


ffirs.indd   iiffirs.indd   ii 07/02/12   9:54 AM07/02/12   9:54 AM



Information, Technology, 
and Innovation

ffirs.indd   iffirs.indd   i 07/02/12   9:54 AM07/02/12   9:54 AM



ffirs.indd   iiffirs.indd   ii 07/02/12   9:54 AM07/02/12   9:54 AM



Information, Technology, 
and Innovation

Resources for Growth 
in a Connected World

JOHN M. JORDAN

John Wiley & Sons, Inc.

ffirs.indd   iiiffirs.indd   iii 07/02/12   9:54 AM07/02/12   9:54 AM



Copyright © 2012 by John Wiley & Sons, Inc. All rights reserved.

Published by John Wiley & Sons, Inc., Hoboken, New Jersey.
Published simultaneously in Canada.

No part of this publication may be reproduced, stored in a retrieval system, or 
 transmitted in any form or by any means, electronic, mechanical, photocopying, 
recording, scanning, or otherwise, except as permitted under Section 107 or 108 
of the 1976 United States Copyright Act, without either the prior written permission of 
the Publisher, or authorization through payment of the appropriate per-copy fee to the 
Copyright Clearance Center, Inc., 222 Rosewood Drive, Danvers, MA 01923, (978) 
750-8400, fax (978) 646-8600, or on the Web at www.copyright.com. Requests to the 
Publisher for permission should be addressed to the Permissions Department, John 
Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, (201) 748-6011, fax (201) 
748-6008, or online at www.wiley.com/go/permissions.

Limit of Liability/Disclaimer of Warranty: While the publisher and author have used 
their best efforts in preparing this book, they make no representations or warranties 
with respect to the accuracy or completeness of the contents of this book and 
 specifi cally disclaim any implied warranties of merchantability or fi tness for a particular 
purpose. No warranty may be created or extended by sales representatives or written 
sales materials. The advice and strategies contained herein may not be suitable for your 
situation. You should consult with a professional where appropriate. Neither the pub-
lisher nor author shall be liable for any loss of profi t or any other commercial damages, 
including but not limited to special, incidental, consequential, or other damages.

For general information on our other products and services or for technical support, 
please contact our Customer Care Department within the United States at (800) 762-2974, 
outside the United States at (317) 572-3993 or fax (317) 572-4002.

Wiley also publishes its books in a variety of electronic formats. Some content that 
appears in print may not be available in electronic books. For more information about 
Wiley products, visit our web site at www.wiley.com.

Library of Congress Cataloging-in-Publication Data

Jordan, John M.
  Information, Technology, and Innovation : Resources for Growth in a Connected 
World / John M. Jordan.
   pages cm
  Includes index.
  ISBN 978-1-118-15578-3 (hardback); ISBN 978-1-118-22598-1 (ebk); 
  ISBN 978-1-118-23930-8 (ebk); 978-1-118-26396-9 (ebk)
   1. Technological innovations. 2. Information technology—Management. I. Title.
 HD30.2.J673 2012
 303.48'3—dc23

 2011048573

Printed in the United States of America
10   9   8   7   6   5   4   3   2   1

ffirs.indd   ivffirs.indd   iv 07/02/12   9:54 AM07/02/12   9:54 AM

http://www.copyright.com
http://www.wiley.com/go/permissions
http://www.wiley.com


For Douglas, Phoebe, and Walker

ffirs.indd   vffirs.indd   v 07/02/12   9:54 AM07/02/12   9:54 AM



ffirs.indd   viffirs.indd   vi 07/02/12   9:54 AM07/02/12   9:54 AM



vii

Contents

Preface xv

Acknowledgments xix

SECTION I FOUNDATIONS  1

CHAPTER 1 Introduction 3

Cognition 4
Innovation 6
The Macro Picture 8
Earthquakes Every Year 11
Themes 18
We’ve Seen This Movie Before 21
Notes 23

CHAPTER 2 Demographics 25

Is There a “Net Generation”? 26
Digital Natives 28
Millennials at Work 29
Behavior and Expectations 30
Looking Ahead 30
Notes 33

CHAPTER 3 Behavioral Economics 35

Challenges to Economic Man 35
Behavioral Economics in a Networked Age 37
Looking Ahead 40
Notes 41

ftoc.indd   viiftoc.indd   vii 07/02/12   10:11 AM07/02/12   10:11 AM



viii Contents

CHAPTER 4 Information Economics 43

Information Goods 44
Pricing Information: Versioning and Bundling 46
Network Effects 48
Lock-in 49
Looking Ahead 50
Notes 55

CHAPTER 5 Platforms 57

Strategic Levers 60
Looking Ahead 63
Notes 63

CHAPTER 6 Power Laws and Their Implications 65

A Bit of History 65
Long-Tail Successes 67
Cautionary Tales 67
Facts of Life 68
Implications 69
Looking Ahead 70
Notes 71

CHAPTER 7 Security and Risk 73

Landscape 73
Information Space Is Neither Average nor Normal 75
People Systematically Misestimate Risk 76
Doing It Right 77
Looking Ahead 81
Notes 81

SECTION II WORK AND ORGANIZATION  83

CHAPTER 8 A Brief History of Organizational Innovation 85

1776: Division of Labor 85
1860–1890: Railroads and the Rise of Administration 86
1910: Scientifi c Management and the Further 
Division of Labor 87
1930s: Alfred Sloan at General Motors 88
1937–1981: Transaction Costs 88

ftoc.indd   viiiftoc.indd   viii 07/02/12   10:11 AM07/02/12   10:11 AM



Contents ix

1980s: Economies of Scope and Core Competencies 89
1995: Linux as “Commons-Based Peer Production” 90
2000: Offshore 91
Looking Ahead 91
Notes 92

CHAPTER 9 Firms, Ecosystems, and Collaboratives 93

Emerging Nonfi rm Models 93
Distributed Capital 98
Looking Ahead 100
Notes 101

CHAPTER 10 Government 103

The Biggest Employer 104
Government Hiring at a Crossroads 107
Inevitable Downsizing 108
Government on the Technology Landscape 110
Looking Ahead 112
Notes 113

CHAPTER 11 Crowds 115

Crowdsourcing: Group Effort 115
Information Markets and Other Crowd Wisdom 119
Varieties of Market Experience 122
Looking Ahead 123
Notes 124

CHAPTER 12 Mobility 127

Bottom Up 127
Search Costs 130
Supply Chain Effi ciency 130
Mobile Phone Industry Impact 131
Risk Mitigation 132
Apps for Change 133
Looking Ahead 136
Notes 137

CHAPTER 13 Work 139

The Big Picture: Macro Trends 139
Where 141

ftoc.indd   ixftoc.indd   ix 07/02/12   10:11 AM07/02/12   10:11 AM



x Contents

Outputs 143
Skills 144
Work 146
Looking Ahead 149
Notes 150

CHAPTER 14 Productivity 153

Classic Productivity Defi nitions 154
Services Productivity 155
Services Productivity and Information Technology 156
Information Technology and Unemployment 158
Looking Ahead 159
Notes 160

SECTION III BUSINESS MODEL DISRUPTION  161

CHAPTER 15 Business Model Overview 163

Defi nition 164
Changing Minds, Changing Models 165
Disruptive Innovation 166
Disruptive Innovation as Paradigm Shift 168
Looking Ahead 168
Notes 169

CHAPTER 16 Data and Communications 171

Evolution of the Incumbent Business Model, 1877–1996 171
Business Model Disruption, 1996–2010 174
Implications of “Stupid” Networks 177
Looking Ahead 178
Notes 178

CHAPTER 17 Software Business Models 179

Incumbent Model Pre-2000 179
Business Model Disruption after 1998 181
Looking Ahead 187
Notes 188

CHAPTER 18 Music Business Models 189

Incumbent Model Pre-2000 189
Business Model Disruption Pre-Napster 192

ftoc.indd   xftoc.indd   x 07/02/12   10:11 AM07/02/12   10:11 AM



Contents xi

Business Model Disruption Post-Napster 194
Looking Ahead 197
Notes 198

CHAPTER 19 News 199

Incumbent Formula Pre-2005 199
Business Model Disruption 203
Looking Ahead 205
Notes 207

CHAPTER 20 Healthcare 209

Defi nitions 210
Healthcare as Car Repair for People? 211
Following the Money 212
Where Information Technology Can and Cannot Help 214
Disruptive Innovation 216
Looking Ahead 219
Notes 220

CHAPTER 21 Two Disruptions that Weren’t 221

Retail 221
Real Estate 227
Notes 229

SECTION IV TECHNOLOGY LANDSCAPES  231

CHAPTER 22 Code 233

Intangibility 234
Fungibility 235
Code Embeds Value Judgments 236
Metadata 237
Social Metadata 238
Looking Ahead 240
Notes 241

CHAPTER 23 Sensors 243

Historical Roots 243
Ubiquity 244
Current Examples 246

ftoc.indd   xiftoc.indd   xi 07/02/12   10:11 AM07/02/12   10:11 AM



xii Contents

Phones as Sensors 249
Looking Ahead 250
Notes 251

CHAPTER 24 The Internet and Other Networks 253

Legacy Telecom Network Principles 254
Defense Origins of the Internet 255
Internet Principles 257
Consequences of Internet Principles 259
Looking Ahead 260
Notes 260

CHAPTER 25 Location Awareness 263

Variations on a Theme 265
Landmarks 266
Location, Mobility, and Identity 268
Looking Ahead 270
Notes 270

CHAPTER 26 Clouds 271

Both Technical and Economic Innovation 272
Cloud Computing and the Enterprise 273
The Cloud Will Change How 
Resources Are Organized 275
Practical Considerations 276
Looking Ahead 278
Notes 278

CHAPTER 27 Wireless 281

Precedents 281
The Breakthrough 286
Looking Ahead 289
Notes 290

CHAPTER 28 Search 291

Why Search Matters: Context 291
The Wide Reach of Search 294
Valuing Search 296
Looking Ahead 297
Notes 301

ftoc.indd   xiiftoc.indd   xii 07/02/12   10:11 AM07/02/12   10:11 AM



Contents xiii

CHAPTER 29 Analytics 303

Why Now? 304
Practical Considerations: Why Analytics Is Still Hard 308
Looking Ahead 309
Notes 310

CHAPTER 30 Information Visualization 311

Supply 311
Demand 311
Audience 312
Defi nition and Purpose 312
Current State 313
Looking Ahead 316
Notes 317

SECTION V SOME BIG QUESTIONS 319

CHAPTER 31 Identity and Privacy 321

Privacy 322
Scale 323
Invisibility 325
Identity 326
Looking Ahead 327
Notes 329

CHAPTER 32 Communications and Relationships 331

Connections 331
Networks 336
Creation 340
Looking Ahead 341
Notes 342

CHAPTER 33 Place, Space, and Time 343

Virtuality 345
Organizations 346
Automata 347
Implications 348
Looking Ahead 349
Notes 350

ftoc.indd   xiiiftoc.indd   xiii 07/02/12   10:11 AM07/02/12   10:11 AM



xiv Contents

CHAPTER 34 Confl ict 351

Warfare between Nation-States 351
Non-Nation-State Actors 353
Emerging Offensive Weapons 357
Looking Ahead 358
Notes 359

CHAPTER 35 Innovation 361

Amazon 361
Crowds 367
Looking Ahead 369
Notes 370

CHAPTER 36 Information, Technology, and Innovation 371

Macro Issues 371
Globalization 372
Strategy 373
Organizations 380
Marketing 381
Supply Chains 385
The IT Shop 386
Implications 387
The Last Word . . . 388
Notes 388

About the Author 391

Index 393

ftoc.indd   xivftoc.indd   xiv 07/02/12   10:11 AM07/02/12   10:11 AM



xv

Preface

The Outer Banks of North Carolina is a chain of barrier islands located 
off the eastern shore of the state. Most famous for the Kitty Hawk dunes 
where the Wright Brothers fi rst achieved powered fl ight, the Banks have 
a long, rich history. The pirate Edward “Blackbeard” Teach sailed out of 
Ocracoke Island, while the treacherous waters offshore have claimed doz-
ens of ships over the centuries. In World War II, German submarines sunk 
merchant vessels there; divers recovered an Enigma decoder machine 
from one such German submarine in 1981. Merchant hunters once used 
massive shotgun-like weapons to down hundreds of duck and geese in a 
single outing on the 30-mile wide Pamlico Sound.

For hundreds of years, the Banks were remote and hard to get to; 
this quality, along with the wind and sand, was part of the appeal to the 
Wrights. The 1960s saw the beginning of a period of rapid growth and 
discovery by the outside world. Bridges and causeways replaced some 
of the ferries, world-record marlin were caught by Hatteras Island char-
ter captains, and the rapid growth of such southeastern cities as Atlanta, 
Raleigh-Durham, Charlotte, and the Washington, DC area helped drive 
a rapid increase in tourism. Finally, the rise in such adventure sports as 
surfi ng, windsurfi ng, and kiteboarding coincided with the area’s unique 
 combination of wind and waves to draw international attention to the area. 
For all the snowboarder-like attitude, however, fi shing—on the sound in a 
skiff, in the Gulf Stream from a 50-foot “battle wagon,” or off the beach—
was and remains a massive draw to the area.

Despite the modernization, the islands remain prone to hurri-
cane damage. The fragile barrier islands are continually shifting and 
extreme storms can breach the thin islands. While the sunshine and miles 
of white sand beaches, many of them protected from development as 
part of a national seashore, exert their pull toward escape and relaxation, 
locals keep a close eye on the weather. Evacuation routes are clearly 
marked and frequently used. After one hurricane, renters were given fl yers 
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xvi Preface

asking them to be patient with storekeepers and restaurant waitstaff inso-
far as some of them had just lost their homes.

The Outer Banks is clearly a unique locale, a barrier island ecosys-
tem with a rich history. Inspired by the Foxfi re experiment in oral history 
begun by a Georgia English teacher in the 1960s, the local high school 
interviewed longtime residents for an excellent series of recollections. As 
recently as the 1990s, weather information was displayed in block letters, 
much like old IBM text-based PCs, on local cable television. Wireline tele-
phone coverage was spotty: some calling cards worked better than oth-
ers. The New York Times, Sunday or otherwise, was impossible to obtain. 
Renting a house involved a mimeographed list of options and a toll-free 
telephone call to a property management fi rm. Being removed from the 
rat race was part of the Banks’ appeal.

The rapid growth of the Sun Belt, combined with the real estate 
bubble of 1995 to 2008, encouraged building and more building. Houses 
grew bigger. Pools became the norm, even for oceanfront houses. Real 
estate fi rms multiplied, and moved from mimeograph to black-and-white 
offset printing to thick, slick full-color catalogs. The Washington Post and 
Sunday New York Times infi ltrated the islands, as did upscale restaurants. 
Cell phone service improved; high-speed Internet access became a routine 
feature of the rental properties.

As of 2011, the Outer Banks feels less isolated than ever before. Some 
property managers have dispensed with paper catalogs altogether, moving 
instead to online guides that feature Google Earth aerial imagery, video 
walk-throughs of the properties, and extensive photo galleries. The New 
York Times, the BBC, and Al Jazeera are all equally and easily available. 
Weather channels and resources have proliferated.

Cell phone coverage can extend up to 20 miles offshore. It’s great 
for the fi shing guides but just as useful for making the BlackBerry work. 
Wi-Fi in many rental houses makes tuning out an act of will rather than a 
default state of affairs. Anonymity becomes less common: A colleague of 
ours was on the same island as we were on a recent visit, a fact we dis-
covered through Facebook. His page even told us what music he listened 
to while there.

Local retailers of everything from books to kiteboard gear to fi shing 
tackle now ship worldwide from online storefronts. Fishing guides and 
restaurateurs look to Match.com for a social life, claiming that “It’s hard 
to develop a relationship with people who are only here a week at a 
time.” Political organizers have turned to the Web as court decisions to 
protect nesting birds and sea turtles have restricted beach access for fi sh-
ing and other recreation. One of the main bridges connecting the islands 
is in need of substantial repairs, and there are online petitions and other 
resources devoted to that cause as well.
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Relentless improvements in electronic connection have brought many 
changes to life on these islands. Personal safety during extreme weather, 
health care, and retail selection, particularly in the off season, have 
increased by a sizable extent. At the same time, the Outer Banks is no 
longer unique: In a highly connected world, anyplace can to a degree 
become everyplace. Getting CNN, and Twitter, and e-mail just as easily in 
an island paradise as in an airport Hilton also has consequences.

This book attempts to explore the intersection of our connecting tech-
nologies and our institutions, and the changes that come to business as a 
result. For a variety of reasons—not all of them related to the Internet—
making a living, fi nding a partner, and other essential, defi ning pursuits 
are changing. Just as with life on the Banks, the changes are happening 
fast, but often invisibly, particularly for the young. The book began as an 
undergraduate class on global information technology strategy, an exercise 
in looking closely at the ways in which information and technology alter 
the business landscape. My objective is neither to be a cheerleader for IT 
nor to lament the lost glories of years gone by. Rather, I hope to identify 
both the imperative and the resources for still-deeper innovation as we 
extend the impact of the information revolution to more strata of society, 
more areas of the globe, and ultimately more workers.

This book’s argument has fi ve phases. First, some basic facts about 
technology, management, and economics are examined to set some 
context. The second section is concerned with how humans organize 
resources and do work in the changing landscape. Business model dis-
ruption and innovation is the focus of seven case studies in Section III. 
A number of particular technologies that can serve as innovation 
resources—building blocks, as it were—are discussed in Section IV. 
Finally, the last section sketches out fi ve broad areas of rapid change in 
the foreseeable future.
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1

SECTION I

Foundations

For all the breadth of today’s technology and business landscape, a surpris-
ingly small number of general principles underlie many patterns of behav-
ior. These principles, however, derive from several areas of the social and 
behavioral sciences that are usually considered in parallel rather than jointly. 
At base, the paradox of information technology lies in how much more 
potential remains to be explored, particularly in the economic realm.
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3

CHAPTER 1
Introduction

If you watch exponential change for long enough, the effects grow 
beyond comprehension. In the late 1990s the technology analyst George 
Gilder was fond of telling the story of “the second half of the chessboard.” 
Here is one version:

The emperor of China was so excited about the invention of chess 
that he offered the inventor anything he wanted in the kingdom. 
The inventor thought for a moment and said, “One grain of rice, 
Your Majesty.” “One grain of rice?” the puzzled emperor asked. 
“Yes, one grain of rice on the fi rst square, two grains of rice on 
the second square, four grains of rice on the third square, and so 
on through the 64 squares on the chessboard.” The emperor read-
ily granted that seemingly modest request. Of course, there are two 
possible outcomes to this story. One is that the emperor goes bank-
rupt because 2 to the 64th power grains of rice equals 18 million 
trillion grains of rice, which would cover the entire surface of the 
earth with rice fi elds two times over.1

The story highlights one of the critical facts of contemporary life: 
Improvements in digital technologies are possible at scales never experi-
enced in previous domains. As a 2005 advertisement from Intel pointed 
out, if air travel since 1978 had improved at the pace of Moore’s law of 
microprocessor price/performance (one of Gilder’s doubling technolo-
gies), a fl ight from New York to Paris would cost about a penny and take 
less than one second. Cognitively, physically, and collectively, humanity 
has no background in mastering change at this scale. Yet it has become 
the expectation; the list later in this chapter should be persuasive.
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4 Introduction

Given the changes of the past 40 years—the personal computer, the 
Internet, Global Positioning Systems (GPS), cell phones, and smartphones—
it’s not hyperbole to refer to a technological revolution. This book explores 
the consequences of this revolution, particularly but not exclusively for 
business. The overriding argument is straightforward:

 � Computing and communications technologies change how people 
view and understand the world, and how they relate to each other.

 � Not only the Internet but also such technologies as search, GPS, MP3 
fi le compression, and general-purpose computing create substantial 
value for their users, often at low or zero cost. Online price compari-
son engines are an obvious example.

 � Even though they create enormous value for their users, however, 
those technologies do not create large numbers of jobs in western 
economies. At a time when manufacturing is receding in importance, 
information industries are not yet fi lling the gap in employment as 
economic theory would predict.

 � Reconciling these three traits will require major innovations going 
forward. New kinds of warfare and crime will require changes to 
law and behavior, the entire notion of privacy is in need of reinven-
tion, and getting computers to generate millions of jobs may be the 
most pressing task of all. The tool kit of current technologies is an 
extremely rich resource.

Cognition
Let’s take a step back. Every past technological innovation over the past 
300-plus years has augmented humanity’s domination over the physical 
world. Steam, electricity, internal combustion engines, and jet propulsion 
provided power. Industrial chemistry provided new fertilizers, dyes, and 
medicines. Steel, plastics, and other materials could be formed into sky-
scrapers, household and industrial items, and clothing. Mass production, 
line and staff organization, the limited liability corporation, and self-service 
were among many managerial innovations that enhanced companies’ abil-
ity to organize resources and bring offerings to market.

The current revolution is different. Computing and communications aug-
ment not muscles but our brain and our sociability: Rather than expanding 
control over the physical world, the Internet and the smartphone can com-
bine to make people more informed and cognitively enhanced, if not wiser. 
Text messaging, Twitter, LinkedIn, and Facebook allow us to maintain both 
“strong” and “weak” social ties—each of which matters, albeit in different 
ways—in new ways and at new scales. Like every technology, the tools are 
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Cognition 5

FIGURE 1.1 Claude Elwood Shannon, 1916–2001
Source: Courtesy MIT Museum.

value neutral and also have a dark side; they can be used to exercise forms 
of control such as bullying, stalking, surveillance, and behavioral tracking. 
After about 30 years—the IBM Personal Computer (PC) launched in 1981—
this revolution is still too new to refl ect on very well, and is of a different 
sort from its predecessors, making comparisons* only minimally useful.

For a brief moment let us consider the “information” piece of “infor-
mation technology” (IT), the trigger to that cognitive enhancement. 
Claude Shannon, the little-known patron saint of the information age 
(see Figure 1.1), conceived of information mathematically; his fundamen-
tal insights gave rise to developments ranging from digital circuit design 
to the blackjack method popularized in the movie 21. Shannon made key 
discoveries, of obvious importance to cryptography but also to telephone 
engineering, concerning the mathematical relationships between signals 
and noise. He also disconnected information as it would be understood in 
the computer age from human uses of it: Meaning was “irrelevant to the 

*When Al Gore called the Internet the “Information Superhighway” in 1978, it was 
a perfect example of this disconnect.
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6 Introduction

engineering problem.”2 This tension between information as engineers see 
it and information that people generate and absorb is one of the defi n-
ing dynamics of the era. It is expressed in the Facebook privacy debate, 
Google’s treatment of copyrighted texts, and even hedge funds that mine 
Twitter data and invest accordingly. Equally important, however, these tech-
nologies allow groups to form that can collectively create meaning; the edi-
torial backstory behind every Wikipedia entry, collected with as much rigor 
as the entry itself, stands as an unprecedented history of meaning-making.

The information revolution has several important side effects. First, it 
stresses a nation’s education system: Unlike twentieth-century  factories, 
many information-driven jobs require higher skills than many members of 
the workforce can demonstrate. Finland’s leadership positions in education 
and high technology are related. Second, the benefi ts of information fl ow 
disproportionately to people who are in a position to understand informa-
tion. As the economist Tyler Cowen points out, “a lot of the Internet’s big-
gest benefi ts are distributed in proportion to our cognitive abilities to exploit 
them.”3 This observation is true at the individual and collective level. Hence 
India, with a strong technical university system, has been able to capitalize 
on the past 20 years in ways that its neighbor Pakistan has not.

Innovation
Much more tangibly, this revolution is different in another regard: It has yet 
to generate very many jobs, particularly in fi rst-world markets. In a way, it 
may be becoming clear that there is no free lunch. The Internet has created 
substantial value for consumers: free music, both illegal and now legal. Free 
news and other information such as weather. Free search engines. Price 
transparency. Self-service travel reservations and check-in, stock trades, and 
driver’s license renewals. But the massive consumer surplus created by the 
Internet comes at some cost: of jobs, shareholder dividends, and tax rev-
enues formerly paid by winners in less effi cient markets.4

In contrast to a broad economic ecosystem created by the  automobile 
industry—repair shops, drive-in and drive-through restaurants, road-build-
ers, parking lots, dealerships, parts suppliers, and fi nal assembly plants—
the headcount at the core of the information industry is strikingly small 
and doesn’t extend out very far. Apple, the most valuable company by 
market capitalization in the world in 2011, employs roughly 50,000 
people, more than half of whom work in the retail operation. Compare 
Apple’s 25,000 nonretail workers to the industrial era, when headcounts 
at IBM, General Motors, and General Electric all topped 400,000 at one 
time or another. In addition, the jobs that are created tend to be in a very 
narrow window of technical and managerial skill. Contrast the hiring at 
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Innovation 7

Microsoft or Facebook to the automobile industry, which in addition to 
the best and the brightest could also give jobs to semiskilled laborers, toll-
booth collectors, used-car salesmen, and low-level managers. That reality 
of small workforces (along with outsourcing deals and offshore contract 
manufacturing), high skill requirements, and the frequent need for exten-
sive education may become another legacy of the information age.

In the past 50 years, computers have become ubiquitous in American 
businesses and in many global ones. IT has contributed to increases in effi -
ciency and productivity through a wide variety of mechanisms, whether 
self-service Web sites, automated teller machines, or gas pumps; improved 
decision making supported by data analysis and planning software; or 
robotics on assembly lines. The challenge now is to move beyond opti-
mization of known processes. In order to generate new jobs—most of the 
old ones aren’t coming back—the economy needs to utilize the comput-
ing and communications resources to do new things: cure suffering and 
disease with new approaches, teach with new pedagogy, and create new 
forms of value. Rather than optimization, in short, the technology revolu-
tion demands breakthroughs in innovation, which as we will see is con-
cerned with more than just patents.

There are of course winners in the business arena. But in the long 
run, the companies that can operate at a suffi ciently high level of innova-
tion and effi ciency to win in brutally transparent and/or low-margin markets 
are a minority: Amazon, Apple, Caterpillar, eBay, Facebook, and Google 
are familiar names on a reasonably short list. Even Dell, HP, Microsoft, and 
Yahoo, leaders just a few years ago, are struggling to regain competitive 
swagger. Others of yesterday’s leaders have tumbled from the top rank: 
Merrill Lynch was bought; General Motors and Chrysler each declared bank-
ruptcy. Arthur Andersen, Lehman Brothers, and Nortel are gone completely. 
How could decline happen so quickly?

Given our era’s place in the history of technology, it appears that struc-
tural changes to work and economics are occurring. To set some context, con-
sider how mechanization changed American agriculture after 1900. Because 
they allowed fewer people to till the land, tractors and other machines drove 
increased farm size and migration of spare laborers to cities. Manufacturing 
replaced agriculture at the core of the economy. Beginning in 1960, computers 
helped optimize manufacturing. Coincident with the rise of enterprise and then 
personal computing, services replaced manufacturing as the main employer 
and value generator in the U.S. economy. In short, innovation could be to 
information what mechanization was to agriculture: the agent of its marginal-
ization and the gateway to a new economic era.

How IT relates to this shift from manufacturing to services and, 
potentially, a new wave of innovation is still not well understood; to take 
one example, as Michael Mandel argued in Bloomberg Businessweek, a 
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shortfall of innovation helps explain the misplaced optimism that con-
tributed to the fi nancial crises of the past years.5 But rather than merely 
incant that “innovation is good,” I believe that the structure of economic 
history has certain limits, and computers’ propensity for optimization may 
be encountering one such limit. It takes people to innovate, however, and 
identifying both the need as well as the capabilities and resources neces-
sary for them to do so may be a partial path out of the structural eco-
nomic stagnation in which we fi nd ourselves.

Consider Dell, which achieved industry leadership in the 1990s 
through optimization of inventory control, demand creation, and the 
matching of the two. The 2000s have treated the company less well. Apple, 
which like Dell boasts extremely high levels of supply chain  performance, 
has separated itself from the PC industry through its relentless innovation. 
Seeing Apple pull away with the stunning success of the iPhone, Google 
in turn mobilized the Android smartphone platform through a different, 
but similarly effective, series of technical and organizational innovations. 
In contrast to Apple and Google, optimizers like Dell are suffering, and 
unsuccessful innovators including Nokia are making desperate attempts 
to compete. Successful innovation is no longer a matter of building bet-
ter mousetraps, however: The biggest winners are the companies that can 
innovate at the level of systems, or platforms.

The Macro Picture
At the risk of missing some important nuances, three broad issues— 
globalization, the shift from manufacturing to services, and stagnant 
middle-class wage growth—need to be considered in tandem with the 
technology and associated business changes that serve as the primary 
focus of this book. It should be noted at the outset that coincidence does 
not imply causation: To assert that the rise of the information era hap-
pened in the same period as a transition from manufacturing to services 
should not be taken to say one caused the other. In fact, some other 
dynamic may have caused both. That said, powerful forces need to be 
acknowledged before analyzing the technology sector by itself. We have 
more to say about each of the topics in the coming chapters.

Globalization
The rise of globalization (regardless of how it is defi ned) and the rapid 
diffusion of the Internet and mobile phones are neatly aligned in time, 
taking off around 1989. Figure 1.2 shows one effort to measure globaliza-
tion, building on three factors: Economic, social, and political inputs all 
inform this index, which was created by KOF, a Swiss think tank.6 These 
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