll be surprised if the revenue is not higher than that by 2012.

How does it work? The approach has many variations, but most
boil down to two fundamental techniques by detecting either similar-
ity between the characteristics of the items that a person likes (called
characteristic-based filtering) or similarity between people (called
collaborative filtering).

Characteristic-based Filtering

Characteristic-based recommendation systems use the scores you
have provided to products and calculate the likely score you would
give to other products based on the overlap of attributes such as
price, color, functional specifications, genre, year of creation, artist(s),
and other aspects. The challenge in this approach is identifying the
aspects that matter to customers (do people care more about cof-
feemakers’ capacities or programmability?) and how to calculate the
differences in aspects among products (for example, red is closer on
the color wheel to orange but is also similar to blue, in that red and
blue are both “primary” colors). As you can imagine, these assess-
ments are very subjective and idiosyncratic—theoretically, there may
be a rationale for each customer’s subjective opinion, but it is difficult
to discern. Another problem is that many products are purchased
infrequently, and their attributes do not correspond to attributes in
another product category (for example, my preference for cof-
feemaker capacity (low) does not indicate my preference for digital
camera resolution (high)).

In characteristic-based filtering, each item is described by a set of
attributes (referred to as “features” to the algorithmically inclined) or
metadata about the item. The characteristics included in the feature
set vary depending on the type of item and how it is typically evaluated.
Movies, music, and books typically use features such as price, genre,
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artist, author, director, date, and so on. For digital cameras, the feature
set includes price, resolution, zoom range, light sensitivity, size, and so
on. You can even use these techniques to help filter electronic docu-
ments, news, or web pages using features such as title, date, author,
topics, length, frequency, recency of access, and more. These kinds of
features can be specified as the item is entered into a database, or they
can sometimes be extracted by analyzing the item (for example, topics
of a web page can be extracted using linguistic analysis).

Another feature can be the ratings others have given to the item,
which users of a service such as Netflix and Yelp can explicitly specify,
or the rating can be inferred through implicit indicators of popularity,
such as frequency of clicks on a link or number of in-links to a web
site (for example, Google page rank).

The next step in characteristic-based filtering is to measure how
close each feature is to the optimal value of that feature to the user.
That’s the hard part—knowing what will matter to an individual.
Characteristic-based filtering is fairly effective when most people
generally agree on the features that matter most (for example, in
electronics, this is usually cheaper price, smaller size, faster speed,
and more features), when an item is generally popular (for example,
Harry Potter books, the Titanic movie), or when there are a small
number of items whose features are far “higher” than those of most
items in that class (for instance, currently Wikipedia entries have
higher page ranks for reference material than other reference sites).

Collaborative Filtering

Collaborative filtering takes a slightly indirect approach that
avoids having to understand the rationale for customers’ subjective
opinions. Marketers know that people who have liked the same things
in the past will probably have similar likes in the future. Marketers
categorize groups of customers with similar preferences into market
segments. The collaborative filtering technique was invented at
PARC in the early 1990s8 to automatically identify groups of people
with similar preferences, without necessarily understanding the cause
of those preferences. The original algorithm was designed to reduce
the explosion of emails that the researchers were having to read (even
in 1992, email was overwhelming people), and it turned out to have
other commercial applications. The basic idea is to identify groups of
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people who have rated items similarly. In essence, this is what market
demographics is all about. Instead of using just coarse indicators such
as gender, zip code or age, however, collaborative filtering uses peo-
ple’s actual selections to identify the groups with similar tastes. Then
for each group, it sees what items some members have rated highly
but that others in the group might not have seen, and recommends
those items.

Characteristic-based filtering is less effective when a person’s
overall satisfaction is derived from an ambiguous combination of per-
ceptual factors, such as artistic quality, richness of color, depth of
analysis, style, or social appropriateness. Such things strike people
differently. Demographic attributes such as age, gender, cultural eth-
nicity, and others provide some coarse-grained segmentation. How-
ever, demographics provide only a superficial description of a
person’s interests; age, race, and gender are factors over which we
have no personal choice. Savvy marketers have long ago switched
from simple demographic segmentation to more psychographic
segments based on lifestyle (including access to financial resources),
political preferences, religious affiliation, and other personal choices.
The Nielsen Company has created a list of 66 distinct market “seg-
ments” that group people of similar likes, lifestyles, and purchase
behaviors. Introduced in 1976 and updated periodically, Nielsen’s
PRIZM list contains groupings with descriptive names such as
“Young Digerati,” “Kids & Cul-de-Sacs,” “Traditional Times,” and
“Crossroads Villagers” that categorize the breadth of lifestyles in the
United States. These categories are compared against purchase data
to help marketers identify which segments will have greater or lesser
affinity for their products. For the most part, membership in a
PRIZM segment is determined by six demographic and geographic
features: age, income, presence of children, marital status, homeown-
ership, and urbanicity. Nielsen maps these segments to regions at
least as small as zip code—sometimes smaller.

This kind of lifestyle-based segmentation can help target prod-
ucts with ambiguous, intangible characteristics such as style, artistic
quality, and perhaps even political tendencies. Direct-mail marketers
have been using PRIZM and other data sets like it for decades; how-
ever, because they are constructed largely by demographic character-
istics over which people have little direct choice, the magnitude of
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preferences within the segments is slight—leading most direct mail
to go directly into the waste bin. Although people living in a neigh-
borhood may share generally similar leanings, their specific tastes can
differ widely when selecting specific movies, books, music, or cloth-
ing. They may have individual health characteristics that influence
their choices, along with many other idiosyncratic traits that are not
easily categorized by demographic characteristics or geographic
segments.

Geographic segmentation served well in the era of print newspa-
pers and direct mailings, but our access to information is no longer
constrained by our postal codes. More sophisticated techniques are
called for. The main idea behind collaborative filtering is that people
who have purchased the same items in the past (or read the same
email messages in a similar order) will make similar purchases (or
selections) in the future. (The name collaborative filtering comes
from the idea that the people are working together unknowingly to
identify the importance of items.) Groups are formed by identifying
people who have purchased the same item (made the same rating)
and may be supplemented with other factors, such as recency and
frequency. When people in a group are observed to buy an item, the
system can recommend that item to others in the group who have not
yet purchased it (or who have not yet read the article). Other than the
identity of each item, the system doesn’t necessarily need to examine
any attribute of the items. Catalina Marketing and other companies
use this technique to manage customer loyalty programs.

Collaborative filtering techniques offer many advantages over tra-
ditional demographic clustering methods. First, members of a group
can reside in widely separated geographies. Second, people can
belong to different groups for independent product categories (books,
cars, electronics, and clothing). Third, groups can be of any size, from
two to thousands or more. Finally, the descriptive name of each group
is immaterial. It doesn’t matter whether you can determine the char-
acteristics that drive members of a group to have a certain preference;
all that matters is that the preference is robust and repeated. This
allows dynamic and flexible identification of buyer segments.

As you might expect, combining collaborative and characteristic-
based filtering techniques is common and leverages the strengths 
of each one. When the system does have metadata describing 
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characteristics of the items, a characteristic-based filter can suggest
items that are “close” to items purchased by members of a group.
Similarly, groups can be created from observing purchase patterns of
items that have overlapping characteristics.

Both techniques require examining a record of prior selections by
people. E-commerce makes this easy because merchants can exam-
ine the purchase records of individual customers. In theory, physical
merchants could record such information to better serve their cus-
tomers—we hear anecdotes of haute couture designers, high-end suit
tailors and hoteliers who do indeed maintain awareness of their indi-
vidual customers’ tastes. However, physical merchants have a more
difficult time tracking individual purchase behaviors because a cus-
tomer in a retail store doesn’t have to create a user account and can
pay in anonymous cash to check out.

Sizing Up with Sensors

Top salespeople have long known that the key to success is knowing
your customer. From the moment a prospective customer appears in a
store, a good salesperson tries to identify likely preferences and spend-
ing. Some explicitly ask questions, perhaps reading between the lines of
the customer’s response to gather deeper insight. Even before they
interact, though, a salesperson does his or her best to “size up” a cus-
tomer based simply on how the person looks and behaves.

Some physical characteristics are obviously useful filters for some
product categories, such as gender for clothes, whereas others are
less telling. No single clue tells the whole story, and putting these
clues together to form a reliable picture requires long experience in
connecting dots. A wise salesperson also knows that appearances can
be deceiving and seeks more information to avoid mishandling a
prospective customer. There is a risk of jumping to the wrong conclu-
sion when you judge a book solely by its cover, but you have no choice
other than to start with the cover and then probe more deeply.

Customer-profiling practices are common for high-end products
and services such as haute couture fashion and high-end hotels.9

These are businesses with high margins and “high-touch” personal-
ized sales processes that help preserve the margins. Currently, this
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kind of personalization can be provided only by humans, who can
perceive and combine subtle clues and who can quickly adjust as they
learn new details about the customer’s needs. Computers are notori-
ously inept at handling these kinds of ambiguous interactions—but
they are getting better, and as they improve, the labor cost needed to
infer and provide personalized sales is coming down.

Computer vision technologies already exist for recognizing
anatomical demographics of shoppers, such as age range, gender, and
even race. A research group at the National University of Singapore
recently demonstrated an advertising system that adjusted its content
in real time depending on the age and gender demographics in the
audience.10 Actually, this cat was let out of the research bag several
years ago and there are now several products available on the market
that can detect audience demographics and adjust media content in
real-time such as Samsung’s PROM11 and NEC’s Eye Flavor.12

A person’s anatomical attributes are only a superficial indication
of preferences because physical demographics are beyond our per-
sonal control. I can’t do anything to change my age, gender, or race
(well, not much anyway). More telling of people’s internal prefer-
ences are the clothes they wear and the behaviors they exhibit. These
are visible attributes that people have direct control over and use to
express internal characteristics. Even when we intend our clothing to
be innocuous and unexpressive, the colors, fabrics, accessories, and
how we wear garments (for example, tucked in or out) can tell a lot
about our personal standards of “normal.”

Recent advances in computer vision indicate that even amor-
phous problems such as categorizing clothing styles are within reach
of technologies over the next few years. For example, in a project at
PARC, we designed vision algorithms that could differentiate among
four types of men’s shirts: T-shirt, polo shirt, casual shirt and business
shirt. To characterize men’s shirts, we used the following attributes:
color, pattern complexity, collar shape (crew, v-neck, pointed collar),
emblem presence and placement (large design across the shirt versus
small design over one breast), sleeve length, and button placket
length (full, half, or none). Combining these, we saw correct classifi-
cation across all four classes of 72.7%, nearly three times better than
chance (25%), and between T-shirts and business shirts with 95.7%
accuracy.13
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Recognizing men’s shirt categories is simple compared to the
variety of women’s tops. Women’s fashions are far more varied and
will require several years of research to detect the factors that indi-
cate general preferences and that can adjust for cultural changes in
tastes over time. The shirt you wear doesn’t tell much of your story,
though, and a complete solution that adjusts as it learns more about
you is further off. Recognizing clothes is just barely scratching the
surface of what computers might eventually perceive. Yet even this
relatively simple recognition can give merchants an initial indication
of how much a customer might be willing to spend, depending on the
product and other contextual factors. For example, will the customer
wearing a business shirt spend as much in a skateboard store as the
one wearing the T-shirt? What about for a sports coat? The point to
take away is that reading and assessing such subtle cues is no longer
solely a human capability: It is within the reach of computer vision
today and will increase in the near future.

Visual Recognition Techniques

Recognition problems can be approached in a number of ways,
generally falling into two categories: structured recognition and
statistically learned classification. In the first approach, the system
parses the structure of a scene and uses the elements to identify
the meaning. For example, if you wanted to recognize windows on
houses, the system could search for straight lines forming parallel-
ograms as candidates for “window” and then use further differenti-
ating details to improve the accuracy. Structured recognition works
well for consistently formed objects such as a window and extends
to some fairly complex structures such as insects.14 On the other
hand, some objects, such as people and animals, are highly
deformable which makes it difficult to identify distinct elements
(other than faces—despite the wide range of expressions, a face is
fairly easy to detect because of the relative consistency of the
placement of eyes, nose, and mouth).

For some cases, a statistically learned recognition technique is
used, in which many samples are fed to a computer that extracts
the statistical correlation between features of the images (colors,
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shapes) and the classes to recognize. This kind of technique has
achieved accuracies as high as 83% to distinguish between images
of cats and dogs, which is much harder for a simple-minded com-
puter than it is for humans because of the differences between
breeds within each species (for example, Siamese versus Persian
cats, and Bulldogs versus Collie) and the similarity of some fea-
tures across species (for instance, fur colors are similar across cats
and dogs, and some dogs’ ears are shaped like cats’).

In both structured recognition and statistically learned classification,
it is possible to calculate a “similarity” distance between items.
However, in structured recognition, the attributes of similarity are
generally easier for human comprehension than the attributes of
similarity in statistically learned classifiers. For example, a structured
recognizer might score a Chihuahua dog as similar to a cat because a
Chihuahua’s ears have a similar shape to cats’ ears—an understand-
able mistake (do an image search right now for “Skippyjon Jones” to
see what I mean). On the other hand, a statistically learned classifier
might have “learned” that images of cats are most often sitting,
whereas dogs are more often standing on all fours, which would lead
to images of cats that happen to be standing on all fours being con-
sidered more similar to dogs. While the shape of a Chihuahua’s ears
is an easy mistake to understand, the computer’s rationale of rating
standing cats as dogs may not be easily understood.

Which technique is best? Statistically learned classifiers are easier
to construct if you have a large set of sample images to learn from.
If not, you need to spend resources to gather and manually identify
a sample set. Structured recognition also requires resources to
construct and test the scene-parsing techniques and is viable only
if the images are of relatively nondeformed objects or when the
deformations are well understood (for example, an eye may be
opened or closed). In general practice, combinations of both tech-
niques are employed. However, if you want to be able to have
humans interact with the recognition algorithm, the attributes of
the recognition must be understandable. For applications that
browse similar products, parsed recognition is more useful. For
applications that detect the presence of flawed parts coming off a
manufacturing line, a statistically learned classifier suffices.
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Pervasive Advertising

Ubiquitous computing technologies allow us to take things to an
even deeper level of relevance and usefulness by gaining insight into
more aspects of a person’s preferences and appropriate timing of
information. Mobile phones contain location-tracking technologies,
images from cameras can be analyzed to interpret behavior informa-
tion, and a wide array of other sensors (motion sensors, audio, pres-
sure, and so on) can be employed to detect fine-grained details of a
person’s lifestyle and preferences.

An article by John Krumm suggests, with some lament, that
advertising may well be “the killer app” of Ubiquitous Computing.15

He describes four ways that combinations of context-awareness,
indoor location sensing, and privacy-controlling technologies can
help advertisers: targeting, feedback, knowing the customer, and pri-
vacy. Let’s look at the state of digital advertising today and its likely
future, supplemented by Ubicomp technologies.

Pervasive Advertising Today

Mobile advertising is a relatively recent subcategory in the adver-
tising industry and is growing fast. In June 2009, Gartner Research16

projected spending in mobile advertising to go from less than $1 bil-
lion in 2009 to more than $13 billion by the end of 2013. This is
largely driven by the increasing adoption of smartphone platforms,
which have power and displays that enable rich presentation of
media, along with sensors (GPS, sound, light, and so on) that can
determine the location and situation of the person using the phone.
That latter set of capabilities is enabling revolutionary changes in
advertising presentations. Mobile advertising is expected to heat 
up big in 2011 as advertisers adopt broad-based digital advertising
strategies.

That broad-based digital advertising strategy will go far beyond
mobile devices. Digital out-of-home (OOH) advertising is another
subcategory whose growth is outpacing the overall growth in the
advertising industry. This category includes video advertising net-
works, digital billboards, and other forms of “ambient” digital adver-
tisement. Industry analysts17 project between 9% and 20%
compound annual growth rate (CAGR), compared to 1% to 2%
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CAGR for nondigital OOH advertisement. Digital OOH is still a
small portion of advertising spending, projected to reach roughly
$4.6 billion in the United States by 2013, but digital OOH will likely
capture a larger share of spending than conventional OOH.

Pervasive Advertising in the Future

In May 2009, colleagues and I organized the first research work-
shop on pervasive advertising,18 which we held in Nara, Japan (lovely
place, do go), in conjunction with the 2009 conference on Pervasive
Computing. This workshop brought together only a handful of the
highly inventive minds developing new ways of understanding needs,
timing, and relevance of product information, along with novel tech-
niques of presentation. This research field is mostly led by European
academic and industry laboratories, with only a few representatives
from U.S. industry labs and no U.S. academic institutions. As I’ve
mentioned previously, the European Union fosters Ubiquitous Com-
puting as a field of research and invention more than the United
States does.

Since that initial meeting, our pervasive advertising community has
held two more workshops and published a collection of research and
visions in a book.19 Our aim each time is to envision advertising 25 years
in the future and identify the technological and social challenges that
need to be addressed to achieve the visions. Researchers present
prototypes of a number of novel advertising technologies, including:
interactive dynamic displays that modify information based on the
emotional reactions, cognitive state, and body movements of individu-
als and groups looking at the display; community bulletin boards that
allow people to post messages as easily as stapling a flyer today; compu-
tationally generated aesthetic designs; user-generated advertising;
use of scents in the environment; results of various layout algorithms
for mobile displays; novel ways to “blend” advertisements with media
consumption; new techniques to infer personal preferences while
ensuring privacy of personal information; coupon distribution and
automated redemption; new mobile billing schemes; sensor infrastruc-
tures; new technologies for audience metrics; electronic advertise-
ments worn on clothing; results of eye-tracking studies; and our own
work at PARC on inferring the activities of people to identify personal
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interests and optimal times to present information. We all presented
early prototypes of the technologies, but even these unrefined systems
demonstrate the coming age of personalized and nondisruptive adver-
tising in the environment.

A recurring discussion among the researchers was the idea that
individuals may become walking advertisements for the products
they wear or use. We’re talking far more than just showing the
designer logo on your handbag, though. The following scenario illus-
trates the concept.

Imagine the year 2035:

After work, Sabine and Monica walk out to their personal
vehicles.
Monica shows Sabine that she just downloaded the Danica
Patrick street performance tuning package for her GTO Nou-
veau, and it sounds much cooler than the high-pitched whoosh
these gravity-powered vehicles normally emit! Sabine also
loves the “retro” sound of a combustion engine, and she gets a
copy of the tuning package for her roadster.
As a registered broker of the Personal Transport Vendors of
Northern Hemisphere, Monica’s e-money account gets cred-
ited with a portion of the proceeds from Sabine’s purchase.
Monica can use the funds in this account only for vehicle-
related products from members of the PTVNH brokerage.
Monica has to manage a multitude of brokering accounts in
various product categories to get everything she needs. Fortu-
nately, her digital accountant manages the complexity and
advises Monica on how to maintain a healthy portfolio.
On the weekend, Sabine goes out with her family for a bike
ride. At a rest stop, Sabine’s bicycle suggests she look at the bike
she’s parked next to because it has tires that would fit Sabine’s
riding style better than her current tires (Sabine has an off-road
bicycle but actually rides most often on trails and roads, so
street tires would be better). Sabine looks at the other tires and
her system adds them to her online “wish list.” Later, when
Sabine buys those tires, the owner of the other bicycle gets a
cut of the profit as a member of that tire company’s broker
consortium.
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What’s So Hard? Is There Really Anything to Invent?

The brokering system is a complex but already feasible account-
tracking system, so not much is needed to invent technologies for that
part of the scenario. In addition, the underlying system keeps a
record of Sabine’s activities and the items that she encounters during
the day, which allows her to look back in the record of a day to see
items she encountered that might be of value to her. Again, this 
may have scalability issues, but it doesn’t require fundamental new
inventions.

More invention is needed to create the user preference model,
however. The hypothetical system does the following:

• Continually updates the model of Sabine’s preferences based
on the items Sabine actually expresses interest in

• Understands that Sabine sometimes shops for other people (for
her kids and for friends and family)

• Detects when it has been more or less successful in timing the
presentation of information, determining whether to tell
Sabine about products at times when she is likely to be more
interested in the information (such as after the tennis game,
not during a serve)

• Detects Sabine’s points of decision—that is, the moments in
time when she is considering whether she will make a purchase

When the preference model does not already have information
that a seller would want to know about, the advertisers can submit
queries to her model that process the information without exposing
Sabine’s personal information to unwanted scrutiny. For example,
suppose that the system was not monitoring Sabine’s bicycle riding
style, but it does have records of all her prior rides. An advertiser
could submit a query to her model that would execute a function to
classify her riding style without exposing all the location details of her
prior rides. This kind of secure query is not yet practical, but some
theoretical progress has been made in the field of private information
retrieval.
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Activity-Targeted Advertising

Few of the workshop attendees actually believe it will take 25
years to realize the technologies in the previous scenario—with the
exception of gravity-powered vehicles. User profile modeling and
activity detection are already well established in web-based market-
ing, so it’s just a matter of applying similar techniques with physical
activity collected by Ubicomp technologies and sensors. Since 2000,
researchers in the field of Ubiquitous Computing have been invent-
ing algorithms that combine information from a variety of sensors to
determine modes of transportation (walking, biking, running, travel-
ing by train, driving, and so on), mechanical actions (hammering,
using a screwdriver, and so on), activities of daily living (making
meals, using the bathroom, and so on), office-work activities, and
temporal patterns (presence and availability at different times of day).
None of these techniques are as accurate as humans at sensing activi-
ties, but they could theoretically determine at least a subset of the
activities that matter to a person. Before we dive too deeply into
inventing technologies that detect activities and couple advertise-
ments to that, we need to determine whether there is any value in
doing it.

Intuitively, there should be value in marketing according to the
activities people engage in. Just as content-bundled ads are effective
because people are interested in things that they read, activity-based
ads would be valuable because people are interested in the work they
do, the sports they play, the types of places they frequent, and the
hobbies they enjoy. Furthermore, just as part of search-based ads’
effectiveness is due to a searcher being in a mode to receive informa-
tion, activity detection can infer times when people are more receptive
to receiving information or when they are too busy to be bothered. In
addition, location-based behavior tracking could even anticipate
future opportunities for acting on a received advertisement and opti-
mize the timing of the presentation before you go to the store.

From such intuitions, we can imagine that activity-based advertis-
ing might enhance the results of search-based advertising by adding
personal activity to the customer profile, but search-based advertising
already performs far better than previous advertising models (such as
bundling ads with content), so why add even more complexity to
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advertising systems? Here’s why: You can reach customers even
before they are aware that they have an interest in a product and
before they go to a search service. That is, advertisers can reach peo-
ple who have a latent, unexpressed need for a product or service cat-
egory, reaching them before they’ve already made a decision of what
to purchase. This is an unreached market today, with “blue ocean”
opportunities for growth.

“Effective Advertising”: An Oxymoron

Let’s look a little more deeply into the effectiveness of advertis-
ing. Two kinds of advertising exist: awareness raising and transac-
tional advertising. Before the web, most advertising was to raise
customer awareness of the existence of a product, in hopes that when
customers were later in need of that product category, the advertised
brand would come to their mind and they would seek it out. This kind
of advertising is commonly referred to as brand awareness. The sec-
ond type attempts to drive the consumer to make a purchase, send for
more information, or take some other action, which is referred to as
transactional advertising. Coupons fall into this bucket, as do televi-
sion advertisements for products that you call a number to buy (self-
sharpening knives and the like).

Merchants have long known that advertising is inexact and
immeasurable. John Wanamaker, the early department store mer-
chant of the late 1800s and early 1900s, is famously quoted for saying,
“Half the money I spend on advertising is wasted; the trouble is, I
don’t know which half.” Until recently, it was nearly impossible to
actually measure the effectiveness of brand awareness advertise-
ments directly because there was no way to track which, when, and
how many times brand advertisements were seen prior to purchases.
The effectiveness of transactional ads is more tractable because mer-
chants can track the number of “conversions” (sales or actions) that
occur immediately after the ad campaign. Even that is not straightfor-
ward, however, as multiple campaigns may be ongoing and it’s not
clear whether a coupon actually compelled the shopper to make the
purchase or whether that person might have made that purchase
even without the coupon.
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Web-based advertising has changed that and turned the advertising
industry on its head. With web metrics, merchants can tell exactly how
effective a specific ad was by how many users “click through” for more
information and, of those, how many result in a “conversion” to take an
action. From this, advertisers now know that the vast majority of adver-
tisements, far more than Wanamaker’s “half,” are wasted. Finding hard
numbers for the click-through rate of search advertisements is difficult,
in part because it varies according to industry and keywords. The esti-
mates I’ve seen on the web range from 1% to 25%, with an average of
3–4%.20 The click-through rates for Internet “banner ads” are as low as
0.28%, in one report.21

Those are the hard numbers for the effectiveness of transaction-
based advertising, but brand advertising has yet to be measured
because too much time passes between seeing brand advertisements
and getting to the point of purchase. Brand advertising is thought to
be effective because established brands continue to be popular even
in product categories where switching is easy, such as soaps, sodas, or
search engines. One theory for this is the idea that by reminding peo-
ple of a brand with enough frequency, it will stay on their mind until
their next purchase of that product category.22 Because it is impossi-
ble for merchants to detect when you will next make a purchase, they
have to flood the environment with reminders.

Theoretical Effectiveness of Activity-Based Advertising

The goal of the marketer is to find customers “in the market” for
a product or service and trigger them to take action. Two key ele-
ments affect the effectiveness of advertising.

Open demand exists when a consumer is “in the market” and is
“open” to suggestions of which products and services to buy. That is,
the consumer doesn’t already know everything about a product and
won’t be as irritated by an advertisement.

Consumers with open demand are the valuable targets for an
advertiser.

Actionable receptivity is the state of mind when the consumer is
both willing to receive an offer and able to take action upon receiving
the offer.
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Receiving an offer when the consumer is actionably receptive
means that the offer has more potential to influence the consumer’s
buying decision and compel him or her to act.

Three specific aspects of online search-based advertising are
critical to its success:

• Users tell the system what they are interested in by entering
keywords. Thirty to forty percent of instances of search are to
find product alternatives, in which case users are even telling
the system that they have not yet made up their mind about
what to buy. This is a clear indication of open demand.

• Users express the desire to be given information by virtue of
using a search tool. Consumers searching for information have
gone past receptive and are actively seeking product information.

• The information is actionable at that moment. In contrast to
ads in traditional media (paper, magazines, billboards, radio,
television), online commerce makes it possible for the person
to take an action (make a purchase) right then and there.

Activity-based advertising utilizing Ubicomp technologies can
also provide these three characteristics:

• People are interested in products related to the things they do.
In some cases, the system can detect that a person is undecided
about a product, such as when prospective home buyers visit
open houses or newcomers to a city need to find restaurants
they like.

• Systems can detect circumstances in which a person is more
receptive to information (such as when waiting in line, leaving
work, going out for lunch, and so on) and also circumstances in
which a person is probably not receptive to information (such
as being in a conversation, driving, running late, and so on).

• Systems can hold information until it is most actionable, such
as when the person is near a store that carries the product. Sys-
tems can also filter the advertised product categories to fit the
estimated amount of time the person has available. Buying a
drink would be quick, but if there is enough time, higher-
involvement product categories, such as birthday gifts, can be
suggested.
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Testing Technology before It Exists

Activity-targeted advertising should be effective theoretically, but
we don’t know for sure. Targeting marketing information to personal
activity has no precedent in the advertising industry, so it bears valida-
tion before investing too much research and development.

How can we test the value of an intelligent system that has not yet
been fully realized? For inspiration, we can borrow the magic used by
the Wizard of Oz: Fake it. Instead of investing a great deal of techni-
cal resources to prototype an activity-detection system, colleagues at
PARC installed software on a smartphone that periodically asked the
user, “What are you doing now?” You can’t expect people to answer
such a question in real use, but for purposes of experimentation, we
found coworkers who were willing to live with this PEST (Proactive
Experience Sampling Tool) for three days. We saw answers such as
“catching up on some school work,” “talking to Mom,” and “waiting in
line.” We sent each of these responses to Amazon’s Mechanical Turk,
where online “turkers” do small pieces of work for small amounts of
money. This service provides a way to simulate artificial intelligence
before it has been developed (artificial artificial intelligence, as Ama-
zon puts it). The turkers proposed products or services that would be
used along with the stated activity. The PEST user was then pre-
sented with either a randomly selected ad or an ad matched to the
activity-based product recommended by the turkers. We asked the
PEST users to rate the usefulness and relevance of the ad on a scale
and compared the user ratings for activity-based ads against randomly
selected ads. Figure 7-3 shows the results. Activity-targeted adver-
tisements were significantly more relevant than random advertise-
ments over all types of activity that PEST users reported. However,
they were not necessarily more useful, indicating that the information
did not necessarily arrive at actionable moments.

When we segmented the activities into different types (see
Figure 7-4), activity-targeted advertisements were considered more
useful in activities other than work-related or communication-related
activities. This may be because the user was engaged in work or com-
munication when interrupted by PEST. Users’ cognitive and sensory
availability affects their perception of how well they can make use of
an advertisement. For context-aware advertisements to be effectively
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relevant and useful, collecting contextual data is not enough—the
data must be synthesized into an activity and used to determine both
advertising relevance (what) and user receptivity (when).
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Figure 7-3 Activity-targeted ads were significantly more relevant than
randomly targeted ads over all activity types, but not necessarily more
useful. (Figure credit: Kurt Partridge)
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Figure 7-4 Activity-targeted ads are more useful than random ads for
activities except when the user is engaged in work or communication.
(Figure credit: Kurt Partridge)
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Summary
An obvious application of personalization is in helping marketers

connect to customers. We explored futuristic visions of activity-
based marketing based on wide-spread Ubiquitous Computing 
technologies.

We also explored more near-term applications of activity-based
advertising based on smartphone technologies. Activity detection
provides capabilities that make it potentially as effective as search-
based advertising. The first key to search-based advertising is that
users enter information into the system about what they want. With
activity detection, the system can detect a person’s latent need for
some product or service category based on what that person does.
The second fundamental advantage of search-based advertising is
that the user is receptive to information. With activity detection, the
system can detect times when a person is more or less receptive to
information and can do so in advance of the person sitting down to
search for a product.

Experiments at PARC have found that activity detection is more
useful for certain product categories (food and media) than for others
and that the timing of the presentation is as important as the content.
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Breaking Out of the Supply Chain Gang

It is difficult to free fools from the chains they revere.

—Voltaire

If your product or service is becoming a commodity such that
margins are shrinking and market share is hard to maintain, shift to
another point in the value chain of your industry. It’s common busi-
ness advice to move to a higher position in the food chain. The busi-
ness ecosystem consists of many entities adding value to resources
acquired from a supplier and selling the added value to customers,
hopefully for a profit. As each takes a portion of profit, those closest
to the customer dollar reap the largest share.

Skipping Links
A large proportion of the world’s economy consists of businesses

selling products or services to other businesses, creating a chain of
businesses from raw material to consumer with each adding value on
the way. The classic supply chain concept looks something like Figure
8-1: Businesses act as both a customer and a supplier to other busi-
nesses, up to the final consumer.

Typically, an industry’s supply chain consists not of a single
stream, but of a network of suppliers and customers. If your company
is one of those links selling to another business, you probably try to
shape your offerings to match what your customers base their buying
decisions on. If you’ve studied supply chains, you may even shape
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your offerings to match what your customers’ customers want so that
you can help your customers successfully repackage your output to
sell to their customers. If your customers are smart, they will tell you
what you need to know to meet their customers’ criteria, making their
business more efficient.

The risk to your customers is that they might tell you so much that
you turn around and sell directly to their customer. This is an accept-
able risk, for two reasons. First, for supply-chain optimization to suc-
ceed, the participants must have enough trust in their partners and
faith in their own value-add that they can afford to supply information
to improve the overall efficiency of the supply chain. Second, because
of globalization, the primary source of competition is not that of busi-
nesses versus other businesses, but of supply chains versus other sup-
ply chains in an industry, such as the car makers in different parts of
the globe. Therefore, the success of the each business in a supply
chain depends on the overall efficiency of the supply chain relative to
competing supply chains. Theoretically, to improve the efficiency of
your supply chain, each participant must streamline and enhance the
overall process, even at the cost of supplanting each other.

Theory aside, if your customer gets wind of you stealing his cus-
tomers, your relationship will become strained, at best. An alterna-
tive is to look backward in the chain and see if you can reduce your
supplier’s role, perhaps buying directly from his supplier.

My
Supplier

My
Customer

My Business

Purchasing

Distribution
Production

Figure 8-1 Supply chain concept. Businesses in the chain are both cus-
tomers and suppliers of other businesses.
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Fused Links in Media Publishing
Information technologies are undercutting some of the busi-

nesses that previously added value in the chain. Obvious examples are
media companies that once provided tremendous value by connect-
ing the output of writers and artists to customers through their physi-
cal distribution channels. Now the Internet makes distributing
content simple, and media companies are losing their ability to cap-
ture money from their market.

In the past, most of our media was distributed in some physical
form (paper, vinyl, magnetic tape) that required physical distribution,
providing a natural point for media companies to tap into the monetiza-
tion of entertainment and news information. The success of newspa-
pers required efficient and reliable local distribution as much as it
depended on the quality of its reporting. Similarly for entertainment
media, distribution efficiencies were at least as important as the quality
of the content, explaining the long-running success of big-studio movie
productions over higher quality independent media productions.

But media companies have also provided value beyond just distri-
bution of content: They generate interest in the product, provide a
way to categorize artists (such as record labels that specialize in sets
of artists of certain music genres), and provide productization  serv-
ices to artists. The music industry, for example, gets too little credit
for the value created by its well-tuned hype machines. Just as the uni-
verse is held together by the unseen forces of “dark matter,” the
media industry is driven by unseen forces of promotion and emotion.
As individuals, we may regard the hype fostered by the industry as
crass manipulation, but from an economic standpoint, it is generating
demand in the market for a product that consumers might otherwise
not know of.

News media, however, is suffering even more than entertainment
media. So many sources of news and information exist that it has
become more difficult for a consumer to discriminate news based on
quality than to discriminate entertainment media based on personal
tastes (although it seems that many of our news selections today are
based as much on personal taste as on veracity of information).

When we think of media companies, we typically think of the
large content owners, the broadcast networks, video networks, movie



studios, newspapers, magazines, and music recording labels. Many
other entities are involved in the production and distribution of phys-
ical media. The production of magazines and newspapers requires
suppliers of the core materials (papers, inks, coatings, bindings) 
and printers to produce the physical material. Then, of course, sup-
ply-chain companies bring the materials to the producers, and distri-
bution companies take the product to retailers and consumers. All
these links add value and provide points at which to monetize that
value. The Internet makes all that physical production and distribu-
tion superfluous.

Yes, paper will be around forever, because it provides many con-
veniences: It’s lightweight and portable, readable in natural light, has
no reflective glare, can be spread out onto the space available, can be
easily manipulated with fingers, and so on.1 Electronic devices cannot
(yet) fully meet some of these, but the widespread success of e-read-
ers and smartphones point to a time in the very near future when the
predominant way of displaying text will be digital, not physical.

I do not predict that the entire media industry is doomed—
simply that the parts of it that specialize in the physical media itself
are being commoditized and displaced. Tremendous value still lies in
the creation, selection, collation, formatting, and presentation of the
content. Ubiquitous computing technologies provide new opportuni-
ties beyond what we’ve come to expect of multimedia presentations
on the web.

• Personalization: A new generation of mobile technologies
can more accurately target the delivery of content based on its
usefulness to individuals.

• Multidevice presentation: Presentation of personal infor-
mation can be coupled across multiple devices (computer, tele-
vision, mobile phone, outdoor display).

• Ubiquitous access: Near-universal wireless connectivity has
already created an expectation of being able to acquire and
select information at home, at work, in vehicles, on the street,
at transit stations, in restaurants, in stores, at school, in hotels,
and just about anywhere.

Amazon has shown us examples of skipping links in the supply
chain in both directions. Figure 8-2 shows the supply chain of the
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media publishing industry prior to the web and illustrates the bridg-
ing of links since the web through to our current period of e-readers.
Web technologies in the 1990s allowed Amazon to use the basic infra-
structure of a wholesale book distributor that normally supplied retail
outlets to directly sell to end consumers. Other large-scale retailers,
such as Barnes & Noble, had a conflict with their retail outlets and
were slower to adopt a large-scale web presence. More recently,
Amazon started selling the Kindle e-book reader, which contains a
direct connection to electronic content on its store. In this way, the
value that manufacturers of printed books would have previously sup-
plied to distributors such as Amazon is effectively reduced. Looking
back over the last five years, Amazon’s share price has risen 300%,
while Barnes & Noble’s has declined approximately 30%.

Publisher

Printer

Distributor

Retailer

Customer

Author

Pre 1990s

Publisher

Printer

Web Stores

Retailer

Customer

Author

1990s: Web
Retailers

Publisher

Printer

Retailer

Customer

Author

2000s: Media
Devices

e-readers

Publisher

Printer

Retailer

Customer

Author

2010s: Self-
Publishing?

Tablets, phones

Figure 8-2 Example of supply chain disruption (media selling).

On the other hand, publishing houses, which own the controlling
rights of how the content is packaged and copied, still control a major
segment of the value chain—the interface to content authors. Will
that link be disrupted in the 2010s with self-publishing as suggested
on the right of Figure 8-2, just as other links in the supply chain have
been skipped in prior decades? We are already seeing direct publish-
ing between authors of web logs (blogs) and their audience. How
much further can the chain be reduced, and to where will the bulk of
the value shift in the 2010s? Digital technologies have been driving
“disintermediation” for more than a decade now, but information and
content must always be presented and consumed on some kind of



medium, whether paper, LCD, e-ink, or something else. Someone
also needs to play the role of broker to match readers to content that
they will enjoy. Amazon seems to be in the position to play that role
better than any publishing house. On the other hand, with access to
new content and controlling rights to existing content, publishers
control access to what people can buy.2

Methods to Remove Links
Seeing opportunities that one company captured and another one

missed is easy in hindsight, but your goal as a strategist for your com-
pany is to foresee opportunities and position your company to take
advantage of them. It’s also easy to look at a block diagram and see
that a link in a supply chain could be bridged, but the hard part is
identifying a new way to make that bridge in a way that protects your
current business interest. None of this is easy, but let me describe
some of the techniques colleagues I have used in the past.

Ask Yourself

If you want to identify new opportunities, it isn’t enough to sim-
ply know that a customer exists. You have to identify what motivates
that customer and then offer a better solution that addresses that core
motivation. But you have to go deep if you want to offer something
that provides radical improvement over existing solutions—enough
to motivate someone to break out of the default solution and give
yours a try.

A time-tested technique for identifying root causes is the “5 Whys”
method, introduced by Sakichi Toyoda and used in the Toyota Produc-
tion System3 (TPS, called Lean Manufacturing in the United States) to
identify faults and inefficiencies in manufacturing processes. The
process involves recursively asking “why” an effect is observed at least
five times. Five is an arbitrary number of iterations—there isn’t really
an ultimate “root cause,” other than the laws of physics, so 5 is just a
general guideline to prevent us from applying the method ad infini-
tum. The following example4 demonstrates the basic process:

My car will not start. (The problem)

142 UBIQUITOUS COMPUTING FOR BUSINESS



8 • BREAKING OUT OF THE SUPPLY CHAIN GANG 143

• Why? The battery is dead.
• Why? The alternator is not functioning.
• Why? The alternator belt has broken.
• Why? The alternator belt was well beyond its useful service life.
• Why? The car service manual did not specify that the belt

should be checked.

That is just one possible path of explanations. Another could
probe why the battery doesn’t recharge itself somehow. At the end,
alternate solutions to the fifth why can be evaluated. Any successful
solution to the fifth why can help prevent the problem in the future
(and perhaps prevent other problems as well).

In its original use, the “5 Whys” method was designed as a trou-
bleshooting tool, to go deeper than just the observed symptom in
understanding what conditions had led to the observed effect. You can
also use it as a general method for understanding the motivations
behind observed actions regardless of whether there is a problem,
which can identify business opportunities. Let’s continue with the
example of the book industry before the 1990s e-commerce revolution:

People purchase books at physical retail stores. (The pre-1990s
situation)

• Why? They want to sample the books.
• Why? A bookstore has a variety of books on any topic.
• Why? It is cost-efficient to collect several books in one place.
• Why? It would take too long and be too expensive to send sam-

ples of books directly to prospective customers.
• Why? The order has to physically travel to and from the

reseller through postal mail (remember back to pre-1990).

We could continue the examination, but let’s stop here. The final
why gives clues for two ways that information technologies changed
the book market. First, web resellers re-created the mechanisms that
catalog-based resellers used to describe content and made it easy to
submit an order immediately that would be shipped the next day.
Second, electronic books and e-readers made it easy and immediate
to fulfill an order by downloading it directly, right away.



Ask Prospective Customers

Of course, instead of speculating five times about what caused a
customer to make a decision, you could just ask. This is not quite as
easy as it sounds. First of all, people don’t always know why they think
or do things, but they can easily rationalize their actions if asked. The
rationalization may or may not be the real reason—if it isn’t the real
reason, creating a solution to address it will be a waste. Fortunately,
sometimes it is the real reason. The trick is to know when.

Surveys

You can use survey methods and questionnaires.5 Web sites such
as SurveyMonkey make it easy to create surveys, send them to large
numbers of people, and accumulate the responses for analysis. The
field of administering and analyzing surveys has many pitfalls, but the
one that matters most for our purpose is that you cannot always tell
how a respondent is interpreting the question, and there is no way to
ask for clarification. For example, consider a survey statement like
this one:

• I buy books to read when I travel. [True/False]
I intend this to be interpreted as buying books in advance to be
read while traveling, and I hope most people read it that way.
However, it could be interpreted as buying books during the
course of traveling, and some portion of survey respondents
will interpret it that way, skewing the results. Carefully design-
ing the question to reduce ambiguity helps, but, except for very
simple questions, ambiguity is difficult to eradicate fully.

• I buy books to read in advance of traveling. [True/False]
No good. Do I just buy the books in advance of traveling, or do
I read the books in advance of traveling? Make no mistake, if a
statement can be interpreted multiple ways, it will be. You just
won’t know by how many of the respondents.

• In advance of traveling, I buy books to take with me that I will
read during the trip. [True/False]
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This is more precise but requires a respondent to remember
and use their elementary school sentence-parsing skills. Survey
respondents have very little patience for precisely worded
questions.

Many, many other pitfalls arise in conducting surveys, but this
one of interpretation is the most critical for our purposes. If respon-
dents interpret questions differently than you intended or differently
from other respondents, you may get a set of numeric scores that
have statistical significance, suggesting that some effect is “impor-
tant.” But unless you talk to the respondents, perhaps clarifying the
meaning, you may not know exactly what they had on their minds
when answering the question. (The simplest, most reliable way to
avoid misinterpretations is to pilot your survey with three to five peo-
ple who aren’t involved in your investigation and see if they under-
stood your meaning; each time you change the phrasing of questions,
try it again on three to five different people.)

Being a Customer

Ethnography is a method within the field of anthropology for
studying ethnic cultures. Traditionally, ethnography uses participant-
observation methods: The observer is not an objective bystander, but
is involved in the activity. This is based on the premise that, to under-
stand the motivations within a culture and why people behave the
way they do, you have to be involved in the behaviors of the culture
itself. Without being involved, an observer cannot have experienced
the physical and social constraints that those in the culture feel; the
observer might ascribe some interpretation from his or her own cul-
ture that completely misses the point of the behavior in the observed
culture.

Although ethnography is specifically tailored for uncovering the
subtleties of foreign cultures, the methods can also be used to under-
stand the reasons people in our modern culture act as they do. PARC
pioneered the use of ethnographic methods in the 1970s to identify
workplace problems and to design systems to fit the goals of the peo-
ple who will use them. The key to ethnographic research is sustained
involvement with the participants of an activity: interviewing partici-
pants, participating in the activity yourself, shadowing participants



and asking them why they are performing an action, and asking again
when you see that action later. A successful, highly trained ethnogra-
pher manages to capture insights from this kind of intrusive involve-
ment while simultaneously fading into the background.

A special breed of ethnographer is needed to identify needs and
opportunities for new technologies—not just anyone can do it. An
engineer might practice participant observation and other ethno-
graphic methods and come up with more efficient ways the people
could be accomplishing their goals, but the observation may com-
pletely miss the necessity behind the existing practices and fail. At the
same time, some purely trained anthropologists may be able to explain
why people behave a certain way but may not be able to envision how
they could be doing it differently with a new technology. Practical,
new concepts come out of only especially skilled ethnographers who
combine deep insight and a strong ability to envision change.

Case Study: Dai Nippon Printing—Magitti
Dai Nippon Printing (DNP) is one of the world’s leading commer-

cial printing companies, with $16 billion annual revenue in 2009 and
more than 40,000 employees. DNP prints a variety of products (cata-
logs, books, magazines, holograms, packaging) on any medium: paper,
metal, glass, and tree bark—anything but air. DNP’s businesses utilize
a wide range of digital technologies, including the production of
shadow masks for digital displays and light scattering for display back-
lights. One of the growth areas in which DNP is leveraging its busi-
ness and technologies is “rich media” services—the combination of
text, graphics, animation, video, and audio in interactive information
systems.

DNP and PARC began collaborating in 2005. The overall future
of print media was in obvious decline, and the growth of electronic
media was already clear from the growth of web-based media. A few
mixed signals emerged, though, about whether handheld comput-
ing would make much of a dent in print media. Small, dim screens
and awkward interfaces made them difficult to use for any but the
most hard-core road warriors. Touchscreens were not thought to
solve the issues—if anything, the utility of touchscreens was in doubt,
as the handheld PDAs that sported stylus-based touchscreens had
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largely been supplanted by feature phones with 10-key pads for text
input using techniques such as T9. The digital services (email, news,
web, and so on) on feature phones were impoverished by limited dig-
ital bandwidth and were poor cousins of comparable services on wire-
less laptops.

Nevertheless, everyone could see that the phones were getting
more powerful and more capable of handling many of the commonly
used applications of computers, particularly email. In Japan, the
adoption of mobile phones, called keitai denwa, was growing rapidly
even before the emergence of the Apple iPhone or the Amazon Kin-
dle in North America. Even if signals were slightly mixed as to what
would ultimately supplant print media (and the jury is still out), it was
evident that smartphones would capture a significant portion of rich
media consumption.

The more important consideration is not what medium will ulti-
mately consume all others, but what content or services will be valu-
able on the emerging medium. This goal raises a bit of a problem for
a printing company that does not own content. Printing is a form of
manufacturing, and with print manufacturing being supplanted by
electronic methods, shifting position in the value chain seemed cru-
cial. However, DNP’s business was largely based on printing content
owned by publishing houses; these publishers contracted DNP to do
the printing. If DNP attempted to emulate a conventional publishing
company, it could be perceived as competing with its customers, who
might take their business elsewhere. Some new value needed to be
found that didn’t compete with DNP’s customers and that comple-
mented DNP’s competencies as a manufacturer of printed content.

Our goals for the project were the same as in many strategic busi-
ness objectives:

• Identify one or more customer groups who would adopt a new
media technology

• Identify one or more problems that those groups have and
would pay money to solve

• Create a solution to those problems that provided a unique
market position and did not compete with existing business
customers



• Identify a business model that monetized the value of the
solution

These were both broad yet confining constraints that could be
satisfied in any number of ways but that must all be satisfied together.
The order isn’t strictly important; you can have a technology first and
then search to find a group with a problem that it alleviates. Google
didn’t start off with the idea of doing search-based advertising as the
problem that needed to be solved. However, if you start with a tech-
nology looking for a problem, you have to convince customers that
they actually have that problem. On the other hand, if you start with
an unaddressed problem, your innovations will have a ready market
from the start. After all, Google had a profitable business in search
technologies even before its explosive growth in advertising.

Identifying an Opportunity
Creating a unique solution may be the essence of innovation, but

equally hard work lies in identifying unmet problems. As we age, we
become accustomed to life’s complexities and our work-around
processes become second nature, making it difficult to even realize
that some things could be done more easily.

In this particular case, we were looking for a group of users who
would adopt new media technologies. Teenagers (13–18) and young
adults (19–25) are typically more open to testing new technologies
than older cohorts, and they generally consume more media as well.
Of these two, which would be more likely to have a need for new rich
media content and the time to consume it? In the United States,
teenagers are thought to be particularly voracious consumers of
movies and music, while many young adults are too busy as they start
college, careers, or family. In Japan, however, the relative amount of
leisure time between these two age groups is reversed: Most
teenagers are too busy taking extracurricular college-preparatory
courses and otherwise cramming to get into a good college, while
young adults who have entered college have more spare time and
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have not yet entered the high-pressure workforce.6 In our investiga-
tions, people in the range of 19–25 have an average of 40 minutes per
day for leisure, while teenagers and older adults have an average of
only 26 minutes per day, until retirement.

Having zeroed in on that prospective customer segment, the next
stage was to understand how they like to spend their leisure time. Our
ethnographers engaged in a number of exercises to uncover hidden
problems, including interviews, storyboarding, and role-playing, some-
times with physical mockups of prospective devices. Interviews were
conducted not only in static places, but also on the street, in sections of
the city where many of the target customer groups get together.

What do young adults like to do with their leisure time? It’s no
surprise: They like to socialize. The only thing tricky about socializing
in Tokyo is that friends may live on opposite sides of the very large,
densely populated city. So they often get together by picking a metro
station that is convenient to both parties and then meet up to “do
something” together. It doesn’t really matter what they do: going to
shows, shopping, playing games, watching movies, eating out, and
other things. In a 2006 survey,7 the Japan Statistics Bureau found that
people in their 20s showed the highest rate for “sightseeing with a
friend” (30% for males, 45% for females), more than twice the rate
for younger and older age groups other than retirement age (over 65).

Meeting up at a station is easy but there’s a problem. They want
to do something together, but in many cases, neither of the two knows
much about what’s possible to do in the local area. Usually, the ren-
dezvous point is distant from both homes. PARC’s ethnographers dis-
covered this problem through on-street interviews of young people in
a variety of popular Tokyo neighborhoods. Figure 8-3 shows the
responses when people on the street were asked to rate “how well I
know this neighborhood”: Almost a third gave a rating of 1 (“not at
all”), and less than 20% rated their knowledge between 5 and 7
(“extremely well”). Furthermore, younger people are often more
open to suggestion than older groups. They haven’t necessarily made
up their minds about their likes and dislikes and are still exploring
options.



The upshot is that there is an information need that could be filled
with a new rich media service. Tokyo is particularly dense with stores,
restaurants, and game centers that are tucked away in hidden corners,
basements, or upper floors that are not visible from the street. At the
time (2005), location-based search and navigation on smartphones was
beginning to emerge. Social networks were catching on as a way to
communicate and coordinate with friends. Augmented reality was
another capability that could be relevant to this problem as a way to
see information about what people could not physically see, such as
what stores were on upper floors of buildings. A number of other ideas
came out of the ethnography-led brainstorm activities, and we con-
ducted interviews to get feedback and prioritization.

Interviewees showed some excitement for all these new high-
tech concepts, but they also identified a problem that none of these
solve: information overload. In fact, concepts such as augmented
reality actually make information overload more of a problem by lay-
ing electronic information atop the already cluttered signage of
Tokyo. The young adults we interviewed pointed out that there are
already several sources of information about what is available in dif-
ferent regions, such as regional shopping guides and leisure activity
publications, including magazines printed by DNP such as Tokyo
Walker (a periodical describing events, fashion, and activity trends).
All the proposed technologies just increased the presentation of
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Figure 8-3 Ratings of “How well I know this neighborhood” given by
170 young people stopped on the streets in diverse neighborhoods in
Tokyo. (Figure credit: Victoria Bellotti)
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already available information, but none of them solved the underlying
problem of sifting through alternative options and selecting one that
fits the individual preferences.

• Why? There are too many options to choose from.
• Why? There is substantial diversity in things people like and

not enough time to consider every possible option.
• Why? It takes a certain minimal time to learn enough about

each option to form an opinion.
• Why? An individual’s preferences consist of complex cost-ben-

efit tradeoffs that depend on many factors that only humans
can assess.

• Why? Computers are incapable of combining multiple aspects
of an individual’s life experiences, demographics, physiology,
and patterns of behavior that shape people’s preferences.

That final stage suggests a limitation of computing systems that
theoretically could be bridged, if enough information were available
and human-like reasoning could be applied.

The focus of our innovation became avoiding information over-
load while at the same time helping people serendipitously discover
things they would like. Subobjectives also came out of the on-street
ethnographic studies, such as the following:

• The mobile device must be operable with one hand, because
the other hand is carrying something or holding a train-car 
handle.

• The system should learn user preferences without requiring
users to explicitly enter the information, because they are busy
and want to enjoy their outings, not enter data into a computer.

• The operations of the device should be easy to remember.

Personalized Leisure Activity Guide
In Chapter 4, “Still Stupid after All These Years,” we explored the

general capability and technical approach to personalization. The
ethnographic work in Tokyo identified a specific example of a type of
information that needs to be personalized: outdoor leisure activities
such as shopping, eating, doing sports or exercise, seeing sights or
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movies or performances, and reading about such things. Plenty of
related information is available online, including store descriptions,
restaurant reviews, and information about gyms, theaters, parks,
museums, sports facilities, and more; much of this is aggregated in
online city guides and customer review sites such as Yelp, Yahoo!
Local, Zagat, and UrbanSpoon. These days, most of these are avail-
able from smartphones as well, and if your phone is GPS enabled, it
filters results according to what’s close to you now.

The basic information exists, as it has in paper formats for
decades, but it isn’t easy to use or find things that matter to you based
on your individual tastes. If you’ve ever used a city guide book, like a
Michelin Guide, you’ll remember how difficult it can be to find the
nugget of gold among the chaff. Online tools make it a little easier to
find things if you know what keywords to search for, but the point of
sightseeing or going out with friends is to discover unknown
delights—places that wouldn’t have occurred to you to search for. At
least two problems exist that mobile and online city guides don’t solve:

• Too much information
• Manual browsing to find places that appeal to you personally

Think about how much easier it is to consult a hotel concierge for
advice than it is to use a city guide. Or you might talk to a friend who
knows the area you’ll be visiting and also knows the kinds of things
you like. Your friend knows you well and can tailor her suggestions to
what she knows about you. The concierge doesn’t know you inti-
mately, but knows the area deeply and asks the right questions to
match your tastes. How can a computer re-create the depth of knowl-
edge and tradeoffs that humans use when making recommendations
to each other?

The system we devised, codenamed Magitti (a contraction of
“Magic Scope” and “Digital Graffiti,” which were the candidate con-
cepts that triggered the concerns about information overload), pro-
vides personalized recommendations of local leisure activity sites
based on your current situation and what it has seen you do in the
past in similar situations. The goal of Magitti, represented in Figure
8-4, was to present the user with a list of recommended stores,
restaurants, theaters, museums, parks, sport facilities, and other
items related to outdoor leisure according to what is most likely to be
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useful—all while also eliminating the need to enter data or search
terms that people would otherwise have to input manually.

Recommendable
Items

Restaurant Reviews
Store Descriptions
Parks Descriptions

Movie Listings
Museum Events

…

Straits Cafe

Fuki Sushi

J. Gallery

Tamarine

Sam’s Salsa

Bistro Elan

Apple Store

Spalti…

Filtering
and

Ranking

Personalized
Recommendations

Local
Attractions

Figure 8-4 Magitti’s objective was to recommend information about 
outdoor leisure activities to an individual, filtering the information into
leisure activity categories and ranking them according to usefulness to
the individual. (Figure credit: Kurt Partridge)

The Magic behind Magitti

Magitti’s goal was to provide its users with the most relevant infor-
mation to their current needs. It did this by observing their current sit-
uation, matching that to observations of what actions people generally
take in that situation, and then using those observations to predict the
likelihood of taking one of those actions in the current situation. We
explored the progression of context-aware services in Chapter 3,
“Harmless if Used as Directed,” which use sensors to detect the state
of the physical environment. In addition to the physical environment,
a person’s “situation” today includes the state of his or her electronic
environment: what email was recently read, what section of a budget
spreadsheet is being edited, and who the person talked to in the last
few minutes. This kind of information is as useful to determining what
is on someone’s mind as his or her current location is.

In contrast to location-based search, Magitti’s magic was to com-
bine multiple cues of a person’s context to filter and rank information.
The system’s process involves two key steps: to predict the likelihood
of each type of leisure activity and, within each type, to rank 
the information by the user’s personal tastes and the information’s
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usefulness in the current time, location, and other factors. It 
constructed this “contextual intelligence” by recording the behaviors
and contexts of users over time to build models of activities and pref-
erences. After making a set of venue recommendations, Magitti could
see which of those had been selected in the list and also which had
been visited physically. This feedback loop, illustrated in Figure 8-5,
is used to adjust the models and improve their accuracy over time.

Recommendation  Service

Consumer
Local Area

Feedback

Mobile
Device

Filter and RankInfer Activity

Restaurants, Stores,
Events, etc.

Context:  Time,
Location, Recent
Messages, etc. 

Figure 8-5 Magitti uses the current context to infer likelihood of inter-
est in various leisure activities to filter content and then uses a model
of personal preferences to rank and recommend relevant content. The
system improves performance over time by observing which recom-
mendations are followed. (Figure credit: Magitti team)

What Are You Doing?

The Magitti system was founded on the premise that an individ-
ual’s behaviors are generally consistent over time. For the most part,
an individual wakes up around the same time each day, eats meals
around the same time, goes to similar places on particular days of the
week or dates in the year, and generally follows sets of routine pat-
terns in their life. This isn’t a popular premise—most people like to
think of themselves as spontaneous, idiosyncratic, and free-willed,
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and they are. Just as no two snowflakes are exactly the same, no two
people behave the same, and no one person does the same thing
exactly the same way twice. Nevertheless, individuals do exhibit gen-
eral tendencies that are characteristic and predictable. A recent study
at Northeastern University8 of mobile phone location traces found
that 93% of an individual users’ mobility is predictable.

Still, it’s not easy to predict exactly what an individual will do. In
our ultimate tests of Magitti’s performance, it exhibited an average
accuracy of 82%9 in predicting a person’s most likely leisure activity
(within the categories of Eat, Buy, See, Do, Read). That’s by no means
perfect, but it’s greater than four times higher than random probabil-
ity (20%) and almost twice as high as the baseline metric of always
predicting people’s most common outdoor activity, which is eating
(43%), according to data collected by the Japan Statistics Bureau.10

Such an accuracy level requires balancing a number of different
factors. Our system combined predictions made by the following
seven different computational models, each of which uses a different
method to arrive at its prediction. Each model made its best guess
about the probability across the activity categories, and then all the
predictions were combined into a final tally.

• Population patterns: This model consisted of a description
of the general patterns of leisure activities at different times of
day, on different days of the week, and in different weather
conditions, derived from the Japan Statistics Bureau data of the
entire Japanese population.

• Place-time tendency: This model identified the probability
of activities in particular regions of the city at different times of
day. For example, certain areas of the city have more restau-
rants than stores, and vice versa.

• User calendar: If the user already entered leisure activity
plans into their electronic calendar, this model attempts to use
that information. For example, an appointment such as “dinner
with Taro” set for 7:00 would be evidence that dining informa-
tion would be more useful around that time, regardless of
whether that time is typical for eating.

• Learned from visits: As the user moves around in the city,
the system observes what kinds of stores, restaurants, and so on
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the person visits at different times and creates an individualized
model. This allows the system to detect even wildly idiosyn-
cratic patterns that can override the population prior model.
For example, if the user works an odd shift and visits restau-
rants near 2:00 PM and not around noon, the system will pre-
dict that the user is interested in information about restaurants
around 2:00 PM, even though the population prior model
would have suggested noon.

• Learned from interactions: This model is built up when
the user overrides the prediction and explicitly enters his or her
own activity.

• Future plans: The people we interviewed in the ethno-
graphic fieldwork said they often use SMS and email to make
plans with friends, so this model watches for messages describ-
ing plans. (See the sidebar for an example of an SMS message
containing plans.)

• Document topic analysis: In this model, the system uses
common text-analytic techniques to detect topics of web pages,
articles, or other documents that the user views on the phone.
If the topics are related to leisure activity, any time or location
information in the document is used to build a model of poten-
tial activity plans.

The outputs of these models are combined to estimate the likeli-
hood that the user is now or soon will be engaged in one of the activ-
ity categories, as illustrated in Figure 8-6. The activity prediction
provides a first-stage filter of the information space, determining the
useful proportion of each type of information. That is, when users are
more engaged in eating, they are more interested in restaurant
reviews; when they more interested in shopping, they will find store
descriptions more useful; and the same goes for seeing sights and
doing other activities. For example, using the estimates shown in
Figure 8-6, the final list should contain roughly 57% restaurant
reviews; 11% store descriptions; 13% museum, gallery, movie, or play
listings; 11% parks or fitness facilities listings; and 6% articles to read.
In our example, the final list has room for about eight items per page
and shows five slots for restaurants, one for sights, one for physical
activity, and one for a store.
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The system learns to improve its predictions in two ways. First,
each module itself adjusts its parameters by observing what offerings
the user selected for more information and where the user ultimately
went. For example, if the user specified that she was interested in
“Shopping” information at 10:15 AM, then the learned interaction
model and the place-time model would increase their settings for
shopping around 10:15 on that day of the week. Second, at the point
where all the models’ predictions were aggregated, the influence of
each model was weighed according to how successful it had been in
past predictions. When a model was correct, its weight increases;
when it was incorrect, its weight decreases.

Recommendable
Items

Restaurant Reviews
Store Descriptions
Parks Descriptions

Movie Listings
Museum Events

…

EAT

EAT

SEE

EAT

DO

EAT

BUY

EAT

Filtering

Activity Slots

Context
• Time 
• Location
• Email Analysis
• Calendar Analysis

History
• Population Prior 
  Patterns
• User 
• User Locations 

Eat
Buy
See
Do
Read

57%
11%
13%
11%
6%

What you
are doing
now

Figure 8-6 Combining information from multiple sources, the user’s
likelihood of being engaged in each of the five activity categories is esti-
mated, to determine the number of slots to reserve for each type of infor-
mation. (Figure credit: Kurt Partridge)
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Bootstrapping the System: How People Spend Time

Before the Magitti system has been used by an individual, it bases
its predictions of likely activity on the general patterns of activity in
the population. But where does one get that kind of information? It
turns out that governments are very interested in how populations
spend their time, for a number of economic and policy reasons. In
2008, PARC researchers Kurt Partridge and Philippe Golle analyzed
a number of such data sets to determine whether and how they can
be used to bootstrap predictive systems.11 Many of these datasets are
publicly available for free and are indexed by the Centre for Time
Use Research.12

In the United States, the Bureau of Labor Statistics conducted
the American Time-Use Survey (ATUS) to estimate work not
included in other statistics, such as home childcare. The survey was
conducted by interviewers who called 12,943 participating house-
holds at the end of each day and recorded the day’s activities at 10-
minute intervals. The data set includes 263,286 activity episodes that
contain the participant identifier, time, activity code, location, per-
sonal demographics, family demographics, employment, simultane-
ous childcare, and copresent individuals. Figure 8-7 shows the
proportion of the population spending time in each of the 18 top-
level categories, which can be broken out into two additional sub-
levels of finer-grained categories. The top-level categories serve as a
coarse-grain approximation of the probabilities of a typical person
being engaged in these activity categories.

Because the data sets contain the location of each activity, they
are also useful to seed the model of what activities are common in a
location (the place-time tendency model). Partridge and Golle’s
research showed that location alone is one of the primary predictors
for many, but not all, types of activity. Combining location, time, and
the previous activity can predict almost half of the top-level activity
categories from the ATUS data set. Table 8-1 lists the activity cate-
gories that can and cannot be reliably predicted using location, time,
and prior activity. The predictability can be increased by adding other
factors into the calculation, such as age group, gender, employment
status, and other demographics. Note that location is at the granularity
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of a building address, which approximates the accuracy of Global
Positioning Service (GPS) of 10–30m. Location within a building
would further differentiate some of the household and workplace
activities, but ATUS does not capture that level of granularity.

TABLE 8-1 Predictability of Activity Classes by Combining Location,
Time, and Prior Activity

Predictable with F-measure in
Top 25%

Unpredictable

Personal care (including sleeping) Household activities (other than personal care)

Socializing, relaxing, leisure Telephone calls

Work and work-related activities Caring for others (household or nonhousehold
members)

Eating and drinking Sports, exercise, and recreation

Education Volunteer activities

Consumer purchases Professional and personal care services

Traveling Household services

Religious/spiritual activities Government and civic services
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Figure 8-7 Proportion of population engaged in each of the 18 top-level
activity categories throughout a typical day, recorded by the American
Time Use Survey. (Figure credit: Kurt Partridge)
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For the Magitti project, we based the population patterns on data
collected by the Japan Statistics Bureau in a leisure-time activity 
survey. This data set contains the proportions of the activities per-
formed by about 10,000 people during any 15-minute period on
October 20, 2001. Figure 8-8 shows the proportion of the population
engaged in each of four leisure activity categories (reading activity
was not collected in the JSTAT survey) on a weekday.13
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Figure 8-8 Percentage of population engaged in each of four leisure
activity categories on weekdays in Japan. (Source: Japan Statistics
Bureau, Leisure-Time Activity Survey, 2006. Figure credit: Kurt Partridge)

People’s activity patterns vary with the day of the week. The data
shown in Figure 8-9 was collected from a study of 21 Japanese college
students over a one-week period who reported their activity by email
from their mobile phone once an hour. The diagrams show the pro-
portion of the respondents engaged in four outdoor leisure activity
categories from 06:00 to 22:30 for different days of the week. In the
morning and afternoon hours of Monday through Friday, people
engaged in similar proportions of leisure activity. Saturday and Sun-
day have different patterns from each other and from weekdays. For
evening hours, Sunday through Thursday is roughly equivalent, while
Friday and Saturday evenings also show similar proportions.
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Figure 8-9 Percentage of respondents (college students in Tokyo)
engaged in four different leisure activity categories on different days of
the week. (Figure credit: Diane Schiano)

“I Dunno. What Do You Wanna Do?”

Short Message Service (SMS) is wildly popular among teenagers
and young adults all over the world, despite the limitation of only
120- to 160-character messages (about two lines of text in a normal
page). Some theories for its popularity parallel those for instant
messaging: Messages can be exchanged without disrupting class,
multiple non-urgent conversations can occur at once, and you can
ignore messages from people you don’t want to talk to!

SMS is commonly used for planning leisure outings between
friends. The fieldwork in Japan suggested that these messages
might help Magitti zero in on specific plans and be able to offer up
specific, actionable information.

What was not clear, though, was how frequently planning
occurred, what such plans looked like, and how a system would
extract meaning from cryptic abbreviations that the short message
format imposes.

Fortunately, the University of Singapore has published a research
corpus of 10,000 SMS messages collected from students, a similar
demographic to the Magitti target user profile. Within this,
approximately 11% contain plans for leisure outings.
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What Do You Like?

The activity predictions determine the proportions of different
types of information to present. The next stage is to determine the
priority of each potential piece of information within each type. That
is, among all the possible restaurants, which ones are most likely
suited to your current situation and personal preferences?

This again involves multiple factors. People’s preferences change
depending on their mood, price, who they’re with, and more. As with
the activity prediction, the preference prediction combined a number
of models simultaneously. The first five models are semi-static,
changing infrequently, and are computed in advance.

• General popularity: Without any specific information
about the person, the system uses the general popularity of
items in each information category.

Consider an example of a complex message in which the person is
talking about two possible activities after 4 PM: seeing a movie or
eating dinner. This narrows the likely activities considerably.

tomorrow what time you be in school? think me and shuhui
meeting in school around 4. then duno still can see movie
or not because duno if a rest want meet for dinner.

Understanding the whole meaning of the sentence is beyond most
technologies today, but that isn’t necessary. All we need to do is
detect text like that in boldface and use those concepts to boost the
activity predictions without necessarily having full understanding
of the sentences. The Magitti recommender system is able to get
plenty of information from spotting only words related to time
(tomorrow, time, around 4) and leisure activities (see movie,
dinner).

A possible spoiler of this approach is that the message could contain
a negation of a plan. For example: “I can’t go to dinner at 5. 7?” That
one is easy to spot, but other negations are not as easy to spot (e.g.,
“dinner at 5pm is difficult”). For the most part, however, SMS mes-
sages are short, so message text generally gets right to the point.
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• Stated preferences: If they were willing to, users could
explicitly state their preferences for key characteristics in each
of the activity categories. For eating, the user could rate food
cuisines; for shopping, they could rate product categories; for
seeing, they could rate movie genres, museum types, and more;
for doing, they could rate sports and physical activities; and for
reading, they could rate their preference for different types of
articles.

• Learned preferences: This model was constructed over
time by recording the types of restaurants or types of stores
that the person visited, which indicated preferences for cuisine,
products, price range, proximity to current location, and more.

• Content preferences: As the user accesses web pages,
videos, music, email, documents, or other content on the
phone, the system learns the typical topics, genre, and so on
within these content.

• Collaborative filtering: In this model, the system finds
people with similar tastes to yours. If a large number of them
have rated something highly, you probably would like it as well.
This technique is commonly used in recommender systems and
was described in more detail in Chapter 7, “The Soft Sell: Per-
sonalized Marketing.”

The last three models depend on the user’s current situation and
recent actions, and are computed on the fly.

• Distance: Generally, people prefer destinations that are
“nearby”—but what does “nearby” mean exactly? If people are
walking, they likely prefer “nearby” things within walking dis-
tance, which varies among people. If they are driving, “nearby”
could mean places that are in the same direction as their ulti-
mate destination or perhaps things at the ultimate destination. If
they are using public transit, “nearby” probably refers to things
within the vicinity of stations they stop at along their route.

• Recent content boosting: Recently accessed content pro-
vides a stronger indication of current interests than the general
content preferences model described earlier. If the system sees
that the user has recently received a message from a friend that
contains pizza, it will temporarily increase the person’s likely
preference for pizza.
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• Recommendation diversity: Finally, a recommendation
system is useful only if it is suggesting things that you wouldn’t
have thought of yourself. This model makes sure that the system
doesn’t simply recommend the same thing to you day after day.

Each of these models estimates the utility of each piece of infor-
mation in the data repository. As with the activity prediction subsys-
tem, the individual models’ scores are weighted according to the
model’s influence on the final score; the weights are adjusted based
on each model’s success over time. The final utility score determines
the order in which each item is presented within the slots allotted to
its type of information, as shown in Figure 8-10.

EAT Straits Cafe 0.77

EAT Fuki Sushi 0.64

SEE J. Gallery 0.60

EAT Tamarine 0.57

DO Sam’s Salsa 0.39

EAT Bistro Elan 0.38

BUY Apple Store 0.33

EAT Spalti 0.31

Activity UtilityInformation

Recommendable
Items

Restaurant Reviews
Store Descriptions
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…

Filtering
and

Ranking
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• Time 
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• Email Analysis
• Calendar Analysis

History
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  Patterns
• User 
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Read
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What you
are doing
now

What
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Personal Preferences
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• Collaborative Filtering
• Analysis of Content Read
• Distance, Time, Plans

Eat Cuisines:
Price :

Thai, Sushi, …
$$-$$$

Buy Products :
Price :

Books, electronics,…
$-$$

See Genres: Action, Comedy, Art….

Do Activities: Exercise, Karaoke

Read
Fiction :
Nonfict :

Romance, SciFi… 
Finance, News,…

Figure 8-10 A number of preference factors combine to estimate the
likely utility of each piece of information within the information cate-
gories determined previously. (Figure credit: Kurt Partridge)
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Is It Worth It?

This is a fairly complex system, requiring substantial investment
to pull it off correctly. If you do it wrong, you end up with a semi-
intelligent system that just irritates people. (Need we be reminded of
Microsoft’s Clippy? “It looks like you’re eating in a restaurant. Would
you like help with that spaghetti?”) A key question is whether the
intelligence is enhancing the user’s experience of the system and by
how much.

Businesses can spend a lot of time and money evaluating the
effectiveness and user experience of a system and still never get it
completely right. Focus groups, user panels, expert walkthroughs,
cognitive engineers, design consultants—it all adds up quickly. Con-
versely, some companies do not spend much on user experience and
also never get it right—or if they do, it was a lucky shot in the dark. As
always, a middle ground provides the best bang for the buck.

In the early phase of a new technology, focus on the fundamental
capabilities of the system, not the details of the product design. For
personalized recommendation systems, evaluate two key parts:

• Does the system guess the activity and preferences better than
chance, and by how much?

• Do the recommendations provide information that people
wouldn’t have otherwise known?

To test these questions for the Magitti system, we conducted a
small-scale study of the system with 11 people using the system for a
few hours each. We had an observer follow the people as they used
the system and record their actual activities and personal prefer-
ences, which we then compared to what the system guessed and
recommended.

How Much Better Than a Guess?

Yes, it is possible for an “intelligent” system to do worse than
chance. If the system is not performing better than random guessing,
you can scrap all that software intelligence and just have it emit ran-
dom guesses.
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For the Magitti system, the problem is first to guess the person’s
most likely activity across five categories (Eat, Shop, See, Do, Read).
We knew from the population data sets that the most common outdoor
leisure activity category is eating. Without considering time, location, or
individual patterns, people engage in eating 43% of the time they are
outdoors. This defines the baseline probability against which to evaluate
the intelligence of the system. In our study, if the system had used no
intelligence, but simply predicted the most common activity, which is
Eat, this guess would have been correct 62% of the time. That is higher
than the baseline probability14 and means the system would have been
correct most of the time without using any intelligence whatsoever.

Figure 8-11 shows the baseline accuracy compared to gradually
increased intelligence. Condition 1 is the accuracy that using the
baseline activity (eating) achieved in our study (62%). Condition 2
used predictions based on activity patterns of the general population
but not learned from the individual’s prior visit patterns. Interest-
ingly, the accuracy (60%) is higher than the baseline probability
(43%) but is slightly lower than predictions using just the baseline
activity (62%, possibly the result of small sample size). When we add
the individual’s patterns learned from visits of locations in the past,
in Condition 3, the accuracy reaches 73%, significantly better than
the baseline.
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Figure 8-11 Accuracy of activity predictions in Palo Alto field trial.
(Figure credit: Kurt Partridge)
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In Condition 3, the individual’s patterns increased the accuracy,
but doing this requires recording and analyzing an individual’s loca-
tion history, potentially exposing personal information. Even though
many people will be willing to provide a location record for better
accuracy, could any other technique achieve similar accuracy without
raising such concerns?

Yes. Condition 4 examines a different prediction algorithm that
does not use individual data and is based on the typical activities
within a geographic region at different times of day. For example a
“restaurant district” in a town will have a higher proportion of Eat
activity than other regions. The same is true in a “shopping district”
for Shop. This is just another way of looking at the population pattern
(Condition 2), but segmented by both location and time, not just
time. Using this technique, the system correctly detected the user’s
activity 77% of the time, which is significantly better than the base-
line without using individual data.

On the other hand, adding individual data improves the results
further. In Condition 5, we added the individual visitation patterns on
top of the place-time tendency and saw an additional boost in the
accuracy to 82%. That was the average accuracy across participants in
the study and depended on the individual person’s regularity. That is,
highly variable individuals show little or no improvement over Condi-
tion 4, while people with fairly regular patterns show even better per-
formance than the 82% average.

Despite the small size of the evaluation (n=11), the differences in
Figure 8-11 were statistically significant (at p=.05), meaning that
there is a 95% probability that the higher scores are due to better
performance thought there is still a 5% chance that the effects were
due to random error15. These results indicate that the individualized
intelligence of the system did significantly outperform population
statistics and simplistic approaches.

How Much Does It Help?

This question is hard to answer. It’s a subjective question that
people will answer with subjective opinions. However, just because
something is subjective doesn’t mean it isn’t measurable.
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In this study, we asked people to rate how helpful the system was
on a scale of 1 to 5 (5 being “very helpful” and 3 being “neutral”). The
average response was 4.1 (“helpful”). People unfamiliar with the local
vicinity found it particularly helpful. We heard comments such as
“Cool! I like that. I would never have found that place if it wasn’t for
this.” The system was also useful to people who were already familiar
with the area, some of whom made comments such as “It makes life
more interesting. It allows you to get out of your daily routine, almost
as if you’re going to a different city.” Sometimes people get stuck
going to places they already know and they forget about other options
in the area. A personal recommendation system can remind them of
places that might be worth a second look.

When asked to rate how “relevant and of interest” the system rec-
ommendations were, the average response was 3.8 (“usually”) out of 5
(“almost always”). During the trials, more than half of the places peo-
ple visited were new to them. On 69% of outings, they noticed
another new place to visit later.

From these responses, it was clear that the study participants
found the recommendations positively helpful, relevant, and of inter-
est. The system provided knowledge to them that they didn’t already
have—or that they didn’t remember they had.

Not all effects of the system were positive, however. We saw that
when the system made a recommendation that the user disagreed
with, for whatever reason, the user lost confidence in the system’s
recommendations. The system was quite engaging, and people
watched it to see the list of recommendations change as they walked
down the street. As a result, they paid less attention to things in the
physical environment, including storefronts, walking hazards, and,
most critically, their social companions.

Business Impact
Business is booming for smartphone applications, and DNP

recently released a commercial version of the system in the form of
an iPhone application called Machireko (Machi is Japanese for
“town” or “area of a city,” and reko is a contraction of the English
recommendation). It is currently available only on the iTunes Japan
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store because the app serves only recommendations for certain dis-
tricts of Tokyo. Machireko is more robust and has more content than
the Magitti prototype we evaluated.

The potential business value of this class of system is quite high
for a company such as DNP. First, it connects the company with a new
form of presentation media beyond its traditional printing business.
Furthermore, it invents a new form of publishing, called contextual
publishing, that enhances and does not compete with their customers’
content. In contextual publishing, the author not only creates the con-
tent, but also describes the situation in which the information is most
useful by specifying the intended audience (tastes and preferences)
and situation (time, location, activity). So far, recommender systems
have had to recommend content that does not describe its intended
audience—they expect the audience to spend the time finding what
they want. Contextual publishing changes that and requires that the
author not only create the content, but also specify to whom and when
the content would be useful. Contextual publishing is useful not only
for activity recommendations, but also for advertising, public service
information, and just-in-time information delivery. DNP and the rest
of the electronic media industry are just starting to exploit this power
and to create tools to generate targeted content.

More content on increasingly diverse devices is trying to reach
people. Currently, these recipients have to do all the work to find and
pay attention to what matters. We’ve reached a point now that the
consumers cannot manage the load. The onus of finding the target
audience is starting to shift to the content authors or brokers. This
nascent capability is currently largely confined to online advertising
and news-filtering systems, but we will soon see its effects across other
content categories: music, video, fiction, essays, opinions, everything.

Summary
The media publishing industry has been perhaps hardest hit by

innovations in information technology that have made the creation
and distribution of content inexpensive and reliable. Currently, the
businesses at the endpoints of the supply chain are in the best posi-
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tions: publishers at the content creation side and device manufactur-
ers at the content consumption side. By leveraging some of the new
capabilities that Ubiquitous Computing provides, you can shift your
company’s value to a different point in the industry’s supply chain.

A number of methods help in identifying ways to shift position.
One is to get a clear understanding of the fundamental causes behind
problems that are observed and then create solutions for those root
causes. Another method is to ask customers about their problems.
The difficulty here is that customers can describe their problem but
may not be able to envision solutions. Ethnographic methods can be
employed to understand root motivations behind the methods people
use. Only especially skilled ethnographers can envision solutions that
still satisfy the complex needs of human practices.

Ethnographic methods were demonstrated in the case study of
the Magitti prototype developed to help Dai Nippon Printing find
new business opportunities outside its heritage as a printing company.
The process identified a prospective market for a new rich media
service for young adults in Japan.

The Magitti system provides personalized recommendations of
outdoor leisure activities, such as dining, shopping, exercising, seeing
movies, and others. Magitti is an example of a contextually intelligent
system that combines information about physical situation (location,
time, and weather) and electronic situation (recent messages, appli-
cations, web pages, and so on) to predict the probability of the user’s
upcoming leisure activity. The system bases its estimate on observa-
tions of past actions by this person in similar situations.

This chapter described some of the details of combining informa-
tion sources and multiple computation modules to make the activity
predictions and content recommendations. It also described the
feedback into the system that led to more accurate personalized pre-
dictions and explained how to bootstrap the system with both publicly
available data and data collected by ethnographic methods. The eval-
uation of the system showed that the predictions and recommenda-
tions were substantially more accurate than chance and that users
considered the recommendations very useful.
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The combination of ethnography and technology innovation cre-
ated a new capability for DNP in the realm of contextual publishing,
in which content has metadata that describes when, where, and by
whom the content will be useful. This nascent capability is demon-
strated by the Magitti prototype and in the recently released iPhone
app Machireko. Expect to see more examples of contextual publish-
ing services in coming years.
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Discontinuous Connections

If you were to test it and it reads OL open circuit, open load.
That indicates that the fuse is blown or burnt and has no con-
ductivity, no continuity, no connection.

—Mark Blocker, Expert Village, How to Do Fuse Visual and
Continuity Tests1

The value of an information device or service increases when it is
compatible with others. We’ve already talked about Metcalfe’s law of
network effects (see Chapter 4, “Still Stupid After All These Years”),
which states that the value of “compatible communicating devices” is
roughly the square of the number of such devices. This effect has
been validated in the telecommunications industry, where the value
of the network grows with the number of phones or fax machines
connected to it. It makes intuitive sense that the value of my tele-
phone depends on how many other telephones it can reach. The law
has also been demonstrated on data networks and the Internet,
where the value of the entire network increases with each additional
computer and service connection.

The benefits of network effects can be realized only by systems that
interoperate—that exchange information and use the services of each
other. If network effects are so powerful, why is it that so many devices
do not easily interoperate today? Currently, interoperation can be
achieved through “open” standards such as Bluetooth, ZigBee, Univer-
sal Plug and Play (UPnP), the Digital Living Network Alliance (DLNA),
and others. Open standards define the media formats and encodings
used across manufacturers, and they are necessary to provide con-
sumers with the freedom to choose among compatible devices.

9
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The two most prominent standards for media interoperation are
Bluetooth and Universal Plug and Play (UPnP). Another prominent
standard is the Digital Living Network Alliance (DLNA), which is
based on UPnP and defines a set of media types (text, image, audio,
and video) and encodings that all DLNA-certified products must
understand. Consumers must understand many other data standards
to interconnect devices, including multiple 802.11-something wire-
less network protocols; multiple high-definition video interconnec-
tion standards, including High-Definition Multimedia Interface
(HDMI); Sony’s HDNA (High Definition DNA); and five different
Digital Video Interface (DVI) plug types.

Although we may understand the technical rationale behind each
of these independent standards, from a consumer perspective, the
existence of multiple standards that do not interoperate already
breaks the promise of “standard” interoperation. The fact is, interop-
eration is nonstandard, and consumers have to take pains when they
shop for products to ensure that the ones they buy conform to what-
ever sets of standards their existing products use. Caveat emptor.

We need a metastandard that bridges all the others, describing
the data interchange format and protocols that each endpoint will use
and providing instructions for endpoints that do not already know
how to operate on those formats and protocols. Just one metastan-
dard, please, or we’re back where we started.

No More Wires
In our drive toward wireless communication, we’re losing one of

the advantages that wires provide: the clear definition of a connection.
We typically think of a wire as a pipe that carries electronic signals from
one end to the other. Wires get in the way, though. Any time more than
a few wires are involved, they quickly get tangled and intertwined,
making it nearly impossible to fix problems or reconfigure. A more crit-
ical pain, though, is that a wire constrains the distance of a connection,
tethering an otherwise portable device to a confined range.

We don’t need wires anymore for signal transfer—we can propa-
gate a signal without a wire using radio, light, or other spectra. How-
ever, some other useful features of wires are difficult to replace. First,
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a wire is a relatively secure channel for information exchange. Fortu-
nately, current cryptography can provide even stronger security when
carefully applied. However, we have not yet found a way to replicate
the user interface of a wire. A wire provides two fundamental user
interface elements. First, a connected wire indicates the existence of
a connection. Second, different types of physical connectors indicate
the logically allowable connections.

Putting a wire between two endpoints creates a connection
(sometimes referred to as “pairing”). How do you know what devices
are connected to each other? Two ways: 1) experiment or 2) trace.
The first way is to simply see whether two devices work together. For
example, if you want to find out which lights a switch controls, flip the
switch. This is useful only if you have some expectation that the con-
nection does exist. If the experiment fails, you have to resort to trac-
ing the connection. Find one endpoint of the connection and trace
the wire to the other end; if the devices still do not work together, the
problem is elsewhere, not in the connection.

How do you know what devices can be connected to each other?
In some systems, such as the patch panel of early telephone switch-
boards, almost any connection is legitimate. In most systems, how-
ever, only certain things can be connected to each other. For
example, you cannot plug an RJ-11 telephone plug into a household
electricity socket, and you do not want to plug your video monitor
into the audio jack of your computer. The direction of the connection
can also be critical, usually to differentiate the source of a signal and
the consumer of the signal, such as a video player to a monitor, an
audio play to speakers, or a mouse to a computer. All sorts of physical
connectors (RCA plugs, TRS connectors, RJ-11, RJ-14, RJ-25, and
countless modern digital interface connectors) identify what types of
endpoints can be connected to each other, sometimes including the
directionality of the connection (for example, USB upstream and
USB downstream connectors for hosts and clients, respectively).

These user-interface capabilities need to be replaced in an
increasingly wireless world. Wireless signal propagation was the easy
part, but we still have trouble detecting and creating connections
between two devices (or services) and knowing what connections are
allowable without wires.
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Tangible Wireless
How can we make it easier to “pair” devices in a wireless world?

How can your business design products to leverage network effects
with mobile and ubiquitous devices without having to add a dozen
different physical connectors (USB, SmartCard, Secure Digital,
HDMI) or wireless radios (Bluetooth, 802.11, ZigBee), all of which
are destined for rapid obsolescence? How can we re-create that phys-
ical, tangible character of a wired connection?

A wire provides continuity, an uninterrupted connection that
two endpoints share. Continuity can be enabled in many ways. In
wired systems, the physical continuity must persist, but in digital sys-
tems, once continuity has been shared, the devices and services can
maintain the connection using digital identifiers, certificates, or
other forms of credentials to perpetuate their capability to securely
communicate.

Continuity can be provided in digital systems using the following
techniques:

• Shared identifiers: The sending device identifies the recip-
ient. A device’s Internet address, media access control (MAC)
address, serial number, or name are forms of identifiers that
devices can share. Devices in a network can even construct
identifiers on the fly, as long as they share the knowledge of
which identifier corresponds to which device (or service).

• Shared vocabulary: Digital content does not have to be
addressed to a particular recipient. Senders can simply push
content out, and interested devices can pick it up by listening
for descriptors they are interested in. The participating devices
need only agree on the vocabulary they will use in the descrip-
tors.

• Shared physical experience: Sensors can detect when two
or more devices have experienced the same physical phenome-
non, including the following. A conventional wire is a form of
shared physical experience. The shared experience does not
need to occur at the same time, but adding this constraint
makes the sharing more secure.2
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• Location region: GPS and other forms of location sensing
can detect when devices or services are in a shared local region,
such as local attractions, news, and weather, or for identifying
devices in a building, such as printers, displays or projectors.

• Physical proximity: Various forms of near-field communi-
cation (NFC) can detect when two devices are in close pres-
ence of each other, without knowing their specific geographic
location.

• Sight: Digital cameras allow devices (or services) to “see”
others. The camera can see optical codes or other features
that identify one of the devices and establish continuity
between them.

• Motion: Accelerometers can detect when two devices have
been moved in the same way (for example, shaking them
together or being carried by the same person) or bumped3

into each other.
• Other senses: Audio signatures, radio signatures, light

patterns, chemical composition, and other sensing modalities
can also detect when devices or services have shared a physi-
cal experience.

As mentioned, another advantage of physical wires is that they
provide a level of security—only the physically connected devices can
exchange information. Wireless media increase the risk of unwanted
and undetectable eavesdropping. Wireless communication can be
secured by using secure encryption, but setting up secure encryption
involves complex installation procedures to ensure that the crypto-
graphic keys are not intercepted; otherwise, some entity could mas-
querade using stolen keys.

Shared experience provides another means of ensuring that com-
municating devices are who they say they are. A shared experience
creates a form of “location-limited channel” that can be combined
with secure protocols to exchange cryptographic keys.4

Unexpected Data Channels
Humans exchange information across multiple sensory channels

(audio, visual, and touch) whereas electronic devices primarily
exchange information over electromagnetic media, converting voltage
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differentials to binary digits. Electronic devices actually can use any
number of other sensors for transferring information, and they are
incorporating more sensors for doing just that. Mobile phones, for
example, contain displays and cameras that can present and read opti-
cally encoded data such as the two-dimensional bar codes called Quick
Response codes (QR codes). They also contain speakers and micro-
phones that can send and receive analog audio information that is con-
verted to digital just like the old acoustic couplers that were once used
for digital communications via modems over telephone lines. A recent
example is a credit card reader, called Square, that plugs into the audio
jack of an iPhone, allowing anyone to collect payment by credit card
with their phone.5

Analog channels have much lower transfer rates than radio and
conductive metal wires, so we don’t think of using them. That’s a mis-
take. Such channels provide a great way to quickly pair devices, allow-
ing them to exchange cryptographic credentials that they can then
use to communicate securely over a higher-bandwidth electromag-
netic medium. In the past, a device that wanted to interoperate with
others might need to carry special hardware (Bluetooth, USB ports,
or infrared interchange), which added to the manufacturing cost of a
device. That’s no longer necessary: Many devices (digital cameras,
smartphones, media players) have some kind of optical or acoustic
input and/or output channel by which they can establish connections
with others.

Let’s look at an example of a Ubicomp prototype that incorpo-
rates these trends, enabling a new form of interoperation between a
cellphone and a standard workplace printer.

Case Study: Xerox PrintTicket
Founded in 1906, Xerox has grown its core business from photo-

graphic paper manufacturing to become a globally recognized brand
providing not only copier and printing equipment, but also a wide
variety of document services and business process outsourcing.
Despite the breadth of its offerings, though, Xerox is best known for
its copiers, which are still central to much of its business.

Today’s office copiers are full-service one-stop shops for office doc-
uments; they consist of a print engine, a scanner, a network connection,
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and a full computer inside. These “multifunction devices” (MFDs) can
print, copy, scan, store, fax, send email, and process filled-out forms.
New services can be added through an extensible interface platform
(EIP), which can access the full power of the MFD’s internal computer
and connect to external, web-based services as well.

Xerox has long been aware that electronic computing technologies
could one day supplant a major portion of its business in paper-based
services. The company has reinvented itself several times to orient
more toward information services, and not just printing. Xerox PARC
was founded with the mission to create the “office of the future” (also
known as the “paperless office”), which led to many digital technolo-
gies described in Chapter 1, “Introduction: Reading the Waves.”

Recently, the high growth rate of smartphones and e-readers has
taken another bite out of people’s need to print paper. The high-reso-
lution displays allow you to read emails, presentations, and many
other kinds of documents you might have printed before. Not all
printed material will be supplanted by mobile devices, though;
despite decades of research, small electronic screens are not as con-
venient for some things or as easy to read as paper. On the other
hand, some of the things people often printed in the past, such as
maps or forms, are even better on smart phones than their paper
counterparts because the devices provide real-time interaction and
adjust output dynamically to get you where you need to go.

Nevertheless, people occasionally either need or want to print
something from the phone. Frequently-asked-for capabilities include
printing email attachments, presentations, brochures, and cus-
tomized information sheets. People could print these before they
leave the office, but it is hard to anticipate all the printed material
that might be needed, and it would be wasteful to print something
that ends up unneeded.

Although Xerox could easily add Bluetooth or WiFi to all its
printing devices, it is not clear whether these wireless network con-
nections would be used enough to offset the cost the hardware. How-
ever, new hardware isn’t needed—most MFDs are already connected
to the Internet via wired connections and secured behind firewalls, as
are most handheld devices. This leads to a notion of networked print
services, sometimes referred to as “cloud printing,” which a number
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of print service vendors offer. The basic idea is that instead of requir-
ing computers to send a document to a printer (called “push print-
ing”), an MFD can fetch a document over the network and print it
(called “pull printing”). As long as the handheld and the MFD are
both sharing a secure network, pull printing is simple and easy to add
to modern MFDs.6

Satchel

Researchers at Xerox Research Center Cambridge first envisioned
pull printing in the late 1990s in a system they called Satchel.7 At
that time, handhelds did not necessarily have continuous access to
the networks, and they did not have enough storage to contain the
full document file. In the Satchel system, the handheld contained
only an identifier called a “document token,” which it could deliver
securely to the printer via infrared beaming or which a person could
manually enter on a keypad.

As with many innovations, Satchel was ahead of its time. Although
handhelds of the time commonly used infrared for short wireless
information exchange between themselves, printers did not. Since
then, almost all handheld computers have a wireless radio connec-
tion; although only a fraction of printers have a wireless radio,
almost all printers are directly connected to either a network or a
networked computer.

Secure Optical Pairing

Two technical challenges are inherent to pull printing: 1) “pair-
ing” the handheld with the MFD and 2) securing information if unse-
cure networks will be traversed. Generally, “pairing” is handled today
by sending an email from the handheld to a particular email address
for a network print service. Then the user goes to the printer that she
wants to use and enters a code to release the print job on that printer.
Entering an email address on a handheld can be awkward, but once
entered, it can be stored for reuse. The security concerns are not
completely solved and are typically just avoided by allowing such
services to use only a secure internal network. Third-party network
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print service providers operate on the open Internet today, but poten-
tially confidential documents have to be sent unencrypted to those
services to be rendered for printing. Does a solution exist that pro-
vides super-simple pairing along with document security across mul-
tiple networks?

Let’s start with pairing. From studies of mobile workers, we have
seen that a common scenario consists of the user standing right in
front of the printer she wants to use. The printer and the user’s
handheld are physically close, but they are unaware of each other.
That’s why the user has to tell the handheld what printer to use (by
entering an email address) and then tell the printer what user she is
by manually entering a code. However, we can circumvent all of that
by using an optical code displayed on the handheld that the MFD
scanner can read.

Scanning an optical code also enables a location-limited channel
for securely exchanging information. Line of sight is a form of loca-
tion-limited channel: If one device can “see” another, it is certain
that the seen device exists physically within the line of sight.
Although line of sight is potentially infinite (we can see remote galax-
ies within Earth’s line of sight), it is also easy to block the line of sight
to a very confined physical area, such as the glass platen of an MFD
scanner. The scanner can retrieve an image of an optical code con-
taining the document identifier, user identity, and cryptographic
information. The user of the phone can ensure that only the MFD
sees the optical code, and the MFD can then use the shared crypto-
graphic information to decrypt the secured content it pulls from the
network. Furthermore, the information exchanged between the
printer and the phone is only as much as they both need to complete
the task. The phone doesn’t have to gain access to the printer’s net-
work, and vice versa.

These elements have been added in a prototype of a network
print service called PrintTicket. In many ways, PrintTicket is an
extension of the document Satchel concept (see sidebar on Satchel),
but using modern technologies of high-functionality smartphones,
MFDs, and optical codes. Figure 9-1 shows the high-level architec-
ture of the PrintTicket prototype. Several variations are possible to
enable different levels of security and ease of use. This approach
offers the following advantages:



• Simple pairing takes place between printer and phone.
• Cryptographic material is exchanged across a location-limited

channel.
• Information exchange is only as much as needed for a single

purpose.
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Figure 9-1 PrintTicket secure document exchange architecture.The
printer’s scanner can read the user identity, document location, and
cryptographic information embedded in the QR code.The printer uses
those credentials to retrieve, decrypt, and print the desired content.

How Well Can a Printer See?

Scanning a QR code with an MFD is a little trickier than you
might expect. First of all, the scanners are tuned for reading paper,
not electronic displays. Electronic displays have odd characteristics
such as polarization, refresh rates, and backlighting that paper does
not have, and these can throw off a scanner. In addition, the focus of
a print scanner is tuned for the surface of the platen glass, whereas a
phone display is often set back by a bezel surrounding the display.
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Fortunately, decoding of QR codes is fairly robust to imperfec-
tions. Images of phones such as those in Figure 9-2 can be decoded
with practically 100% accuracy. A number of other practical issues
could prevent this kind of solution from working on all phones, how-
ever. First, the phone has to be capable of displaying an arbitrary
graphic, not just text; many phones do this, but not all. Second, phones
with a clamshell design cannot be laid flat on a scanner (though some
of these can still be read by a scanner). Another issue is that a button
on the phone might be inadvertently pressed, or the touchscreen acti-
vated, when you place the phone on the platen glass.

Figure 9-2 Sample scans of QR codes by different models of
printer/copiers and smartphones. (Image credit: Hua Liu and Arturo
Lorenzo)

Any connection based on a noisy input mode, such as vision or
audio, will not perform as reliably as a wired data connector. On the
other hand, these kinds of noisy channels are universally available,
open to any manufacturer of any device, whereas no device can offer
all the possible physically wired data port specifications available.
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Business Impact

The extent to which people will want to print documents off their
portable devices isn’t clear. After all, paper has now lost the advantage
of superior portability, because electronic devices are small enough to
fit in your pocket. From that respect, the business impact of mobile
print solutions is uncertain. On the other hand, the major print device
manufacturers do not want to be completely left out of the excite-
ment surrounding this new wave of smartphone computing and have
products or near-term plans to allow printing from mobile devices.
Some of these solutions involve wireless radio technologies such as
WiFi or Bluetooth, which adds cost to the hardware and complexity
to the user interaction of pairing a handheld to a printer.

Almost all office printers have a physical connection to a network
and usually are allowed to fetch web pages and other information
residing outside a corporate firewall. Thus, no additional hardware is
needed for data transfer, and only the device pairing needs a solution.
PrintTicket provides a fast, simple-to-understand means of device
pairing without requiring any additional hardware on a printer/
scanner, providing advantages over competing cloud print solutions.
At the very least, this capability increases the value of office printers
as they interoperate with the new category of smartphone devices.

There is still a bit of a learning curve in North America and
Europe on what an optical code means and what it is used for. Very
soon, however, you could be printing from your phone as easily as you
can make a photocopy today.

Summary
Interoperation is critical to adding value to services and devices

and does not necessarily increase the cost of production. When peo-
ple can use a product or service in combination with others, network
effects occur that create an overall value that is the square of the
number of interoperating devices and services.

Wireless networking has freed us from the ball-and-chain 
desktop computer. On the other hand, a few advantages to wires are
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difficult to replicate. Specifically, wires made it easy to troubleshoot
connection problems because you could physically determine
whether a wire was connected to the expected endpoints. Wires pro-
vided the “pairing” between devices that interoperated.

If we think of a wire as providing continuity between the two
devices, we can identify other types of continuities that can be used
instead. Continuity can be established by sharing identifiers, vocabu-
lary, or physical experiences, such as location, proximity, sight,
motion, sound, and other physical phenomena. Devices can commu-
nicate over analog media (visual and audio) other than radio fre-
quency and wires, which opens up some unexpected ways to
interoperate.

The Xerox PrintTicket prototype is an example of a novel way to
easily print documents from a smartphone on a printer/scanner even
if the two devices are not connected to the same network. By display-
ing an optical code on the smartphone, the printer/scanner can scan
the code, decode the embedded document location and security
information, retrieve the document, and print it. Despite the fact that
printer scanners were not designed for reading smartphone screens,
optical codes over the visual channel can be reliably decoded. This
capability provides a new way to create value for printing services in
the new business areas created by pervasive mobile computers.
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Coordination

Of all the things I’ve done, the most vital is coordinating those
who work with me and aiming their efforts at a certain goal.

—Walt Disney

How many ways do you have today of getting a message to some-
one? Desk phone, mobile phone, email, email groups, instant mes-
sage, Skype, Facebook, LinkedIn, Twitter, YouTube, SMS, others?
Too many for most of us to use effectively, but the younger genera-
tions of “digital natives” are quite adept at selecting the appropriate
channel for the type of communication (social, work, or other) and
the current situation (public space, classroom, private area, and so
on). The growing proliferation of communication modes means more
people are vying for attention, sometimes interrupting each other’s
activities.

The Cost of Interruptions
When you’re in a social setting, interruptions are just irritating,

but in the workplace, these interruptions cost real money. As men-
tioned in Chapter 2, “Profound Technologies,” some estimates put
the cost of interruptions in the workplace as high as $900 billion in
the U.S. workforce1 and state that cutting sources of overload on
workers by 15% could save a company of 500 employees as much as
$2 million per year.2

10
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Many would agree that sources of interruption and distraction
must be reduced to help people stay focused on their objectives. The
problem is in determining whether something is a distraction or a
necessary piece of information for accomplishing goals. We all have a
hard time separating the chaff from the wheat consistently. If it’s hard
for humans to do, how could computers hope to do any better?

In computer research, we often use human intelligence as the
“gold standard” of accuracy. We compare the results obtained by an
artificial intelligence technique against those of humans performing
the same function and see how well the machine can do. For mechan-
ical tasks such as number crunching, computers excel, but for com-
plex and subtle problems, such as making recommendations or
decisions, computers often fare poorly. Is that because binary compu-
tation is inherently limited or is it because the humans who program
the machines have imperfect understanding of the problem? My
guess is the latter. Amazingly, we have seen examples of some prob-
lems in which computers can use machine learning techniques and
outperform humans doing the same task. One such problem is in
detecting whether a person is interruptible.

Case Study: Sun Microsystems, Presence
and Availability Predictions

In a remarkable set of experiments conducted by Fogarty and
Hudson3 at Carnegie Mellon University, a set of participants were
interrupted by a computer in their office at random points during the
day. They then stated a score for how interruptible they were just
before that moment, on a scale of 1 (highly interruptible) to 5 (highly
non-interruptible). At the same time, a video camera in the office
recorded the scene and detected the physical situation of the subject
before the interruption. The video contained contextual information
such as whether the participant was sitting, standing, walking, talking
on the phone, using a computer, or drinking water, along with how
many people were in the office and other factors.

A subset of the data containing the contextual factors and the
subjects’ interruptibility reports was used to train a computer to
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model the situations when the subjects were highly non-interruptible.
Then those models were used to estimate the subjects’ interruptibil-
ity on the remaining data, which the computer had not yet seen. Next,
the researchers asked a set of people to watch videos and estimate
how interruptible the subject was just before the recorded interrup-
tions. Remarkably, the computer estimates were more often correct
(79.5%) than the human estimates (76.9%).4 The researchers divided
the subjects into different job roles and saw that the computer’s accu-
racy could be as high as 87.7% when assessing the interruptibility of
managers. Although the computer still got it wrong 12.3% of the
time, the computer error rate was almost half that of humans (23.1%)
in estimating managers’ levels of interruptibility.

This result is particularly impressive when you think about how
difficult it is to read all the subtle clues people give off to indicate
whether they are interruptible. Some indicators seem easy to read:
unswerving back to the door, head down, talking to someone, concen-
trated expression. Even those indicators can be misleading, however,
and others are more ambiguous: An office door might be closed to
block outside noise or to signal that the person mustn’t be interrupted,
someone looking at a computer screen could be concentrating or day-
dreaming, and someone on the phone may be actively listening to a
conference call or thinking about something else. We generally reach
conclusions through a combination of cues, not just one, and that’s
what the machine learning techniques do as well. These studies indi-
cate that Ubiquitous Computing technologies could reduce distrac-
tions despite the proliferation of communication tools at our disposal.

Suppose that interruptibility detection succeeds and we all suffer
fewer interruptions. Would that mean others are blocked in getting
their work done because they cannot interrupt you? What should
they do if they cannot reach you? Should they wait for a better time
or attempt to make progress through some other route? That’s a com-
mon dilemma people face when they cannot reach someone they
need. One of the deciding factors is how long it will take before the
missing person can be reached. Along with that is the question of
when the person will have enough time to deal with the issue. When
people have worked together for a while in a tight-knit group, they
gain an awareness of each other’s patterns of comings and goings;
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when others tend to start answering phone calls or email, take lunch,
and leave the office; typical commute time; and general availability.
Sociologist Eviatar Zerubavel discovered this kind of rhythm aware-
ness in the 1980s. In a study of hospital nurses, physicians, and other
staff, Zerubavel found that coworkers use a shared sense of temporal
patterns to coordinate their work activity and form expectations of task
completion, communication availability, and more. In fact, the hospital
workers could practically tell what time it was simply by noticing the
activities in their environment that occurred with relatively uniform
rates of recurrence (medications, visits, shift changes, and so on).

Rhythm awareness is used all the time in coordinating good times
to call each other, and we build this awareness over time by observing
situations that turn out to have been good or bad times to call. Unfor-
tunately, in our increasingly global workforce and society, it is more
difficult to build a mental model of rhythmic patterns because we
don’t see each other’s comings and goings on the net. We may interact
with remote colleagues only over email or during prescheduled
phone calls, which provide no indication of the recurring patterns of
presence and availability.

However, as we’ve seen with the previous examples of behavioral
pattern modeling, it is possible to construct a computer-based rhythm
model that telecommunication systems can use for call coordination.
At Sun Microsystems, I participated in a research project that col-
lected presence data for a tight-knit workgroup with members in Cal-
ifornia, Massachusetts, and France. The periods when work time
overlaps across those time zones are brief, so it is crucial to time calls
appropriately. More important, perhaps, is that when a remote col-
league is not in the office, the computational model can predict when
the person would be available in the future. We saw that an online
calendar is not sufficient for coordinating communication because
the calendar represents only a plan for how time will be spent. Actual
attendance at scheduled meetings differs from the plan in several
respects: The person might skip the meeting, the meeting could run
late, or perhaps the person will be available to communicate via email
or text messaging even during a scheduled appointment. A person’s
actual online presence is a stronger indicator of availability than the
calendar is.
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To explore the effectiveness and value of computer-generated
patterns for remotely collaborating teams, we recorded people’s pres-
ence in an instant messaging system over a period of three months.
Figure 10-1 shows the presence patterns for an individual using an
instant messaging system for Mondays, logged in at the office. The
activity begins as early as 9:00 AM, but only 20% of the time, usually
kicking in fully before 9:30, after which time the person is present
80% of the time until about 10:30. After 11:00, the person is again
very often available until lunch, from which he returns usually well
before 1:00, but occasionally not until about 1:05. He’s usually pres-
ent for communication again until about 2:00 and then again available
after 2:30 or 3:00, but with less certainty. His presence at this location
usually lasts until around 5:00 and sometimes as late as 6:30. In this
example, we can see the patterns and interpret some meaning as
human observers. However, it is more difficult for a computer to
“see” such patterns and determine whether a dip is “significant” or
“noise,” or uncover the likely cause of a dip.

Mondays–Office 80%
60%
40%
20%
0%

Figure 10-1 Visualization of presence history for a person on Mondays
at the office. Note the typical regions of online and offline periods: start
of day, lunch, end of day, and two unlabeled but often recurring periods
of offline in the morning and afternoon.

Figure 10-2 shows another example of the presence history for a
different person on Mondays, this time across multiple locations
(home and office). The upper portion shows the historic presence
probability (the white horizontal lines are threshold marks that, when
crossed, indicate a statistically significant drop in presence). The
lower portion shows the computer-generated rhythm model
extracted from the presence data. Where possible, labels for the non-
present periods were extracted from the user’s online calendar or
from self-evident characteristics of the day (start of day, end of day,
changes in location, lunch).
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In this example, the daily activity regularly begins around 5:00
AM (yes, one of those oddball early risers) at the person’s home
office. An unscheduled recurring break is detected between 7:00 and
7:30, generally lasting less than 20 minutes, on 30% of the days—this
corresponds to a period when he participates in his family’s morning
preparations. Another unscheduled break is detected between 8:00
and 10:00 and lasts between 45 and 90 minutes. It corresponds to a
location-change transition of “home to office,” representing his typi-
cal commute to work.

A recurring meeting, “1 on 1 meeting with mgr,” starts promptly at
10:00, lasting around 30 minutes. A lunch break is detected between
about 11:40 and 1:15, generally lasting between 30 and 75 minutes,
typically 45 minutes. The “Team meeting” is detected 50% of the time
(a biweekly meeting), promptly starting at 2:00 and lasting between
20 and 75 minutes. The day ends with equal probability anywhere
between 3:00 and 4:30, and occasionally later.

Rhythm Awareness for Distributed Teams

In the trials at Sun Microsystems, we collected presence logs for
20 people for up to ten months working in locations in California,
Massachusetts, and France. The patterns we extracted from trials
indicated that computers can supplement some of the knowledge that
people gain intuitively. Teams of people with little or no experience
working together can quickly see coworkers’ patterns that would oth-
erwise take weeks or months to learn.

80%
60%
40%
20%

0%

Start
of Day

Lunch End
of Day

Team
Meeting

1 on 1
Meeting
with Mgr

Unknown Home to
Office

Commute

Mondays Home and Office

Figure 10-2 An extracted rhythm model for one person’s online pres-
ence on Mondays at home and office.The graph shows the percentage
of times in which this person was present in an instant messaging sys-
tem over several months. Beneath the graph, the rhythm model shows
the likely reasons for significant recurring periods of nonpresence.
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Although not every person exhibits well-defined rhythms, when
people do, it helps coordinate contact. In some cases, the rhythm pat-
terns were a more accurate representation of a person’s typical avail-
ability than what people listed in their online calendars because some
scheduled appointments are habitually skipped and other recurring
events are not scheduled at all (such as start and end of day, commute
times, and lunch).

A number of messaging systems today indicate whether a person
is “present” and reachable for communication. Presence information
was initially seen in Instant Messaging (IM) systems and is increas-
ingly showing up in email systems, social networks, and even voice
communication systems to let you know when someone is “online.”
Unfortunately, if the person is not online, you’re stuck. Presence
information does not currently include an estimate of how long you
might have to wait before you can catch that person again. Rhythm
modeling makes it possible to predict when someone is likely to come
back, if he or she is away, and also when someone is likely to go offline,
in case you need to reach that person before the end of the day.

Figure 10-3 shows an example of integrating rhythm predictions
in a presence information display. In this example, the current time is
12:14 PM on a Thursday. The system detects that Bo is away (his
name is grayed out), was last seen in his office, and likely is at an
appointment labeled Staff Meeting until 2:12 (the meeting officially
ends at 2:00, but it always takes time to get back to his office). It pre-
dicts that John is at lunch and is expected to return by 1:07 (informa-
tion not available in John’s calendar). Rosco has left for the day and is
expected to return around 8:42 AM the next day (his usual daily
arrival time on Fridays). Jean is currently present, but the rhythm
model predicts that she will depart by 4:28, in case you need to reach
her before she leaves.

In general, rhythm awareness provides estimates of how much
time is typical for a particular event and can be used for general
planning purposes, not just finding good times to make contact. We
do this already when making project plans that include estimates for
how long a particular task will require. However, inaccuracies in our
mental model of temporal rhythms can result in process break-
downs. Breakdowns in plan formation occur when the mental
model has incomplete coverage of a situation and cannot provide an 
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estimate for a particular action. Breakdowns in plan execution occur
when the estimate is radically different than what actually occurs.
Such breakdowns happen regularly among distributed teams who are
unaware of the typical time spent on events at different locations.
Typically, our mental models of rhythms have a personal bias that
cause us to underestimate how much time other people should take
in their part of the work and to overestimate the time needed to
accomplish our own tasks. Computational rhythm models do not
replace human mental models of temporal patterns, but they do sup-
plement human awareness by showing actual behavior.

Bo office {Staff Me..., ETA < 2:12}
John home {Lunch, ETA < 1:07}
Rosco office {ETA < Fri ~8:42am}
Jean office {4:28 < ETD}

Figure 10-3 The use of rhythm predictions in an online presence sys-
tem. Several people are not online, but the system shows their likely
return time. One person is currently online, and the system shows her
likely departure time, in case you need to reach her today.

How Is a Telephone Like a Four-Year-Old Child?

My cellphone is worse than my kids, frankly. They both interrupt
when I am already talking to someone else. A child might get scolded
for the interruption, but we all know that the telephone is too stupid
to learn. It doesn’t have to be that way, though, and emerging tech-
nologies can make devices that are as polite as Ms. Manners herself.

I previously described the experiments by Fogarty and Hudson
that showed that a computer could estimate whether a person was
interruptible with almost half as many errors as a human performing
the same estimate. In that experiment, the sensors were simulated so
the results were theoretical—would the results be true using actual
physical sensors? To find out, we built a sensor system out of spare
parts in the lab and simple electronics from Radio Shack that we
called Lilsys. The sensors could detect four situations:
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• A motion sensor detected the physical presence of a person in
the office.

• A microphone detected people talking in the office.
• Use of the phone indicated that the user was in a conversation

even if the microphone picked up little or no sound.
• Closing the office door indicated either a desire for privacy or

simply a need to block external sounds.

The states of these sensors were combined using the same algo-
rithms suggested by Fogarty and Hudson to determine the level of a
person’s availability to an interruption. Figure 10-4 indicates the
information flow from the sensors to the presentation of the availabil-
ity prediction, using a U.S. traffic sign metaphor to convey a sense of
caution when approaching an “unavailable” recipient. The red
inverted triangle Yield sign indicates that the person is possibly
unavailable. For example, the person might have closed his or her
office door or might be on the phone but not talking (such as not par-
ticipating actively in a conference call). The round red Do Not Enter
sign denotes a stronger indication that the user is probably unavail-
able: He or she might be involved in a conversation (on the phone or
face-to-face) or might be heavily engaged in a task on the computer
(editing, searching, coding, budgeting, and so on).

Lilsys senses: 
• Motion (person presence)
• Door open or closed
• Phone in use
• Sound (conversation) 
• Computer activity

Inference Engine estimates
• Presence
• Availability status

- Unknown
- Possibly unavailable 
- Probably unavailable 

Presence Service
Distributes presence and 
availability inference to 

messaging clients

Probably
Unavailable

Possibly
Unavailable

Bo office

John office

Rosco office (2+h)

Jean office

Figure 10-4 Sensors detect the physical situation and are used to infer
the likelihood that a person is available, which is displayed to others via
a presence service.
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We constructed four of the sensor systems and deployed them in
remote coworkers’ offices in California, Massachusetts, and France.
Another ten users had at least one of the Lilsys-enabled users on their
presence contact list and could see the system’s prediction of inter-
ruptibility. The system provided effective indications of remote
coworkers’ availability, which callers used to time their calls and to
explain their disruptions in cases when they nevertheless made an
interruption.

Big Brother Creepiness

Of course, these kinds of inferences raise concerns about what
computers can tell and who they are telling it to. Chapter 5, “Missing
Ingredients,” has a section describing the core reasons for people’s
general concerns about technological encroachments on personal pri-
vacy. The ability to detect and describe temporal rhythms raises some
unique concerns. Is the computer telling my boss that I don’t usually
get into the office until 10:30 AM? Is my boss also seeing the part of
the pattern that shows I put in a lot of personal time at home? What
impression of me are other people getting from this limited com-
puter-generated model of my work habits?

We use a principle in human-to-human social interaction called
“plausible deniability” to explain awkward social behavior, such as
avoiding someone you don’t want to talk to: “Oh, I didn’t recognize
you there!” or “Oh, I must have been out of cell coverage when you
called.” These kinds of excuses are possible only because we all share
a sense of the unreliability of certain systems. An increase in the reli-
ability of a technology decreases its usefulness as a plausible excuse
for a miscommunication. Sensors and presence systems are generally
reliable, which causes some people to dislike them. One of the nice
things about the statistical model of presence rhythms is that they
make evident that there is inherent variability to your presence 
patterns, restoring the plausibility that you might not be present at a
particular moment, even if in general you tend to be present around
that time.

Aside from the restoration of plausible deniability, though, the
creepiness factor of a computer watching your actions can be over-
come only if the benefits outweigh the risks and costs. In the 
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examples described here, we saw that people very quickly accepted
and adopted the information the systems provided into their regular
practice of distributed collaboration.

Accepting these systems partly resulted from the safeguards that
the systems provided. Focus group participants had said they wanted
to be able to “hide” from the system anytime they wanted. To accom-
modate that requirement, the Lilsys sensors included a timer switch
that would override the sensors for a period of time. If the user
wanted to permanently opt out, she could flip another switch, which
took all of the sensors offline until switched back. After trying the
switches to confirm that they worked as designed, users in our trials
never used them again. We should not interpret this to mean that the
switches were wasted and unnecessary. In fact, users reported that
they needed the reassurance that they could opt out of the system at
will. This is an important lesson for context-aware systems: Give the
users complete, simple, and direct control from the beginning and
they may never need to use it. If you hide the controls or make them
complicated, users will begin to mistrust the use of their information.
Too bad Facebook didn’t know about this before the furor its complex
privacy interfaces caused.

Business Impact

The goal of these technologies is to increase the productivity of a
workforce by making it easier to coordinate and communicate with
each other. How is productivity measured? In economics, productiv-
ity is defined as the ratio of output per labor-hour. At the macroeco-
nomic level, this can be characterized by comparing the monetary
amount of goods and services produced against the number of work-
ers employed. Unfortunately, productivity is not as easily measured at
microeconomic levels because many laborers, such as managers,
administrators, and other overhead job functions, do not contribute
directly to the quantifiable goods or services of a business. Even for
employees like factory line workers who are clearly contributing
directly to goods and services, it is not easy to determine the amount
of contribution each has made to the whole product.

As a result, most assessments of productivity at the micro level
are inevitably qualitative. Nevertheless, even qualitative assessments
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provide an indication of positive versus negative effectiveness. In our
trials of distributed group awareness technologies, we saw a number
of enhancements to the groups’ communication practices.

First, remote colleagues who could see visualizations of each
other’s rhythmic presence patterns and interruptibility found more
times to talk together. Why would it make a difference? One reason is
that there is a general reluctance to interrupt a person. Co-located
workers tend to peer into an office to get a sense of whether a person
is approachable at any given moment. When coworkers are remote
and have no information to assess a remote person’s interruptibility,
the safest assumption is that they are busy and that an email is the
best approach, which inevitably delays the remote collaboration.
Also, many people have some odd times when they are available out-
side of the standard office hours of 9 to noon and 1 to 6. Some people
arrive early to beat traffic; others stay late. Some people work during
lunch or put in some time in the evenings. Unless these patterns are
made apparent, there is no way for coworkers to realize when they
have overlapping periods of availability outside the norm.

Second, although the interruptibility sensors did not seem to
diminish the number or frequency of interruptions, users of the sys-
tems reported qualitative improvements in the character of the inter-
ruptions. Why and in what way would that improve productivity? It
seems that even in physically co-located workgroups, the fact that a
recipient appears not to be interruptible does not usually prevent an
interruption. However, the appearance of uninterruptibility does
cause the caller to approach more gradually and politely, allowing the
recipient to indicate whether she can accept a long or short disrup-
tion. Restoring the sense of interruptibility for remote workgroups
allows them to manage the duration of disruptions more effectively
by restoring customary social cues to communication. Even though
the amount of interruptions remained the same with or without 
interruptibility sensors, coworkers were better able to manage the
character and duration of interruptions. Overall, distributed aware-
ness technologies provide the information needed to identify more
opportunities for collaborative work, generally improving workgroup
effectiveness.
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Summary
A rising cost of doing business is the overhead of coordination

and communication among employees, groups, projects, and depart-
ments that are distributed geographically. Although people could the-
oretically schedule their communication more effectively, as
co-located teams do, distributed teams do not have the information
needed to identify better or worse times and situations. The result is
interruption chaos costing U.S. business an estimated $900 billion
annually.

We generally believe that we can detect whether a person is
interruptible by appearance: body posture, intensity of activity,
expression, engagement in conversation, and other clues. I described
a remarkable set of experiments in which computer software was able
to more accurately detect whether a person was interruptible than
other humans looking at the same situation.

Co-located workgroups develop a sense of each other’s comings
and goings, developing a “rhythm awareness” of when and where
coworkers are and will be. They use this to implicitly schedule face-to-
face communication or to seek alternative sources of information
when communication is not expected to be possible soon enough.
Workgroups are increasingly geographically distributed as a result of
growing globalization, telecommuting, and the economic and environ-
mental pressures to reduce travel. Unfortunately, distributed groups
have more trouble finding ways to maintain awareness of each other’s
activities, which is needed to form a tight-knit, high-performance
team.

In prototype systems developed at Sun Microsystems and
deployed across a globally distributed workgroup, we saw examples
of how sensor-based information can be used to convey notions of
interruptibility and rhythm awareness to distributed coworkers. The
systems prudently leave the decision of whether to interrupt to the
humans and merely provide analyses that augment the person’s own
knowledge of the situation and appropriateness of an interruption.

Concerns about invasions of personal information were mitigated
by providing explicit control of the sensors, allowing people to opt 
in and out of the system at any moment. Despite the fact that these
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controls were never used, the capability was critical to acceptance of
the sensors.

These distributed awareness tools allowed a globally distributed
team to maintain cohesion and effective communication across dis-
tance and time zones. The systems re-created the cues that allowed
effective social protocols that co-located groups use to optimize their
coordination and communication.
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Statistical Models of Human Interruptibility,” in Proceedings of the SIGCHI Confer-
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Clear Sailing

The effect of sailing is produced by a judicious arrangement
of the sails to the direction of the wind.

—William Falconer, Universal Dictionary of the Marine, 17841

The previous chapters described ways to reduce costs through
personalization, proactive information delivery, inexpensive device
interoperation and efficient group coordination. Combined, these
savings should free up resources for more profitable pursuits, and
that’s where it gets exciting. All businesspeople know that there are
two ways to increase profit: reduce cost or increase revenue. Reduc-
ing cost is always painful, no matter how necessary, whereas increas-
ing revenue is exhilarating. Instead of using the hard-bitten tactics
needed to compete in existing markets by cutting and chopping costs,
we want to identify new, uncharted waters for clear sailing.

Among the many books on the topic of using innovation
processes to create new business, one that explores this fully is Blue
Ocean Strategy, by Kim and Mauborgne.2 They describe strategies at
a business level for how to create a culture that seeks new markets.
Here, this book explores strategies at a product and technology level
for creating new value. The proliferation of Ubiquitous Computing
technologies raises whole new categories of product and service cate-
gories in various industries. I start by describing some underutilized
technologies and unrecognized information problems in a vertical
industry, retail brick-and-mortar; then I show how that can lead to
novel business opportunities.
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Interactive Public Information Displays
Digital displays are quickly supplanting physical signs to push

products everywhere: at the mall, in the airport, on the freeway, in
taxi cabs, on theater screens, and even at the gas pump. Some of the
displays are marvelous technologies—large, full color, and bright
enough to see even in the glaring sun. These technologies are at the
heart of a new segment of digital out of home (OOH) advertising,
which is estimated at about $2.5 billion revenue in the United States
in 2009;3 that’s a substantial chunk of the estimated total for outdoor
advertising of $5.9 billion in 2009.4 Nice business, but how far can
digital OOH marketing go? Will it simply continue to grow by replac-
ing physical OOH advertising, capping out once all outdoor displays
are electronic? After all, outdoor advertising was estimated in 2008 to
have been only about 2.8% ($4B) of the total measured marketing5

spent in the United States ($142 billion).6

Some aspects of digital displays suggest that it should be possible
to grow the segment. Digital displays are capable of more eye-catch-
ing animation and visual effects than static signs. Also, the content
can be rotated to display multiple ads, whereas a static sign has only
one fixed image. Some digital displays have motion sensors or cam-
eras that can detect when a person comes near and can trigger the
playback of an advertisement. The Reactrix digital projection system
uses a camera to “see” members of the audience and provides game-
like interaction with the content. These enhancements should
increase the number of impressions that an ad receives, potentially
raising the relative effectiveness of digital OOH advertising to cap-
ture a larger segment of overall ad spending.

Furthermore, some aspects of digital technologies should reduce
costs, increasing the bottom-line profitability. Digital signs are
increasingly being connected to advertising networks that update
content remotely, allowing faster rotation of ad content and quick
removal of unsold display inventory. Adding cameras or motion sen-
sors to displays allows marketers to measure audience response rates,
providing concrete measures of ad effectiveness analogous to those
provided by web advertising. Network distribution and audience
measurement should improve efficiencies, but they don’t bring new



capabilities that will increase the proportion of marketing dollars
spent on OOH advertising relative to other segments.

On the other hand, audience-measurement technologies are
likely to prove definitively that most people ignore outdoor signage.
In fact, with MP3 players, digital video recorders, e-readers, portable
video players, and smartphones, people today are in more control of
what media they consume, not only when they’re in their homes, but
also when they are out and about. People riding on mass transit, wait-
ing in airports, or riding in the back of the family minivan are no
longer aimlessly staring off into space, hungry to consume any intelli-
gible tidbit of information regardless of its worth. Rather, they are
reading a pulp novel, making business plans, or watching the latest
episode of a favorite television show on a portable computer.

Regardless of the eye-catching graphics, digital OOH displays are
likely to remain a small segment of marketing as long as they are no
more than a digital replica of static signage; in these cases, the display
is simply a barker for products, broadcasting wares without regard to
what the people seeing the displays care about. Sure, barking out
products will sell a few more bags of peanuts at the ballpark, but it’s
irritating and probably puts off some segment of the audience. The
bigger opportunity comes when engaging with customers to find out
what they need and what criteria matter most, and then adopting the
presentation to match. With interactive digital technologies, manu-
facturers now have the opportunity to engage in a dialogue with the
customers—not in a pushy, hard-sell mode, but rather in a deeper
manner where customers are finding the support they need to make
purchase decisions.

Minority Report got it all wrong. In a famous scene in that movie,
the hero, John Anderton, is walking briskly through an airport termi-
nal while being inundated by holographic advertisements. The ads
are annoying and clearly ineffective because, although they call him
by name, the ads are not paying attention to their prospective cus-
tomer. If you watch that scene, you can see clearly that John Ander-
ton is in no mood for a new fragrance, a car, or even a refreshing
beverage. The ads are simply reacting mechanically to the presence
of people and blasting their message without tailoring the message 
to the customer. What’s missing in most visions of the future of 
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advertising is that the communication can now go both ways. The cus-
tomer has something to say, and smart ads can listen.

Retail Decision Support
Making a purchase is a decision problem. Many factors influence

a purchase decision, some of which are difficult to characterize and
not well understood. Most marketing texts7 describe a process in
which consumers evaluate product alternatives by weighing multiple
criteria and then applying a variety of decision rules to make a choice.
Evaluation criteria range from basic attributes of the product, to atti-
tudes about brand and lifestyle, as well as aesthetic factors and emo-
tional response.

Effective salespeople read customers and shape the information
to what they perceive to be most useful for them, while at the same
time trying to make a sale. Sales practices have been examined in
marketing and sociological research. In a deep study of sales practices
from the 1980s reported in Making Sales,8 sociologist Robert Prus
uncovered the key elements of the face-to-face sales process:

• Promote interest
• Generate trust
• Neutralize reservations
• Obtain commitments (to purchase, lease, try, and so on)
• Manage disruptions from others
• Foster long-term relationships

During this process, the buyer’s goal is to spend as little as possi-
ble and the seller wants to acquire as much as possible for the mer-
chandise. These competing goals set the scene for a somewhat
antagonistic relationship, but the buyer and seller also share an objec-
tive: satisfying the buyer’s criteria with available merchandise. The
buyer and seller have complementary knowledge for reaching a reso-
lution. The buyer has at least a vague notion of what she wants but
not the full range of a seller’s options; the seller knows what is avail-
able but not what would optimally fit the shopper’s criteria.

204 UBIQUITOUS COMPUTING FOR BUSINESS



The sales process is a negotiation between these parties to opti-
mize their mutual objective. From this perspective, shopping is a col-
laborative information-seeking process with the ultimate goal of
making a mutually satisfying sales transaction. To receive effective
assistance from a seller, the buyer must communicate criteria to the
seller while simultaneously withholding information that could result
in paying more than desired.

IT for Shopping

Reaching a purchase decision requires information about avail-
ability, cost, size, colors, texture, feel, fit, style trends, and so on. Such
information needs underlie the success and continued expansion of
information technology (IT) for online shopping. Using the web,
shoppers can find a great deal of information about products they are
interested in and they can search and compare alternative choices
side by side.

In contrast to the rapid evolution of online shopping, the experi-
ence of shopping in a physical retail store has changed little during
recent decades. Due to the inherent requirements of physical space,
shoppers must expend more energy and time searching for products
in a physical environment than when searching online. Often the full
range of a merchant’s inventory and product alternatives is not physi-
cally apparent (some unseen inventory might be available in the back
of the store). For physical products, a shopper can compare items
only by examining each one sequentially, either because products are
located at different merchants or because the shopper can evaluate
only one item at a time, such as when trying on clothes.

Although online shopping is used across many product cate-
gories, assessing products in certain categories, such as furniture,
apparel, eyeglass frames, and jewelry products, usually includes some
form of tactile and physical information: texture, fit, drape, flow,
movement, light reflection, heft, and so on. These kinds of informa-
tion are difficult to communicate electronically because they use
human-sensing modalities that are not easily reproducible via elec-
tronic transfer and/or are based on each individual’s subjective
human perception. Although it is possible to simulate the look of
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clothing over an electronic image of a person (see Virtual Fittings
sidebar), it is ultimately necessary to physically touch and wear the
product to gauge the texture, heft, and other factors. For these rea-
sons, electronic media cannot wholly supplant physical shopping for
certain classes of products.

In addition to these tactile properties, certain intangible aspects
determine how well the article fits the shopper. Fit is determined not
only by the dimensions of the product, but also by how well suited the
item is to the presentation of self that the shopper intends to project,
sometimes referred to as style. Product selection also involves assess-
ing information about the social context of products, such as style
trends and the personal opinions of others, typically family and
friends. Online shopping provides technologies for direct searching
and even recommending items related to a focal product. However,
current recommender technologies are incapable of suggesting prod-
ucts according to abstract characteristics such as “fashionable”
because fashion is complex and subtle, varying drastically with the sit-
uation and people involved.

Social Aspects of Fashion Decisions

When buying clothes, a shopper often assesses how others would
perceive a particular item—that is, the “fashion statement” she is
making. Evaluating one’s self-image is an important part of clothes-
buying decisions, but shoppers in a store are provided very little
information about what other people are wearing, other than what is
presented in advertisements. Within a store, shoppers often ask com-
panions or store assistants how they look to get this kind of feedback.
Outside of the store, people find inspiration from others and from the
fashion media.

Sociologists have long explored the multiple roles fashion plays in
society. In a synthesis of more than 200 sources, sociologist Fred
Davis examined the social construction of meaning in fashion and
how an individual’s choices communicate social status, gender iden-
tity, sexuality, and conformity among other subtle characteristics of
self.9 Clothing is undoubtedly used as a form of communication, con-
veying mood, tone, and occasionally a bold statement, but Davis
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describes it as a code of “low semanticity” that changes with time and
trends and among different groups of individuals.10

Although technologies cannot interpret fashion, they can mediate
human discussions of the topic. We see this happening today in online
social fashion networks such as GoTryItOn.com and IQONS.com.
These sites allow members to upload photographs of themselves
wearing various outfits and can categorize, tag, and comment on the
images. The services merely provide communication infrastructure
for members to construct meaningful information through tagging
and commentary. The computers in these systems are simply trans-
porting bits, not intelligently processing information, but they are
nevertheless providing critical information that the users could not
otherwise obtain.

Case Study: Responsive Mirror
We look at ourselves in a mirror (or “looking glass”) for many rea-

sons, including when grooming, for personal health, during dance
and athletic training, or when shopping for apparel (clothing, jewelry,
hats, eyeglasses, and other accessories). In all of these situations, the
mirror provides information to the observer on what they look like to
others. In fact, mirrors may be the oldest information technology of
all. The earliest manufactured mirrors appeared in Anatolia (modern
Turkey) around 6000 B.C.; the earliest forms of writing did not
appear until 4000 B.C.

Clothing stores often provide a private place to undress and try
on clothes (changing room) and a private or semi-private place with a
mirror to view the fit (fitting room). The fitting-room mirror is a spe-
cific point of customer interaction with products where a shopper
selects items to purchase. Marketers have recognized the importance
of the fitting room as a “touch point” with customers. A few prototype
technologies11 have been constructed for this domain, but rarely with
the aim of supporting the decision-making process. Most often,
retailers see an opportunity to up-sell or cross-sell merchandise, rele-
gating the technologies in the fitting room to nothing more than
advertising extensions.
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When a shopper enters a fitting room, she has a problem to solve.
She’s there to decide which, if any, of the several alternatives she’s
selected from the sales racks will best meet her needs. That is her
number one objective in the fitting room. Until she has resolved that
question, technologies that are up-selling and cross-selling are wast-
ing their electronic breath. A more effective technology would be one
that helps her narrow the selection.

Selection criteria vary from one shopper to another, but two main
questions are being addressed in a fitting room. One, of course, is
whether the clothes fit comfortably. In a study we conducted observ-
ing men trying on casual and sports shirts, we saw a variety of behav-
iors to test the fit. Some participants moved very little in front of the
mirror, but the majority turned to look at themselves from all sides. A
few people even practiced golf swings and other sports moves to test
the feel of the clothing throughout the entire range of motion.

Second is how shoppers look in the clothes. That second one is
not simply a matter of looking in the mirror. Shoppers have to think
not only about how much they personally like what they see, but how
much others will like what they see. What sort of impression does this
give? What kind of person would others see if I wore this? These
kinds of meanings are constructed socially and depend on the individ-
ual, their companions, and the situation. Many people shop in groups
so that they can ask companions for opinions. The need for social
opinion is so strong that, when shopping alone, some shoppers solicit
opinions from salespeople, who clearly have a conflict of interest in
any opinion they express.

One last factor affects decision making for clothes shopping:
comparing alternatives. Generally, people are not expecting to find
the perfect outfit, but one that will satisfice.12 They have a need that
must be satisfied within the budget and time they are willing to
expend. They make the decision by identifying alternatives within
their range and narrowing the choices. Often several alternatives sat-
isfy the goals to varying extents, and the shopper compares the
relative merits and selects the few that fit her budget.
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Virtual Fittings

Usually when I talk about clothes decision making, people—espe-
cially men—think about how laborious shopping is and how much
they hate going through all the hassle. An immediate solution
comes to mind: a virtual or augmented reality to test the alterna-
tives and make a selection without physically trying on the cloth-
ing. Why travel to the store at all when you can shop online and see
a computer-generated image of something with your body shape
trying on the clothes?

Some online services, such as Intellifit and MyShape, take meas-
urements of a customer’s body and suggest clothes that will fit and
provide a flattering appearance for that body shape. Other web
services, such as MyVirtualModel and VirtualEShopping, provide
a 3D view of a shopper’s measured body that can be used to simu-
late fitting clothes to the body so that the shopper can view them
from multiple angles. Other companies, such as Holition and
Zugara, have demonstrated compelling augmented reality tech-
niques that map an image of a garment onto a real-time image of
the customer. In some systems, the clothing or accessories can
move or change shape in real time as the customer moves in a vir-
tual mirror, in others, the virtual overlay is static. With current
technology, even the best overlaid virtual clothing appear some-
what artificial, but the images are becoming more realistic and will
soon effectively emulate the shading, drape, and movement of 
fabrics.

As visually compelling as they are, though, virtual fittings are little
more than paper dolls: It isn’t really you wearing the clothing—it is
an image of you. There’s no way to feel the fit of the garment, espe-
cially as you move. Projecting a 3D image of a watch onto some-
one’s wrist is straightforward, but how does the watchband feel? Is
it too loose? Do the links pinch the skin? Does it rattle when you
move? How heavy is it? You can’t get that information from a vir-
tual fitting. The best you can do is get a rough sense of how the
garment would look on you. 



Digital Fitting Rooms

Retail space designers know that you can increase sales lift by
making the retail space more pleasant and that the fitting room is a
key place to target the experience. In 2008, Ken Nisch, chairman of
JGA, Inc., a retail design firm, said, “When customers try something
on and have a pleasant experience, it increases the likelihood that
they will buy the item three or four times.” Toward that, several
attempts at creating “Fitting Room 2.0” have been made.

In 2001, Prada opened a flagship store in Manhattan, where it
conducted a trial of many technologies designed and constructed by
Ideo and IconNicholson, including a sophisticated dressing room
with a variety of capabilities.13 A scanner identified each garment as
the shopper took it in, providing additional information about the gar-
ment’s price and alternate colors and sizes—the kind of information
shoppers can find when browsing products online. The fitting room
also contained a “Magic Mirror” with a motion-triggered video cam-
era that recorded the shopper and played back a video loop after a
pause. The room also provided the ability for a person trying on
clothes to send video of himself to friends, who could send back com-
ments and vote (thumbs up/down). The system could also project a
static image of a garment onto the mirror, providing a basic “virtual
fitting” capability. Unfortunately, the trials of these technologies in
the flagship store were not successful. A report in Business 2.0
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In many ways, virtual fittings are little more than a personalized
digital mannequin, except that you can change its clothes quickly.
On the other hand, virtual fittings provide even less than an old-
fashioned physical mannequin that can show off a wide range of
ways to wear a garment. A buttoned-down shirt, for example, can
be worn buttoned or unbuttoned, collar up or down, pulled tight or
baggy, tucked or untucked, tied at the bottom, and with sleeves
rolled to different lengths. In sum, virtual fittings can be a great
first filter for narrowing selections faster and with less effort but
ultimately, before the purchase decision is final, you still need to
try it on.



describes the dramatic mismatch between expectations of the tech-
nology designers and the impracticalities of using the technologies in
regular store operations due to overflow traffic, technical failures, and
non-intuitive controllers (such as floor pedals to set the opacity of a
glass wall through which shoppers could be seen if not set to opaque).

Similar systems have been created and deployed for market eval-
uation in a number of other retailers. The Gardeur Shop in Essen
Germany created a radio-frequency identity (RFID)–based system
that provided product information, including price, available sizes
and colors, material, and care instructions. Warnaco created a system
to show fitting information for women’s brassieres. Other digital tech-
nologies have been deployed in dressing rooms by companies such as
Metropark, Bloomindales, Nordstrom, Kira Plastinina, and Macy’s.

Responsive Mirror

Let’s step back a moment and think about all the information
needs of someone trying to decide among clothes. He needs to com-
pare how well different articles feel and look. Virtual fittings can help
compare how things look, but not how they feel. Another missing
ingredient in today’s physical retail environment is some support for
the comparison that shoppers need to perform to reach a decision.
Some online retail stores have support for this in terms of feature-
comparison tables, but these are most effective for feature-rich prod-
uct categories such as electronics, housewares, and tools. Feature
comparisons are less valuable for product categories in which the
decisions are based on subjective assessments such as fashion and
decor.

If comparing features is not useful for clothing, what other sup-
port can we provide? One problem is that, with so many options, it
can be hard to remember what you thought of each one, especially
when trying on clothing. How can you remember how the first shirt
felt by the time you’ve reached the seventh try-on? In these situa-
tions, you need to bring a friend to supplement your memory.
Another way is to use electronic recordings to review prior fittings, as
in the concept for trying on garments illustrated in Figure 11-1 called
the Responsive Mirror.
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Figure 11-2 shows a photograph of a Responsive Mirror proto-
type system. As a customer interacts with a conventional mirror, cam-
eras record the trial and detect his pose and the style of the garment
being worn. A display on the left of the mirror shows the shopper in
the previously worn garment, matching the pose of the image to the
pose of the shopper as he moves. This allows the shopper to compare
his current garment directly to a previous item he tried on. The dis-
play on the right of the mirror shows images of people wearing simi-
lar styles (or different styles to the clothes he is considering).

When a person interacts with a fitting room mirror, he gives off
implicit cues about the information he is seeking. When he turns his
body, he is observing how the clothes look from different angles.

212 UBIQUITOUS COMPUTING FOR BUSINESS

Processing

Interaction Detection

Comparison Display
(User’s Previous Style)

Comparison Display
Alternatives and Accessories

Real Mirror

Fitting Area

Front Camera

Clothes Recognition

Camera Recognition Engine Clothing Inventory

Ceiling Camera

Front

F F

L L

Right Back Left

Ceiling Camera
Responsive Interaction

Automatic
Matching
Angle Visualization

Detect object orientation for Interaction

Responsive
Mirror

B B

Figure 11-1 Responsive Mirror concept diagram.The shopper uses the
conventional mirror to try on clothing. A front camera captures each trial
and replays previous trials in the electronic display to the left, while simi-
lar clothing styles are shown in the display on the right.The overhead
camera captures the shopper’s orientation as she turns from side to
side, and the electronic images are turned to match the same pose as
the shopper. (Figure credit:Takashi Matsumoto)



This kind of implicit information-seeking behavior can be detected
using sensors, and supplemental information can be provided.
Users of this kind of system do not need to be taught how to use the
system—they simply behave naturally. This style of interaction is an
example of “invisible computing” from the early visions of Ubiqui-
tous Computing.

Cameras in a Fitting Room? You’ve Got to Be Joking.

A common concern that sensor technologies and Ubicomp sys-
tems face is how they impact a user’s sense of personal privacy. We
have carefully made sure that the camera is not in the same room
where shoppers change clothes, but is instead in the public fitting
area where shoppers can share the look with companions. Never-
theless, even in the public fitting area, cameras are traditionally
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Figure 11-2 The Responsive Mirror prototype.The images in the left
display show previous clothing trials matching the same pose in real
time as the person turns in the mirror.The images in the right display
also match the pose but show other clothing similar to what the shopper
is trying on.



absent. Will customers accept a camera in such a semi-private space
as a fitting area? What concerns would they have and what meas-
ures should the system incorporate to mitigate such concerns? In
the press articles about fitting-room technologies, privacy concerns
either are completely avoided14 or are stressed to a sometimes
alarming level.

People are subjected to video capture on a daily basis, sometimes
happily (home movies, videoconferencing, camera-based game con-
trollers) and sometimes without much choice (store surveillance, toll
collection, traffic cameras). Cameras used for these purposes have
achieved at least some level of tolerance, yet debate continues about
the overall effects of sensing technologies on the long-term health of
our society. In Chapter 5, “Missing Ingredients,” I described a set of
guidelines for best practices to mitigate privacy concerns. When
deploying sensing technologies in public places, those guidelines will
address the concerns of a large portion of prospective users. How-
ever, when a camera is introduced into a semi-private space such as a
fitting room, we need to examine its potential impact on privacy more
deeply.

What boundaries of personal information will be changed by
cameras and sensing technologies in a fitting room? Let’s return to
the findings of sociologist Irwin Altman, mentioned in Chapter 5,
from his studies of people managing the seeming contradiction of
wanting to publicize some characteristics and protect others. Altman
found that people actively manage three aspects of personal informa-
tion: disclosure of information, social identity, and timing. Let’s exam-
ine the potential encroachments across these boundaries that camera
technologies create.

Disclosure

People naturally have an expectation that a fitting room is a pri-
vate place where they can change clothes without being seen. The
Responsive Mirror cameras do not capture images of people
changing clothes in the changing area itself—only after they are re-
clothed and moved to the fitting area outside. Nevertheless, there is
still a potential for concern from capturing the interaction with the
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mirror. In addition to the awkward poses that a shopper may take to
test the fit of clothing, a shopper naturally expects that she can exper-
iment with clothes styles in which she might not like to be seen for
any number of reasons: fit, style, status, expressiveness, and so on. On
the other hand, a shopper interacting with the Responsive Mirror
may not want the fittings to be completely undisclosed either. She
may want to show clothes to her friends or publish them to a social
fashion network. Maintaining control of the disclosure is critical.

Social Identity

We all have a range of identities that we maintain across different
social relations: familial, communal, political, religious, business, hob-
bies, and others. The clothes we choose are generally intended to
reinforce our identities. As we are experimenting with alternatives in
a fitting room, we may find that a particular choice undermines some
aspect of our persona. This boundary can be managed by the same
mechanisms used to control disclosure.

Timing

Shoppers today expect that an experimental fitting is transient,
not lasting for others to see at another time. In addition to the obvious
concern about recording images of an embarrassing outfit, even
images of currently flattering outfits could become embarrassing in
the future as style and tastes change (Guys, raise your hand if you’ve
thought about throwing out a picture of yourself in a leisure suit.
Gals, where do we start?) A flattering garment may be an excellent
choice at the moment, but it could come to represent something con-
trary to the shopper’s style in the future. This concern can be miti-
gated by providing the ability to delete regrettable images, but the
damage cannot be wholly undone, as the images may have been
stored in an Internet archive. Furthermore, simple deletion is possi-
bly more drastic than people want. The temporal boundary is one
that has a varying permeability over time and that people might pre-
fer simply to have it become more difficult, but not impossible, to see
older images.
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Public Trials

It’s important to uncover the fundamental concerns people have
about private information and give them complete control over the
disclosure, identity, and temporal boundaries. Unfortunately, you
cannot simply ask people about their concerns. When faced with a
hypothetical question about sharing private information, people may
be either more cautious or more cavalier than in real practice. A pub-
lic trial is needed to find out the tradeoffs that real people make in
real situations with real personal information.

To achieve that, we designed a version of the Responsive Mirror
for countertop usage, for products such as eyeglass frames, hats, and
jewelry. The selection problem with these kinds of apparel products is
similar to that of clothing—you need to select from several options
and it is difficult to recall how each item looked on you. For eyeglass
frames, the problem is exacerbated because the trial frames do not
have your prescription lenses installed so you cannot see yourself well
in the mirror. Generally, shoppers want to know how the frames, hat
or jewelry look from multiple angles, just as with clothing, but the
kinds of poses in a smaller mirror differ from full-body twist and rota-
tion in front of a full-length mirror. For glasses, hats, and jewelry,
people turn and tilt their heads, look up and down, and move forward
and back in front of the mirror.

Although the countertop mirror was designed to handle multiple
product categories, we paid special attention to support the practices
of an expanding market in South Asian retail jewelry. Due to cultural
history and the emerging middle class in India, retail jewelry is a $13
billion dollar industry with projected annual growth of 8.7% through
2025.15 The market is deeply mature in many ways, due to centuries
of practice, and, at the same time, it is open to new innovations.

South Asian Retail Jewelry Shopping

Apart from being decorative, jewelry is often purchased in India
for special occasions: to celebrate annual spring and autumn festivals,
the birth of newborns, marriages, and birthdays. The purchase of 22-
and 24-carat gold and diamonds is also seen as a long-term investment.
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A typical Indian jewelry store is laid out similarly to jewelry stores
in other parts of the world, but with a few significant differences.
Jewelry items are often laid out on velvet trays, either placed in glass
counters that are about midtorso height and run the circumference of
the room, or decoratively placed on shelves on the walls. Items are
often grouped by type, with necklaces, bands, rings, and other pieces
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Figure 11-3 Cover of spring 2004 Shaadi Style Magazine. © 2004 Shaadi
Style Magazine, Inc. Included here by permission.

Indian jewelry ensembles are often elaborate combinations of large
necklaces with matching earpieces, along with a variety of bangles,
rings, forehead pieces, and more. Figure 11-3 shows a magazine
cover with a photograph of a woman in a typically elaborate ensem-
ble. Shoppers spend considerable time examining and selecting such
items before purchasing.



clustered together. Several small, portable mirrors sit on glass coun-
ters, and large mirrors are installed on the walls as well. A significant
variation from other types of jewelry store layout is that matching sets
of elaborate neck and earpieces are often placed prominently at eye
level, on the wall.

The buyer–seller relationship in Indian jewelry stores is even
more important than in Western-style retail. In India, families buy
from the same jeweler across multiple generations. Furthermore,
shoppers expect in all cases to be served by a salesperson, not left
simply to browse on their own. Generally, an Indian jewelry store has
enough sales staff to serve each shopper individually, and shoppers
expect to have personal service even in less expensive stores.

Salespeople assist customers by standing behind the counters
across from the customers. The salesperson retrieves an item of inter-
est and hands it to the shopper to try on. If a mirror is not nearby, the
salesperson brings the nearest mirror. The shopper then tries on the
jewelry and looks in the countertop mirror for close-up views and
looks in the mirrors on the walls to evaluate the whole look.

Shoppers usually come with their friends or family, in larger
groups than typical in Western jewelry stores, so the process is a
social one that involves looking in the mirror, posing for companions,
and exchanging feedback. Shoppers sometimes get feedback from
the salespeople, who use this time as an opportunity to suggest simi-
lar items to try on. Also, shoppers bring in clothing for which they
want to buy matching jewelry so that they can see the jewelry in the
context of the clothing they will be wearing.

After trying on several items, the shopper may ask to see a few of
them again. The salesperson retrieves those items and places them on
a tray in front of the shopper. Many Indian jewelry items are larger
than Western counterparts, and the tray is compartmented into five
or six segments to hold the matching elements of ensembles. The
shopper then compares the jewelry items against the others with far
more scrutiny than before and tries on the items again, if desired. A
mirror is brought over to help the shopper make a decision, and the
shopper’s friends and families give feedback to help evaluate the jew-
elry in more detail.
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The mirror is one of two common points of interaction between
the buyer and seller, and also between the buyer and her companions.
In addition, sellers typically arrange the customer’s preferred jewelry
pieces on a light and portable tray so that the shopper can compare
items side by side, which provides the second most commonly used
interaction point. The following observations of interactions among
the seller, the buyer, and their companions suggest that a Ubicomp
system could address unsatisfied needs.

• Mirrors provide an opportunity for salespeople to give feed-
back to the shopper and offer recommendations.

• The shopper’s companions also engage with the shopper
through use of the mirror, holding items up to the shopper’s
face to simulate wearing the items.

• During the final decision, trays containing the top selected jew-
elry items are provided to the shopper for detailed evaluation
and comparison. To see how each jewelry item looks on the
shopper, she would need to try it on again but usually does not.

• Sellers typically leave out only a few items at a time, for security
and because shoppers sometimes ask them to retrieve items
that have been put away.

To accommodate and enhance the existing uses of the mirror and
tray, we designed the countertop Responsive Mirror to consist of two
components: one for “capture” and one for “access.” The capture com-
ponent is shown on the top of Figure 11-4 and consists of a half-
silvered mirror with an embedded camera. The associated silver-
colored knob serves as a recording button that the shopper can use to
capture a sequence of images. An embedded LCD monitor is visible
behind the mirror (not visible in the photograph in Figure 11-4), giving
feedback to the shopper when recording is occurring, along with how
many sessions have been recorded. The “access” component, taking
the place of the comparison tray in conventional buyer–seller interac-
tion, is a graphical user interface shown on the bottom of Figure 11-4
and accessed via a tablet-sized touchscreen display. The interface lets
shoppers view and compare their recorded sessions two at a time.
Below the two large panels is a single slider that gives the user control
of which pair of images from the two sessions to show.
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Figure 11-4 The countertop Responsive Mirror prototype consists of a
“capture” component using a camera behind a half-silvered mirror (top,
image retouched for clarity) and an “access” component (bottom) that
emulates the functionality of the jewelry tray for reviewing multiple
pieces of jewelry side by side. (Figure Credit: Victoria Bellotti)
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The comparison is enhanced by showing the closest matching
poses of the shopper wearing two different articles. Moving the slider
controls which frame in the sequence of images in one recording will
be shown, and the closest matching pose from the second recording is
shown at the same time. This lets the shopper see how the two items
looked in the same pose side by side. For example, in Figure 11-5, the
column of images on the left displays one session in which the cus-
tomer is trying on a long necklace. Accordingly, in the right column,
the Image Matching engine has selected and displayed poses from a
second session that most closely match those of the customer looking
to the left, to the right, and straight on. Note that the images in the
second panel do not necessarily show the entire set of captured images
from the second session and are not presented in the same sequence
in which they were acquired. This “matched access” capability enables
shoppers to compare how two items look in similar poses.

If the user presses the Play button, the frames in the recorded
session advance automatically and appear videolike, although the
matched “video” may be playing frames out of sequence. Shoppers
can use the slider to scan the images in a session and select particular
images to view in detail. Tapping either image automatically zooms
both for comparison.

The rationale for creating this countertop version of the Respon-
sive Mirror was to explore real-world issues that might arise. We con-
ducted four trial deployments of the system in two local jewelry stores
in the San Francisco Bay area that specialize in South Asian jewelry,
along with two focus group trials.16

Among the many responses we heard, generally people con-
firmed the expected value of the system: It helped them recall what
they had tried on. For example, when people tried on four or six
items over the course of 20 minutes, they often had trouble recalling
the appearance of the first few items. The system provided a conven-
ient inventory of recordings well after the salesperson had put items
away.

Across all deployments, the image-matching capability caused
the most excitement among shoppers. The slider was the single most
used interface element, promoting a good deal of interaction among
shoppers and their companions. The image-matching capability was
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Trial 1 Trial 2

Figure 11-5 Pose-matching example. When comparing jewelry (or
apparel of any kind), a shopper usually prefers to see herself from the
same angle to compare the items side by side.The images of poses in
trial 2 were captured in a different order than those in trial 1, but the
poses are matched when shown on the Responsive Mirror system.
(Figure credit: Maurice Chu and Brinda Dalal)



viewed as a “cool” capability and provided a high degree of interac-
tivity to quickly make a comment about the appearance of an item in
a particular image; this was true both for salespeople and for their
customers.

Participants particularly liked the image-matching capability as
they watched multiple frames because it showed the “personality” or
“flair” given off by the shopper’s movements in the jewelry. Shoppers
generally preferred to see the fluid motions over static images so that
they could see this kind of personality.

Looking at recorded images of themselves helped people get a
stronger sense of third-person perspective than they got from using a
conventional mirror alone. That was a little surprising, because the
photographed images are nearly identical to what is in the mirror; if
anything, the fidelity of the sharpness and colors is worse in the
images than in the mirror. Nevertheless, shoppers felt that somehow
looking at the images allowed them to make a more objective assess-
ment of how they looked to others.

With regard to privacy, customers generally wanted to have
images available beyond store boundaries so that they could obtain
family members’ opinions about items, especially if their spouse was
unable to accompany them to the store and wanted to be consulted
on the purchase decision. In contrast, store owners and managers,
cautious about designs being shared and copied by competitors, did
not like the idea that customers could send images of proprietary
designs outside the store.

Digital media enables whole new classes of systems that support
both senses of the word reflection: (1) the projection of an image
representing objects outside of one’s direct field of view, such as
seeing oneself in a looking glass, and (2) the contemplation of past
events.

Business Impact

The Responsive Mirrors are still undergoing refinement and tri-
als at the time of this writing, and their ultimate impact has yet to be
proven. The point of this case study is to show an example of an infor-
mation need that exists today but for which there is no information
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technology support. The example we have used is supporting shop-
pers in making decisions by providing them the information that they
use to make a judgment. Too often, merchants think only of their own
information needs, which is generally that they need to get marketing
information out to customers. As a result, information technologies
are bombarding us with messaging that is not helping us accomplish
goals and is, at best, a distraction.

Instead, I’ve tried to illustrate examples that start with finding out
about an existing information problem. Then I described some of the
steps taken to design Ubicomp systems that can alleviate that prob-
lem. Customers come first. Once their fundamental information
problem is satisfied, customers will be more receptive to hearing
other marketing messages.

Summary
Ubiquitous Computing technologies not only displace conven-

tional business, add value to existing products, or increase efficiencies
across operations, as described in previous chapters; they also create
new capabilities that can generate whole new business capabilities.
Ubicomp is encroaching on a variety of domains, most notably in
retail settings where digital displays are replacing conventional sig-
nage.

Shopping is an information-seeking problem where shoppers are
identifying alternatives and comparing them to find the product or
service that most closely matches their needs and constraints. Cur-
rently, technologies in physical retail are simply pushing unwanted
(and unheeded) advertising to customers as they struggle with their
shopping decisions. By first understanding and providing the infor-
mation shoppers need to make their decisions, they will have enough
capacity to see and consider additional offerings.

In a series of Ubicomp prototypes called Responsive Mirrors, we
explored decision support for retail clothes fitting and for retail jew-
elry (and eyeglasses and other head-worn garments). The Responsive
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Mirrors use embedded cameras to record the trial wearing of gar-
ments in the mirror. As each new garment is worn and seen in the
mirror, prior trials are displayed in adjacent electronic displays. The
orientation of the person to the mirror is detected using computer
vision, and the closest matching pose is shown in the electronic
image. The system is implicitly controlled by the person’s body move-
ment and does not require him to learn how to operate the computer.

The system was designed with particular sensitivity to the privacy
of users, by analyzing the impact on Irwin Altman’s boundaries of
personal privacy: disclosure, social identity, and timing.

The Responsive Mirror systems allow people to directly compare
alternatives and quickly narrow their selections. The images also pro-
vide new ways for salespeople, shoppers, and companions to interact
and communicate about the options. Instead of simply using public
information displays to hawk wares, retailers can provide information
that helps shoppers make decisions, making them more receptive to
subsequent offerings.
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Ubiquitous Business

He has a great knack for picking the right wave and he’s a
really smart competitor. He might even bust out a superman
air. He has a few tricks up his sleeve. He always pulls reverses
and airs that other people don’t.

—Kelly Slater, nine-time World Champion, Association of
Surfing Professionals

It’s been twenty years since the potentials of Ubiquitous Comput-
ing were first articulated. Innovators at the time thought the Ubi-
comp wave would be the next big surge, and it might have been, but
the industry was soon washed over by the World Wide Web. In the
interim, Ubicomp inventors have occasionally despaired that perhaps
Ubicomp benefits were somehow not as valuable as the scientists had
imagined. An apocryphal story in the research community is that
sometime around 2000, one of the leading visionaries said at a confer-
ence “We’ve had Ubicomp for ten years now and no one wants it.”
However, just as the birth of Ubicomp had been prematurely fore-
cast, so was its death. Today, as the business potential of the Internet
has reached maturity, sensor-enabled smartphones are becoming
widely adopted, and wireless broadband networking is pervasively
available, we have reached a point where the essential elements to
realize the Ubicomp vision are in place.

Just as business opportunities propelled the World Wide Web to
incredible heights, so too will business opportunities drive the adop-
tion of Ubiquitous Computing throughout societies globally. There
are two sides to this business opportunity. First is that businesses’
reach to customers has expanded, through massive adoption of

12

227



228 UBIQUITOUS COMPUTING FOR BUSINESS

broadband and wireless networking accessed via portable and hand-
held computers, along with sensors and displays embedded through-
out the environment. Second is that Ubicomp technologies extend a
business workforce’s abilities to operate in a variety of settings (in the
office, at a customer site, at home, while traveling, at a worksite)
across distance and time to increase operational efficiencies. Such
ubiquity of information technologies to increase reach was a key
objective of the initial visions of Ubiquitous Computing. Having
achieved that objective, we now need to tackle new problems and
exploit new opportunities that Ubicomp has created.

The second stage of the Ubiquitous Computing vision was the
goal of having the technologies become so reliable, personal, and easy
to use that their presence would become less noticed and less disrup-
tive. Toward that objective of “calm” computing, this book has
focused not on the fact that technologies are ubiquitous, but on what
is enabled by the ability to capture and access information ubiqui-
tously. Not only do these technologies reduce drag of some existing
problems, such as information overload, but they create new capabil-
ities in ways to capture and exchange information, simplify interac-
tion, anticipate and respond to goals, and generally enhance our
ability to engage in life across both physical and digital environments.

On one hand, the increasing diversity and pervasiveness creates
new complications. We now have to learn to operate multiple classes
of digital devices, manage networks of them in our homes, exchange
information across distrusted networks, and fend off intrusions to our
personal space. Yet at the same time, the interconnected complexity
can be harnessed. Our interactions in physical and digital space can
be used to learn the relationships among people, places, things, and
information without requiring people to explicitly state such relation-
ships. Contextual intelligence leverages such a personal semantic net-
work that it can personalize our views and find information that is
more pertinent and actionable. Contextually intelligent systems
observe the context of actions in the past to predict needs in the
future.

Contextually intelligent services use estimates and probabilities,
meaning that the predictions are never 100% accurate. The same 
is true of human estimates and predictions, which are nevertheless
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useful in many situations. Surprisingly, machine predictions can
sometimes outperform human estimates using the same information.

We deeply explored the issue of privacy raised by sensing tech-
nologies, identifying some of the root causes of people’s concern: eco-
nomic risk, security, and personal relations. The very nature of
learning enough about an individual to personalize technologies
makes it impossible to completely avoid these issues, but I explained
several steps that can alleviate some of the concerns while keeping
the user in control.

Part II, “Business Opportunities,” examined the concrete impact
of Ubicomp technologies across industries and suggested strategies to
find your business opportunities. The most obvious application of per-
sonalization today is in advertising and marketing. Ubiquitous comput-
ing technologies enable far better targeting of information than
previous approaches, including optimizing the timing of delivery, not
just the content, to moments when people are more receptive and the
information is more actionable. Cameras and vision technologies pro-
vide new information about a person’s preferences and tastes (psycho-
graphics) that are far more telling than the basic demographic
segmentation used in marketing until now.

We took a deep look at the media industry, arguably the one
industry that has been most broadly transformed by ubiquitous infor-
mation technologies. Some of that transformation has been antici-
pated, and some companies are strategically repositioning themselves
by developing novel services that leverage contextual intelligence to
provide media at the moment it is most valuable.

Another strategy is to enhance the value of your existing products
and services by making the functionality accessible to other products
and services. Interoperation does not necessarily require electronic
data interchange over wired or wireless links, which might increase
the production cost of a product; the necessary information to estab-
lish a “continuity” between devices can be exchanged over physical
media channels (such as optical and audio channels), allowing even
inert objects such as paper to share digital information.

As coworkers become more physically remote from each other,
they lose some of the information needed for effective coordination
and communication. They lose an awareness of each others’ patterns
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and paces, making it difficult to effectively coordinate work and hand
off tasks. Contextual intelligence can reconstruct patterns, augment-
ing a distributed team’s coordination and effectiveness even across
time zones.

Chapter 11 “Clear Sailing,” examined methods for identifying
completely un-served information problems and designing new prod-
ucts and services for new business opportunities. We saw some of the
insights of ethnographic investigations of retail apparel and jewelry
shopping that led to the creation of image- and video-based decision
support tools. Similar methods in other domains can identify un-
served information problems as well.

Future Ubiquitous Businesses
It has taken 20 years for the initial visions of Ubiquitous Comput-

ing that emerged from the world’s leading research laboratories to
find preliminary commercial success. The delay resulted largely from
the slower-than-expected adoption of wireless, handheld computing
and large displays. At this point, the necessary hardware has nearly
reached critical mass of adoption. In the intervening years, innovation
has continued in the research labs, and we should see accelerated
adoption of Ubicomp systems now that the infrastructure exists.

It is always dangerous to predict the future from the past, but it is
less dangerous than predicting the future from nothing. Innovations
in Ubicomp have advanced in research institutions around the globe.
The following innovations should quickly become commercially
viable in coming years, not necessarily in this order or appearance.

• Indoor location detection: The initial context-aware serv-
ices at PARC were based on indoor location technologies.
Since those prototypes, however, we have not yet seen a widely
available indoor location technology. I don’t expect that a stan-
dard will be settled on soon, but many technologies are being
tested (ultra-wideband radio, television radio, WiFi signal
mapping, GPS repeaters), and eventually location sensing will
be as ubiquitous indoors as GPS is outdoors.
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• Electronic memories and activity-based information
retrieval: In addition to organizing information according to
topics and folders, people find it convenient to associate infor-
mation with places, people, times, projects, and events. Early
prototypes in the 1990s at Xerox Research Center Cambridge,
U.K., and elsewhere provided hooks to remember and retrieve
information according such contextual factors. New context-
aware information-management systems are starting to let us
capture and organize around contextual factors,1 but not yet to
the same degree as the earlier visions.

• Contextual intelligence middleware and infrastructures:
Following the emergence of context-aware applications, con-
text-aware middleware infrastructures have been developed to
make accessing context easier for developers. We are already
seeing some of this in the form of location-sensing aggregators
such as Google Latitude2 and Yahoo! FireEagle.3 We will see
more that aggregate multiple sources of contextual informa-
tion, perhaps providing plug-in APIs to mine the data and infer
higher-level meaning.

• Location prediction (and other context predictions):
Currently, almost all commercial location-based services are
based on detecting your current presence in a location.
Research projects have shown that it is possible to predict
future location with relatively high reliability, to help anticipate
your needs and proactively provide suggestions or reminders
about things you need to do in those locations.

• Personalized smart homes and buildings: About once a
year, an announcement comes for a “home of the future” concept
that uses sensing and intelligence to conserve energy by managing
heating and cooling and lighting, to set appropriate entertainment
options, and to provide more comfort with less effort. In the past,
such visions were merely added convenience, but with increasing
energy costs, smart services will become a necessity. In addition,
homeowners are increasingly accepting sensors in homes for
security and games. By deploying technologies for these needs,
additional services will become possible, including assisted cook-
ing, elder care monitoring, and other telehealth services.
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• Personal service assistants: We perform a variety of rou-
tine, mundane tasks that could be personalized and (semi-)
automated. Current examples include booking a table at a
nearby restaurant and arranging travel.4 As this capability
demonstrates success, more is expected from it. The ultimate
assistant may never be completely attained, but we will see
more intelligent personalized services in coming years.

• Meeting capture and summarization: Mobile video and
audio recording of an entire day’s worth of meetings is possible
on data storage devices today, but the challenge is in summariz-
ing the event for later reference—you don’t want to have to sit
through the same meeting twice to find the part you’re inter-
ested in. Summarization and indexing is a complex problem,
but some progress has been made to extract the important cues
from a recording.5

• Automated workflow services: A variety of business pro-
cess software exists for handling common workflows such as
expense reporting, contract management, field service report-
ing, and sales force automation. Instead of depending on error-
prone manual input of outdated data, these systems will
achieve their full potential when they are populated with accu-
rate up-to-date information collected from contextual sensors.

• Lifestyle coaching: As a constant companion, smartphones
and smart environments are capable of reminding us to engage
in healthy habits and behaviors. In addition, they can identify
opportunities to present instructional material in context, such
as teaching language phrases according to the current situation.

• Mobile payment: A 2008 IDC report found that most people
would choose their mobile phone over their wallet, laptop, or
keys if they could take with them only one object for 24 hours.6

We are already seeing progress on a number of fronts to allow
people to transfer money to a merchant using just their mobile
phone via NFC and optical codes, as well as to receive payment
from others using portable magnetic-strip card readers that plug
into a smartphone’s audio jack.7

• Real-time language translation: Translation services
already exist for text on web pages and for images of signs,
menus, and other text. Audio translation utilities also work for
verbal language translation, but the translations incur some
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delay because the computational complexity and databases
used require sending audio to back-end servers. Increasingly
powerful handheld processors will make such services available
on the devices for real-time responsiveness.

• Rich telepresence (robots, 3D avatars, or other): Ubicomp
technologies enable a wide array of ways to keep remote friends
and colleagues aware of each other’s ongoing activities. Video
telepresence is increasingly common and available even on hand-
held smartphones. Future forms of telepresence will use sensors
that detect and distill one’s activities to others without necessarily
pointing a camera at what you are doing or otherwise exposing
potentially private information.

The existing and future contextually intelligent services will
become even more insightful as they are fed with additional sources
of information such as medical devices, on-body biometric monitors,
vehicle telematics, access of devices and information services, social
network services, and other as-yet-unforeseen information technolo-
gies. The amount of personal information that will be (and already is)
available warrants continued introspection and caution to ensure that
appropriate controls are enabled and enforced. Nevertheless, when
the use of such information benefits the person who generates the
data, not solely marketers and businesses, people increasingly choose
to provide it.

Riding the Wave
At this point, you probably have some great ideas for how to tap

into the capabilities of Ubiquitous Computing for your own business.
Great! Or maybe you’ve thought of some information problems that
information technologies do not currently address. Even better!
Beyond giving you ideas of what the future will hold, I want to pro-
vide you with actionable information and suggestions for how to pre-
pare your business to benefit from your ideas.

Technological innovation is no longer primarily about making
devices faster, smaller, and cheaper. Successful innovations today
reduce complexity. As the variety of solutions described in Part II
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indicates, constructing a solution is application specific, influenced by
multiple considerations. Think about your ideas in the following 
contexts and identify the situations that customers of your solutions
will be in. What compromises will a technology have to make to oper-
ate in these situations? What tradeoffs can your business afford to
make in each of these?

• Physical activity: Unlike desktop or laptop computing, in
which the user can be assumed to be sitting stationary in front
of the computer, Ubiquitous Computing can be conducted
while sitting, standing, walking, driving, or riding; while
indoors, outdoors, on an airplane, or in a store; and while talk-
ing to strangers or arguing with family members. The activity in
which it will be used constrains not only the form factor, but
also the attention resources that the user can afford to operate
a product or service.

• Physical space: Again, whereas desktop computing implies
an officelike space and laptop computing implies at least a lap
to rest on, Ubiquitous Computing can occur in any kind of
space: hallway, retail store, airport, urban street, rural settle-
ment, or back-country wilderness. The space constraints influ-
ence whether Ubicomp technologies need to be carried with
the user or possibly embedded in the environment.

• Varying network connectivity: Portable devices typically
have only intermittent connectivity, which varies with where
the systems will be deployed. Sensors and displays in smart
homes and buildings have more reliable connection to a net-
work but are not as constantly available to a user who roams
outside such smart spaces.

• Varying input/output capabilities: Ubicomp devices vary
in their input/output capabilities. Smart pens, wireless head-
sets, smartphones, media players, and cameras have variously
capable microphones, speakers, displays, buttons, and sensors.
Systems can also interact with non-electronic devices, such as
paper, which may be able to display only static information
(text, images, and optical codes).
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Evaluating Opportunities
I assume that you and your business already employee some

methodology for evaluating the business viability of an opportunity,8

but what about the technical viability? What criteria should you use to
examine the technical risk of a Ubicomp solution? The following are
practices that we use at PARC to ensure value while also creating
novel, differentiable technologies.

• Start with the application goal. Conduct observational studies
to find insights that aren’t obvious. Surveys are okay for a first
step, but they provide only a rough “order of magnitude” met-
ric. The rationale behind responses is hard to interpret. Inter-
views and ethnographic studies take longer but provide more
insight about the details of the problem, giving ideas of what
specific problems to solve or processes to streamline along with
the resources and constraints the customers have.

• Characterize the value if the technology is successful. Find out
before taking on development and addressing hard problems
such as privacy. Do this through mockups, storyboards, and sce-
narios with prospective customers. Find out the negative
impact as well as the positive, and calculate a net value based on
the customer’s perception of the positive and negative tradeoffs.

• Find sources of labeled behavioral data. If the solution involves
some kind of prediction or statistical learning, you need enough
real-world data to determine whether the approach is feasible.
The best place to start is government data sets (usually free!),
followed by experience sampling methods to capture data from
prospective customers in their real lives.

• Create a computational model that fits the application. Use off-
the-shelf modeling tools when possible, but there are predic-
tive problems for which existing methods either are overkill or
are imprecise. In particular, if the customers need to be able to
see and edit the models, off-the-shelf statistical packages are
too complex to interpret. Simpler, more direct methods are
often easier to understand.
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• Mitigate privacy concerns.
• Accept only opt-in users. To motivate people to opt in, the

service must provide some direct benefit to that person.
• Provide temporary opt-out and override capability.
• Allow people to permanently opt out and destroy their per-

sonal information at will (at the risk of having to start over if
they want the service again later).

• Show users what the system is saying about them and to
whom.

Conclusion
We’re free, no longer chained to a desk to use a computer.

Increasingly, information and content are available in our daily sur-
roundings. Generally, we manually seek information and services, but
in many cases they are offered automatically through location-based
services or sensor-triggered digital displays, for instance. We no
longer need to deliberately instruct machines to the very smallest
detail because they can fill in some of the blanks by learning how sim-
ilar things were done before.

I want to emphasize that the goal of Ubiquitous Computing is not
to create The Matrix, with people simply plugging in and disengaging
from life’s realities. Ubiquitous Computing is about living and work-
ing via technologies that allow people to focus on their higher goals of
achievement. Many of the technological building blocks exist already
but require too much manual integration. If our technological envi-
ronment is not meeting our needs today, we have only ourselves to
blame. It is within our collective power to create products and serv-
ices that fit our goals and natural behaviors.

Born around 1973, the Internet reached its full potential for busi-
ness value approximately 20 years later, during the mid-1990s, follow-
ing mass adoption of broadband networking and the simplicity of web
technologies. With this mass adoption, a variety of new business
opportunities were enabled, including online retail shopping, product
auctioning, news aggregation, online advertising, B2B operations,
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and other services. Now again, approximately 20 years since the initial
visions of Ubiquitous Computing were articulated, we have arrived at
critical mass penetration of the enabling technologies. Ubiquitous
Computing for Business is not simply about the pervasiveness of tech-
nologies in our lives, but about the new capabilities that such tech-
nologies enable for businesses to connect to customers and improve
operating efficiencies through personalization, massive contextual
interlinking, and bridging between digital and physical environments.

Ubiquitous Business is no longer a dream from the 1990s—that
future is now.
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Appendix

Further Reading
I’ve given only the most cursory overview of the scope and history

of Ubiquitous Computing. Consider this list of additional resources
on the topic for further reading.

Magazines that publish leading-edge topics in Ubiquitous
Computing:

• IEEE Pervasive Computing, www.computer.org/portal/web/
pervasive/home

Conferences at which to find research and inventions on tech-
nology, applications, user experience, and interaction techniques of
Ubiquitous Computing:

• ACM International Conference on Ubiquitous Computing,
www.ubicomp.org

• International Conference on Pervasive Computing, 
www.pervasive2010.org/

• IEEE International Conference on Pervasive Computing and
Communications, www.percom.org/

Books that describe the vision and social implications of Ubiqui-
tous Computing:

• Everyware: The Dawning Age of Ubiquitous Computing, by
Adam Greenfield (New Riders Publishing, 2006)
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• World Without Secrets: Business, Crime, and Privacy in the Age
of Ubiquitous Computing, by Richard Hunter (Wiley, 2002)

Technical books, to learn the theory, methods, and metrics for
designing, constructing, and evaluating Ubicomp systems:

• Smart Things: Ubiquitous Computing User Experience Design,
by Mike Kuniavsky (Morgan Kaufmann, 2010)

• Ubiquitous Computing Fundamentals, by John Krumm (Chap-
man and Hall/CRC, 2009)

• Advances in Ubiquitous Computing: Future Paradigms and
Directions, by Soraya Kouadri Mostefaoui, Zakaria Maamar,
and George M. Giaglis (IGI Publishing, 2008)

• Security for Ubiquitous Computing, by Frank Stajano (Wiley,
2002)

• Context-Aware Mobile and Ubiquitous Computing for
Enhanced Usability: Adaptive Technologies and Applications,
by Dragan Stojanovic (Information Science Reference, 2009)

• Security and Cooperation in Wireless Networks: Thwarting
Malicious and Selfish Behavior in the Age of Ubiquitous Com-
puting, by Levente Buttyan and Jean-Pierre Hubaux (Cam-
bridge University Press, 2007)

Academic journals, to find more thorough research on particu-
lar topics in Ubicomp:

• Pervasive & Mobile Computing, ISSN 1574-1192 (Imprint:
Elsevier)

• International Journal of Pervasive Computing and Communi-
cations, ISSN 1742-7371 (Imprint: Emerald)

• Personal and Ubiquitous Computing, ISSN 1617-4909 (print)
and 1617-4917 (online) (Imprint: Springer)

Web sites for historic information:

• Mark Weiser’s Ubiquitous Computing program at Xerox
PARC, www.ubiq.com/hypertext/weiser/UbiHome.html (last
updated in 1996)

• Wikipedia: Ubiquitous computing, http://en.wikipedia.org/
wiki/Ubiquitous_computing

www.ubiq.com/hypertext/weiser/UbiHome.html
http://en.wikipedia.org/wiki/Ubiquitous_computing
http://en.wikipedia.org/wiki/Ubiquitous_computing
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