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Financial Theory

The Random Walk *

R Bl 5z 2

Such observations have been made for
a long time. A pillar of modern finance is
the 1900 Ph. D.
Louis Bachelier, in Paris, and his subse-
especially in 1906 and
1913. To account for the apparent errat-

thesis dissertation of
quent work,

ic motion of stock market prices, he pro-
posed that price trajectories are identical
to random walks.

The concept of a random walk is sim-
ple but rich for its many applications,
not only in finance but also in physics
and the description of natural phenome-
na. [t is arguably one of the most impor-
tant founding concepts in modern physics
as well as in finance, as it underlies the
theories of elementary particles, which
are the building blocks of our universe,
as well as those describing the complex
organization of matter around us. In its
most simple version, you toss a coin and
walk one step up if heads and one step

By John J. Klein
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Financial Theory

down if tails. Repeating the toss many
times, where will you finally end up
standing? The answer is multiple: on av-
erage, you remain at the same position
since the average of one step down and
one step up is equivalent to no move.
However, it is clear that there are fluc-
tuations around this zero average, which
grow with the number of tosses.

This is bad news for investment tar-
gets: if the price variations are really like
tossing coins at random, it seems impos-
sible to know what the direction of the
price will be between today and tomor-

row, or between any two other times.

The concept that price variations are
inherently unpredictable has been gener-
alized and extended by the famous e-
conomist and Nobel prize winner Paul
Samuelson. In a nutshell, Bachelier and
Samuelson and an army of economists af-
ter them have observed that even the
best investors on average seem to find it
hard in the long run 1o do better than the
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" comprehensive common-stock averages,
such as the Standard & Poors 500, or
even better than a random selection a-
mong stocks of comparable variability. It
thus seems as if relative price changes
(properly adjusted for expected dividends
paid out) are practically indistinguishable
from random numbers, drawn from a
coin-tossing computer or a roulette. The
belief is that this randomness is achieved
through the active participation of many
investors seeking greater wealth. This
crowd of investors actively analyze all the
information at their disposal and form in-
vestment decisions based on them. As a

Bachelier and Samuelson
argued that any advantageous informa-

consequence,

tion that may lead to a profit opportunity
is quickly eliminated by the feedback
that their action has on the price. Their
point is that the price variations in time
are not independent of the actions of the
traders; on the contrary, it results from
them. If such feedback action occurs in-
stantaneously, as in an idealized world of
idealized “frictionless” markets and cost-
less trading, then prices must always
fully reflect ail available information and
no profits can be garnered from informa-
tion-based trading ( because such profits
have already been captured). This fun-
damental concept introduced by Bacheli-

er, now called “ the cfficient market

Financial Theory
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Financial Theory

hypothesis,” has a strong counterintu-
itive and seemingly contradictory flavor
to it: the more active and efficient the
market, the more intelligent and hard
working the investors; as a consequence
the more random is the sequence of price
changes generated by such a market.
The most efficient market of all is one in
which price changes are completely ran-
dom and unpredictable.

There is an interesting analogy with
the information coded in DNA, the
molecular building block of our chromo-
somes. Here, our genetic information is
encoded by the order in which the four
constituent bases of DNA are positioned
along a DNA strand, similarly to words
using a four-letter alphabet. DNA is
usually organized in so-called coding sec-
tions and noncoding sections. The cod-
ing sections contain the information on
how to synthetize proteins and how to
work all our biological machinery. Re-
cent detailed analyses of the sequence of
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these letters have shown that the non-
coding parts of DNA seem to have long-
range correlations while, in contrast, the
coding regions seem to have short-range
or no correlations. Notice the wonderful
paradox: information leads to random-
ness, while lack of information leads to
regularities. The reason for this is that a
coding region must appear random since
al]l bases contain useful, that is, different
information. If there were some correla-
tion, it would mean that it is possible to
encode the information in fewer bases
and the coding regions would not be op-
timal. In contrast, noncoding regions
contain few or no information and can
thus be highly correlated. Indeed, there
is almost no information in a sequence
like 1111111... but there may be a lot
in 429976545782 ...

that a message with a lot of information

This paradox,

should be uncorrelated while a message
with no information is highly correlated,
is at the basis of the notion of random se-
quences. A truly random sequence of
numbers or of symbols is one that con-
tains the maximum possible information;
in other words, it is not possible to de-
fine a shorter algorithm that contains the
same information. The condition for this
is that the sequence be completely uncor-
related so that each new term carries new

information.
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It is worthwhile to stop and consider
in more detail this extraordinary con-
cept, that the more intelligent and hard
working the investors, the more random
is the sequence of price changes generat-
ed by such a market. In particular, it
embodies the fundamental difference be-
tween financial markets and the natural
world. The latter is open to the scrutiny
of the observer and the scientist has the
possibility to construct explanations and
theories that are independent of his or
her actions. In contrast, in social and fi-
nancial systems, the actors are both the
observers and the observed, which thus
create so-called feedback loops.
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Behavioral Economics ™

b+

In debates and research on the social
sciences, the sciences dealing with hu-
man societies, it is customary to oppose
two approaches, the first striving for ob-
jectivism, the second being more inter-
pretative.

% The first approach attempts to
view “social facts” as “material things,”
looking for examples where human
groups appear to behave as much as pos-
sible as inanimate matter, such as in
crowds, queues, traffic jams, competi-
perturbations, and

tion, attraction,

markets.

» In contrast, the second approach
attempts as much as possible to distin-
guish the behavior of social agents from
that of inanimate matter. In this frame-
work, it is believed that human endow-
ments such as conscience, reflection, in-
tention, morality, and history forbid the

by Didier Sornette
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use and transfer of quantitative methods
developed in the physical, material, and
more generally natural sciences to the
humanities.

In recent economic and finance re-
search, there is a growing interest in
marrying the two viewpoints, that is, in
incorporating ideas from social sciences
to account for the fact that markets re-
flect the thoughts, emotions, and ac-
tions of real people as opposed to the ide-
alized economic investor who underlies
the efficient market and random walk
hypotheses. This was captured by the
now-famous pronouncement of Keynes
that most investors decisions “can only
be taken as a result of animal spirits—of
a spontaneous urge to action rather than
inaction, and not the outcome of a
weighed average of benefits multiplied by
the quantitative probabilities”. A real in-
vestor may intend to be rational and may
try to optimize his or her actions, but
that rationality tends to be hampered by
cognitive biases, emotional quirks, and
social influences. “Behavioral finance” is
a growing research field that uses psy-
chology, sociology, and other behavioral
theories to explain the behavior of in-
vestors and money managers. The be-
havior of financial markets is thought to
result from varying attitudes toward
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risk, the heterogeneity in the framing of
information, cognitive errors, self-con-
trol and lack thereof, regret in financial
decision making, and the influence of
mass psychology. Assumptions about the
frailty of human rationality and the ac-
ceptance of such drives as fear and greed
are underlying the recipes developed over
decades by so-called technical analysts.

Prof. Thaler, now at the University
of Chicago, was one of the earliest and
strongest proponents of behavioral eco-
nomics and has made a career developing
a taxonomy of anomalies that embarrass
the standard view from neoclassical eco-
nomics that markets are efficient and
people are rational. According to accept-
ed economic theory, for instance, a per-
son is always better off with more rather
than fewer choices. One day, Thaler no-
ticed that a few of his supposedly rational
colleagues who were over at his house
were unable to stop themselves from
gorging on some cashew nuts he had put
‘out. Why, then, did Thaler’s colleagues
thank him for removing the tempting
cashews from his living room? Another

Financial Theory
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case-in-point was when a friend admitted
to Thaler that, although he mowed his
own lawn to save $ 10, he would never
agree to cut the lawn next door in return
for the same $10 or even more. Ac-
cording to the concept of “opportunity
cost,” foregoing a gain of $ 10 to mow a
neighbor’s lawn “costs” just as much as
paying somebody else to mow your own.
According to theory, you prefer either
the extra time or the extra money—it
cannot be both. Still another example
reported is when Thaler and another
friend decided to skip a basketball game
in Rochester because of a swirling snow-
storm. His friend remarked that if they
had bought the tickets already, they
would have gone. The problem refers to
“sunk costs.” Similarly, there is no
sense going to the health club just be-
cause you have paid your dues. After all,
the money is already paid: sunk. And
yet, Thaler observed that we do, in gen-
eral. People, in short, do not behave
like rational economics would like them
to. Even economics professors are not as
rational as the people in their models.
For instance, a bottle of wine that sells
for $ 50 might seem far too expensive to
buy for a casual dinner at home. But if
you already owned that bottle of wine,
having purchased it earlier for far less,
you would be more likely to uncork it for

10
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the same meal. To an economist, this
makes no sense, but Thaler culled that
anecdote from Richard Rosett, a promi-
nent neoclassicist. The British economist
K. Binmore once proclaimed at a semi-
nar that people evolve toward rationality
by learning from mistakes. Thaler re-
torted that people may learn how to shop
for groceries sensibly because they do it
every week, but the big decisions—mar-
riage, career, retirement—do not come
up very often. So Binmore’s highbrow
theories, he concluded, were good for
“buying milk”. In his doctoral thesis on
the economic “worth” of a human life,
Thaler proposed quantifying it by mea-
suring the difference in pay between life-
threatening jobs and safer lines of work.
He came up with a figure of $200 a year
(in 1967 dollars) for each 1-in-1, 000
chance of dying. When he asked friends
about it, most insisted that they would
not accept a 1-in-1,000 mortality risk for
anything less than a million dollars.
Paradoxically, the same friends said they
would not be willing to forgo any income
to eliminate the risks that their jobs al-
ready entailed. Thaler concluded that
rather than rationally pricing mortality,
people had a cognitive disconnect; they
put a premium on new risks and casually
discounted familiar ones. In experiments
designed to test his ideas, Thaler found

Financial Theory
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