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Executive Summary
Things used to be made to order and made to fit. But they were labor-intensive and expensive.
Mass production came along and made things more affordable, but at a cost — the cost of sameness, the
cost of one-size-fits-all. Technology is beginning to let us have it both ways. And just as mass production
was the hallmark of yesterday’s Industrial Age, mass customization promises to dominate the modern
stage of America’s economic evolution—the Information Age. From computers to clothing to cars, we’re
getting more personalization at mass-production prices.
●

Dell Computer proved that complex manufactured products could be built to order. Using the
telephone or the Internet, customers describe the exact computer they want, choosing the speed
of the microprocessor, the capacity of the hard drive, etc. The number of possible combinations is staggering — almost 16 million for desktop models alone. No wonder Michael Dell
has been lauded as the Henry Ford of mass customization.

●

Connecticut’s InterActive Custom Clothes sells jeans over the Internet, allowing customers to
specify hip size, leg and seat room, fabric, color, thread accents, leg silhouette, fly design,
pocket style, etc. At the factory, computerized fabric cutters enable expert garment workers to
sew one unique pair for each individual buyer.

●

Ford’s move to mass customization includes a new web site that allows buyers to specify
exactly what they want. The site offers six models of the Explorer — each with choices for
power train, exterior, interior, audio, wheels, etc. All told, there are more than 2.5 million
possible combinations for the vehicle.

We’re moving toward mass customization as businesses work not to produce just more stuff, but
the right stuff. Why have Americans had to wait until the tail end of the 20th century for mass
customization? The simplest answer: until now, the country didn’t have the know-how to customize at
low cost. Information Age technologies spawn mass customization by revolutionizing the calculus of
production costs.
The interplay of fixed and marginal costs explains both mass production and mass customization.
In the Industrial Age, innovations such as conveyor belts and machine tools allowed companies to turn out

identical products cheaply. Producers faced high fixed costs because the machines and assembly plants
were expensive, but standardization of parts and products lowered marginal costs. With high fixed costs
and low marginal costs, it’s cheap to make the same product for everybody but expensive to produce a
different product for each customer.
Mass customization becomes optimal when both fixed and marginal costs — particularly fixed —
are low. If producers can change designs quickly and inexpensively, they’ll win customers by targeting
individual tastes and preferences. Average costs decline even without long production runs, permitting
low prices along with the bonus of providing exactly what consumers want.
As mass customization becomes part of our everyday lives, most Americans will intuitively understand how it represents and improvement over mass production, yet it may be hard to assess how much
better off we are. The benefits of mass customization, however, are hard to quantify, especially with the
rudimentary economic yardsticks now available. Conceived in an era of mass production, the nation’s
gross domestic product and productivity statistics may ably count more stuff, but they give little credit for
right stuff.
GDP is a statistic designed for mass production. It’s a simple counting—the number of units
made. Economic research shows it falls short in measuring intangible benefits like consumers’ gains from
better quality and new products. Mass customization introduces a similiar bias, one tied to the fact that we
can measure production but not consumers’ satisfaction.
GDP accurately measures the gains in society’s living standards when technological progress is of
the type that lowers marginal production costs. But GDP undercounts — indeed, totally ignores — the
gains in living standards when new technologies cut fixed production costs. GDP at best understates
today’s progress when innovations such as the microchip, the personal computer, the Internet and fiber
optics make possible an era of mass customization.
Our statistics are a rearview mirror, looking back at the past. We need to focus on the economy
that’s emerging rather than the one that has been. Tomorrow’s progress can’t be judged with yesterday’s
gauges. After all, output and productivity aren’t the goals of the economy. Consumer satisfaction is.
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Introduction1
Henry Ford’s first great contribution to America was the Model T,
which rolled off the assembly lines at his Highland Park, Mich., plant at the
rate of one every 24 seconds. At the time, it was an amazing display of
industrial efficiency. By streamlining automation in his factories, Ford advanced an era of mass production that built his fortune and brought the automobile within reach of an emerging middle class. But while the miracle of
mass production delivered the goods, it didn’t adapt easily, so all Model T’s
looked alike. Ford’s approach can be summed up in what he said about the
car’s exterior: “The consumer can have any color he wants so long as it’s
black.”
“There has been an explosion
of choice in the marketplace.”

Ford’s take-it-or-leave-it attitude wouldn’t cut it in today’s economy.
Americans are blessed — some might say overwhelmed — by an ever-expanding variety of goods and services. Just since the early 1970s, there has
been an explosion of choice in the marketplace.2
●

The number of new vehicle models has risen from 140 to 260, soft
drinks from 20 to more than 87, TV channels from 5 to 185, overthe-counter pain relievers from 17 to 141.

●

The U.S. market offers 7,563 prescription drugs, 3,000 beers,
1,174 amusement parks, 340 kinds of breakfast cereal, 50 brands of
bottled water.

●

Whole milk sits on the supermarket shelf beside skim milk, halfpercent, 1 percent, 2 percent, lactose-reduced, hormone-free,
chocolate, buttermilk and milk with a shelf life of six months.

Today’s consumers have access to more book titles, more movies and
more magazines. Ford’s company still makes black cars for buyers who want
them, but it also offers 46 other colors — toreador red, jalapeño green, Atlantic blue, mocha frost, autumn orange, teal and more.

“Today Ford still makes black
cars — but also offers 46
other colors.”

Giving Consumers What They Want. This proliferation of products,
models and styles isn’t capitalism run amok. Variety shouldn’t be dismissed
as a trivial extravagance. It’s a wealthy, sophisticated society’s way of improving the lot of consumers. The more choices, the better. A wide selection
of goods and services increases the chance each of us will find, somewhere
among all the shelves and showrooms, products that meet our requirements.
Over time, the American economy has been giving us more of what we
want. Just look at what’s happened in automobile design since Ford made his
declaration about the color of cars.3 Until 1914, Model T’s were available in
red, blue, green, gray and black. The move to all black was a concession to
mass production that made the car a commodity of sorts, but standardization
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wasn’t a winning strategy in the long run. By 1927, competition forced Ford
to rethink variety. The Model A came in several body styles and an array of
colors. With each decade, Ford gave consumers more choices, so that by 1955
the company offered five model series: mainline, customline, Fairlane, station
wagon and the two-passenger Thunderbird convertible. Buyers could select
upholstery and optional equipment.
The possibilities for doing a better job of meeting consumers’ wants
still weren’t exhausted. Ford and other automakers started designing products
for market niches. In 1964, Ford introduced the Mustang, an inexpensive,
sporty vehicle for young drivers. The 1980s brought the Taurus and Sable,
cars for middle- and upper-middle-income families. As Ford prepares for the
next millennium, it’s introducing custom ordering, which allows buyers to
specify what they want. Ford’s Internet site offers six models of the Explorer
— each with choices for power train, exterior, interior, audio, wheels, tires and
other options. All told, there are more than 2.5 million possible combinations
for the vehicle.
The trend toward customization isn’t confined to the automobile
industry. From clothing to computers, businesses are working to become more
consumer friendly. They do it to gain new sales and stay competitive. They
do it because pleasing the customer isn’t just about producing more stuff. It’s
about producing the right stuff.
What Is the Right Stuff? It’s more of what we do want and less of
what we don’t want. The economy provides more of what we do want by
customizing products to our particular tastes. It eliminates what we don’t want
through preventive products. Vaccines, childproof caps, safety gear on cars
and antipollution devices are valuable for the misfortunes they avert. Preventive goods and services are often taken for granted — until they’re needed.
They raise living standards by replacing treatment with immunity, repair with
safer design, helping protect consumers from some of life’s tragedies.

“Personalized goods and
services are increasingly
available to middle-class
consumers.”

The rich have always enjoyed the luxury of custom-made products.
Now, though, personalized goods and services are increasingly within the
budgets of middle-class consumers. Computers, the Internet, DNA research
and other technologies are forging a whole new paradigm that makes possible
the delivery of custom-designed products to the masses — at ever lower
prices. The descriptive phrase for the phenomenon is mass customization.
“Once you know exactly what you want, you’ll be able to get it just that way,”
says Bill Gates, founder of software giant Microsoft. “Computers will enable
the kinds of goods that are mass-produced to be custom-made for particular
customers.”4
The economy’s progression to customization isn’t a fad. It arises from
the free market’s relentless drive to bring what we buy closer to what we want.
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What we buy yields a lot more utility when it exactly matches our needs, and
Americans are reaping enormous benefits as new tools help business cater to
markets of one. We’re getting more for less, helping keep inflation in check.
Defying Traditional Measures. There’s just one glitch in this otherwise serendipitous story: traditional measures of the economy may not reflect
how much our living standards are improving. Conceived in an era of mass
production, the nation’s gross domestic product (GDP) and productivity
statistics may ably count more stuff, but they give little credit for right stuff.
Mass customization and prevention — just like variety — deliver their gains
in important but subtle ways, so GDP and productivity statistics fail to capture
the extent of our progress.

For the Future, the Best of the Past
“Dell offers almost 16 million
possible combinations of its
desktop computer models.”

Just as mass production was the hallmark of yesterday’s Industrial
Age, mass customization promises to dominate the modern stage of America’s
economic evolution — the Information Age. New eras, of course, don’t arrive
overnight. They emerge slowly and incrementally as they overlap with the
old, taking years and even decades to transform the economy. Even so, we’re
already seeing noteworthy moves to mass customization.
Computers. Dell Computer of Round Rock, Texas, has proven that
complex manufactured products can be made to order.5 Using the telephone
or the Internet, customers describe the computer they want,the shape of the
cabinet and size of the monitor screen, the speed of the microprocessor, the
capacity of the hard drive. Other choices involve keyboards, mouses, video
cards, modems, speakers, data-storage systems and software. The number of
possible combinations is staggering — almost 16 million for desktop models
alone. Dell begins assembling a computer only after it receives an order and
then ships the finished product directly to the customer’s home or business
within a few days. Gateway 2000, Micron Technology and Compaq Computer also make computers to customers’ exact specifications.

“Digitoe uses a scanner to
measure every millimeter of
customers’ feet for custommade shoes.”

Clothing. Off-the-rack apparel has always come in many sizes, styles
and colors, but mass customization promises a perfect match for each buyer’s
fit and taste. Connecticut’s InterActive Custom Clothes sells jeans over the
Internet, allowing customers to specify hip size, leg and seat room, fabric,
color, thread accents, leg silhouette, fly design, pocket style, buttons, rivets
and even label.6 The pants are produced to exact specifications at a New York
factory. Digitoe, a Washington company, uses a scanner to measure every
millimeter of customers’ feet for custom-made shoes.7 Using his computerized mobile fitting unit, Alan Zerobnick digitizes each foot’s dimensions —
no matter the size or shape — and builds a three-dimensional shoe last around
which any style can be molded for a perfect fit. Orders are shipped in three to
four weeks. Reorders require only a phone call.
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Entertainment and Information. Music buffs who wanted to hear
their favorite songs once had to buy dozens of compact discs. Now, CDuctive,
a New York company, maintains an Internet site with sound bites from about
10,000 titles.8 Customers select a dozen cuts to be burned onto a CD and
shipped to their door.

“CDuctive lets CD buyers
select a dozen cuts from
about 10,000 song titles.”

In the age of mass media, the goal was to create newspapers and
television stations that reached a broad audience. The Internet changes all
that. NewsEdge Corp. gathers a profile of each customer’s interests, then
scans almost 700 news sources to deliver regular reports on current events,
sports, weather and finance, all geared to the individual reader.9
Broadcast.com, a five-year-old Dallas company, operates a web site that
transforms computers into the most powerful radio receivers ever, allowing
listeners to pick up stations from Turkey, Argentina, South Africa, Sweden or
anywhere else in the world.10
Health Care. Advances in biotechnology — most important, the
ongoing process of cracking the DNA code — now allow doctors to individualize drugs and other treatments. Affymetrix, a Santa Clara, Calif., company,
has produced the first biochip, a dense grid of molecular tweezers that extracts
individuals’ DNA.11 The biochip can analyze thousands of genes at once — in
effect, speed-reading the cells’ DNA codes. Although the Human Genome
Project has been mapping genes since 1990, biochips make the process personal. They give doctors information on each patient’s medical condition.
Philadelphia’s Acumin sells capsules customized with specific vitamins and dosages for each customer, cutting the number of pills some people
swallow in a day.12 Advances in cloning technology are allowing doctors to
take a skin sample and reproduce a patient’s own collagen cells. Injections of
the cells can smooth wrinkles and scars without risk of allergic reaction.

“Technologies make
customization possible and
competition makes it imperative.”

In one industry after another, companies are customizing for the mass
market. They’re doing it because new technologies make it practical and
competition makes it imperative. Futurist Alvin Toffler, who predicted the
coming of mass customization in the 1970s, recently issued a stern warning to
producers who aren’t yet on board: “I’d say if you have a company and you’re
not moving toward automation on demand, you’ll have a competitor one day
soon who will put you out of business.”13

The Value of Extra Value
Whether companies are seeking to expand sales or just stay in business,
mass customization enables producers to snare buyers by offering extra value.
It’s no surprise that consumer satisfaction lies at the core of this phenomenon;
what consumers want always shapes market economies. Econ 101 professors
have taught this straightforward notion since Adam Smith published The
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Wealth of Nations in 1776. Markets serve as complex information machines
that collect and communicate buyers’ needs, tastes, desires and whims. Producers that do the best job of catering to consumers gain market share and
make greater profits. Burger King got it right in its advertising slogan: Have it
your way!
Companies prosper by delivering what customers want. This conventional view of consumer sovereignty is correct — as far as it goes. What’s
missing is a description of how meeting buyers’ needs and wants evolves over
time. Americans have always preferred customized products, but they
couldn’t always afford them. Now, companies are finding ways to deliver
exactly what we want at prices competitive with those of mass production.
Until the Industrial Revolution, producers catered to consumers one at
a time. Sophisticated machine tools hadn’t been invented, so every product
had to be handmade. A tailor, for example, would measure each customer and
ask about style, fabric and fit, then stitch a suit or dress to the exact pattern.
When shoes, furniture and all other goods were made to order, customers
could always buy just what they wanted — if they could afford it. The drawback of production by artisans was high cost. The typical American was
lucky to possess one suit of clothes and one pair of shoes.
Industrialization changed that. Machines began to make our clothes,
shoes, furniture, kitchen utensils and an array of new products, sweeping
America into an era of mass production. Producer and consumer rarely came
into contact. Goods were made in factories, shipped over great distances and
sold in department stores. Mass production dictated large runs of identical
products. Consumers sacrificed the luxury of personal attention for
affordability. Taking what came off the shelf, though it might not be a perfect
fit, was the best choice because it was cheap. The Industrial Age brought
lower prices. ust as important, each worker produced more, justifying a
bigger paycheck. Today, just about all U.S. households possess cars, television sets, telephones and plenty of other everyday conveniences — all made
possible by mass production.

“What is increasingly shaping
today’s economy is not the
raw power of machines but
the subtle power of knowledge.”

What is increasingly shaping today’s economy is not the raw power of
machines but the subtle power of knowledge. Information Age technology —
primarily the computer — has erased yesterday’s edict that customization
must carry a high price. Mass customization offers consumers the best of both
worlds. It embodies the good qualities from the era of hand production —
custom design and individualized service. And it retains the most significant
gain from the era of mass production — low cost.
Mass production was about producing more stuff. Mass customization
is about producing the right stuff.
Customization for the mass market isn’t just economists’ jargon for
variety. The difference lies in which side of the market calls the shots. Vari-
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ety represents producers’ best guess about what consumers will buy. Companies tweak their designs, hoping what they offer is close enough. Even when
companies rely on market research, they’re still aiming at broad groups of
consumers. Variety has delivered great benefits in recent decades, but it is
mass production’s response to the fact that everybody’s tastes differ. Even at
its best, variety is an imperfect substitute for true customization, which eliminates the need for guesswork. Companies that customize don’t make anything
until they know precisely what the customer wants.
One size fits all? Not anymore. What served as a good slogan for
mass production doesn’t cut it in today’s world.

Technology’s Role: Driving Down Costs
Why have Americans had to wait until the tail end of the 20th century
for mass customization? The simplest answer: until now, the country didn’t
have the know-how to customize at low cost. Today’s technology, though,
makes it possible.

“The signature tool of mass
customization is the microprocessor.”

Revolution Via Microprocessor. If there is a signature tool of mass
customization, it’s the microprocessor. This tiny device is indispensable to
many of today’s “smart” tools — most notably, powerful computers that
process, store and send information. The Internet moves vast amounts of
information at the click of a button — not just words and numbers but pictures
and sound as well. Search engines — software that brings order to the
Internet’s chaos — are key to customizing because they find and organize
information based on users’ profiles and inquiries. Lasers are used in bar-code
scanners, measurement devices and fiber-optic cables that can transmit whole
libraries in seconds. Artificial intelligence programs simplify the design of
new products. Computer-controlled manufacturing makes it faster and
cheaper to modify designs and assemble one-of-a-kind items. Breakthroughs
in biotechnology are unlocking the secrets of individual cells. The leap from
analog to digital greatly expands the capacity of all kinds of communications
technologies to process and deliver that most precious of commodities —
information.
The tools of the Information Age are indeed powerful. These technologies spawn mass customization by revolutionizing the calculus of production
costs. Nearly all business expenses fall into two broad categories — fixed and
marginal. Fixed costs include conceiving, designing and organizing the
operation, setting up plants, installing equipment, bringing in utilities, hiring
workers and slogging through the usual morass of red tape. These costs are
incurred before the first sale is made. Marginal costs, on the other hand, aren’t
incurred until an enterprise is up and running. They cover expenses for producing additional units of output, including wages, raw materials, electricity,
marketing and distribution.
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The interplay of fixed and marginal costs explains both mass production and mass customization. In the Industrial Age, electric motors, engines,
winches, conveyor belts, machine tools and other advances reshaped the
economy. They were the high technology of the times. These innovations
allowed companies to turn out identical products cheaply. The order of the
day was standardization — from nuts and bolts to accounting procedures and
time zones. The world of mass production usually involved high fixed costs
and low marginal costs. Producers made money by cranking out as many
units as possible, driving down the average production cost by spreading the
huge fixed cost over more and more units. That’s precisely what Henry Ford
and his successors did. Customers paid lower prices for automobiles, appliances, clothing and household goods, but companies could only bring a
limited number of standardized models to the marketplace. With high fixed
costs and low marginal costs, it’s cheap to make the same product for everybody but expensive to produce a different product for each customer.
Industrial Age technology replaced muscle power with machine
power, which ran the assembly lines. Information Age technology complements machine power with brain power, enabling us to recognize each
consumer’s preferences and deliver what they want at a reasonable price.
Once again, the key is costs. Mass customization becomes optimal when both
fixed and marginal costs — particularly fixed — are low. If producers can
change designs quickly and inexpensively, they’ll win customers by targeting
individual tastes and preferences. Average costs decline even without long
production runs, permitting low prices along with the bonus of getting exactly
what we want.
From Mass Production to Mass Customization. Mass production
was the by-product of Industrial Age tools. Mass customization is the dividend of Information Age tools.

“Modern technologies slash
fixed costs in information,
production and distribution.”

Modern technologies slash fixed costs in three areas: information,
production and distribution. By making it easy to supply information, the
Internet gives consumers a cheap and easy way to find out what goods and
services are on the market. Companies can display immense amounts of
product information on their web pages and take orders from anywhere in the
world. More important, the Internet frees producers from the expensive
proposition of paying firms to gather information on what buyers want. They
now find out electronically, at negligible cost. Both InterActive Custom
Clothes, the jeans maker, and CDuctive, the producer of custom compact
discs, compile consumers’ preferences through the Internet. Amazon.com, the
Internet bookseller, keeps track of readers’ purchases, allowing the online
vendor to recommend specific books to individual customers.14
By making it cheaper to personalize during production, Information
Age tools remove the last barriers to providing goods and services for indi-
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“The Motorola factory could
produce 29 million different
pagers on the same line
without retooling.”

vidual customers. It’s smart automation that allows CDuctive to personalize
compact discs at the click of a button. Once an order arrives, computers
retrieve the selections from a hard drive and burn them directly onto blank
discs. InterActive Custom Clothes uses computerized fabric cutters that are
quick, precise and inexpensive. Even assembly lines are no longer limited to
endless iterations of the same product. Computer-aided designs are replacing
costly prototypes. Computer-guided machinery allows production to shift
from one style to another with a few lines of computer code. At Motorola’s
pager factory in Boynton Beach, Fla., the specifications for each order arrive
in a direct transmission from sales representatives’ laptop computers.15 Within
minutes, these specs are translated into bar-code instructions for the assembly
process. In theory, the factory could produce 29 million different pagers on
the same line, one right after another, without the time and expense of retooling.
Improvements in distribution, made possible by such technologies as
lasers and computers, reduce the fixed costs of getting products to consumers.
Bar-code scanners allow Federal Express and other overnight shippers to
improve speed and accuracy while reducing outlays for a global system to pick
up, sort, track and deliver packages. As the Internet spreads into more homes
and businesses, it makes the delivery of information products relatively inexpensive. What does it cost NewsEdge Corp. to personalize news reports?
Next to nothing. Fidelity Investments and other brokerages offer web sites
that allow investors to track their portfolios in real time. DirecTV, capitalizing
on the increased capacity of satellite television systems, incurs no added
expense by offering the entire National Football League schedule every Sunday, so sports fans can choose which games they want to watch.

“The globalization of
commerce also has contributed to thrusting the economy
toward mass customization.”

Michael Dell started his $16 billion computer business in a University
of Texas dorm room in 1983 on the basis of low fixed cost. Dell’s
masterstroke: build to order and do it quickly. Customization would lose its
value if customers had to wait months for their computers. The Internet allows
Dell to find out what each customer wants, instantly and cheaply. Continuousflow manufacturing cuts the cost of customizing: 35 cargo doors line both ends
of Dell’s new Round Rock manufacturing facility. On one side, suppliers
deliver components throughout the day. On the other, workers load finished
products onto trucks. Actual assembly takes five minutes. Even adding time
for loading software and testing for quality, the whole process takes just four
hours. By economizing on spare parts, product inventory, delivery and every
other step of the process, the company provides a customized product at a
competitive price. No wonder Michael Dell has been lauded as the Henry
Ford of mass customization.
Information Age technology thrusts our economy toward mass
customization, but other factors also contribute. The globalization of com-
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merce, for example, makes goods and services more widely available, especially as cutting-edge electronic media reduce the time and expense involved
in gathering information. Access to products from around the world also
makes us more sophisticated consumers, so that even in the home market we
demand the nuances of Italian suits or German beer.
Wealth and Customization. Just as mass customization couldn’t take
root in an isolated society, it couldn’t emerge in a poor one. Low-income
countries are still dominated by mass production. That’s to be expected,
because producing quantity is the quickest way out of poverty. Once a nation
becomes wealthy, most families’ basic needs are satisfied. As they move up
the economic ladder, consumers typically move down a list of wants from
food, clothing and shelter to luxuries. All of us desire the luxury of goods and
services that embody our own tastes and preferences. It’s money in the
pocket, though, that makes it possible. We’re becoming a society of mass
customization because we can now afford it.
First we meet basic needs through mass production. Then we gratify
individual wants through mass customization.

Right Stuff, Wrong Statistics
As mass customization becomes part of our everyday lives, most
Americans will intuitively understand how it represents an improvement over
mass production. Clothes will fit better. Entertainment will be more enjoyable. Doctors and hospitals will have individualized tools to make us
healthier.

“It is difficult to measure the
benefits of mass customization
with the rudimentary economic yardsticks now
available.”

Yet it may be hard for many Americans to assess how much better off
we are. The problem lies in how we measure our economic progress. We
tend to rely on a handful of well-publicized statistics — most notably, gross
domestic product, the Consumer Price Index and productivity figures. The
benefits of mass customization, however, are hard to quantify, especially with
the rudimentary economic yardsticks now available.
A Statistic Designed for Mass Production. GDP is a simple counting — the number of units made. It falls short in measuring intangible benefits. Economic research demonstrates that GDP often fails to capture consumers’ gains from better quality and new products. Mass customization
introduces a similar bias, one tied to the fact that we can measure production
but not consumers’ satisfaction. They aren’t the same, even though many
commentators casually link them.
Nobody ever said quantity was the spice of life. GDP statistics tell the
same tale whether a business executive owns 12 identical suits or if he possesses a dozen in an array of fabrics and styles. Is it really the same? No
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individual would think so; that’s why our closets are filled with a variety of
garments. Will 100 copies of Catcher in the Rye offer as much reading pleasure as one copy of 100 different novels? GDP says so. Most consumers
would say no. And just as variety has produced gains for America that have
eluded the GDP and productivity statistics, mass customization will produce
even more.
Preventive production proves just as slippery for GDP accounting.
[See the sidebar “An Ounce of Prevention.] If electronic sensors in roads and
vehicles can prevent accidents, Americans will have undamaged cars. Without
the technology, they might be involved in more collisions, spending money on
repairs. Either way, they have the same thing— a car without dents. The first
costs less, so GDP accounting would suggest we’re worse off, not better off.
Similarly, scientists are developing vaccines that will eliminate tooth decay.
We will benefit from improved dental health, but the holes not drilled in teeth
are net losses to GDP. A stitch in time may indeed save nine, but it also
generates one-ninth the GDP.

“Gross domestic product is
increasingly inadequate as a
measure of how well the
economy is doing.”

Inflation-adjusted GDP puts economic growth at an annual average of
2.7 percent over the past two decades. GDP may be entirely accurate as a tally
of how much our farms, factories and offices produce, but it’s increasingly
inadequate as a measure of how well the economy provides what we want —
the satisfaction produced. As we grow wealthier, Americans are taking more
of our progress in ways that aren’t readily quantified. We’re refining what we
produce — making the right stuff, not just stuff.
Productivity Overlooked? If GDP can’t detect the benefits of mass
customization, it will also miss the mark on productivity, a number that derives straight from the GDP calculations. Some economists are disappointed
in America’s productivity performance over the past quarter century, a time of
rapid spread of new technologies — most notably the computer. They see
measured productivity slowing to 1 percent a year and worry that Information
Age advances aren’t delivering the same economic punch as Industrial Age
inventions. It just isn’t so. Our statistics don’t recognize how the economy is
making us better off by producing for us individually rather than en masse.
[See the sidebar “The Paradox That Isn’t.”]
Our statistics are a rearview mirror, looking back at the past. We need
to focus on the economy that’s emerging rather than the one that has been.
Tomorrow’s progress can’t be judged with yesterday’s gauges. What’s needed
are analytical tools that can capture the benefits of mass customization and
preventive products.
After all, output and productivity aren’t the goals of the economy.
Consumer satisfaction is.
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An Ounce of Prevention
Roughly $107 billion was spent fighting cancer in 1998. The federal government alone spent
nearly $3 billion on cancer research. Tallying the bill for all health costs, the nation spent more than $1
trillion last year, the bulk of which went for treatment and cures.
Scientists aren’t just looking for cures — they’re seeking to eradicate disease altogether. Clearly
their success would be a big boon to society, but by and large GDP wouldn’t reflect such progress. In
fact, GDP might even fall. [See the appendix]. Vaccines and the like save countless lives and untold
pain and suffering but shut down whole industries dedicated to research, treatment, fund-raising and
public education — all of which add to GDP.
No doubt a big chunk of the economic resources freed by eliminating diseases is eventually recycled into producing other output. But society may well choose to take such progress in other ways,
too — such as enjoying more leisure time and greater product variety — options American households
valued and have historically chosen in lieu of just having more GDP.
Advances in biotechnology and genomics promise solutions to many public health problems.
Numerous vaccines targeting a number of hunmankind’s most stubborn diseases and conditions are in
the development stage. Estimates are that in just the next two decades, progress in disease prevention
will deliver as many vaccines as have been found so far in all of history.
What’s more, the gains in preventive output aren’t limited to medicine. Much progress in preventing accidents, pollution and crime has been made over the past quarter century. Even more gains may
be near. But as with medical advances, Americans will have to get used to not seeing their progress
fully reflected in our economic statistics.

Promise of an Even Better Future

“We can already decode an
individual’s DNA.”

Mass customization is already making consumers better off by providing just what we want. And the best is yet to come. What’s likely to arrive in
coming years will be truly astounding. InterActive Custom Clothes produces
jeans to order, but even more elaborate systems are reaching the prototype
stage. A customer starts with a stroll through a body scanner, which uses
lasers to take 50 measurements from head to toe, then saves the data on a
wallet-sized smart card handy for shopping. When ready to buy a new suit,
shirt or dress, the customer mixes and matches from among hundreds of
fashion accents. At the touch of a button, the order will go to a factory, where
computerized cutting and sewing machines will turn out clothing with the
buyer’s own label sewn inside.
In the field of medicine, Affymetrix already makes devices to decode
individuals’ DNA. The ability to quickly gather heretofore unknown information about patients is giving birth to a new discipline called
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The Paradox that Isn’t
You can see the computer age everywhere but in the productivity statistics.
This statement by MIT economist Robert Solow stems from the fact that standard measures of
productivity have been disappointing in recent decades, just as huge mainframes, increasingly powerful
desktops and ever-smaller laptops have penetrated the economy’s every nook and cranny. From 1870 to
1973, U.S. productivity increased by an average of 2.3 percent a year. After 1973, the growth rate
slowed by a full percentage point.
If computers are making American workers and companies more efficient, why are the nation’s
productivity measures so lackluster?
This so-called Solow paradox challenges our notions of what creates economic progress. The
bellwether inventions of the past fostered grate leaps in productivity, which raised wages and living
standards. American per capita income quadrupled as consumers reaped the benefits of such worldshaking innovations as steam engines, electricity, refrigeration, telephones and automobiles. If computers aren’t providing a big productivity boost, there’s reason to doubt Americans’ living standards will
rise as quickly as they did in the past.
Why haven’t computers brought a surge in productivity?
Economists have offered several explanations for the Solow paradox. Among them: there may be
a glitch in the productivity data. Computers may not have achieved critical mass in industry. It may
take more time to realize the gains from computers, so the productivity surge will come later. And the
most disturbing reason: the computer isn’t that big a deal, at least when compared with the great inventions of the past.
None of these explanations considers the gains from variety, customization or preventive goods.
Yet the benefits from computers, software, the Internet and other innovations aren’t confined to producing just more stuff. These technologies allow companies to produce the right stuff at reasonable prices
— making consumers better off in ways not fully captured by standard economic statistics.
The mathematical proof in the appendix shows that GDP and productivity accurately measure the
gains in living standards when technological progress lowers marginal costs. But when the economy
develops tools that cut fixed costs, the statistics undercount — in fact, totally ignore — the gains. The
appendix also shows that GDP falls when society develops preventive goods, such as vaccines to
eradicate disease or antilock brakes to avert accidents, despite the rise in living standards.
In the end, there is no Solow paradox. Computers are doing what inventions have always done:
they’re benefiting society, and they’re making our lives better.

The Right Stuff: America’s Move to Mass Customization

13

pharmacogenomics. Using this distinct genetic portrait, pharmaceutical
companies expect to offer drugs tailored to individuals’ age, symptoms,
condition and hereditary makeup. Personalized drugs will not only ensure
correct dosage, they’ll also curtail side effects.
Mass customization promises more marvels like these. Interactive
television will give families the power, now held by network program directors, to determine the nightly lineup. Automakers are starting to design
systems that will build cars to order. Textbooks, scents, electronic gadgets
and just about everything else will someday bear our personal stamp.

“In the 21st century, consumers will live in a world of their
own design.”

We might not see faster growth rates or surges in productivity, but
mass customization will pay off for America. Resources are wasted guessing
what customers want. When more products are customized, we won’t squander money on clothing that sits in the closet because it doesn’t fit or compact
discs with only one or two songs we really like. And goods won’t languish on
dealers’ shelves. Achieving a higher standard of living with fewer demands
on natural and labor resources will help ease price pressures and continue this
decade’s good news on inflation.
Two centuries of American economic progress have brought us a
standard of living that’s the envy of the world. We wouldn’t have it so good
without the immense variety provided as companies move from standardization to custom-made. Our economy offers a veritable feast for consumers.
Mass customization will make it even better. An economy that’s delivering
more of what we want and less of what we don’t is doing its job in raising
living standards. As we enter the 21st century, the United States is moving
into a new economic era, one where consumers will be better off than ever
before—because we’ll live in a world of our own design.

NOTE: Nothing written here should be construed as necessarily reflecting the
views of the National Center for Policy Analysis or as an attempt to aid or
hinder the passage of any bill before Congress.
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Appendix
In the appendix we model and prove mathematically the results stated in the main text.1 Specifically, we show that gross domestic product accurately measures the gains in society’s living standards
when technological progress is of the type that lowers marginal production costs. But GDP undercounts
— indeed, totally ignores — the gains in living standards when new technologies cut fixed production
costs. Moreover, we show that GDP falls when society develops preventive goods (such as immunities to
diseases or anitlock brakes to avert accidents), even though these goods raise living standards.
Assume that living standards can be measured by the transformed CES utility function2

(

)

1
θ

U = x1θ +θ2 +... + ( x H − s) + ... + xnθ ,
θ

where U represents the utility metric for living standards, xi represents the quantity of each of the n
different products produced, and s represents the subsistence level x H must reach before deriving any
satisfaction from good H — such as the level of sickness that must be overcome to enjoy (good) health.
The economy faces the constraint
n

R = αn + β ∑ xi ,
i =1

which dictates that the total quantity of resources used in the production of all goods cannot exceed R , the
economy’s resource endowment. In this equation, α represents the fixed resource cost of producing each
of the n goods and β represents the marginal resource cost of producing one unit of each of the n goods.
For simplicity, we assume α i = α and βi = β ∀i . The assumption of symmetry allows us to infer
that the optimal solution involves xi = x2 = ... = x H − s = ... = xn = x , and thereby allows us to reduce the
objective function to the simple form
1
θ

U = n x.
Taking advantage of the second welfare theorem, we solve the social planner’s problem: maximize U
subject to R = αn + β (nx + s) by choosing the welfare-maximizing quantity of each good to produce ( x )
and the variety of good (n) to produce overall.3 This yields

1−θ

1
1−θ
α θ
α
, n=
x=
R − βs) and U = θ ( R − βs)θ  1 − θ 
(


 α 
β 1−θ
α
β
4
as the optimal solutions. By definition, GDP is the total quantity of goods produced in the economy, or

θ
R + (1 − θ )s.
β
Essentially, consumers value variety, but firms must expend resources to set up production of the
different goods. The optimal trade-off between mass producing a few goods and creating variety depends
on the fixed and marginal costs of production ( α and β , respectively), the total resources available for
production ( R), the resource cost of overcoming the subsistence level of good H , and θ , which reflects
the sharpness of the decline in the marginal utility of consumption of each good.
GDP = nx + s =
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Examining the effect of technological progress on quantity, variety, GDP and living standards, the
equations show that a fall in marginal production costs ( β ) raises x , n , U and GDP; however, a fall in
fixed costs (α ) lowers x , raises n and U but has no effect on GDP. GDP and living standards rise
together in the face of technological progress that reduces β , but progress totally eludes the GDP statistic
when new tools that cut fixed costs are developed (when α falls).
Note further that the GDP statistic gives an erroneous (that is, opposite) indication of what happens
to living standards when progress is made in reducing subsistence levels. For example, a fall in the
indigenous level of sickness (a lower s ) made possible, say, by finding vaccines, raises n and U with no
effect on x , but GDP actually declines. Vaccines reduce the economic activity (GDP) previously expended in treatment, and some of the resources saved pay the fixed costs of expanding product variety.
Overall GDP falls.
These findings imply that aggregate output (and its derivative, productivity) may have been an
adequate gauge of economic progress when such innovations as the assembly line, standardized nuts and
bolts, electricity and motors lowered mass production costs. But GDP at best understates today’s progress
when innovations such as the microchip, the personal computer, the Internet and fiber optics make possible an era of mass customization. What’s more, technological progress in biotech, genomics and preventive outputs may greatly improve society’s living standards yet manifest itself in a recession.
It is worth remembering that a market economy strives to raise our living standards — not simply
GDP — because that’s where business profits lie. Thus, the real paradox is not why “you can see the
computer age everywhere but in the productivity statistics”5 but why economists who preach that individuals maximize utility and firms maximize profit look for signs of progress exclusively in the productivity data.

1

See Cox and Ruffin (1998).

2 This formulation assumes homogeneous economic agents, so that the individual’s and society’s utility functions are the same.

Generalizing the setup to heterogeneous agents would introduce the potential for even further gains in living standards as
product variety increases, but at best would complicate the aggregation of social welfare and at worst would prove mathematically intractable.
3 The second welfare theorem states that under certain conditions (satisfied here) the solution to the central planner’s problem

of maximizing social welfare is the same as that of the private market economy, in which individuals maximize utility and
firms maximize profit.
4 The solution of
5 Solow (1987).

x H exceeds the other xi by s .
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