RETHINKING ECONOMICS

Positive feedbacks in the
economy

An important new theory about how small chance events
early in the history of an industry or technology can tilt,
forever, its competitive balance

W. Brian Arthur

Economic theory still rests on century-old notions
of equilibrium, diminishing returns, and the
single optimal outcome — concepts that were
useful in the bulk manufacturing and agrarian
economy of the 1800s, but that fail to illuminate
the dynamics of today’s technology-intensive
industries. Writing originally in Scientific American,
W. Brian Arthur, Dean and Virginia Morrison
Professor of Population Studies and Economics
at Stanford University and Citibank Professor at
the Santa Fe Institute in New Mexico, describes an
alternative economics based on increasing returns, which can significantly
affect the way today’s companies are organized and operated.

diminishing returns. Economic actions engender a negative feedback

that leads to a predictable equilibrium for prices and market shares.
Such feedback tends to stabilize the economy because any major changes will
be offset by the very reactions they generate. The high oil prices of the 1970s
encouraged energy conservation and increased oil exploration, precipitating a
predictable drop in prices by the early 1980s. According to conventional theory,
the equilibrium marks the “best” outcome possible under the circumstances: the
most efficient use and allocation of resources.

CONVENTIONAL ECONOMIC THEORY is built on the assumption of

Such an agreeable picture often does violence to reality. In many parts of the
economy, stabilizing forces appear not to operate. Instead, positive feedback
magnifies the effects of small economic shifts; the economic models that
describe such effects differ vastly from the conventional ones. Diminishing
returns imply a single equilibrium point for the economy, but positive
feedback — increasing returns — makes for many possible equilibrium points.
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POSITIVE FEEDBACKS IN THE ECONOMY

There is no guarantee that the particular economic outcome selected from
among the many alternatives will be the “best” one.

Furthermore, once random economic events select a particular path, the
choice may become locked in, regardless of the advantages of the alternative.
If one product or nation in a competitive marketplace gets ahead by “chance,”
it tends to stay ahead and even
increase its lead. Predictable, shared
markets are no longer guaranteed.

Increasing-returns
economics has roots that
go back 70 years or more,

but its application to

During the past few years, | and other the economy as a whole
economic theorists at Stanford

University, the Santa Fe institute in
New Mexico, and elsewhere have been
developing a view of the economy based on positive feedback. Increasing-
returns economics has roots that go back 70 years or more, but its application
to the economy as a whole is largely new. The theory has strong parallels
with modern nonlinear physics (instead of the pre-20th-century physical
models that underlie conventional economics). It requires new and challenging
mathematical techniques, and it appears to be the appropriate theory for
understanding modern high-technology economies.

A new theory

is largely new

The history of the videocassette recorder furnishes a simple example of positive
feedback. The VCR market started out with two competing formats selling at
about the same price: VHS and Beta. Each format could realize increasing
returns as its market share increased: large numbers of VHS recorders would
encourage video outlets to stock more prerecorded tapes in VHS format,
thereby enhancing the value of owning a VHS recorder and leading more
people to buy one. (The same would, of course, be true for Beta-format players.)
In this way, a small gain in
" " market share would improve
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Such a market is initially
unstable. Both systems were
introduced at about the
same time and so began with
roughly equal market shares;
those shares fluctuated early
on because of external
Tatitetagy 4. I Taekcdng ot o Tashnohe o circumstance, “luck,” and
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POSITIVE FEEDBACKS IN THE ECONOMY

corporate maneuvering. Increasing returns on early gains eventually tilted
the competition toward VHS: it accumulated enough of an advantage to
take virtually the entire VCR market. Yet it would have been impossible at
the outset of the competition to say which system would win, which of the two
possible equilibria would be selected. Furthermore, if the claim that Beta was
technically superior is true, then the market's choice did not represent the best
economic outcome.

Where conventional theory fails

Conventional economic theory offers a different view of competition between
two technologies or products performing the same function. An example is the
competition between water and coal to generate electricity. As hydroelectric
plants take more of the market, engineers must exploit more costly dam
sites, thereby increasing the chance that a coal-fired plant will be cheaper. As
coal plants take more of the market, they bid up the price of coal (or trigger the
imposition of costly pollution controls), and

so tip the balance toward hydropower. The
two technologies end up sharing the market According to Alfred

in a predictable proportion that best exploits Marshall, if production
the potentials of each, in contrast to what

happened to the two video-recorder systems. costs fall as market share

increases, “whatever firm

The evolution of the VCR market would not first gets a good start”
have surprised the great Victorian economist will corner the market
Alfred Marshall, one of the founders of

today’s conventional economics. In his 1890

Principles of Economics, he noted that if firms’ production costs fall as their
market shares increase, a firm that simply by good fortune gained a high
proportion of the market early on would be able to best its rivals; “whatever
firm first gets a good start” would corner the market. Marshall did not follow
up this observation, however, and theoretical economics has — until recently
— largely ignored it.

Marshall did not believe that increasing returns applied everywhere;
agriculture and mining — the mainstays of the economies of his time — were
subject to diminishing returns caused by limited amounts of fertile land or
high-quality ore deposits. Manufacturing, on the other hand, enjoyed
increasing returns because large plants allowed improved organization.
Modern economists do not see economies of scale as a reliable source of
increasing returns. Sometimes large plants have proved more economical,;
often they have not.

Knowledge-based sectors

I would update Marshall’s insight by observing that the parts of the economy
that are resource-based (agriculture, bulk-goods production, mining) are
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still for the most part subject to diminishing returns. Here conventional
economics rightly holds sway. The parts of the economy that are knowledge-
based, on the other hand, are largely subject to increasing returns.

Products such as computers, pharmaceuticals, missiles, aircraft, automobiles,
software, telecommunications equipment, or fiber optics are complicated to
design and to manufacture. They require large initial investments in research,
development, and tooling, but once sales begin, incremental production is
relatively cheap. A new airframe or aircraft engine, for example, typically
costs between $2 and $3 billion to design, develop, certify, and put into
production. Each copy thereafter costs perhaps $50 to $100 million. As more
units are built, unit costs continue to fall, and profits increase.

Increased production brings additional
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benefits: producing more units
means gaining more experience in
the manufacturing process, and
achieving greater understanding of
how to produce additional units even
more cheaply. Moreover, experience

gained with one product or tech-
nology can make it easier to produce
new products incorporating similar
or related technologies. Japan,
for example, leveraged an initial
investment in building precision
instruments into a capacity for build-
ing consumer electronics products,

and then the integrated circuits that

went into them.

High technology

Not only do the costs of producing
high-technology products fall as a
company makes more of them, but
the benefits of using them increase.

Many items, such as computers or

telecommunications equipment, work
in networks that require compat-
ibility; when one brand gains a
significant market share, people have
a strong incentive to buy more of the
same product so as to be able to
exchange information with those
using it already.
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If increasing returns are important, why were they largely ignored until
recently? Some would say that complicated products — high technology —
for which increasing returns are so important, are themselves a recent
phenomenon. This is true but is only part of the answer. After all, in the 1940s
and 1950s, economists such as Gunnar K. Myrdal and Nicholas Kaldor
identified positive-feedback mechanisms that did not involve technology.
Orthodox economists avoided increasing returns for deeper reasons.

Characteristics

Some economists found the existence of more than one solution to the same
problem distasteful — unscientific. “Multiple equilibria,” wrote Joseph A.
Schumpeter in 1954, “are not necessarily useless, but from the standpoint of
any exact science the existence of a uniquely determined equilibrium is, of
course, of the utmost importance, even if proof has to be purchased at the
price of very restrictive assumptions; without

any possibility of proving the existence of
[a] uniquely determined equilibrium —or atall Economists could see that
events, of a small number of possible equilibria theories incorporating

— at however high a level of abstraction, a
field of phenomena is really a chaos that is
not under analytical control.”

increasing returns would
destroy their familiar

world of unique,
Other economists could see that theories predictable equilibria
incorporating increasing returns would destroy

their familiar world of unique, predictable

equilibria, and the notion that the market’s choice was always best. Moreover,
if one or a few firms came to dominate a market, the assumption that no firm
is large enough to affect market prices on its own (which makes economic
problems easy to analyze) would also collapse. When John R. Hicks surveyed
these possibilities in 1939, he drew back in alarm. “The threatened wreckage,”
he wrote, “is that of the greater part of economic theory.” Economists restricted
themselves to diminishing returns, which presented no anomalies and could
be analyzed completely.

Still others were perplexed by the question of how a market could select one
among several possible solutions. In Marshall's example, the firm that is the
largest at the outset has the lowest production costs and must inevitably win in
the market. In that case, why would smaller firms compete at all? On the other
hand, if by some chance a market started with several identical firms, their
market shares would remain poised in an unstable equilibrium forever.

Random events

Studying such problems in 1979, | believed I could see a way out of many of
these difficulties. In the real world, if several similar-size firms entered a
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market at the same time, small fortuitous events — unexpected orders, chance
meetings with buyers, managerial whims — would help determine which
ones achieved early sales and, over time,

) o which firm dominated. Economic activity is

Economic activity Is “quantized” by individual transactions that
“quantized” by individual are too small to observe, and these small
transactions that are too “random” events can accumulate and become
magnified by positive feedbacks so as to

small to observe determine the eventual outcome. These facts

suggested that situations dominated by
increasing returns should be modeled not as static, deterministic problems,
but as dynamic processes based on random events and natural positive
feedbacks, or nonlinearities.

With this strategy, an increasing-returns market could be re-created in a
theoretical model and watched as its corresponding process unfolded again
and again. Sometimes one solution would emerge, sometimes (under identical
conditions) another. It would be impossible to know in advance which of the
many solutions would emerge in any given run. Still, it would be possible to
record the particular set of random events leading to each solution, and to
study the probability that a particular solution would emerge under a certain set
of initial conditions. The idea was simple, and it may well have occurred to
economists in the past. But making it work called for nonlinear random-process
theory that did not exist in their day.

Nonlinearity

Every increasing-returns problem need not be studied in isolation; many
turn out to fit a general nonlinear probability schema. It can be pictured by
imagining a table to which balls are added one at a time; they can be of
several possible colors — white, red, green, or blue. The color of the ball to be
added next is unknown, but the probability of a given color depends on the
current proportions of colors on the table. If an increasing proportion of balls
of a given color increases the probability of adding another ball of the same
color, the system can demonstrate positive feedback. The question is, given the
function that maps current proportions to probabilities, what will be the
proportions of each color on the table after many balls have been added?

In 1931 the mathematician George Polya solved a very particular version
of this problem in which the probability of adding a color always equaled
its current proportion. Three US probability theorists, Bruce M. Hill of
the University of Michigan at Ann Arbor and David A. Lane and William
D. Suderth of the University of Minnesota at Minneapolis, solved a more
general, nonlinear version in 1980. In 1983 two Soviet probability
theorists, Yuri M. Ermoliev and Yuri M. Kaniovski, both of the Glushkov
Institute of Cybernetics in Kiev, and | found the solution to a very general
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POSITIVE FEEDBACKS IN THE ECONOMY

version. As balls continue to be added,
we proved, the proportions of each
color must settle down to a “fixed
point” of the probability function — a
set of values where the probability of
adding each color is equal to the
proportion of that color on the table.
Increasing returns allow several such
sets of fixed points.

This means that we can determine
the possible patterns or solutions of
an increasing-returns problem by
solving the much easier challenge of
finding the sets of fixed points of its
probability function. With such tools,
economists can now define increasing-
returns problems precisely, identify
their possible solutions, and study
the process by which a solution is
reached. Increasing returns are no
longer “a chaos that is not under
analytical control.”

In the real world, the balls might be
represented by companies, and their
colors by the regions where they
decide to settle. Suppose that firms
enter an industry one by one, and

choose their locations so as to
maximize profit. The geographic preference of each firm (the intrinsic
benefits it gains from being in a particular region) varies; chance determines
the preference of the next firm to enter the

industry. Also suppose, however, that firms’
profits increase if they are near other firms
(their suppliers or customers).

The random historical
sequence of firms entering
an industry determines
which pattern of regional
settlement results

The first firm to enter the industry picks
a location based purely on geographic
preference. The second firm decides based on

preference modified by the benefits gained by
locating near the first firm. The third firm is influenced by the positions of the
first two firms, and so on. If some location by good fortune attracts more firms
than the others in the early stages of this evolution, the probability that it will
attract more firms increases. Industrial concentration becomes self-reinforcing.
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The random historical sequence
of firms entering the industry
determines which pattern of regional
settlement results, but the theory
shows that not all patterns are

possible. If the attractiveness exerted
by the presence of other firms always
Falk ¥ rises as more firms are added, some
region will always dominate and shut
out all others. If the attractiveness
i : levels off, other solutions, in which
SR, regions share the industry, become
possible. Our new tools tell us which
types of solutions can occur under
which conditions.
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% Do some regions in fact amass a
* ; large proportion of an industry
; ' : ;::" because of historical chance rather
R i than geographic superiority? Santa

Clara County in California (Silicon

Valley) is a likely example. In the
1940s and early 1950s, certain key people in the US electronics industry — the
Varian brothers, William Hewlett and David Packard, William Shockley — set
up shop near Stanford University; the local availability of engineers, supplies,
and components that these early firms helped to create made Santa Clara
County extremely attractive to the 900 or so firms that followed. If these early
entrepreneurs had preferred other places, the densest concentration of
electronics in the country might well be somewhere else.

On a grander scale, if small events in history had been different, would the
location of cities themselves be different? | believe the answer is yes. To the
degree that certain locations are natural harbors or junction points on rivers or
lakes, the pattern of cities today reflects not chance but geography. To the
degree that industry and people are attracted to places where such resources
are already gathered, small, early chance concentrations may have been the
seeds of today’s configuration of urban centers. “Chance and necessity,” to
use Jacques Monod's phrase, interact. Both have played crucial roles in the
development of urban centers in the US and elsewhere.

Competitiveness of nations

Self-reinforcing mechanisms other than these regional ones work in international
high-tech manufacturing and trade. Countries that gain high volume and
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experience in a high-technology industry can reap advantages of lower cost and
higher quality that may make it possible for them to shut out other countries.
For example, in the early 1970s, Japanese automobile makers began to sell
significant numbers of small cars in the US. As Japan gained market volume
without much opposition from Detroit, its engineers and production workers
gained experience, its costs fell, and its products improved.

These factors, together with improved sales networks, allowed Japan to
increase its share of the US market; as a result, workers gained still more
experience, costs fell further, and quality improved again. Before Detroit
responded seriously, this positive-feedback loop had helped Japanese
companies to make serious inroads into the US market for small cars. Similar
sequences of events have taken place in markets for television sets, integrated
circuits, and other products.

New rules

How should countries respond to a world economy where such rules apply?
Conventional recommendations for trade policy based on constant or diminishing
returns tend toward low-profile approaches. They rely on the open market,
discourage monopolies, and leave issues such as R&D spending to companies.
Their underlying assumption is that there is a fixed world price at which
producers load goods onto the market, and

so interference with local costs and prices by
means of subsidies or tariffs is unproductive. Diminishing returns

These policies are appropriate for the Jeads to trade policies that

diminishing-returns parts of the economy, rely on the open market

not for the technology-based parts, where di li
increasing returns dominate. Iscourage mO_nOpo 1€s,
and leave issues

Policies that are appropriate to success in such as R&D spending
high-tech production and international trade to companies
would encourage industries to be aggressive in

seeking out product and process improvements.

They would strengthen the national research base on which high-tech
advantages are built. They would encourage firms in a single industry to
pool their resources in joint ventures that share up-front costs, marketing
networks, technical knowledge, and standards. They might even foster
strategic alliances, enabling companies in several countries to enter a complex
industry that none could tackle alone.

Increasing-returns theory also points to the importance of timing when
undertaking research initiatives in new industries. There is little sense in
entering a market that is already close to being locked in or that otherwise
offers little chance of success. Such policies are slowly being advocated and
adopted in the US.
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THE CEO AS VENTURE CAPITALIST
An interview with W. Brian Arthur of the Santa Fe Institute
Frederick W. Gluck

McKinsey: Do increasing returns occur
outside of high tech?

Arthur: Increasing returns operate
even outside the world of high tech.
David Lane of the University of
Minnesota and | found an interesting
case that stems from the way con-
sumers spread information. David was
intrigued by the fact that two com-
pletely different kinds of hypertension
drug were routinely prescribed in
Norway and Sweden. It seemed un-
likely that the reason would be found
in some genetic distinction between
Norwegians and Swedes. We found
the root of it was positive feedback
from the consumers — in this case, the
prescribing doctors. Initially uncertain
what they should prescribe, doctors
would ask colleagues what they were
using — what worked for them - and
adopt their recommendation.

What was prevalent in each market
thus tended to become more so. But
the word-of-mouth recommendations
worked in favor of different drugs in
each country. We see a similar effect
in many different cases: in contra-
ception, for example, some nations
are heavy users of IlUDs, while others
favor vasectomies.

Another example is the stock market
crash of 1987. No particular news
caused the loss of 23 percent of market
value on that particular day in October.
Standard theory can provide no expla-
nation. Most economists now suspect
some form of positive feedback.

When a stock is overinflated and its
price defies gravity, some trivial piece
of news may set off a spate of sales.
These cause the price to fall, which may
induce further sales. The price drops
still lower. This can trigger program-
trading sales: if by now buyers cannot

THE McKINSEY QUARTERLY 1994 NUMBER 1

be found on the other side of the
market, panic may set in, and the price
may go into freefall.

Order is restored when the market
shuts down or the stock again be-
comes a bargain. Positive feedbacks of
all kinds are common in financial
markets.

How does a corporation survive in
the new environment?

The essence of surviving in a
positive-feedback environment is to
be highly adaptive. If the flow is in
your direction, go with it; if it isn’t,
don’t resist — retreat. Withdrawal is
hard to accept, however. The problems
many previously successful companies
are experiencing today stem from an
inability to let go.

Often this inability has its roots
in the top-down decision-making
style of the organizations, where
a command is issued from above
and the behemoth rolls — much as
the French army did in 1812, or the
Russian troops in the Second World
War. But even in the military, small
commando units frequently achieve
more than large armies. What distin-
guishes these units? They are small,
mission-oriented, and have virtually
flat hierarchies. The guy in charge
has his neck under the chopper, and
timing, speed, and the ability to hit the
right target are of the essence. Indeed,
the ability to figure out the right
target is another success factor; many
of the units do not know what the
target looks like until they reach it.

So in knowledge-based, positive
feedback environments, where one
might lock in a bonanza or get shut
out and where products get rapidly
obsolete, it is more effective to orga-
nize people in a mission-oriented way:



to have them coalesce into groups for
a certain purpose, carry out the task,
and then move on to join another
team. Businesses are shifting much
more to this mission-driven set-up —
which is one of the main reasons why
we are seeing hierarchies flatten out.

What is the role of a CEO?

In this new way of organizing, CEOs
need to operate much like venture
capitalists: what counts is intuition,
judgment, risk-taking, and providing
support and nourishment to a fledg-
ling project. And it is the CEQO’s job to
identify the next generation of leaders
and make sure they get the support
they need.

This is not to say that a CEO wiill
never ask, “Can’t we produce some-
thing like the minivan that Company X
just launched?”” But introducing a new
minivan will mean thinking like an
army leader with several commando
units at his disposal. What is the prob-
ability of success? Who am | going to
send in? How am | going to train the
troops? Am | preparing them for the
wrong war? Do they have the right
equipment? Am | sending in too many
or too few?

How does one reward people in
such organizations?

The people who do well in increasing-
returns environments are not so much
ordinary careerists as entrepreneurs
who can dream up ideas, drive them
personally, and lead and inspire teams.
Such people need to be paid well,
maybe even with a piece of the action.
But the rewards need not be solely in
terms of money or position; instead
they may come as power within the
organization.

Not long after | came to the Santa Fe
Institute, | was offered the chance of
heading their first research program,
because the people there liked my
ideas. Now | am on their board. So the
reward for an employee is the feeling
of being in charge of something he

POSITIVE FEEDBACKS IN THE ECONOMY

or she believes in. Firm after firm in
Silicon Valley is organized this way.

How does the Santa Fe Institute
exemplify such an organization?

The Santa Fe Institute is a small,
private organization, founded about
ten years ago, that unites scientists
and researchers from a variety of disci-
plines in the study of complex systems.
Its former president and founder,
George A. Cowan, the former head of
research at Los Alamos, had developed
a vision of a new kind of experimental
institution: one where world-class
academics and the brightest post-
doctoral fellows could work together
on broad issues that transcend con-
ventional university subject bound-
aries; where research could pursue
speculative ideas; and where the
scientific challenge of the coming
century might be addressed - the
understanding of the dynamics of the
real world’s messy systems.

The institute has no hierarchy,
no strategic plan, no disciplines, no
departments. Projects are suggested by
individual researchers, and approved
or turned down for funding by a board
that represents these researchers.
There is a management, but its job is to
provide vision, a sense of direction,
funding, and day-to-day coordination.

Things are streamlined in this way
because we need to be able to react
quickly to new ideas, or snap up an
upcoming star researcher. Hierarchies
and five-year plans would not work.
The institute is tiny compared to most
organizations, so | am not suggesting
that large corporations should model
themselves on it. What they should
note, however, is the way top man-
agement views its mission: not to
impose structure from above, but to
listen to what is happening and let
structure evolve from below. 1}

Fred Gluck is Managing Director of
McKinsey & Company.
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The value of other policies, such as subsidizing and protecting new industries
— bioengineering, for example — to capture foreign markets, is debatable.
Dubious feedback benefits have sometimes been cited to justify government-
sponsored white elephants. Furthermore, as Paul R. Krugman of the
Massachusetts Institute of Technology and several other economists have
pointed out, if one country pursues such policies, others will retaliate by
subsidizing their own high-technology industries. Nobody gains. The question
of optimal industrial and trade policy based on increasing returns is
currently being studied intensely.
The policies countries choose will

determine not only the shape of the Increasing-returns
global economy in the 1990s but also mechanisms can cause
its winners and its losers. .

economies — even successful
Lock-in ones - to become locked
Increasing-returns mechanisms do into inferior paths
not merely tilt competitive balances of development

among nations; they can also cause
economies — even such successful ones
as those of the US and Japan — to become locked into inferior paths of
development. A technology that improves slowly at first but has enormous
long-term potential could easily be shut out, locking an economy into a path
that is both inferior and difficult to escape.

Technologies typically improve as more people adopt them and firms gain
experience that guides further development. This link is a positive-feedback
loop: the more people adopt a technology, the more it improves and the
more attractive it is for further adoption. When two or more technologies (like
two or more products) compete, positive feedbacks make the market
for them unstable. If one pulls ahead in the market, perhaps by chance, its
development may accelerate enough for it to corner the market. A tech-

nology that improves more rapidly as more

people adopt it stands a better chance of
Technological conventions surviving — it has a “selectional advantage.”
or standards. as well as Early superiority, however, is no guarantee of

particular technologies, long-term fitness.
tend to become locked in by |, 1956, for example, when the US embarked

positive feedback on its nuclear-power program, a number of
designs were proposed: reactors cooled by

gas, light water, heavy water, even liquid
sodium. Robin Cowan of New York University has shown that a series of
trivial circumstances locked virtually the entire US nuclear industry into
light water. Light-water reactors were originally adapted from highly compact
units designed to propel nuclear submarines.

92 THE McKINSEY QUARTERLY 1994 NUMBER 1



POSITIVE FEEDBACKS IN THE ECONOMY

The role of the US Navy in early reactor-construction contracts and efforts by
the National Security Council to get a reactor — any reactor — working on land
in the wake of the 1957 Sputnik launch, as well as the predilections of some
key officials, all acted to favor the early development of light-water reactors.

Construction experience led to
improved light-water designs and, by
the mid-1960s, fixed the industry’s
path. Whether other designs would,
in fact, have been superior in the long
run is open to question, but much of
the engineering literature suggests
that high-temperature, gas-cooled
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Technological conventions or standards,
as well as particular technologies, tend
to become locked in by positive feed-
back, as my colleague Paul A. David of
Stanford has documented in several
historical instances. Although a
standard itself may not improve with
time, widespread adoption makes it
advantageous for newcomers to a field
— who must exchange information or
products with those already working
there — to fall in with the standard,
be it the English language, a high-
definition television system, a screw
thread, or a typewriter keyboard.

Standards that are established early
(such as the 1950s-vintage computer language FORTRAN) can be hard for later
ones to dislodge, no matter how superior would-be successors may be.

Implications

Until recently, conventional economics texts have tended to portray the
economy as something akin to a large Newtonian system, with a unique
equilibrium solution preordained by patterns of mineral resources, geography,
population, consumer tastes, and technological possibilities. In this view,
perturbations or temporary shifts — such as the oil shock of 1973 or the
stock market crash of 1987 — are quickly negated by the opposing forces
they elicit. Given future technological possibilities, one should in theory be
able to forecast accurately the path of the economy as a smoothly shifting
solution to the analytical equations governing prices and quantities of goods.
History, in this view, is not terribly important; it merely delivers the economy
to its inevitable equilibrium.
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Positive-feedback economics, on the other hand, finds its parallels in modern
nonlinear physics. Ferromagnetic materials, spin glasses, solid-state lasers,
and other physical systems that consist of mutually reinforcing elements show
the same properties as the economic examples | have given. They “phase lock”
into one of many possible configurations; small perturbations at critical
times influence which outcome is selected, and the chosen outcome may
have higher energy (that is, be less favorable) than other possible end states.

This kind of economics also finds parallels in the evolutionary theory of
punctuated equilibrium. Small events (the mutations of history) are often
averaged away, but once in a while they become all-important in tilting
parts of the economy into new structures and patterns that are then
preserved and built on in a fresh layer of development.

In this new view, initially identical economies with significant increasing-
returns sectors do not necessarily select the same paths. Instead, they
eventually diverge. To the extent that small events determining the overall
path always remain beneath the resolution of the economist’s lens,
accurate forecasting of an economy’s future may be theoretically, not just
practically, impossible.

Steering an economy with positive feedbacks into the best of its many
possible equilibrium states requires good fortune and good timing — a feel for
the moments when beneficial change from one pattern to another is most
possible. Theory can help identify these states and times, and it can guide
policy makers in applying the right amount of effort (not too little but not too
much) to dislodge locked-in structures.

The English philosopher of science Jacob Bronowski once remarked that
economics has long suffered from a fatally simple structure imposed on it
in the 18th century. I find it exciting that this is now changing. With the
acceptance of positive feedbacks, economists’ theories are beginning to portray
the economy not as simple but as complex, not as deterministic, predictable,
and mechanistic but as process-dependent, organic, and always evolving. J
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