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OptimizingYour Digital
Business Model
What does it take to create the strongest possible online presence?
BY PETER WEILL AND STEPHANIE L. WOERNER

ARE YOUR CUSTOMERS leaving you behind digitally? Are they seeking out other companies
that provide great digital customer experiences?
These are far from idle questions. Customers are increasingly demanding to interact with companies anytime and anywhere. For instance, 72% of customers in a recent survey said they would
replace some traditional channels with mobile apps if the capability was available.1
Given that, enterprises must strengthen their digital business models — how they engage their customers digitally to create value, via mechanisms such as websites and mobile devices.2 If your company
doesn’t offer a great digital experience, many customers, particularly younger people, will move to industry competitors or do more business with companies like Amazon.com that offer great customer
experiences digitally, operate in adjacent industries and are starting to offer services similar to yours.
To make this change more difficult, a great digital business model challenges the traditional physical business model that relies on places (such as bank branches, bookstores or department stores) and
people (such as sales teams or insurance agents) to delight a customer. A digital business model challenges the physical model in three main areas: internal power, since who “owns” the customer’s

THE LEADING
QUESTION

How can you
develop an
effective digital business
model?
FINDINGS
As business increasingly moves from
the physical world
of “place” to the
digital world of
“space,” companies
need to strengthen
their digital business models.
To be successful, a
digital business
model must offer
good content, customer experience
and platforms.
However, your
company doesn’t
necessarily need to
be a leader in all
three areas.

As Netflix Inc. discovered in
2011, business model missteps
can annoy customers.
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ABOUT THE
RESEARCH
This article is based on a
two-year MIT Center for
Information Systems
Research (CISR) research
project. We began by creating a framework drawing on
previous research and many
conversations with chief information officers and other
senior leaders about the
challenges of operating in a
more digital world. We designed a survey to validate
the framework, with 118
companies in a wide variety
of industries responding.
We analyzed self-reported
financial performance data,
looking for patterns of best
practice. The effectiveness
of a company’s content, experience and platform was
measured by averaging answers to a set of questions
about different aspects of
each construct (content=9
questions, experience=9
questions, platform=8
questions). We also collected detailed secondary
data on companies, including news reports and other
publicly available information. Data for the LexisNexis
case study were collected
in interviews with six of the
company’s most senior executives, using a structured
interview guide. Data for
the USAA case were drawn
from public sources, senior
executive presentations
and an MIT CISR case
study.i We also completed a
detailed case study of
Banco do Brasil and case
vignettes from public
sources on Apple, Bloomberg, Commonwealth Bank
of Australia and Netflix.
Finally, to refine the work,
we shared our analysis with
executives in the companies we studied and in
workshops with executives
experienced in transforming
their enterprises to succeed
in a digital environment.

experience often changes from product groups to
the unit that manages the multiproduct customer
experience; business processes, which require rethinking to be seamless across channels; and
customer data, which become an enterprise-wide
resource rather than remaining hidden in one area.
Whether you are a born-on-the-Web company, a
large established company or a local business just
starting to focus on the best way to connect with customers online, your enterprise needs to strengthen
its digital business model. And the stakes are high if
you get it wrong. Just ask Netflix Inc., which dominated the DVD mail rental business and had strong
claims on the video streaming business. Through
business model missteps — separating delivery via
mail and digital delivery, coupled with a large price
hike — Netflix annoyed many of its customers. The
result was a 79% drop in share price from July to November 2011, despite revenue growth of 52%. 3
During that period, the stock market lost confidence
in Netflix’s ability to manage its increasingly digital
business model. Netflix stock has since rebounded,
but by early 2013 it still had not reached the levels it
occupied in 2011.
Digital business models are transparent to all.
They can crash quickly, because switching costs in the
digital world are often lower than in the physical
world, and it’s getting easier to digitally describe offerings using images, objective measures (for
example, power in a toaster oven or management
costs for a mutual fund) and third-party product ratings. It’s also getting easier to compare services from
different companies — using search engines, or sites
like TripAdvisor LLC or intermediaries (for example,
Expedia Inc. in travel) that incorporate customers’
shared experience via ratings as well as social media.
To help executive teams assess and strengthen
their digital business models, we provide a framework that organizations can use, along with
examples drawn from both born-digital companies and older companies such as Apple, USAA and
LexisNexis. We also present benchmarks and best
practices derived from a recent survey we conducted. Our survey found that organizations that
were in the top third in terms of digital customer
experience had 8.5% higher net margins and 7.8%
higher revenue growth than their industry competitors.4 (See “About the Research.”)

From Place to Space
Three trends have converged to raise the stakes for
the effectiveness of your enterprise’s digital business
model. The first is the continued march toward the
digitization of ever-increasing aspects of business —
incorporating more of your customers’ experience,
executing more of your business processes and working together with partners in your value chain. The
second trend is the increasing number of “digital natives” — your young current and future customers
and employees — who expect a brilliant digital experience in all of their interactions with you. The third
trend is the dawning of the age of the customer voice,
in which customers have a much stronger impact on
enterprises via ratings of their services (such as the
customer rating stars on Amazon and customer experience surveys) and via online comments through
Twitter and other social media.
Before the Internet, business operated primarily
in a physical world of “place”: It was a world that was
tangible, product-based and oriented toward customer transactions. Today, many industries — all
moving at different rates — are shifting toward a
digital world of “space”: more intangible, more service-based and oriented toward customer experience.
Take The Wall Street Journal. In the world of
“place,” The Wall Street Journal produces its own
content (stories, photos, etc.), packages it into a
printed newspaper (with a distinctive look, feel and
editorial style) and delivers it via a custom-built
infrastructure (printing presses, trucks and delivery people). Customer value is produced via tight
integration of these components.
In the world of “space,” the components of content, packaging and infrastructure have morphed and
split. Content has mushroomed and is no longer
strictly proprietary: In the digital world, The Wall
Street Journal obtains branded content from other
sources (like Reuters) and in turn provides its content
to partners to deliver to their customers. The packaging has transformed into a consistent digital customer
experience on many different devices. Infrastructure
has morphed into a powerful combination of internal and external digital platforms — some controlled
by The Wall Street Journal and some not; for example, you can access The Wall Street Journal on your
phone, PC and TV from anywhere. Customer value
is now produced via a modular combination of these
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components, often creating different value propositions for different customers.5

Content, Experience and Platform
A digital business model has three components:
content, customer experience and platform.6 (See
“The Three Components of a Digital Business
Model.”) Consider Amazon’s retail customer digital business model. Amazon’s content — what is
consumed — includes digital products like movies
and software, as well as information about the
physical products it sells or brokers. And many of
these digital products have challenged the status
quo at Amazon and other companies. For example,
Amazon’s e-books outsold its physical books for
the first time in May 2011.7
The customer experience embodies what it’s like
to be a digital customer of your organization,
whether buying digital or physical products. Amazon’s customer experience includes the website and
the digitized business processes touching the customer, like the shopping cart and payment options,
as well as messaging, such as delivery alerts and
email acknowledgments. The experience also includes Amazon’s well-developed customer-created
content: customer product ratings and reviews, as
well as sophisticated tools like search, a detailed history of purchases and tailored recommendations.
The platform consists of a coherent set of digitized business process, data and infrastructure. The
platform has internal and external components
and may both deliver digital content to the customer as well as managing physical product
delivery to the customer. Amazon’s internal platforms include customer data and all the business
processes that don’t touch the customer, such as
customer analytics, human resources, finance and
merchandising. External platforms include the
phones, tablets or computers that consumers use to
research and purchase the products, along with
telecommunications networks and Amazon’s partnerships with delivery companies like UPS that
deliver physical products and generate text messages on delivery; all of these external platforms
neatly integrate with Amazon’s internal platforms.
To achieve economies of scale with digital business models requires the development and reuse of
digitized platforms across the enterprise.8 Without
SLOANREVIEW.MIT.EDU

THE THREE COMPONENTS OF A
DIGITAL BUSINESS MODEL
The three components of your digital business model — content, experience and
platform — work together to create a compelling customer value proposition.

Content

What is
consumed?

Experience

How is it
packaged?

Platform

How is it
delivered?

Information
Product
Customer
Experience

Product information, price and use details, etc.
Digital products, such as e-books, e-saver
accounts, movies, software
Experience can include customer-facing
digitized business processes, community and
customer input, expertise for informed decision
making, recommendations, tools and interface

Internal

Other business processes, customer data, technology

External

Proprietary hardware, public networks, partners

such shared platforms, the IT units in companies
implement a new solution in response to every
business need, creating a spaghetti-like arrangement of systems that do meet specific customer
needs but are expensive and fragile — and don’t
scale enterprise-wide. Worse still, the customer experience suffers as the customer gets a fragmented
product-based experience rather than a unified
multiproduct experience.

How LexisNexis Strengthened
Its Digital Business Model
The experience of LexisNexis, one of the world’s
largest providers of information to the legal market,
illustrates how one company tackled the challenge of
strengthening its digital business model. With 2011
revenues of $2.3 billion, LexisNexis has customers in
more than 100 countries, a five-year revenue growth
rate of 11%9 and billions of searchable documents.
LexisNexis’ operating environment has become increasingly digital; its parent company, Reed Elsevier,
reports total enterprise revenues from electronic
content and tools increasing from 22% in 2000 to
63% in 2011.10 Leaders at the company expect this
will rise to almost 100% in the near future.
As legal content has become more digitized, it
has also become more commoditized, and disintermediators such as Bing and Google have gained
importance as sources for information such as contact details for lawyers, public records and case law.
Governments also are digitizing more of their public records, making them searchable and easier to
access. In response, LexisNexis has invested in more
exclusive content, improved its customer experience and developed a more flexible platform.
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Creating Unique Content
LexisNexis has diversified its content to make it more
valuable to lawyers. It continues to deliver public record and case law information in ever more
easy-to-find ways. But to create unique content, LexisNexis has developed relationships with top experts
— celebrity lawyers — who provide opinions and
commentary in many areas such as intellectual property, bankruptcy and constitutional and tax law. These
commentaries are updated regularly and received enthusiastically by lawyers practicing in each specialty.
LexisNexis has also been growing its user-generated content. It has agreements with 30 of the top
law firms in the United States to generate expert
commentary that is syndicated via LexisNexis
channels. And it has built relationships with some
of the top legal bloggers in America. Common to all
these efforts is the creation of unique content not
available via any other source.

Improving and Measuring
Customer Experience
LexisNexis has invested heavily in its customer experience. Market research based on focus groups
and surveys is not getting the job done anymore, so
LexisNexis has assembled a team of anthropologists who work closely with customers to identify
unmet needs. The field researchers sit with customers and watch, asking them to describe the most
frustrating parts of their day, observing the most
frequently performed tasks and generating ideas
about how to better complete those tasks.
This deep customer-driven innovation has had big
impacts at LexisNexis. For example, the process has
helped change the product roadmap for LexisNexis’
mobile efforts. The initial mobile strategy was to enable complete mobile access to all LexisNexis services.
But the field research led to the insight that customers
want to perform quick, time-sensitive tasks on their
mobile devices, like tracking time, looking up legal
terms and reviewing legal codes and precedents, each
via a dedicated app. LexisNexis has deployed more
than 15 of these targeted-task mobile apps, with more
than 81,000 downloads in the first year.
LexisNexis has also started implementing “trackers” at key customer touchpoints. (A tracker is
software that “tracks” a customer’s activity, including
browsing and then the decision to purchase or not.)

These trackers are used to immediately assess satisfaction and point out problems to be addressed before
they affect the overall relationship with LexisNexis —
and reduce the company’s reliance on surveys.

Developing a Flexible
Global Platform
LexisNexis’ new platform, Lexis Advance, represents a
complete update of its technology and processes.
Among other elements, it offers an enhanced user experience and includes features such as My Workspace (an
online place to access, store and organize legal research),
better pre- and post-search filtering, visualization capabilities for research citation and verification, and new
linking capabilities. (For example, cases and codes can
now be linked to public records, company reports,
verdicts and more.) The search capability now encompasses the customer’s content as well as LexisNexis and
Web content, and it provides results targeted to the user.
(For instance, a lawyer in New York state probably
wants Second Circuit cases, not Ninth Circuit cases).
The new platform was designed with mobile use in
mind, so that data from the mobile apps sync smoothly
to the full-featured version. In addition, the platform
was designed to be used globally and to include “smart
content” and a flexible product platform, enabling
innovative applications to be easily added later. (See
“LexisNexis’ Digital Business Model.”)

Building Digital Business
Model Capabilities
Investing in exclusive content, user experience and an
integrated platform has given LexisNexis the ability to
enter attractive markets. One of these new markets is
the segment of small law firms with one to 50 lawyers.
Approximately half of all U.S. lawyers work in small law
firms. Small law firms usually don’t need and aren’t able
to pay for the same service levels provided to large law
firms. LexisNexis added content and services that small
law firms need, like lead development, website construction and client and peer ratings. Rather than
field-based research, the small law division employs a
test-and-learn methodology over the Web — trying
new offerings in select markets and scaling what works
best.11 LexisNexis’ primary pricing model is based on
comprehensive subscriptions. The company also offers
subscriptions based on targeted content by geography
or practice area, as well as charging by time used.
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Like LexisNexis, companies need to choose and
invest in their key sources of competitive advantage
for their digital business model: content, experience,
platform or some combination of those. LexisNexis
chose to build strong capabilities in all three to create
an industry-leading digital business model that it is
scaling globally and adapting to enter adjacent markets. But does every company need to strive to lead
its industry in all three capabilities?

What Is Your Digital Source
of Competitive Advantage?
We have studied the successful digital business
models of companies like Amazon, Apple, Bloomberg, Banco do Brasil, Commonwealth Bank of
Australia, DirecTV, ING Direct, Google, Netflix
and USAA, and we analyzed the results of a survey
of 139 enterprises. For a successful digital business
model, your enterprise has to have good content,
customer experience and digital platforms. But
does your company have to be a leader in all three?
We don’t think so — at least not yet.
Consider Apple. The company shipped 125 million iPhones in 2012 and sold more than five million
iPhones on the first weekend the iPhone 5 was available.12 In the first quarter of 2012, iPhone sales
represented 9% of the handset share, but a whopping
73% of the profit share in the industry.13 The company has created a juggernaut of app content, with
more than 700,000 active iPhone apps available14 and
cumulative app revenues of approximately $5 billion a
year.15 Apple’s annual revenue from apps, music and
e-books is projected to be $13 billion in 2013.16
Apple’s customer experience has set a benchmark
for all competitors, with easy-to-use interfaces such as
iTunes as well as other aspects of the Apple brand
magic — making products seen as cool and fun. But
it’s the company’s combination of digital platforms —
the great design of the physical objects it sells, the
engineering of the iTunes platform and the tight integration of the operating systems to the devices — that
has been hardest for other companies to replicate.
Today, Apple’s competitive advantage is its customer experience and its platform, not its content;
indeed, Apple’s customer experience and platform
enable others to provide much of its valuable content.
Apple has created a new type of customer experience:
the mobile app that has branded and packaged access
SLOANREVIEW.MIT.EDU

to great new content. And consumer behavior is
changing as a result. As of December 2011, the average U.S. user spends more time inside a mobile app
(such as The Wall Street Journal’s iPad app) than on
the Web searching.17 This trend has big implications
for how to design an effective digital business model
and the importance for most companies of having
great mobile apps available for customers.

Measuring Effectiveness of
Content, Experience and Platform
To better understand digital business models by
industry, we surveyed companies to assess the effectiveness of their content, experience and platform.
(See “The Effectiveness of Content, Experience and
Platform by Industry,” p. 76.) For each of the three
aspects of a digital business model (content, experience and platform), we aggregated the answers to
eight or nine survey questions to get a broad base for
assessing effectiveness.18
The industry with the strongest effectiveness
scores overall was IT software and services, while
energy and mining and health care were among the
poorest. Interestingly, the top financial performers
in each industry also had better digital business
model effectiveness. For example in the financial
services industry, companies in the top third of
financial performers had 29%, 35% and 26% better
content, experience and platform scores, respectively, than those in the bottom third.19
But where should you start? That depends on
your strategic goals. If your goal is driving new digital revenue, then start with strengthening your
digital content (information and/or products) and
the associated buzz. If your goal is cross-selling and
driving more revenue per customer, focus first on

LEXISNEXIS’ DIGITAL BUSINESS MODEL
As LexisNexis went about overhauling its digital business model, it improved all
three components of the model: content, customer experience and platform.

Content

What is
consumed?

Information about other lawyers, legal
research, case law, expert commentary,
community sites, integrated public records,
news and business information

Experience

Single sign-on, subscription-based;
collaboration with peers and customer content;
more than 81,000 apps downloaded.

Platform

Global platform, customized locally; enterprise
business architecture with global content
repository, expanded taxonomies, modular
design and global and local innovation.

How is it
packaged?

How is it
delivered?
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improving your customer experience. If your goal
is efficiency and flexibility, then focus first on
building and exploiting shared digital platforms.

USAA’s Digital Business Model
For most enterprises that were not born on the Web,
creating an effective digital business model is a journey that requires the collaboration of many different
parts of the business and often some organizational
surgery. Consider USAA, the financial services company based in San Antonio, Texas, that began
operations in 1922 to sell insurance policies to military personnel. With eight million members, few
branches and content consisting of a complex set of
financial products and services, USAA is typically
ranked number one in customer experience in its industry. USAA believes that its customer experience is
the paramount factor in its success. Consequently,
USAA reorganized its channels and call centers, consolidating them into a unified member experience
organization focused on life events rather than products. Typical life events are buying a house or a car,
having a baby or getting married. When USAA mem-

THE EFFECTIVENESS OF CONTENT, EXPERIENCE
AND PLATFORM BY INDUSTRY
We surveyed companies in various industries to assess the effectiveness
of their content, experience and platform. Effectiveness was measured on
a 10-point scale, from 1 = not effective to 10 = very effective.
EFFECTIVENESS OF:
INDUSTRY

CONTENT

EXPERIENCE

PLATFORM

Banking, Financial
Services and
Insurance

6.4

5.4

5.8

Transportation
and Utilities

6.8

5.8

6.2

Health Care

6.0

5.4

5.6

High Tech, Aerospace
and Electronics

6.2

5.2

6.4

IT Software
and Services

8.0

7.0

7.4

Other Services*

8.4

6.2

7.0

Energy and Mining

5.8

4.4

5.4

Manufacturing and
Chemicals

6.9

4.4

6.4

Telecommunications
and Media

7.0

6.0

6.8

For all respondents

6.8

5.6

6.4

*Other Services includes legal, professional and consumer services, restaurants and hospitality,
and distribution and logistics.

bers go to the company’s website (or call the
company), they can pick a life event and are then offered an integrated set of products associated with
that life event. To manage this organizationally, a customer experience executive vice president reports to
the CEO and supervises 12,000-plus customer service
representatives. To deliver the content and experience,
USAA has a single customer information file and
shared infrastructure, data and application services
(its platform). The results have been significant.
We believe USAA has very good products and
platforms, but the company’s competitive advantage — and what drives the company’s success — is
having the best customer experience. As a result,
USAA has restructured to focus its digital business
model — indeed, the entire business model — on
delivering great customer experience.

The Journey From Place to Space
Some industries are moving more quickly from place
to space. For example, media is probably leading the
way — and watching how that industry has struggled
to get paid for content is sobering for the industries
that are now making the journey from place to space.
Retail and financial services are not far behind media.
Both industries have players with significant investments in physical channels (such as Target Brands
Inc.), with newer entrants that are all or mostly competing via digital channels (such as Amazon). A
poignant Wall Street Journal article reported Target’s
frustration at being used as a showroom in which customers view products but then buy those products for
less online from companies that don’t have Target’s
physical infrastructure costs. 20 One of Target’s
responses was to ask vendors’ help in developing
unique products that would reduce the easy price
comparison using bar codes and online search.
Where are your industry and your company on
the journey from place to space? It’s a good time to
review your digital business model. As we have seen
in the move from print books to digital, once a tipping point is reached, the movement to space speeds
up and is hard to resist. Just look at the demise of
many physical bookstores. Other industries will follow — at different paces, driven, in part, by issues
such as regulation, product complexity and how
amenable the products are to digitization. Even in
industries like health care that traditionally rely on
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ASSESSINGYOUR DIGITAL BUSINESS MODEL
Use the following questions to help you and your colleagues prioritize the improvement to your digital business model.
TODAY:
Rate your business today in each of the three
areas on a scale of 1 to 10, where 1 = “Does not
create business value,” and 10 = “creates significant business value.”

THREE YEARS FROM NOW:
Given the issues, rank (1, 2 or 3, with 1 being most
important) the importance of each of the three
areas for success in your business in three years.

Content:
What is consumed?
Experience:
How is it packaged?
Platform:
How is it delivered?
If the average of your scores on the first question today is seven or below in any area, here are some questions to help you work on refining
your digital business model.
Content

Experience

Platform

•How much of your revenue is generated
online?

•Do you know how good your customer
experience is? Who owns it?

•How good are your internal digital platforms? Who owns them?

•Of the content you provide today, what do
your customers find most valuable? What
other content could you provide that customers (or channel partners) would value
or pay for?

•What aspects of your digital customer
experience do customers like? What
aspects do they find frustrating?

•How can you expose more of your internal
digital platforms to your customers to improve their experience?

•Who has the best customer experience in
your industry? (Consider both traditional
competitors and new entrants.)

•How can you better leverage the market for
your platforms — for example, the cloud,
software as a service, partners, external
data?

•Who has responsibility for content in your enterprise? Is responsibility for digital products
and information about physical products held
by different groups? Should it be?

the physical interaction between provider and patient, we are seeing more online services: Doctors are
providing email advice and remote monitoring of
patients, and insurance companies are enabling online claims with more and more self-service. The
move from place to space and the need for a digital
business model are not just phenomena limited to
the consumer market, either, as we saw in the case of
a business-to-business enterprise, LexisNexis.
To further develop and assess your own enterprise’s digital business models, we suggest you think
about the business value of your content, experience
and platform today (by business unit and/or major
customer segment) as well as what you expect three
years from now. (See “Assessing Your Digital Business
Model.”) Get as many colleagues as you can to assess
your digital business model. As you consider the future importance of content, experience and platform
in your business, we have a final question: Does your
budget for next year reflect the importance of content, experience and platform? And how do you
govern this? Now’s the time to take the lead on
SLOANREVIEW.MIT.EDU

•How good are your partners’ platforms?

strengthening your digital business model — as your
customers and enterprise move from place to space.
Peter Weill is senior research scientist and chair of
the MIT Sloan School of Management’s Center for
Information Systems Research in Cambridge,
Massachusetts. Stephanie Woerner is a research
scientist at MIT Sloan School of Management’s Center for Information Systems Research. Comment on
this article at http://sloanreview.mit.edu/54322, or
contact the authors at smrfeedback@mit.edu.
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The Collective
Intelligence Genome
A user’s guide to the building blocks of collective intelligence:
By recombining CI “genes” according to the work required,
managers can design the powerful system they need.
BY THOMAS W. MALONE, ROBERT LAUBACHER AND CHRYSANTHOS DELLAROCAS

THE LEADING
QUESTION

How can you
get crowds to
do what your
business
needs done?

GOOGLE. WIKIPEDIA. THREADLESS. All are exemplars of collective intelligence in ac-

FINDINGS

tion. Two of them are famous. The third is getting there.
Each of the three helps demonstrate how large, loosely organized groups of people can work
together electronically in surprisingly effective ways — sometimes even without knowing that they
are working together, as in the case of Google. Google takes the judgments made by millions of
people as they create links to web pages and harnesses that collective knowledge of the entire web to
produce amazingly intelligent answers to the questions we type into the Google search bar.
In Wikipedia, thousands of contributors from across the world have collectively created the
world’s largest encyclopedia, with articles of remarkably high quality. Wikipedia has been developed with almost no centralized control. Anyone who wants to can change almost anything, and
decisions about what changes to keep are made by a loose consensus of those who care. What’s
more, the people who do all this work don’t even get paid; they’re volunteers.
In Threadless, anyone who wants to can design a T-shirt, submit that design to a weekly contest and
then rate their favorite designs. From the entries receiving the highest ratings, the company selects

Collective intel-

COURTESY
AMAZON.COM;
EBAY;
GOOGLE; iSTOCKPHOTO; LINUX; NETFLIX; YOUTUBE; WIKIPEDIA
COURTESY
OFOF
AMAZON.COM;
EBAY;
GOOGLE;
ISTOCKPHOTO; LINUX; NETFLIX; YOUTUBE; WIKIPEDIA
SPECIAL COLLECTION • “WHAT’S

ligence has already
been proven to
work, and CI
systems can be
designed and
managed to fit
specific needs.

CI building blocks,

or “genes,” can
be recombined to
create the right
kind of system.

Four main ques-

tions drive CI
“genome” design:
What is being
done? Who is
doing it? Why?
How?
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winning designs, puts them into production and
gives prizes and royalties to the winning designers. In
this way, the company harnesses the collective intelligence of a community of over 500,000 people to
design and select T-shirts.
These examples of web-enabled collective intelligence are inspiring to read about. 1 More than
inspiring, even; they’ve come to look like management wish fulfillment — evidence that a committed
embrace of collective intelligence is all it takes for a
company to magically divine market desires, create

FROM THE EDITOR
I want to pass along a story about a Cray supercomputer and your computer — a
story that’s partly about change but mostly about our inability to keep up with it.
First, though, some context. In this issue you’ll find five loosely linked stories
that spring from one far-reaching trend: the smart-tech explosion. The continued
exponential increases in computing power, storage capacity, communications
speed and, now, “smart-world” instrumentation have produced both a flood of
new data and also new ways to analyze and use the data in that flood. The collective
intelligence genome is one consequence of the phenomenon. So are the emerging
management practices described by Chris Dellarocas (“Online Reputation Systems”), Erik Brynjolfsson (“Revolutionizing Innovation”), Michael Schrage (“Why IT
Does Matter”) and Jim Fister (“Digital Natives”).
How fast are things changing? This fast (listen to Andrew McAfee, author of
Enterprise 2.0 and a friend of SMR):
Let me tell a quick story about how hard it is to keep on top of this pace of
change, even if, like me, you’re supposed to do it for a living.
I had the chance a while back to visit the Deutsches Museum in Munich,
which is one of the world’s great science and engineering museums. It’s a
geek paradise. They have a whole wing devoted to calculating devices — and
they walk you through the entire history of mechanical ones, electro-mechanical
ones, finally the digital ones. It’s a beautiful display.
Right at the end of it is one of the crown jewels of their collection, an original Cray supercomputer. As you may remember, these things cost easily
millions of dollars. It had the famously interwired components that minimized
total wiring distance because that would speed up the processing. It even had
a built-in bench that you sit on that was part of the processor — like a weird
modernist piece of furniture. Just an absolutely iconic piece of computing.
I found myself wondering if today’s PCs were faster or slower than a Cray
supercomputer. I honestly didn’t know the answer. So when I got home, I did
a little bit of Googling around and I learned pretty quickly that the computer
that you and I have access to now — for something on the order of $1,000 as
opposed to the Cray’s $1 million or $10 million — is, I believe, at least 100
times more powerful than that Cray supercomputer.
Point is, even those of us who are supposed to stay on top of these trends
for a living can lose sight of how far we’ve come. And how quickly.
You can find more from McAfee online at sloanreview.mit.edu, in both video and
article form. You’ll also find more insight from other thought leaders on the smarttech transformation and the opportunities and threats it presents to managers.
This is only the start of our inquiry. Join us, and tell us what you think.
— Michael S. Hopkins, Editor-in-Chief, mhopkins@mit.edu

exactly what’s needed to satisfy them and do it all at
little or no cost. Come let the crowd get your work
done for you — cheap, perfect and now.
In fact, it’s possible that collective intelligence has
come to seem just a little bit too much like magic in
the view of many managers. Magic is cool, a manager
might say, but it’s awfully hard to replicate. If collective
intelligence is such a powerful way for organizations
to get things done in this age of crowd wisdom and
wikinomics, why don’t more businesses use it?
The answer, we think, is that they don’t know how.
To take advantage of the new possibilities that the inspiring examples represent, it’s necessary to go
beyond just seeing them as a fuzzy collection of “cool”
ideas. To unlock the potential of collective intelligence, managers instead need a deeper understanding
of how these systems work. They need not magic, but
the science from which the magic comes.
In our work at MIT’s Center for Collective Intelligence, we have gathered nearly 250 examples of
web-enabled collective intelligence (see “About the
Research,” p. 27). At first glance, what strikes one
most about this collection of examples is its diversity, with the systems exhibiting a wildly varying
array of purposes and methods.
But after examining these examples in depth, we
identified a relatively small set of building blocks that
are combined and recombined in various ways in different collective intelligence systems. To classify these
building blocks, we use four questions (see “The Design Questions Behind Collective Intelligence”):
■ What is being done?
■ Who is doing it?
■ Why are they doing it?
■ How is it being done?
(This framework is similar to ones that have been
developed in the field of organizational design,2 and
its dimensions are important in designing any system
for collective action, be it a traditional organization or
a new kind of electronically connected group.)
Employing an analogy from biology, we call these
building blocks the “genes” of collective intelligence
systems. We define a gene as a particular answer to
one of the key questions (What, Who, Why or How)
associated with a single task in a collective intelligence
system. Like the genes from which individual organisms develop, these organizational genes are the core
elements from which collective intelligence systems
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are built. The full combination of genes associated
with a specific example of collective intelligence can
be viewed as the “genome” of that system.
In this article we’ll offer a new framework for understanding those systems — and more important,
for understanding how to build them. It identifies
the underlying building blocks — the “genes” —
that are at the heart of collective intelligence systems.
It explores the conditions under which each gene is
useful. And it begins to suggest the possibilities for
combining and recombining these genes not only to
harness crowds in general, but also to harness them
in just the way that your organization needs.

The Steps to One Famous Genome
Imagine the year is 1991, and you are Linus Torvalds,
an undergraduate student at the University of Helsinki. You have just written the heart of a
rudimentary operating system for personal computers, and you are considering what to do next. You
don’t know it yet, but the decisions you are about to
make will lead to the creation of a community of
thousands of volunteer programmers all over the
world who will develop something called Linux, one
of the most important computer operating systems
of the early 21st century. And you will be celebrated
as the leader of the first major “open source” software development community — a prototypical
example of a new kind of collective intelligence.
Now imagine one other thing: Imagine that in
making your decisions, you have access to all the
concepts in this article. Of course, Linus Torvalds
didn’t really have this knowledge, and the success of
his decisions may have surprised him. But if you
could use the concepts from this article to consciously design the kind of open source community
that Torvalds created, how would you do it?
First, you would ask yourself: What is the main activity I want to be done? As we’ll see below, there are two
basic genes to answer this question (Create and Decide),
and in this case you would want to Create programming code for a new computer operating system.
The next question you would ask is: Who will do
this? The two basic genes to answer this question are
what we will call Hierarchy and Crowd, and your
answer to this question — that is, in this instance,
Torvalds’ answer — is what will make your efforts so
remarkable. Instead of assigning particular people
SLOANREVIEW.MIT.EDU

THE DESIGN QUESTIONS BEHIND
COLLECTIVE INTELLIGENCE
To build exactly the kind of CI system that will accomplish an organization’s
desired job, managers have to ask four main questions: What is being done?
Who is doing it? Why are they doing it? And, How?

Goal

What

Staffing

Who

Why

Incentives

How
Structure/Process

to do different parts of the software development as
in a traditional Hierarchy, you decide to make your
software freely available on the Internet and let anyone who wants to add to or change any parts of the
software they want. In other words, you decide to
let a whole crowd of Internet users develop different pieces of the software.
Why would you want to consider the Crowd option? In the case of Linus Torvalds, you simply don’t
have another choice: You don’t have the time to do it
yourself or the money to hire others. At the same
time, you correctly assess that there are enough skilled
programmers around the world who would be capable of collectively doing it, if properly motivated.
This, of course, immediately leads to the next
question: Why will people do this? Since you can’t afford to use what we’ll call the Money gene, you’ll need
to appeal instead to other motivations, to what we’ll
call the Love and Glory genes. For instance, Torvalds
used a playful tone in many of his e-mail messages,
appealing to people’s desire to have fun writing this
software as a kind of hobby. In addition, active participation in such a visible project quickly became a
signal of programming skill, and therefore a coveted
source of status and glory for many programmers.
Finally, you need to ask the question: How will
people do this? In answering this question, as the
Linux creator, you realize that the pieces of software
that people are going to be creating are not independent of each other. Instead, there are important
interdependencies among the different pieces. For
instance, when one software module passes a variable
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Threadless harnesses the
collective intelligence of a
community of over 500,000
people to design and select
T-shirts. Anyone who
wants to can design a
T-shirt, and weekly
contests determine which
designs get produced.

The Genes of Collective
Intelligence (and How to
Build a Genome of Your Own)
To use the genome approach systematically — so that
you can build exactly the kind of CI system that
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THE COLLECTIVE INTELLIGENCE
GENOME FOR LINUX
EX
A
M
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to another module, both modules have to make
similar assumptions about the format of the variable. This means that the How gene you will need is
what we’ll call the Collaboration gene.
And now you realize that there is a very important
omission in your thinking so far. If anyone who wants
to can write different pieces of the software, how do
you know that a given piece — from someone you
don’t even know — is of good enough quality? And
just as important, how do you make sure that all the
different pieces will work together properly?
The Collaboration gene usually needs to be combined with at least one Decide gene to choose pieces
with these characteristics. In particular, since you want
the whole community to focus on one primary version of the software (and not divide its efforts across
many different versions), you will need a Group Decision gene, where everyone in the group is bound by
the same decisions about what is and is not included.
You briefly consider various subtypes of the
Group Decision gene such as Voting (everyone in
the community could vote on which pieces to use)
or Consensus (everyone could discuss until they all
agreed on which pieces to use), but you decide to
use a simple type of decision making that is common in traditional organizations and that you’re
pretty sure will work here: the Hierarchy gene. In
other words, you’ll make these decisions yourself or
delegate them to other people you trust.
You could call this combination of genes the
basic “genome” for the Linux community (see “The
Collective Intelligence Genome for Linux”).
Of course, Torvalds didn’t really consciously decide all these things in this way, but by some
combination of intuition, trial and error, and luck,
these are the design decisions he and the Linux community implicitly made. Now with the benefit of this
experience — and the experiences embodied in
many other examples summarized in this article —
you can be more systematic in designing collective
intelligence examples for your own situation. (See “A
Tale of Three Genomes,” p. 28).

Create

New
software
modules

Crowd

Love,
Glory

Collaboration

Decide

Which
modules
warrant
inclusion
in next
release

Torvalds Love,
and lieu- Glory
tenants

Hierarchy

Linux

will accomplish your desired job — requires a comprehensive classification of the different types of genes.
In this article we’ll focus on the 16 principal genes
(there are others emerging, and some subtypes of
genes, too) and the factors involved in selecting them
for a genome. The 16 become easier to comprehend
when you see that they’re classified in categories determined by the four overarching questions every CI
genome designer needs to ask: What, Who, Why and
How. (See “The Design Questions Behind Collective
Intelligence,” p. 23).
What? The first question to be answered for any activ-

ity is: What is being done? In traditional organizations,
the answer to this question is often spoken of as the
mission or goal. At a more granular level, it is the task.
For our purposes here, the many organizational
tasks encountered in collective intelligence systems
can be boiled down into two basic genes:
Create. In this gene, the actors in the system
generate something new — a piece of software
code, a blog entry, a T-shirt design.
Decide. In this gene, the actors evaluate and select alternatives — deciding whether a new module
should be included in the next release of Linux, selecting which T-shirt design to manufacture,
deciding whether to delete a Wikipedia article.
Identifying your basic goal determines which of
these two genes to start with, but in the full genome
for doing a job you usually need at least one of each.
Create genes almost always need a Decide gene to
select which of the created items to keep. And Decide genes usually need a Create gene to generate
the choices being considered.
Who? The next question to be answered is: Who undertakes the activity? Here, there are two basic genes:
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THE COLLECTIVE INTELLIGENCE GENE TABLE
Each of the principal genes — or building blocks — of collective intelligence can be combined with other genes to create the appropriate
system for accomplishing a task. This table lists the principal genes and describes the conditions under which they’re most useful.
QUESTION

GENE

USEFUL WHEN …

Who

Crowd

•Resources useful in performing activities are distributed widely or in places not known in
advance.
•Activities can be divided into pieces satisfactorily (necessary information can be shared;
gaming and sabotage can be managed).
•Crowds can do things cheaper, faster, with higher quality or with higher motivation.

Why

Hierarchy (or,
Management)

•Conditions for Crowd aren’t met.

Money

•Many factors apply, too complex to list here. But there are two rules of thumb:

Love
Glory
How — Create

Collection

– Appealing to Love and Glory, rather than Money, can often (but not always) reduce costs.
– Providing Money and Glory can often (but not always) influence a group’s direction and speed.
•Conditions for Crowd, plus …
•Activity can be divided into small pieces that can be done (mostly) independently of each other.

Contest

•Conditions for Collection, plus …
•Only one (or a few) good solutions are needed.

Collaboration

•Activity cannot be divided into small independent pieces (otherwise Collection would be better).
•There are satisfactory ways of managing the dependencies among the pieces.

How — Decide

Group Decision

•Conditions for Crowd, plus …
•Everyone in the group needs to abide by the same decision

Voting

•Conditions for Group Decision, plus …
•It is important for the Crowd to be committed to the decision.

Averaging

•Conditions for Voting, plus …
•Decision consists of estimating a number.
•Crowd has no systematic bias about estimating the number.

Consensus

•Conditions for Voting, plus …
•Achieving consensus in reasonable time is feasible (group is small enough or has similar
enough views).

Prediction
Market

•Decision consists of estimating a number.
•Crowd has some information about estimating the number (biases and non-independent
information are OK).
•Some people may have (or obtain) much better information than others.
•Continuously updated estimates are useful.

Individual
Decisions

•Conditions for Crowd, plus…

Market

•Conditions for Individual Decisions, plus…

• Individuals can make their own decisions.

•Money is needed to motivate people to provide the necessary effort or other resources.
Social Network

•Conditions for Individual Decisions, plus…
•Non-monetary motivations are sufficient for people to provide the necessary effort or other
resources.
•Individuals find information about others’ opinions useful in making their own choices.
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Linus Torvalds, creator
of Linux, and leader of the
first major “open source”
software development
community — a prototypical example of a new kind
of collective intelligence.

Hierarchy. In traditional hierarchical organizations, this question is typically answered when
someone in authority assigns a particular person or
group of people to perform the task. For instance, as we
saw above, Linus Torvalds and his lieutenants use the
Hierarchy gene when they decide which of the many
modules people have submitted will actually be included in the next release of the software.
Crowd. Using the Crowd gene, activities can be
undertaken by anyone in a large group who chooses
to do so, without being assigned by someone in a
position of authority. For example, as we saw, anyone who wants to can submit a module for possible
inclusion in Linux.
While crowds have done certain things, like
voting in elections, for a long time, low-cost electronic communication enabled by the Internet
now makes it feasible for crowds to do many more
things than ever before.
For instance, anyone can create a link to a web
page, and each new link becomes part of the database Google uses to serve up answers to searches.
Anyone can propose a new article or edit an existing article in Wikipedia. And anyone can submit a
T-shirt design to Threadless or vote on the designs
that are submitted.
Reliance on the Crowd gene is a central feature
of web-enabled collective intelligence systems. In
fact, all of the examples we studied include at least
one instance of the Crowd gene — at least one task
where anyone who chooses to can participate.
How to choose between Hierarchies and Crowds
The most important reason to use the Crowd gene
is to tap into a much larger pool of people than
would otherwise be possible. That means the
Crowd gene is most useful in situations where (a)
many people have the resources and skills needed
to perform an activity or (b) you don’t know in advance who has these resources and skills (see “The
Collective Intelligence Gene Table,” p. 25).
While these characteristics don’t describe all activities, they are true in many more cases than we
usually assume. In prior decades, for instance, when
video recording and editing equipment was so expensive that only a few large corporations could
afford it, it made sense for the creation of movies and
television shows to be managed hierarchically by film

studios and TV networks. But creative ideas have always been widely distributed in the population, and
now that many people can afford their own video
cameras and editing equipment, sites like YouTube
allow anyone to create and share their own videos.
By tapping a large crowd, instead of just assigning a task to a few preselected people, organizations
can often realize various kinds of advantages. For
example, in Linux and Wikipedia, they are able to
save money by finding people willing to do the tasks
for free. With InnoCentive, companies often find
people in the crowd who can solve problems the
companies were unable to solve themselves. In open
source software (like Linux), many people believe
the quality of the results is higher because “many
eyeballs” have examined the code more thoroughly.
The crowds of contributors to Wikipedia often incorporate breaking news into topical articles faster
than other websites. And finally, by finding and giving a sense of control to people who are most
enthusiastic about artistic T-shirts, Threadless appears to harness more of people’s motivation and
energy than the Hierarchy gene would.
For the Crowd gene to work in a given situation,
there are also some “technical” requirements that
must be satisfied. For example, it must also be possible to divide the activity into pieces that can be
performed satisfactorily by different members of
the crowd. In addition, there must be mechanisms
in place to protect against people gaming or sabotaging the system.
When the conditions for using a Crowd aren’t
met, you can use a Hierarchy (often meaning:
“management”). For instance, if only a few people
have the skills you need, and you already know who
they are, you can assign the task to them directly. Or
if you can’t figure out how to prevent people in a
Crowd from sabotaging your goals, you may need
to use a Hierarchy instead. In this sense, you can
think of the traditional Hierarchy gene as the “default” gene, the one to use when you can’t figure out
how to get a Crowd gene to work.
Why? Closely related to the Who question is Why?
Why do people take part in the activity? What motivates
them to participate? What incentives are at work?
It is impossible to do justice in a brief summary
to all that is known about human motivation. As a
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simplified overview of the possibilities, however,
three principal Why genes can cover the high-level
motivations that lead people to participate in collective intelligence systems:
Money. The promise of financial gain is an important motivator for most actors in markets and
traditional organizations. Sometimes people receive
direct payments, like a salary, and sometimes they
hope that participating in an activity will increase the
likelihood of their earning future payments, as in
cases where people perform a task to enhance their
professional reputation or improve their skills.
Love. Love is also an important motivator in
many situations, even when there is no prospect of
monetary gain. The Love gene can take several
forms; people can be motivated by their intrinsic
enjoyment of an activity, by the opportunities it
provides to socialize with others or because it makes
them feel they are contributing to a cause larger than
themselves. Studies of Wikipedia have shown that
its participants are motivated by all three of these
variants of the Love gene.
Glory. Glory or recognition is another important motivator. The programmers in many open
source software communities, for example, are motivated by the desire to be recognized by peers for
their contributions.
How to choose among Why genes Of course, these
three Why genes are not novel; such motivational
levers are used in all organizations. What is novel
about many of the collective intelligence systems
that have emerged in recent years is their reliance on
the Love and Glory genes, in contrast to traditional
organizations, which have relied more heavily on
Money as a motivating force. For instance, collective
intelligence systems often explicitly engineer opportunities for recognition by compiling and
publishing “top contributor” lists or by institutionalizing performance-based classes of membership
that confer various degrees of status, such as “power
seller” on eBay and “top reviewer” on Amazon.
Two rules of thumb are especially important for
motivating groups to participate in systems for collective intelligence:
Appealing to Love or Glory, or both, may reduce
costs. Amazon doesn’t pay for the book reviews
it runs; users write them to gain recognition or
SLOANREVIEW.MIT.EDU

ABOUT THE RESEARCH
In 2006, drawing on over 15 years of experience mapping knowledge about
business processes,i our research team collected more than 100 examples of
collective intelligence in an online wiki called the Handbook of Collective Intelligence.ii The descriptions were based primarily on published reports and studies
of the examples’ websites. Over time, we added more examples from a variety
of sources, including a task posted on Amazon Mechanical Turk asking people
to provide examples of collective intelligence for as little as 3 cents per example. There are now 249 examples in the team’s database.
In parallel, we also began developing a series of classification frameworks.
The goal was to make important (even if non-obvious) distinctions and to classify examples in categories that were mutually exclusive, collectively
exhaustive and as easy and intuitive as possible to understand and use.
To test informally the degree to which the frameworks possessed these
properties, we presented them to students in MIT classes, to managers and researchers in professional meetings and to research assistants who used them
to classify examples.
The framework presented here is the fourth major generation we developed, with several iterations in each generation. A key feature of the fourth
generation is the emphasis on analyzing each example as a combination of
building blocks and the introduction of the genetic analogy.
One of the important lessons learned in this work is that there are many
ways to classify examples of collective intelligence. The framework presented
here is certainly not the only one that could be useful. Other frameworks that
emphasize different factors could be useful for different purposes. The primary
claim made about this framework is that it is useful for understanding the relationships between different kinds of collective intelligence and for generating
ideas about new possibilities.

because they simply enjoy doing so.
Reliance on Love and Glory, however, doesn’t
always work. When the H.J. Heinz Company invited
the public to help it create a new ketchup commercial,
it still faced significant expenses for promoting the
contest and reviewing the flood of submissions. And
Heinz ended up alienating some customers, who
“badmouthed [the company] on its website forums
for being lazy and just angling for cheap labor.”3
Money and Glory can help the Crowd to move
faster. It is often difficult to control how fast or in
what direction a crowd works. But if there are specific goals in mind, the Crowd can sometimes be
influenced to achieve them faster by providing
Money or Glory to the members of the Crowd who
go in the desired direction. An example of this approach is IBM Corp., which assigns many of its paid
employees to work on Linux features that are particularly important to the company.
Although the selection and combination of motivational genes is a very complex matter, it is also
an extremely important one. While we don’t know
of any systematic studies on this issue, we suspect
that getting the motivational factors wrong is the
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A TALE OF THREE GENOMES: WIKIPEDIA, INNOCENTIVE AND THREADLESS
gene because there are strong interdependencies among the edits
different people make in the same
article. For instance, one person
cannot add to a sentence a word
that someone else has just deleted. One way of managing these
interdependencies would be with

needed for any particular system to
be successful, anyone designing a
system for a crowd to create complex intellectual products — such as
product designs, how-to advice or
books — should carefully consider
the unusual gene combinations pioneered by Linux and Wikipedia.
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Compare the Linux example with
how Jimmy Wales and others designed the community that created
Wikipedia. Here, as in Linux, the
basic goal is for a Crowd to Create
something (a free, online encyclopedia) for Love and Glory. But this
time, unlike in Linux, the different
pieces being created are mostly independent of each other. That
means we need the gene we call
Collection. Anyone in the crowd can
create a new article, and the Collection of all these independent articles
constitutes the encyclopedia.
Like the Collaboration gene,
the Collection gene usually requires a Decide gene to select
which of all the items created by
the crowd to keep.
One way of making these decisions would have been to use a
Hierarchy gene, like Linux did, and
let Wales and a few others decide
which articles to delete. But Wales
and others wanted all the members of the community to feel a
greater sense of power and ownership over Wikipedia — and thus to
be more motivated to contribute to
its success. They also presumably
wanted a process that would scale
rapidly to manage large numbers of
articles without requiring any direct
involvement from Wales or people
he personally trusted.
So they used two Decide
genes in sequence. The first is a
Voting gene: Anyone in the crowd
can “nominate” an article as one
that should be deleted. And anyone in the crowd can also register
his or her opinion on the question
of whether to delete this article.
The second step is a Hierarchy
gene: One of the Wikipedia administrators looks at the votes (and
other discussion) and decides
whether to delete the article or not.
So far we’ve talked about how articles are included in the overall
Wikipedia collection, but one of the
most remarkable aspects of Wikipedia’s design is the way the
individual articles themselves are
edited. Editing individual Wikipedia
articles uses the Collaboration
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the Hierarchy gene by, for instance,
appointing an editor for each article
who is responsible for the coherence and quality of that article.
But Wikipedia chose a much
more radical alternative — the Consensus gene. Anyone who wants to
can change almost any article, and
this continues as long as anyone
wants to make another change.
While there are many factors

Comparing Threadless
and InnoCentive
This way of analyzing genomes can
also highlight important similarities
and differences between related
examples. For instance, consider
two examples of what we’ll call the
Contest gene, where members of
the Crowd create a Collection of
items and then a few of these
items are chosen as winners.

The first example is Threadless, where the items created
are T-shirt designs. The second
example is InnoCentive, where
the items created are solutions
to difficult research problems
companies have, such as how
to synthesize a particular chemical compound. With InnoCentive,
the companies first post their
problems on the InnoCentive
website. Then a crowd of over
100,000 scientists and technologists around the world can see
the problems, and some will
choose to work on them. The scientists who successfully solve a
problem submit their solutions,
and the company gives rewards
up to $100,000 or more for the
best solutions.
The basic genomes for Threadless and InnoCentive are almost
identical. Both begin with a Create
gene where members of the
crowd submit items for a Contest,
and both end with a Hierarchy
gene where the company’s management decides which of the
submissions will win. The only difference is that Threadless also
includes an intermediate Averaging gene where members of the
crowd rate the T-shirt designs, and
these ratings significantly influence the final decisions made by
management.
For InnoCentive, such a crowd
rating step probably would not
make sense, because the company with the problem that needs
solving typically would not want
the crowd to see all the entries.
In addition, the company’s management is usually better able
than the crowd to assess the fit
of the proposed solutions within
the context of the company’s
unique needs. On the other hand,
the objective of Threadless is to
produce T-shirts that will sell well
in the market. So in this case —
and in any others where the
decision involves judging what
the crowd will like — asking the
crowd’s opinion makes a lot of
sense.
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single greatest factor behind failed efforts to launch
new collective intelligence systems.
How? The final question to be answered concerning an activity is: How is it being done? In traditional
organizations, the How question is typically answered by describing the organizational structures
and processes.
Many collective intelligence systems still use hierarchies for some of their tasks, but what is novel is
how they use crowds. So we focus here on instances
of the How gene where the crowd performs the
Create or Decide task.
A key determinant of the answer to this question is whether the different members of the crowd
make their contributions and decisions independently of each other or whether there are strong
dependencies between their contributions. This insight gives rise to four types of How genes for
Crowds: Collection, Collaboration, Individual Decision and Group Decision genes.
The two How genes associated with the Create
task are Collection and Collaboration.
Collection. This gene occurs when the items contributed by members of the crowd are created
independently of each other. For example, YouTube
videos are created mostly independently of each other,
and this makes YouTube a collection. Other examples
of this common gene include Digg, a collection of
news stories, and Flickr, a collection of photographs.
In addition to the conditions for Crowds in general, the most important condition for the
Collection gene to be useful is that it be possible to
divide the overall activity into small pieces that can
be done independently by different members of the
crowd. If this condition is not in place, then the
Collaboration gene is likely required.
An important subtype of the Collection gene is
the Contest gene. In contests, like Threadless and
InnoCentive, one or several items in the collection
are designated as the best entries and receive a prize
or other form of recognition.
In the Netflix Prize, a $1 million award was offered for the first algorithm that was at least 10%
better than the one currently used by Netflix Inc. for
suggesting to customers which DVDs they will like.
Some of the smartest mathematicians and computer
scientists on the planet devoted untold hours to this
challenge over almost three years. The team that
COURTESY OF NETFLIX

finally won combined the people and algorithms
from several other teams, each of which had solutions
that were good, but not good enough to win alone.
The Contest gene is useful when all the conditions
for a Collection hold and only one or a few good solutions are needed. InnoCentive’s customers, for
example, don’t need a large number of alternative solutions to their problems. They only need one, or at
most, a few. Also, for a contest to work, the Why genes,
such as Money or Glory, must be powerful enough to
motivate contestants to enter with no guarantee of reward. This effectively offloads risk from the contest
sponsor to the contestants; the companies that post
problems on InnoCentive do not have to pay an award
unless someone actually solves the problem.
Collaboration. The Collaboration gene occurs
when members of a Crowd work together to create
something and important dependencies exist between their contributions. As we saw above, Linux
and other open source software projects are examples
of the Collaboration gene because of the interdependencies among modules submitted by different
contributors. Similarly, the editorial changes that different contributors make within a single Wikipedia
article are strongly interdependent, so each individual Wikipedia article is a collaboration.
The Collaboration gene is useful when two conditions are met. First, a Collection is impossible
because there are no satisfactory ways of dividing
the large activity into independent pieces. Second,
there are satisfactory ways of managing the dependencies between the individual pieces contributed
by members of the crowd. In practice, managing
dependencies among the pieces usually involves
some combination of Decide genes.
For Decide tasks, there are two categories of possible genes: Group Decision genes and Individual
Decision genes. Group Decisions are useful when
everyone in the group has to be bound by the same
decision. For instance, everyone in a product development team should be working from the same
specifications for the product. When widespread
agreement is not needed or when a population’s
tastes and viewpoints are highly heterogeneous, for
instance in deciding which YouTube videos individuals will watch, individuals can often make their
own decisions more effectively and the Individual
Decision gene is more appropriate.

Using the Contest gene,
Netflix offered a $1 million
award for the first algorithm that was at least
10% better than the one
currently used for suggesting to customers which
DVDs they will like.
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Large, loosely organized
groups of people can work
together electronically in
surprisingly effective ways,
sometimes even without
knowing that they are
working together.

Group Decision. The Group Decision gene occurs when inputs from members of the crowd are
assembled to generate a decision that holds for the
group as a whole. In some instances, such as
Threadless, this decision determines the subset of
contributed items that will be included in the final
output. In other instances, such as Digg, the decision relates to generating a common rank-ordering
of the contributed items. In yet other instances,
such as prediction markets, the decision relates to
aggregating individual inputs to form a publicly
visible estimate of a quantity.
Important variants of the Group Decision gene
are Voting, Consensus, Averaging and Prediction
Markets.
Voting. New technologies make the Voting gene feasible in many situations where it would not otherwise
have been practical. For example: Digg users vote on
which news stories are most interesting, and the winning stories are displayed prominently on the website.
An important subvariation of voting is implicit
voting, where actions like buying or viewing items are
counted as implicit “votes.” For instance, iStockphoto
displays photos in order of the number of times each
photo has been downloaded, and YouTube ranks videos by the number of times they have been viewed.
Another important subvariation involves
weighted voting. For example, Google ranks search
results, in part, on the basis of how many other sites
link to the sites in the list. But Google’s algorithm
gives more weight to links from sites that are, themselves, more popular.
Consensus. Consensus means that all, or essentially all, group members agree on the final decision.
For example, in Wikipedia, the articles that remain
unchanged are those for which everyone who cares
is satisfied with the current version.
If the group is small enough and like-minded
enough to reach consensus in a reasonable amount
of time, then Consensus may be the most desirable
method. But reaching complete consensus in a large
or diverse group is often impossible, so Voting is
usually better in these cases. Voting and Consensus
are both useful when it is important to have everyone committed to the outcome.
Averaging. In cases where decisions involve picking a number, another common practice is to average
the numbers contributed by the members of the

Crowd. In some cases, such as guessing the weight of
an ox,4 simple averaging works surprisingly well.
Averaging is commonly used in systems that rely
on a point scale for quality rating. For example, users
of Amazon can rate books or CDs on a five-star scale,
and these ratings are averaged to provide an overall
score for each item. Similar systems allow users of
Expedia to rate hotels and users of Internet Movie
Database to rate movies. In an especially astonishing
example of averaging, NASA in 2001-02 let anyone
look at photos of the surface of Mars on the Internet
and identify features they thought were craters.
When the coordinates contributed by amateurs were
averaged, they were found to be just as accurate as
the classifications made by expert scientists.
In general, the Averaging gene can be used to enable a crowd to estimate anything that can be
expressed as a number. When the members of a
crowd provide such an estimate, the numbers they
submit include some relevant information (signal)
and some random errors (noise). When the errors
are truly random and not systematically biased in
either direction, the average works well because the
errors cancel each other out. But averaging may result in poor estimates if the errors are systematically
biased in some way. For instance, bias may arise in
situations where early participants influence later
ones or where the group of participants is not sufficiently diverse to include all relevant perspectives.
Prediction Markets. A useful way of letting
crowds estimate the probability of future events is
with Prediction Markets, in which people buy and
sell “shares” of predictions about future events. If
their predictions are correct, they are rewarded, either with real money or with points that can be
redeemed for cash or prizes. Google, Microsoft
Corp. and Best Buy Co. Inc. have all used prediction
markets to tap the collective intelligence of people
within their organizations. (For more about prediction markets, and additional examples of this and
other genes as companies use them, see “The Collective Intelligence Genome” at sloanreview.mit.edu.)
Individual Decisions. The Individual Decision
category of genes occurs when members of a Crowd
make decisions that, though informed by crowd
input, do not need to be identical for all. For instance,
individual YouTube users decide for themselves
which videos to watch. They may be influenced by
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recommendations or rankings from others, but they are not required to watch the same videos as others.
Two important variations of the Individual Decisions gene
are: Markets and Social Networks.
Markets. In Markets, there is some kind of formal exchange
(such as money) involved in the decisions. Each member of the
crowd makes an individual decision about what products to buy
or sell. Purchasing decisions by buyers in the crowd determine
collective demand, which, for its part, affects the availability of
products and their prices. And in turn, the quantities and prices
of the goods put up for sale by sellers in the crowd influence, but
do not bind, purchasing decisions.
Markets for many kinds of goods and services have existed for
millennia, but new technologies enable new electronic forms of
markets. For example, in iStockphoto, photographers post their
photos for sale on a website, and editors and others buy the rights
to use photos they want. On eBay, sellers post items they want to
sell, and buyers bid for them.
Social Networks. In Social Networks, members of a crowd
form a network of relationships that, depending on the context,
might translate into levels of trust, similarity of taste and viewpoints or other common characteristics that might cause
individuals to feel an affinity for one another. Crowd members
assign different weights to individual inputs on the basis of their
relationship with the people who provided them and then make
individual decisions.
Good examples are YouTube’s “channels,” Epinions.com’s
trust networks, Amazon.com’s personalized recommendations
and the blogosphere itself. (See more examples in this article
online.)
When Individual Decisions are needed, Markets are especially
useful when money (or similar incentives) are required to motivate people to provide the necessary effort or other resources.
Social Networks are especially useful when individuals don’t need
to be paid, and they find information about the opinions of others useful in making their own choices.

at examples and hope for inspiration. Instead, for each key activity to be performed, they can systematically consider many
possible combinations of answers to questions about What,
Who, Why and How.
This approach does not guarantee the development of brilliant new ideas. But it increases the chances that others can begin
to take advantage of the amazing possibilities already demonstrated by systems like Google, Wikipedia and Threadless.
Thomas Malone is the Patrick J. McGovern Professor of Management and Director of the MIT Center for Collective Intelligence
(CCI) at the MIT Sloan School of Management. Robert Laubacher
is a research scientist at CCI and its acting executive director. Chrysanthos Dellarocas is an associate professor of management at
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The CI Genome — What’s Next? The early examples of web-

enabled collective intelligence are not the end of the story, but
just the beginning. As computing and communication capabilities continue to improve, there will be a myriad of other
examples like these in coming decades.
There is still much work to be done to identify all the different genes for collective intelligence, the conditions under which
these genes are useful and the constraints governing how they
can be combined. But we believe the genetic framework described here provides a useful start.
With this framework, managers can do more than just look
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Winning the Race With
Ever-Smarter Machines
Rapid advances in information technology are yielding applications
that can do anything from answering game show questions to
driving cars. But to gain true leverage from these ever-improving
technologies, companies need new processes and business models.
BY ERIK BRYNJOLFSSON AND ANDREW MCAFEE

IN THE PAST FEW YEARS, progress in information technology — in computer hardware, software
and networks — has been so rapid and so surprising that many present-day organizations, institutions,
policies and mind-sets are not keeping up. We used to be pretty confident that we knew the relative
strengths and weaknesses of computers vis-à-vis humans. But computers have started making inroads in
some unexpected areas — and this has significant implications for managers and organizations.
A clear illustration of the dramatic increase in computing power comes from comparing a book
published in 2004 with an announcement made in 2010. The book is The New Division of Labor by
economists Frank Levy and Richard Murnane, and it’s a thoroughly researched
description of the comparative capabilities of computers and human workers.
In 2011, an IBM
In its second chapter, titled “Why People Still Matter,” the authors present a supercomputer
called Watson beat
spectrum of information-processing tasks. At one end are straightforward ap- human champions
in the Jeopardy!
plications of existing rules. These tasks, such as performing arithmetic, can be game show.

COURTESY OF IBM
COURTESY OF GOOGLE

THE LEADING
QUESTION

What are
the strategic
implications
of recent
dramatic
advances in
information
technology?
FINDINGS
Computers are now
making surprising
inroads into tasks
once done only by
humans.
Digitization is not a
one-time project; it’s
an ongoing process.
Think about developing new business
models and processes that combine
workers with evermore-powerful
technology to create
value.
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easily automated, since computers are good at following rules.
At the other end of the complexity spectrum are
pattern recognition tasks where the rules can’t be
inferred. The New Division of Labor gives driving in
traffic as an example of this type of task, and asserts
that it is not automatable:
The ... truck driver is processing a constant
stream of [visual, aural and tactile] information from his environment. … [T]o program
this behavior we could begin with a video camera and other sensors to capture the sensory
input. But executing a left turn against oncoming traffic involves so many factors that it is
hard to imagine discovering the set of rules that
can replicate a driver’s behavior. …
Articulating [human] knowledge and embedding it in software for all but highly structured
situations are at present enormously difficult
tasks. … Computers cannot easily substitute for
humans in [jobs like truck driving].1
The results of the first DARPA Grand Challenge,
held in 2004, supported Levy and Murnane’s conclusion. The challenge was to build a driverless
vehicle that could navigate a 142-mile route
through the Mojave Desert. The “winning” team
made it less than eight miles before failing.2
Just six years later, however, real-world driving
went from being an example of a task that couldn’t
be automated to an example of one that was. In October 2010, Google announced on its official blog
that it had modified six Toyota Priuses to the point
that they were fully autonomous cars, ones that had
driven more than 1,000 miles on U.S. roads without
any human involvement at all, and more than
140,000 miles with only minor inputs from the person behind the wheel, along with data previously
gathered by Google about the route. (To comply
with driving laws, Google had a person behind the
steering wheel at all times.)3
Levy and Murnane were correct that automatic
driving on populated roads is an enormously difficult task, and it’s not easy to build a computer that
can substitute for human perception and pattern
matching in this domain. Not easy, but possible —
and this challenge is being met.

The Google technologists are not taking shortcuts around the challenges listed by Levy and
Murnane, but are meeting them head on. They used
the staggering amounts of data collected for Google
Maps and Google Street View as well as special sensors to provide as much information as possible
about the roads on which their cars were traveling.
In particular, their vehicles collect huge volumes of
real-time data using video, radar and optical remote
sensing (LIDAR) gear mounted on the car. These
data are fed into software that takes into account the
rules of the road; the presence, trajectory and likely
identity of all objects in the vicinity; the driving
conditions; and so on. This software controls the car
and probably provides better awareness, vigilance
and reaction times than any human driver could. So
far, the Google vehicles’ only accident came when
one was rear-ended by another car as it stopped at a
traffic light.
Creating autonomous cars is not easy. But in a
world of plentiful accurate data, powerful sensors
and massive storage capacity and processing power,
it is possible. This is the world we live in now. It’s
one where computers improve so quickly that their
capabilities pass from the realm of science fiction
into the everyday world, not over the course of a
human lifetime but in just a few years.
Levy and Murnane give complex communication
as another example of a human capability that is very
hard for machines to emulate.4 Complex communication entails conversing with a human being,
especially in situations that are complicated, emotional or ambiguous. Evolution has “programmed”
people to do this effortlessly, but it’s been very hard
to program computers to do the same. For many of
us, the breakthrough came when we started using
Apple’s Siri personal assistant. Siri, an application
that runs on the latest generation of iPhones, understands human speech well enough to answer a broad
range of everyday requests, from “Where’s the nearest gas station?” to “Please make a lunch appointment
with Sergey.” It does this by linking to a variety of
public and private databases. Siri resolves ambiguous queries based on context and even has a bit of
personality and humor that it uses when appropriate. As a result, many tasks on the iPhone, like making
an appointment or finding a restaurant, are now
easier to do by speaking natural language than by
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working through menus and typing text.
The Google driverless car shows how far and how
fast digital pattern recognition abilities have
advanced recently. Apple’s Siri shows how much
progress has been made in computers’ ability to
engage in complex communication. Another technology, one that was developed at IBM’s Watson
Research Center and is named Watson, shows how
powerful it can be to combine these two abilities and
how far computers have advanced recently into territory thought to be uniquely human.
Watson is a supercomputer designed to play the
game show Jeopardy!, in which contestants are asked
questions on a wide variety of topics that are not
known in advance.5 In many cases, these questions
involve puns and other types of wordplay. It can be
difficult to figure out precisely what is being asked or
how an answer should be constructed. In short, playing Jeopardy! well requires the ability to engage in
complex communication. The way Watson plays it,
the game also requires massive amounts of pattern
matching. The supercomputer has been loaded with
hundreds of millions of unconnected digital documents, including encyclopedias and other reference
works, newspaper stories and the Bible. When it receives a question, Watson immediately goes to work
to figure out what is being asked (using algorithms
that specialize in complex communication) and then
starts querying all these documents to find and
match patterns in search of the answer.
What comes out in the end is so fast and accurate that even the best human players can’t keep up.
In February 2011, Watson played in a televised
tournament against the two most accomplished
contestants in the show’s history. After two rounds
of the game shown over three days, the computer
finished with more than three times as much money
as its closest flesh-and-blood competitor. One of
those competitors, Ken Jennings, acknowledged
that digital technologies had taken over the game.
Underneath his written response to the tournament’s last question, he added: “I for one welcome
our new computer overlords.”6
Where did these overlords come from? How has
science fiction become business reality so quickly?
Two concepts are essential for understanding this remarkable progress. The first, Moore’s Law, is
well-known: it is an expansion of an observation made
COURTESY OF GOOGLE

by Gordon Moore, cofounder of microprocessor
maker Intel. In a 1965 article in Electronics magazine,
Moore noted that the number of transistors in a minimum-cost integrated circuit had been doubling every
12 months, and he predicted that this rate of improvement would continue into the future.7 When this
proved to be the case, Moore’s Law was born.
Later modifications changed the time required for
the doubling to occur; the most widely accepted period at present is 18 months.8 Variations of Moore’s
Law have been applied to improvement over time in
disk drive capacity, display resolution, network bandwidth and, most recently, energy consumption.9 In
these and many other cases of digital improvement,
doubling happens both quickly and reliably.
It also seems that software can progress at least as
fast as hardware does, at least in some domains.
Computer scientist Martin Grötschel analyzed the
speed with which a standard optimization problem
could be solved by computers during 1988-2003. He
documented a 43-million-fold improvement, which
he broke down into two factors: faster processors
and better algorithms embedded in software. Processor speeds improved by a factor of 1,000, but
those gains were dwarfed by the algorithms, which
got 43,000 times better over the same period.10
The second concept relevant for understanding
recent computing advances is closely related to
Moore’s Law. It comes from an ancient story about
math made relevant to the present age by the innovator and futurist Ray Kurzweil. In one version of
the story, the inventor of the game of chess shows
his creation to his country’s ruler. The emperor is
so delighted by the game that he allows the inventor
to name his own reward. The clever man asks for a
quantity of rice, to be determined as follows: one
grain of rice is placed on the first square of the
chessboard, two grains on the second, four on the
third, and so on, with each square receiving twice as
many grains as the previous square.
The emperor agrees, thinking that this reward is
too small. He soon sees, however, that the constant
doubling results in tremendously large numbers.
The inventor winds up with 264-1 grains of rice, or a
pile bigger than Mount Everest. In some versions of
the story, the emperor is so displeased at being outsmarted that he beheads the inventor.
In his 2000 book The Age of Spiritual Machines:

Google's autonomous cars
collect huge volumes of
real-time data using video,
radar and optical remote
sensing (LIDAR) gear
mounted on the cars.
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When Computers Exceed Human Intelligence, Kurzweil notes that the pile of rice is not that exceptional
on the first half of the chessboard:
After thirty-two squares, the emperor had given
the inventor about 4 billion grains of rice. That’s a
reasonable quantity — about one large field’s
worth — and the emperor did start to take notice.
But the emperor could still remain an emperor. And the inventor could still retain his
head. It was as they headed into the second half
of the chessboard that at least one of them got
into trouble.11
Kurzweil’s point is that constant doubling and
other forms of exponential growth are deceptive because they’re initially unremarkable. Exponential
increases initially look a lot like standard linear ones,
but they’re not. As time goes by — as we move into
the second half of the chessboard — exponential
growth confounds our intuition and expectations. It
accelerates far past linear growth, yielding Everestsized piles of rice — and computers that can
accomplish previously impossible tasks.
So where are we in the history of business use of
computers? Are we in the second half of the chessboard yet? This is an impossible question to answer
precisely, of course, but a simple, if whimsical, calcula-

TECHNOLOGIESTO WATCH
New technology applications always surprise — so it’s almost impossible to make accurate predictions about where information technology will go next. With that caveat, here
are four digital technologies that we predict will have a large impact on the business
world in the coming decade:
•Inexpensive industrial robots. Robots are now found in warehouses, on battlefields
and vacuuming our living rooms. As their sensors and programs get better, we’ll see
them in more and more places. We anticipate a revolution in user-friendly robotics similar to the PC revolution in corporate computing.
•Voice recognition and translation software. Computers used to be laughably bad at
understanding us and moving between languages. Now they’re pretty good at it — and
rapidly improving. We’re not too far away from having full-fledged personal digital assistants that can translate for us as we travel to other countries.
•Sophisticated automated response systems. Watson’s ability to beat the best human
Jeopardy! players showed the world how good computers have become at extracting the
“right” answer from huge bodies of accumulated information. This is what diagnosticians
and troubleshooters — some of them quite well-educated and well-paid — do. Such people will soon have digital helpers — and, in effect, competitors.
•Autonomous vehicles. Google’s self-driving car is a very expensive prototype, but its
costs will drop steeply over time. And even before regulations change to allow such
cars on streets without humans in the front seat, we’re likely to see similar vehicles motoring around mines and airports and mowing golf course lawns.

tion yields an intriguing conclusion. U.S. government
economic statistics added “information technology”
as a category of business investment in 1958, so let’s
use that as our starting year. And let’s take the standard
18 months as the Moore’s Law doubling period.
Thirty-two doublings then take us to 2006 and to the
second half of the chessboard. Advances like Google’s
autonomous cars and Watson the Jeopardy! champion
supercomputer, then, can be seen as the first examples
of the kinds of digital innovations we’ll see as we move
further into the second half — into the phase where
exponential growth yields jaw-dropping results. (See
“Technologies to Watch.”)
These results will be felt across virtually every
task, job and industry. Economists Susanto Basu
and John Fernald highlight how powerful, inexpensive information and communication technology
allows departures from business as usual:
The availability of cheap ICT capital allows
firms to deploy their other inputs in radically
different and productivity-enhancing ways. In
so doing, cheap computers and telecommunications equipment can foster an ever-expanding
sequence of complementary inventions in industries using ICT.12
Note that computers increase productivity not
only in the high-tech sector but also in all industries that purchase and use digital gear. And these
days, that means all industries; even historically
low-tech American sectors like agriculture and
mining are now spending billions of dollars each
year to digitize themselves.
Note also the choice of words by Basu and
Fernald: Computers and networks bring an everexpanding set of opportunities to companies.
Digitization, in other words, is not a single project
providing one-time benefits. Instead, it’s an ongoing
process of creative destruction; innovators use both
new and established technologies to make deep
changes at the level of the task, the job, the process —
and even the organization itself. These changes build
and feed on each other, so that the possibilities offered really are constantly expanding. (This does not
mean, however, that today’s rapid advances in computing are automatically beneficial for everyone; in
fact, in our recent e-book Race Against the Machine,
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we argue that as digital technologies change rapidly,
society faces a serious problem because millions of
people are being left behind — facing either stagnant
incomes or unemployment.)

Competing Using Machines
What does it mean for companies — and their
workers, and the way work is organized — when
machines can do a better job than humans at an increasing number of tasks? When considering this
question, it’s helpful to remember that the idea of
humans competing against machines is not new; in
fact, it’s even part of American folklore. In the latter
part of the nineteenth century, the legend of John
Henry became popular as the effects of the steampowered Industrial Revolution affected every
industry and job that relied heavily on human
strength. It’s the story of a contest between a steampowered drill and John Henry, a muscular railroad
worker and former slave, to see which of the two
could bore the longer hole into solid rock.13 Henry
wins this race against the machine, but loses his life;
his exertions cause his heart to burst. Humans never
directly challenged the steam drill again.
This legend reflected popular unease at the time
about the potential for technology to make human
labor obsolete. But this is not at all what happened as
the Industrial Revolution progressed. As steam power
advanced and spread throughout industry, more
human workers were needed, not fewer. They were
needed not so much for their raw physical strength
(as John Henry was), but instead for other human
skills: physical ones such as locomotion, dexterity, coordination and perception, and mental ones such
as communication, pattern matching and creativity.
The John Henry legend shows us that, in many
contexts, humans will eventually lose the head-to-head
race against the machine. But the broader lesson of the
Industrial Revolution is more like the Indianapolis 500
speedway race than John Henry: Over time, technological progress creates opportunities in which people
race using machines. Humans and machines can then
collaborate in a race to produce more, to capture markets and to beat other teams of humans and machines.
This lesson remains valid and instructive today as machines are winning more types of head-to-head mental
contests, not just physical ones. As with the Industrial
Revolution, we believe things will get really interesting
SLOANREVIEW.MIT.EDU

as more people start competing using these powerful
new machines rather than competing against them.
The game of chess provides a great example. In
1997, Gary Kasparov, humanity’s most brilliant
chess master, lost to Deep Blue, a $10 million specialized supercomputer programmed by a team
from IBM. That was big news when it happened.
However, what is less well-known is that the best
chess players on the planet today are not computers. Nor are they humans. The best chess players are
teams of humans using computers.
In matches pitting humans against humans,
consulting a computer is considered cheating. Likewise, in computer chess competitions (yes, they
also exist), human intervention is also cheating.
However, “freestyle” competitions allow any combination of humans and computers. As Gary
Kasparov himself notes of one such competition:
The teams of human plus machine dominated
even the strongest computers. The chess machine
Hydra, which is a chess-specific supercomputer
like Deep Blue, was no match for a strong human
player using a relatively weak laptop. Human
strategic guidance combined with the tactical
acuity of a computer was overwhelming.14
The overall winner in that competition had neither
the best human players nor the most powerful computers. Instead, Kasparov observed, it consisted of
a pair of amateur American chess players using
three computers at the same time.
Their skill at manipulating and “coaching”
their computers to look very deeply into positions
effectively counteracted the superior chess understanding of their grandmaster opponents and the
greater computational power of other participants. Weak human + machine + better process
was superior to a strong computer alone and,
more remarkably, superior to a strong human +
machine + inferior process.15
This pattern is true not only in chess, but throughout the economy. In medicine, law, finance, retailing,
manufacturing and even scientific discovery, the key to
winning the race is not to race against machines, but to
win using machines. While computers win at routine
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processing, repetitive arithmetic and error-free consistency and are quickly getting better at complex
communication and pattern matching, computers
have three failings. Computers lack intuition and creativity, they can be painfully fragile in uncertain or
unpredictable environments, and they are lost when
asked to work even a little outside a predefined domain.
(See “Skills That Will Remain in Demand.”) Fortunately, humans are strongest exactly where computers
are weak, creating a potentially beautiful partnership.

Fostering Organizational Innovation
How can we implement winning “human + machine”
strategies? The solution is organizational innovation:
inventing new organizational structures, processes
and business models that leverage ever-advancing
technology and human skills. Such strategies require
more than just automating existing jobs without really rethinking them. Simply substituting machines
for human labor rarely adds much value or high returns; it results in only incremental productivity
improvements. Instead, managers and entrepreneurs
should think about developing new business models
and processes that combine workers with ever more
powerful technology to create value. Some companies
are showing how to effectively race with machines —
how to combine the relative strengths of people and
digital technologies and achieve good business results.
Here is a sampling of the smart ways companies are
mixing human and machine capabilities:
1. Create processes that combine the speed of
technology with human insight. Even though
computers have made amazing recent progress in
pattern recognition, they’re still not any good at figuring out things like what teenagers will want to
wear next. However, many fashion retailers still try
to plan their collections far in advance, using models based on past sales to predict future trends and
demand. The Zara chain of clothing stores, which is
part of the Spanish company Inditex, takes a very
different approach. Instead of relying on algorithms
to try to determine what will sell next, Zara relies
on the abilities of its store managers around the
world to discern emerging fashion trends in their
communities and customer bases. These managers
get an electronic form twice a week showing all
available garments. They fill it out and send it back,
and get the clothes they ordered within a couple of

days. Store managers are also regularly consulted
about the trends that they’re noticing so that the
company can keep making the clothes young people feel they have to have. The combination of
human insight and speedy technology makes Zara
far more responsive and agile than its competitors.
2. Let humans be creative — and use technology to test their ideas. Another example of effectively
combining the skills of people and technology is the
way the office supply chain Staples used an application developed by Affinnova, a software and
consulting company based in Waltham, Massachusetts, when determining the new packaging for its line
of copy papers. People are much more creative than
computers — but are too often bad at determining
which of their ideas are any good, or how they should
best be combined. So software now exists that quickly
and accurately tests customer responses to different
ideas and finds the optimal set. People came up with
the elements of the Staples packaging — colors, slogans, logos and so on — and the software ran a
Web-based survey to find the best mix.
3. Leverage IT to enable new forms of human collaboration and commerce. Machines are also
providing radically new ways for people to work together to solve scientific problems. For instance, Foldit
is a social game developed at the University of Washington that enlists hundreds of thousands of players
who compete to fold and manipulate molecules. Recently, UW researchers credited these players with
figuring out the structure of an AIDS-like virus.16
The Internet has also been a particularly rich
breeding ground for new marketplaces and ecosystems that combine human and machine capabilities.
For instance, it facilitates the operation of “micromultinationals” — small businesses that work with
customers, suppliers and partners globally to create
and deliver value.17 What’s more, platforms like eBay,
Apple’s iTunes, Google’s Android operating system
and Amazon.com’s marketplace have spurred thousands of people to earn their livings by selling new,
improved or simply unusual or cheaper products to
a worldwide customer base. Technology manages
most of the matching of buyers and sellers, the mechanics of the transactions and, in some cases, even
marketing and pricing decisions. For digital goods,
even distribution and delivery can be automated. In
the iTunes and Android marketplaces, technology
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leverages creativity to make it possible to deliver a
“long tail” of new niche products that otherwise
would likely never reach a wide market.18
4. Use human insight to apply IT — and IT-generated data — to create more effective processes.
Assurant Solutions, which sells credit insurance and
debt protection products, already had an operationally optimized call center where callers were
automatically routed to customer service reps with
expertise in the product a customer was calling
about. But when the company brought in mathematicians and actuaries to study the data the call center
generated, they discovered that, for whatever reason,
certain reps did much better with certain types of
customers. By automatically routing calls to customer service reps more likely to develop a rapport
with such customers, Assurant Solutions reported
that the success rate of its call center almost tripled.
5. Once people develop new, improved processes,
use IT to propagate those processes. More and more
industries have a core of software. Technology thus
makes it easier to replicate not just innovative digital
products but also innovative business processes. For
instance, when the drugstore chain CVS developed
an improved prescription drug ordering process for
its pharmacies, it embedded the process in an enterprise IT system. Because the process was tightly
coupled with technology, CVS could assure that every
clerk and pharmacist would adhere to the new process precisely as it had been designed, increasing
overall customer satisfaction scores from 86 to 91.
More important, CVS could rapidly propagate the
innovation to over 4,000 physical locations. In effect,
this one process innovation created a 4,000-fold economic impact quickly and accurately because it was
embedded in easily replicated technology. This contrasts with the slow and error-prone paper-based or
training-oriented procedures that were used for
propagating processes a decade ago.19

Combinatorial Innovation
When businesses are based on bits instead of atoms,
new innovations often add to the set of innovations
available to the next entrepreneur, instead of depleting
the stock of resources the way minerals or farmland
could be depleted in the old economy. New businesses
are often recombinations of previous ones. For example, an MIT student in one of our classes created a
SLOANREVIEW.MIT.EDU

SKILLSTHAT WILL REMAIN IN DEMAND
Computers are getting much better at pattern recognition, complex communication and many other skills. That may be good for businesses — but it’s not
always good for individual employees, who may not be able to adapt as quickly
as technology is advancing. How can you prepare yourself — and, perhaps,
your children — for careers in a fast-changing economy filled with ever-faster,
ever-smarter computers?
One key is realizing that there are still many things computers are no good
at. They’re not creative, and they can’t think “outside the box.” And they’re not
very empathic. These limitations point to some skills that people should acquire
if they want to be successful using machines in the future, instead of competing against computers:
•Applied math and statistics. Some think that the era of “big data” and powerful software means that fewer people have to master the gritty details of
statistical analysis. This is deeply misguided. Knowing which analyses to conduct and how to interpret their results is more valuable than ever. We think
Google chief economist Hal Varian was on to something when he said that “the
sexy job in the next 10 years will be statisticians.”i
•Negotiation and group dynamics. Management is one of the most durable
professions, even as computers advance. It turns out that organizations need dedicated managers working with teams, advancing their agendas and working with
their members.
•Good writing. Computers can only generate the simplest, most formulaic
prose. While few people write for a living, lots of us do at least some writing. Getting good at it is a way to stand out from the crowd — and from the machines.
•Framing problems and solving open-ended problems. Computers don’t
know what’s wrong or where the next opportunities are. Solving open-ended
problems entails both perceiving the challenge and addressing it. It’s a major
feature of primary and secondary educational systems like Montessori, which
might explain why Montessori graduates are so common among the elite of
the tech industry — the masters of racing with machines.
•Persuasion. Does anyone seriously think that a great salesperson will be unable to find work, even in a highly digitized economy?
•Human interaction and nurturing. We are biologically wired to react to
human attention and the human touch in a way that no machine can replicate.
That means that jobs that involve human nurturing and interaction, such as child
care and nursing, will continue to defy automation.

simple Facebook application for sharing photos.
Although he had very little formal training in programming, he created a robust and professionallooking app in a few days using standard tools. Within
a year, he had over 1 million users. This was possible
because his application leveraged the Facebook user
base, which in turn leveraged the broader World Wide
Web, which in turn leveraged the Internet protocols,
which in turn leveraged the cheap computers of
Moore’s Law and many other innovations. He could
not have created value for his million users without the
existence of these prior inventions. Because the process
of innovation often relies heavily on combining and
recombining previous innovations, the broader and
deeper the pool of accessible ideas and individuals, the
more opportunities there are for innovation.
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We are in no danger of running out of new combinations to try. Even if technology froze today, we
have more possible ways to configure the different
applications, machines, tasks and distribution
channels to create new processes and products than
we could ever exhaust.
Here’s a simple illustration: Suppose the people
in a small company write down their work tasks —
one task per card. If there were only 52 tasks in the
company, as many as in a standard deck of cards,
then there would be 52! different ways to arrange
these tasks. (52! is shorthand for 52 × 51 × 50 ×… ×
2 × 1, which multiplies to over 8.06 × 1067, about
the number of atoms in our galaxy.) That is far, far
more than the number of grains of rice on the second half of the chessboard, or even a second or
third chessboard. Combinatorial explosion is one
of the few mathematical functions that outgrows
an exponential trend.
No central planner could imagine, let alone consider and evaluate, all the possible new products and
processes latent in all the possible combinations of
the building blocks that can be configured to create
value in today’s digital economy. Most of the combinations may be no better than what we already have,
but some surely will be, and a small fraction may be
“home runs” that generate enormous value. Parallel
experimentation by millions of entrepreneurs and
innovative managers is the best and fastest way to
identify the combinations of economic building
blocks that will make a positive difference. Most of
the digital economy’s potential for combinatorial innovation remains yet to be tapped.
Erik Brynjolfsson (@erikbryn) is the director of the MIT
Center for Digital Business and the Schussel Family
Professor at the MIT Sloan School of Management.
Andrew McAfee (@amcafee) is a principal research
scientist and associate director at the MIT Center for
Digital Business. Portions of this article were adapted
from Brynjolfsson and McAfee’s new e-book, Race
Against the Machine: How the Digital Revolution Is
Accelerating Innovation, Driving Productivity and IrreversiblyTransforming Employment and the Economy
(Digital Frontier Press, 2011). Comment on this article
at http://sloanreview.mit.edu/x/53208, or contact the
authors at smrfeedback@mit.edu.
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Popović, M. Jaskolski and D. Baker, “Crystal Structure of
a Monomeric Retroviral Protease Solved by Protein Folding Game Players,” Nature Structural & Molecular Biology
18 (2011): 1175-1177.
17. M.V. Copeland, “The Mighty Micro-Multinational,”
Business 2.0, July 1, 2006.
18. M.S. Hopkins and L. Brokaw, “Matchmaking With Math:
How Analytics Beats Intuition to Win Customers,” MIT
Sloan Management Review 52, no. 2 (winter 2011): 35-41.
19 A. McAfee and E. Brynjolfsson, “Investing in the IT
That Makes a Competitive Difference,” Harvard Business
Review 86 (July-August 2008): 98-107.
i. S. Lohr, “For Today’s Graduate, Just One Word: Statistics,” New York Times, Aug. 5, 2009.
Reprint 53208.
Copyright © Massachusetts Institute of Technology, 2012.
All rights reserved.

60 MIT SLOAN MANAGEMENT REVIEW WINTER 2012
SLOANREVIEW.MIT.EDU
SPECIAL COLLECTION • “WHAT’S IN STORE FOR YOUR DIGITAL ENTERPRISE?”• MIT SLOAN MANAGEMENT REVIEW 27

PDFs ■ Reprints ■ Permission to Copy ■ Back Issues
Articles published in MIT Sloan Management Review are
copyrighted by the Massachusetts Institute of Technology
unless otherwise specified at the end of an article.
MIT Sloan Management Review articles, permissions,
and back issues can be purchased on our Web site:
sloanreview.mit.edu or you may order through our
Business Service Center (9 a.m.-5 p.m. ET) at the
phone numbers listed below. Paper reprints are
available in quantities of 250 or more.
To reproduce or transmit one or more MIT Sloan
Management Review articles by electronic or
mechanical means (including photocopying or archiving
in any information storage or retrieval system) requires
written permission.
To request permission, use our Web site:
sloanreview.mit.edu),
or
E-mail: smr-help@mit.edu
Call (US and International):617-253-7170
Fax: 617-258-9739
Posting of full-text SMR articles on publicly accessible
Internet sites is prohibited. To obtain permission to post
articles on secure and/or password-protected intranet sites,
e-mail your request to smr-help@mit.edu.
Customer Service
MIT Sloan Management Review
238 Main Street E48-570
Cambridge, MA 02142

