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Alpha Hunters and Beta Grazers
Martin L. Leibowitz

  

Active alphas are 

derived from 

exploiting acute 

and chronic 

inefficiencies. They 

are hard to capture, 

but the great 

investors have been 

able to do so over 

many, many years.

There is a great philosophical divide between passive, efficiency-
based “beta grazers” and active “alpha hunters.” The explosive
growth of hedge funds, of both the traditional and the long-only
format, has contributed to this widening chasm between intensely
proactive investors and those funds that are indexed or semi-indexed.

This Reflections article presents my personal observations on
the general subject of active investing and on the nature, persistence,
and discernibility of various market inefficiencies that could give rise
to such investment opportunities. Ironically, these behavioral biases
can act as frictions as well as opportunities, and this ambiguity may
help explain why a few notable investors appear to be almost con-
tinuously successful while other active investors fall well short of
their alpha targets.

At the outset, we should note that there is a middle ground where
relatively passive, non-zero-sum forms of alpha return can be found.
As described in a series of articles (Leibowitz 2004; Leibowitz and
Bova 2005a, 2005c), these “allocation alphas” arise because the vola-
tility risk of typical institutional portfolios is overwhelmingly domi-
nated by their home-market equity exposure. By tilting their strategic
allocations toward a more balanced allocation, institutions can often
garner enhanced expected returns with only modest increases in
marginal volatility. The level of expected benefit obviously depends
on the institution’s specific return–risk assumptions.

Unlike truly active alphas, allocation alphas are broadly accessi-
ble through a semipassive process of moving toward an effective
strategic allocation. As such, they are akin to the civilized sort of
protein-seeking found in shopping at the local supermarket, with the
selections determined by personal taste and dietary constraints.
These readily available allocation alphas serve a critical and valuable
role in moving a fund toward optimal strategic allocation. Allocation
alphas are quite distinct, however, from the truly active alphas
derived from tracking down—and bagging—the fleeting and elusive
opportunities that arise from market inefficiencies. Both forms of
alpha offer the potential for enhanced return, and they can some-
times be combined to create exceptional opportunities. They are
quite different concepts, however, and are pursued in different ways.
Having made this distinction, I focus the remainder of this article on
the truly active-skill-based investments that are intended to add
alpha above and beyond the returns passively available in any asset
class or strategic portfolio. 

Martin L. Leibowitz is a managing director at Morgan Stanley, New York City.
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Truly Active Alphas
Much of the literature on truly active investing has
focused on so-called anomalies—sources of incre-
mental return that appear to have some degree of
persistence. In addition, a number of elegant for-
malizations have been developed for incorporating
active return–risk prospects into the investment
decision process (Sharpe 1991; Grinold and Kahn
2000; Waring and Siegel 2003; Asness 2004). This
discussion should be broadened, however, to
include consideration of all frictions and behavioral
biases—persistent as well as occasional—that
might serve as fundamental sources of inefficiency.
Such inefficiencies are not always exploitable: They
may take the form of overshoots at certain times
and undershoots at other times, their exploitation
may be blocked by counterforces or technical
restrictions of various sorts, or they may resolve
themselves very slowly—or never. 

We need to understand, however, that these
sources of inefficiency are multifold, broad based,
and continually renewing themselves. Most impor-
tantly, we need to understand that they really do
exist—even if they are not always available, discern-
ible, or directionally consistent. Such pockets of inef-
ficiency at times become reasonably discernible and
actionable—to certain active investors. Thus, their
very existence becomes one facet of an argument
(albeit an admittedly still incomplete argument) for
the possibility of successful active investing.

Another argument (also incomplete) is the his-
torical fact that a handful of investors has produced
extraordinary performance over a span of many
years—often together with equally extraordinary
cross-sectional success in their choices of disparate
investments. The approaches of these great
investors—Warren Buffett, Bill Miller, Leon Levy,
Dave Swensen, Jack Meyer—differ in numerous
aspects, but as pointed out by Peter Bernstein
(2005), the investors share the common feature of
not being in the mainstream (i.e., they are all con-
trarians in one way or another). The great ones
share a number of positive characteristics—focus,
patience, a clear-cut philosophy, a willingness to go
beyond the diversification mantra and accept high
concentration risks, an innovation-prone attitude,
the organizational sponsorship and personal forti-
tude to endure significant periods of underperfor-
mance, and a disciplined process for pursuing their
goals. And in various ways and at various points

in time, they have all been willing to stake signifi-
cant chips on their convictions.

With respect to this latter point, one might well
recall Charles Ellis’s (1998) wonderful characteriza-
tion of most investors as playing what in tennis
parlance is called “the loser’s game.” In the loser’s
game, weekend players, with their readily return-
able forehands and backhands, square off against
each other and the one who misses the last return
loses. The message is to play a consistent game and
to avoid miss-hits. It is generally good advice for B
players—and beta grazers!

The great ones, however—in tennis and in
investing—go one big step beyond. They play a
disciplined game until the moment they see what
looks like a grand opportunity. At that moment,
they move into carpe diem mode, gather up their
prowess, and take a calculated risk to proactively
and aggressively force a win.1 

Even the great Fischer Black was fascinated by
the potential for exploitable inefficiency, although
he certainly knew that such opportunities would
not be easy, widespread, or available to all. He once
famously answered a question about how his view
of the investing world had evolved after moving
from the Massachusetts Institute of Technology to
Goldman Sachs with “the view is much clearer
from the banks of the Charles than from the banks
of the Hudson.” Earlier in his career, he had deliv-
ered a wonderful talk at the University of Chicago
under the title “Yes, Virginia, There Is Hope,”
which was later published in the Financial Analysts
Journal (Black 1973). In that talk, he reported on his
study of the Value Line Ranking System, which
would have produced superior performance over
a long span of years if followed religiously (and
with transactional-cost efficiency!).

Chronic and Acute Inefficiencies
Some of my pet sources of inefficiencies are behav-
ioral and organizational distortions that I have
observed over the years. I certainly do not mean to
imply that they are exploitable anomalies, but they
do represent the raw nuclear material out of which
discernible opportunities could arise.

In perfectly efficient markets, all information
would be immediately embedded in prices. The
market would go through a sequence of quantum
leaps from one equilibrium value to another. Inves-
tors would have no need to trade except for liquid-
ity purposes. It would be hard to make a living
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working in such an idealized world. Fortunately,
for those of us in the financial arena, the reality is
that the markets are always in transition from one
state of inefficiency to . . . maybe equilibrium but,
more likely, a new state of inefficiency.

Inefficiencies come in many forms and sub-
forms, but they can be roughly classified as either
chronic or acute. Acute inefficiencies are the discern-
ible opportunities that can be exploited by accessi-
ble arbitrages. With acute inefficiencies, the
surrounding uncertainties can be hedged or mini-
mized. Their resolution occurs quickly, well within
the relevant time frame of arbitraging participants.
Chronic inefficiencies tend to be less discernible,
more ambiguous, more resistant to rapid resolu-
tion from available market forces, and generally
longer term in nature. This distinction relates to
Jack Treynor’s (1976) wonderfully suggestive con-
cept of “fast ideas versus slow ideas.”

Obviously, one would prefer to hurl fast ideas
at acute inefficiencies, but by their very nature,
fast ideas have a short half-life. And that half-life
may be condensing with the explosive growth in
hedge funds. But even in this era of the hedge
fund, only a small minority of market participants
spend their days in a high-performance hunt for
acute inefficiencies. The vast majority of investors,
and certainly the bulk of the assets, swim with the
broad currents, while looking for less-fleeting
incremental opportunities.

Within this mainstream, one has expanses of
apparent efficiency coexisting with pockets of
chronic inefficiencies. Chronic inefficiencies arise
from structural and behavioral sources, such as
trading frictions, organizational barriers, imbal-
ances in capital flows, valuation ambiguities, lack
of catalysts for resolution, convoy or herding
behavior, artificial peer comparisons, rebalancing
inconsistencies, compulsive confirmation seeking,
filtering of conflicting data, misreading of market
signals, inertia, formulaic action plans, and overly
rigid “policy portfolios.” These types of chronic
inefficiencies can be quite persistent. Few arbi-
trageurs have mandates that allow them to pursue
long-term opportunities, and their absence contrib-
utes to the longevity of such inefficiencies. As the
well-known saying goes: The market can remain
irrational far longer than you can hang onto your
position—or your career.

Process vs. Outcome. A much-discussed
behavioral bias is the tendency to overemphasize

recent historical results. As every mutual fund pro-
spectus states, “Past performance should not be
taken as a guide to future performance.” That
warning, although true, is not much help when few
other hard facts are available. A more ominous
rephrasing would be, “Past performance is not
even a good guide to the quality of the decisions that
went into that past performance.” Yet, the ultimate
issue is the soundness of the decision process itself:
Was all knowable information incorporated? Was
the reasoning thorough and sound? Were alterna-
tive scenarios considered and contrary views
sought? Was a well-planned implementation and
monitoring program established—and then fol-
lowed? Was there a routine postmortem analysis of
lessons learned? And are organizational discipline
and staff continuity sufficient to achieve consis-
tency in the decision process itself? 

Unfortunately, the sort of retrospective analy-
sis that includes these questions occurs more often
when the outcomes are bad than when they are
good. Participants would be well advised to con-
duct such postmortems even when the outcomes
are happy ones, however, and to ask what really led
to success. Was the positive result achieved for the
reasons thought, or was it simply good fortune in
this particular instance?

Even when presented with a regime that has
every evidence of success—but only a probabilistic
success—few investors are able to bring themselves
or their organizations to consistently follow its path.
The pressures of benchmarks, peer comparisons,
standard accounting, liability and expenditure
demands, limited organizational risk tolerance,
managerial self-doubt—all can lead to lurching
departures from prescribed disciplines, even ones
with a high—but probabilistic—success prospect.
After all, even a strategy whose success is mathe-
matically provable will generate long runs of
underperformance. Indeed, a topic in probability
theory deals specifically with the risk of ruin—and
the ultimate odds of ruin always favor the infinitely
resourced casino.

Convoy Behavior .  Traditional modes of
investing in the financial markets involve absolute
or relative valuations of various market segments
or securities—a process in which ambiguities, com-
plexities, and externalities abound. Inefficiencies
and opportunities do exist in this area, but they are
far from clearly discernible and can only be seen
“through a glass darkly.”
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Many chronic inefficiencies have their roots in
the behavioral biases of mainstream participants.
For example, consider the herding behavior of
institutional funds. Participants in the financial
markets find themselves on a sea of ambiguity.
They may try to climb up the mast to see what lies
ahead, to look for islands of opportunity, but they
are always battered by the waves, the weather, and
the uncertainties of navigating in uncharted
waters. Is there any surprise that one sees so many
sailing in convoys? 

It is no coincidence that most institutional port-
folios are tightly clustered, with total volatilities
falling in the 10–11 percent range—regardless of
the fund’s mission, liability structure, sponsor
strength, or funding status (Leibowitz and Bova
2004). When such ambiguity abounds, people nat-
urally assume that their peer groups might just
have the right idea. This behavior is not totally
irrational where theory is more art than science and
where the expertise-to-luck ratio is often tilted in
favor of luck. Moreover, a sufficient critical mass of
investors with a common belief, even an erroneous
one, can forge a pricing consensus that becomes a
de facto reality that must be taken seriously.

Another issue is the valuation horizon of the
average investor. The true efficient marketeer
might argue that the market is continuously effi-
cient over time. It is interesting to speculate, how-
ever, whether most investors have some specific
span of time—perhaps from six months to three
years—on which they focus their investment and
valuation decisions. If so, then investors with
longer horizons may reap a somewhat larger risk
premium than average investors do. In terms of
Treynor’s fast–slow dichotomy, the advantage
might go to investors who are either faster or
slower than this hypothetical norm.

Another behavioral bias is the tendency to seek
the opinions of other “experts” who can confirm
one’s own views, which results in what might be
called a “compounding consensus.” Actually,
instead of seeking confirmation, one should
actively solicit contrary views, hear them out, con-
sider them objectively, and then try to recognize
that the financial markets themselves always reflect
some balance of conflicting views. In theory, one
should always start with the hypothesis that the
market is well priced. Then, before acting on any
potential opportunity, one should (1) try to ascer-
tain why the market is priced where it is, (2) become
convinced that the basis for this current price does

not fully reflect the true opportunities, (3) believe
that there is some process whereby one’s views of
the true state of affairs will eventually come to be
widely discernible (and in a more compelling fash-
ion than has obviously happened to date), and (4)
conclude that this “discernment” will transpire
within a relevant time span.

Bayesian Rigidity. The compulsion to seek
confirmation also relates to how the unfolding of
events is interpreted. The “rigid Bayesians” will
relentlessly try to retain their old views in the face
of new information. To help counter this all-too-
human inclination, one could write down the
explicit reasoning behind a projected outcome and
then establish the milestones that would have to
occur if events took the anticipated path. Such a
write-up would be akin to the contingency plans
military establishments routinely create for a wide
spectrum of geopolitical scenarios. 

A French marquis once said:
He who makes detailed plans about every
potential course of action, and then decides—
in advance and in great detail—how to
respond to the various contingencies that
might arise, and then further proceeds to
address the subsequent situations that could
follow each possible outcome, etc., etc.—this
man will make very few mistakes [actually, I’m
not sure that this part is true], but he will also
do very little [I am sure that this part is true]. 

Yet, although the market’s fast pace may limit how
much contingency planning makes sense, the
investment management profession surely could
devote more effort in this direction.

Price-Target Revisionism. Another area of
curious behavior has to do with price targets. When
a long position is taken and the market moves
favorably, the price rise tends to be taken as a
confirmation of the wisdom of the purchase deci-
sion. To the extent that a price target was estab-
lished at the outset, the investor may then be
tempted to find some rationale for revising the
target upward. This revisionism has some rather
obvious dangers. A more rational approach would
be to assume that as the price moves toward the
original target, the prospect for further incremental
return decreases while the risk increases. So, as a
first cut, one should think in terms of selling off a
portion of the position as it moves up. Thus, inves-
tors would be well advised to have a plan to reduce
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the positions as the original target is approached—
the burden of proof (or at least the burden of argu-
ment) being placed on the investor who wishes to
maintain the original position and/or revise the
price target upward.

When the market moves against one’s position,
one might reasonably conclude that the market is
giving a clear signal that one is wrong. A more
common belief is that the market is wrong and that
greater return is to be expected from the lower price.
To counter the natural tendency to avoid a frontal
look at deteriorating positions, a help, again, might
be to have a series of adverse-event milestones that
could act as trip wires to signal serious reconsider-
ation. A substantive adverse move should be the
basis for asking what the market is trying to reveal
and for vigorously seeking those contrary views.

The Ebullience Cycle. Another common
behavior is the “unopened envelope” syndrome.
Back in the old days when physical envelopes were
the primary delivery vehicle for individuals’ port-
folio statements, a persistently dreary market
would lead to these envelopes being redelivered—
unopened—into the “circular file.” Such a state of
denial when the market moves against one is totally
human, especially when deciding what to do about
it, if anything, is not easy. The unopened envelope
reinforces individuals’ propensity for inaction in
the face of losing positions.

The opposite phenomenon is, of course, that
when the markets are moving up, the incoming
envelope is eagerly awaited and ripped open with
great vigor. High spirits are rampant, and risks are
more comfortable. In this ebullient atmosphere,
both individual and institutional investors are
inclined to hold on firmly to their winning posi-
tions, which are shining examples of their bril-
liance. They may even invest more aggressively,
leading to the phenomenon that Jack Bogle (2005)
cited of markets providing one return, the mutual
funds providing something less, and the investors
getting even less (a number that is rarely measured,
except by the individuals in pain). This problem of
making ever-greater investments as the market
rises is a classic cycle that is not likely to abate.

Rebalancing Behavior. Market movements
typically elicit different responses from four types
of actors: holders, rebalancers, valuators, and
shifters (Leibowitz and Hammond 2004). 

! Holders. As noted, in a deteriorating mar-
ket, individuals tend to leave their envelopes
unopened and positions unchanged. This “holding
pattern” effectively reduces their equity allocations. 

! Rebalancers. Institutions behave very dif-
ferently from holders. When the market pushes an
institutional fund away from its policy portfolio
allocation, it usually quickly rebalances back to the
original percentage weights. In essence, institu-
tions act as “formulaic rebalancers.”

! Valuators. Valuators take positions based
on the belief that the market is either cheap (or rich)
or that it will continue (or reverse) its recent direc-
tion. Valuators can obviously play in two direc-
tions. As the market moves down, they may, based
on the belief that the market has become cheap and
will reverse itself, act as contrarians. As momentum
players, they may view the market’s decline—on
either a technical or a fundamental basis—as a
harbinger of further downward pressure.

! Shifters. This category really represents a
transient reaction rather than an ongoing style.
Investors in any of the first three categories may
find themselves becoming shifters at some point in
time. Shifting occurs when a fundamental change
in asset allocation is required because of circum-
stances intrinsic to a fund’s or an individual’s situ-
ation rather than because of their assessment of the
market’s valuation.2 That is, shifting is a fundamen-
tal move from one strategic stance to another. For
example, individuals may increase their short-term
fixed-income allocations when suddenly faced with
an imminent liquidity need—loss of a job, an
upcoming move, a looming major purchase, medi-
cal contingencies, and so on.

Institutions are more resistant to shifting behav-
ior. Most institutional funds have a policy portfolio
that serves as an anchor for their overall strategy.
The policy portfolio is intended to be the best possi-
ble passive portfolio that encapsulates all relevant
information about the nature of the fund, its pur-
pose, and how it interacts with prospective returns
and risks in the financial markets. Policy portfolios
have great organizational value in forming a base-
line for structuring and controlling the investment
management process. Following normal market
movements, institutions try to rebalance back to
their policy portfolios. Significant shifts tend to take
place only after a major reallocation study or under
extreme organizational duress. A downside to pol-
icy portfolios is that they tend to be defined some-
what arbitrarily, to be specified in greater detail than
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is justified, to be sustained over a longer time than
is appropriate, and to form a high barrier for any
tactical departure. Bill Jahnke (1999), Rob Arnott
(2004), and Bernstein (2004) have written eloquently
about the behavioral distortions that can arise from
an overly rigid commitment to policy portfolios.

Market Impact 
These different responses may either exacerbate or
moderate market movements. Obviously, the hold-
ers will have little effect on the market; they are out
of the game, so to speak. The rebalancers will tend
to have a smoothing effect: As the market goes
down, they buy more; as the market goes up, they
sell. Within the valuator category, the contrarians
and “reversionists” will act as moderators whereas
those pursuing momentum strategies will have an
exacerbating effect. Because shifting tends to
become more urgent (and probably more wide-
spread) in adverse conditions, shifters will gener-
ally exacerbate market moves.

This four-part categorization also indicates
something about how new flows are invested.
Holders and rebalancers will usually invest their
new funds congruently with their existing alloca-
tions. (However, individuals do seem to exhibit
somewhat more proactive flexibility in investing
their new funds than with their existing alloca-
tions. This behavior is rather curious.) Valuators,
of course, will make fresh decisions about where
to deploy new funds, but this type represents a
relatively small part of overall new fund flows. The
bulk of flows is concentrated in holders and rebal-
ancers—those with relatively rigid channels who
tend to direct new investments largely toward
their current allocations.3 

Rebalancing and Market Efficiency
The rebalancing behaviors themselves may become
sources of market inefficiency. Consider which of
the behaviors really make sense. Suppose a fund
starts with a portfolio that mirrors the market as a
whole. One could argue that, in a strictly efficient
market, price movements would move the fund’s
portfolio in concert with the evolving equilibrium,
and in this case, holding behavior might make emi-
nent sense. Most funds do not, however, have a
portfolio that reflects the market as a whole (cer-

tainly not on purpose). Moreover, at least in the case
of individuals, holding behavior is more likely to
be the result of inertia, not sophisticated reasoning.

Some formulaic rebalancers believe they are
adhering to an appropriate response in an efficient
market. There is some inconsistency, however, in
reestablishing the same allocation after an “efficient
market” has made a major alteration in global asset
weights. After all, a downward move reduces the
asset’s weight in the market portfolio, which argues
for rebalancing back to an allocation somewhat
lower than the original policy portfolio weight.

One sometimes hears the rationale for formu-
laic rebalancing presented in terms of buying
cheaper after a decline and selling expensive
assets after a rise. But if one really believes that the
market has become discernibly cheaper as a result
of a decline, shouldn’t the right move be to estab-
lish an even larger position rather than to rebal-
ance back to the original position? After all, if the
policy allocation were done afresh, then (given the
newly cheaper valuation) the revised allocation
should be even more aggressive than before. Thus,
one can reasonably argue that rebalancing should,
in general, lead not to a resurrection of the original
allocation but, rather, to a higher or lower percent-
age weighting! 

Ideally, rational rebalancing should not be rig-
idly tethered to a fixed policy portfolio but should
respond more fluidly to market signals—to the
extent they are interpreted either as an efficient
restructuring of the global portfolio or as a discernible
change in valuation. The problem, of course, is that
large investment organizations are not designed to
facilitate such judgmental flexibility. And as one
astute chief investment officer put it, “Better to have
a rigid rebalancing by prior agreement than a port-
folio that deteriorates into a holding pattern because
the organization lacks the confidence or the will to
reestablish the policy portfolio weightings—or to
even move back in that direction.”

The behavior of valuators is integrally tied into
the issue of discernibility. To the extent that discern-
ible valuation opportunities truly exist, why not try
to take advantage of them? Of course, with valua-
tors, the big question is whether their business
models compel them to make tactical and timing
decisions even when no market opportunities meet
this test of “reasonable discernibility.”
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Risk as Risk to the Policy Portfolio
A fund’s strong reluctance to being forced to shift
away from its policy portfolio may play an under-
appreciated role in setting the fund’s risk tolerance
and in shaping its policy portfolio in the first place.
When an institution shifts to a lower-risk allocation,
it departs from the policy portfolio that was previ-
ously considered to represent an optimal alloca-
tion. Institutional funds are understandably
reluctant to move away from pre-established policy
portfolios. Indeed, their rebalancing behavior is
specifically geared toward sustaining this portfolio
structure. Most institutional managers view it as
most unfortunate if the fund is forced by an extreme
market movement—or by the fund’s investment
committee—to abandon the presumably optimal
approach and shift into a lower-risk strategy. 

Potential trigger points for such mandated
shifts lurk in the background of every investor’s
mind, however, acting as fence posts that define the
outer limits of tolerable risk. These fence posts may
also play a feedback role in setting the policy port-
folio’s overall risk level in the first place. For exam-
ple, suppose adverse movements of 15–20 percent
are considered to be the tolerable outer limit of the
risk envelope. Then, a fund might reasonably wish
to control the prospect of any such triggering event
by reducing its probability to a minimal level (say,
10 percent). This shortfall constraint implies a port-
folio volatility (risk) level in the 10–11 percent
range, which happens to be exactly where most
institutional funds are clustered.

Two further observations on this issue of risk.
One is that the standard measure of risk, volatility,
is an estimate of the range of returns at a given
horizon. As pointed out by Mark Kritzman (2000)
and by Kritzman and Don Rich (2002), this end-of-
horizon distribution is not the same as the
distribution of outcomes that could occur at some
intermediary time. That distribution is much
wider. And logically, this “riskier” intermediary
distribution should determine when trigger
points might be activated.4 

The Illusion of Growth Eternal
Participants in the financial markets are intrinsi-
cally oriented toward an optimistic view of a world
with a continuously compounding growth of
value. Reality reminds us, however, that wealth can
also be destroyed—both by “whimpers” and by

“bangs.” Sidney Homer and I (2004) once posed the
following question: If a Roman soldier put just one
drachma in a savings account and let it compound
at 4 percent throughout the ages, how much money
would his descendants have today? The answer
turned out to be so many drachmas that, at virtually
any exchange rate, it would amount to far more
than the total existing wealth in the world. This
outcome led to a follow-up question: What hap-
pened to it all? The sobering answer is that wealth
is destroyed by war, inflation, devaluation, pan-
demic, political collapse, repudiation, obsoles-
cence, virulent competition, bankruptcy, financial
debacle, revolutionary technology, nonproductive
investment, and so on. The natural inclination to
deny the phantom of such discontinuities may be
necessary for moving things forward, but it may
also be a chronic source of inefficiency.

Conclusion
Participants in the financial markets often find
themselves sailing on a sea of ambiguity through
broad patches of fog, bouts of heavy weather, and
occasional balmy periods that may prove only to be
the center of passing storms. One can elect the
passive approach—fly the beta flag and allow one’s
portfolio to float on the “index currents.” Or one
can choose to be an active alpha-seeking investor
and try to chip away at the many chronic inefficien-
cies and behavioral biases that we know exist, even
though we can’t clearly discern how they are priced
and whether they will profitably regress toward
equilibrium within a reasonable time. With chronic
inefficiencies, by their very definition, discernibil-
ity will always be somewhat clouded. (Otherwise,
they would become acute—and would be long
gone.) So, with these opportunities, one is always
acting on imperfect knowledge and playing the
odds. But without actively scanning the horizon
and being poised to move on reasonably discern-
ible opportunities, investors will surely have no
chance of reaping the incremental return inherent
in the grand continuous march toward efficiency.

The great investors are like the great sailors:
They have the courage to set forth, they know where
they want to go, they have a strong gyroscope to
keep them on course, they have appropriate respect
for the dangers of the sea and its potential for radical
shifts in weather and currents, and they are not
afraid to be alone for long stretches.
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Notes
1. Although I argue for the possibility of successful active

investing, I do not wish to suggest that everyone can be a
winner. Indeed, they cannot. And the narrowness of the list
of great investors attests to that dour fact. The great mass of
investors should treat the market as being highly efficient
and should start with the null hypothesis that all assets are
fairly priced.

2. In some cases, market movements do ultimately lead to a
portfolio shift. For example, a rule of thumb says that many
individuals will let their allocations drift until a 15–20 per-
cent decline from some high-water mark forces them to
seriously reconsider their risk tolerances. I am drawing a

distinction, however, between shifts based on a market-
driven change in risk tolerance and those reallocations that
are directly valuation motivated.

3. The large majority of existing dollar assets are also con-
trolled by holders and formulaic rebalancers, which leads
to the interesting question of whether the key risk premi-
ums between asset classes are being priced by a relatively
minor segment of the investing universe.

4. An even more severe criterion would be based on the
range of declines from a high-water mark (Leibowitz and
Bova 2005b).
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Abstract 
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investors in efficient markets.  The two building blocks of behavioral finance are cognitive 
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Behavioral Finance 
 
 

 
1. Introduction 

Behavioral finance is the paradigm where financial markets are studied using models that 

are less narrow than those based on Von Neumann-Morgenstern expected utility theory and 

arbitrage assumptions.  Specifically, behavioral finance has two building blocks:  cognitive 

psychology and the limits to arbitrage.  Cognitive refers to how people think.  There is a huge 

psychology literature documenting that people make systematic errors in the way that they think: 

they are overconfident, they put too much weight on recent experience, etc.  Their preferences 

may also create distortions.  Behavioral finance uses this body of knowledge, rather than taking 

the arrogant approach that it should be ignored.  Limits to arbitrage refers to predicting in what 

circumstances arbitrage forces will be effective, and when they won't be. 

Behavioral finance uses models in which some agents are not fully rational, either 

because of preferences or because of mistaken beliefs.  An example of an assumption about 

preferences is that people are loss averse - a $2 gain might make people feel better by as much as 

a $1 loss makes them feel worse.  Mistaken beliefs arise because people are bad Bayesians. 

Modern finance has as a building block the Efficient Markets Hypothesis (EMH).  The EMH 

argues that competition between investors seeking abnormal profits drives prices to their 

“correct” value.  The EMH does not assume that all investors are rational, but it does assume that 

markets are rational.  The EMH does not assume that markets can foresee the future, but it does 

assume that markets make unbiased forecasts of the future.  In contrast, behavioral finance 

assumes that, in some circumstances, financial markets are informationally inefficient. 

Not all misvaluations are caused by psychological biases, however.  Some are just due to 

temporary supply and demand imbalances.  For example, the tyranny of indexing can lead to 

demand shifts that are unrelated to the future cash flows of the firm.  When Yahoo was added to 

the S&P 500 in December 1999, index fund managers had to buy the stock even though it had a 

limited public float.  This extra demand drove up the price by over 50% in a week and over 

100% in a month.  Eighteen months later, the stock price was down by over 90% from where it 

was shortly after being added to the S&P. 
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If it is easy to take positions (shorting overvalued stocks or buying undervalued stocks) 

and these misvaluations are certain to be corrected over a short period, then “arbitrageurs” will 

take positions and eliminate these mispricings before they become large.  But if it is difficult to 

take these positions, due to short sales constraints, for instance, or if there is no guarantee that the 

mispricing will be corrected within a reasonable timeframe, then arbitrage will fail to correct the 

mispricing.1  Indeed, arbitrageurs may even choose to avoid the markets where the mispricing is 

most severe, because the risks are too great.  This is especially true when one is dealing with a 

large market, such as the Japanese stock market in the late 1980s or the U.S. market for 

technology stocks in the late 1990s.  Arbitrageurs that attempted to short Japanese stocks in mid-

1987 and hedge by going long in U.S. stocks were right in the long run, but they lost huge 

amounts of money in October 1987 when the U.S. market crashed by more than the Japanese 

market (because of Japanese government intervention).  If the arbitrageurs have limited funds, 

they would be forced to cover their positions just when the relative misvaluations were greatest, 

resulting in additional buying pressure for Japanese stocks just when they were most overvalued! 

 
2. Cognitive Biases 

 Cognitive psychologists have documented many patterns regarding how people behave.  

Some of these patterns are as follows: 

Heuristics 

Heuristics, or rules of thumb, make decision-making easier.  But they can sometimes lead 

to biases, especially when things change.  These can lead to suboptimal investment decisions.  

When faced with N choices for how to invest retirement money, many people allocate using the 

1/N rule.  If there are three funds, one-third goes into each.  If two are stock funds, two-thirds 

goes into equities.  If one of the three is a stock fund, one-third goes into equities.  Recently, 

Benartzi and Thaler (2001) have documented that many people follow the 1/N rule. 

Overconfidence 

People are overconfident about their abilities.  Entrepreneurs are especially likely to be 

overconfident.  Overconfidence manifests itself in a number of ways.  One example is too little 

diversification, because of a tendency to invest too much in what one is familiar with.  Thus, 

                                                 
1 Technically, an arbitrage opportunity exists when one can guarantee a profit by, for example, going long in an 
undervalued asset and shorting an overvalued asset.  In practice, almost all arbitrage activity is risk arbitrage—
making trades where the expected profit is high relative to the risk involved. 
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people invest in local companies, even though this is bad from a diversification viewpoint 

because their real estate (the house they own) is tied to the company’s fortunes.  Think of auto 

industry employees in Detroit, construction industry employees in Hong Kong or Tokyo, or 

computer hardware engineers in Silicon Valley.  People invest way too much in the stock of the 

company that they work for. 

Men tend to be more overconfident than women.  This manifests itself in many ways, 

including trading behavior.  Barber and Odean (2001) recently analyzed the trading activities of 

people with discount brokerage accounts.  They found that the more people traded, the worse 

they did, on average.  And men traded more, and did worse than, women investors. 

Mental Accounting 

 People sometimes separate decisions that should, in principle, be combined.  For 

example, many people have a household budget for food, and a household budget for 

entertaining.  At home, where the food budget is present, they will not eat lobster or shrimp 

because they are much more expensive than a fish casserole.  But in a restaurant, they will order 

lobster and shrimp even though the cost is much higher than a simple fish dinner.  If they instead 

ate lobster and shrimp at home, and the simple fish in a restaurant, they could save money.  But 

because they are thinking separately about restaurant meals and food at home, they choose to 

limit their food at home. 

Framing 

 Framing is the notion that how a concept is presented to individuals matters.  For 

example, restaurants may advertise “early-bird” specials or “after-theatre” discounts, but they 

never use peak-period “surcharges.”  They get more business if people feel they are getting a 

discount at off-peak times rather than paying a surcharge at peak periods, even if the prices are 

identical.  Cognitive psychologists have documented that doctors make different 

recommendations if they see evidence that is presented as “survival probabilities” rather than 

“mortality rates,” even though survival probabilities plus mortality rates add up to 100%. 

Representativeness 

People underweight long-term averages.  People tend to put too much weight on recent 

experience.  This is sometimes known as the “law of small numbers.”  As an example, when 

equity returns have been high for many years (such as 1982-2000 in the U.S. and western 

Europe), many people begin to believe that high equity returns are “normal.” 
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Conservatism 

When things change, people tend to be slow to pick up on the changes.  In other words, 

they anchor on the ways things have normally been.  The conservatism bias is at war with the 

representativeness bias.  When things change, people might underreact because of the 

conservatism bias.  But if there is a long enough pattern, then they will adjust to it and possibly 

overreact, underweighting the long-term average. 

Disposition effect 

 The disposition effect refers to the pattern that people avoid realizing paper losses and 

seek to realize paper gains.  For example, if someone buys a stock at $30 that then drops to $22 

before rising to $28, most people do not want to sell until the stock gets to above $30.  The 

disposition effect manifests itself in lots of small gains being realized, and few small losses.  In 

fact, people act as if they are trying to maximize their taxes!  The disposition effect shows up in 

aggregate stock trading volume.  During a bull market, trading volume tends to grow.  If the 

market then turns south, trading volume tends to fall.  As an example, trading volume in the 

Japanese stock market fell by over 80% from the late 1980s to the mid 1990s.  The fact that 

volume tends to fall in bear markets results in the commission business of brokerage firms 

having a high level of systematic risk.2 

One of the major criticisms of behavioral finance is that by choosing which bias to 

emphasize, one can predict either underreaction or overreaction. This criticism of behavioral 

finance might be called "model dredging."  In other words, one can find a story to fit the facts to 

ex post explain some puzzling phenomenon.  But how does one make ex ante predictions about 

which biases will dominate?  There are two excellent articles that address this issue:  Barberis 

and Thaler (2002), and Hirshliefer (2001).  Hirshliefer (p. 1547) in particular addresses the issue 

of when we would expect one behavioral bias to dominate others.  He emphasizes that there is a 

tendency for people to excessively rely on the strength of information signals and under-rely on 

the weight of information signals.  This is sometimes described as the salience effect.  

 

                                                 
2 During the bear market beginning in April 2000 in the U.S., aggregate stock market volume has not dropped.  This 
is apparently due to increased trading by institutions, since stock trading by individuals has in fact declined.  The 
significant drop in transaction costs associated with the move to decimalization and technological advances partly 
accounts for this.  Another reason is that many firms split their shares in late 1999 and the first half of 2000, which, 
ceteris paribus, would have resulted in higher trading volume.  The drop in commission revenue from individuals 
(predicted by the disposition effect) has resulted in revenue declines for retail-oriented brokerage firms such as 
Charles Schwab & Co. 
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3. The limits to arbitrage 

Misvaluations of financial assets are common, but it is not easy to reliably make 

abnormal profits off of these misvaluations.  Why?  Misvaluations are of two types:  those that 

are recurrent or arbitrageable, and those that are nonrepeating and long-term in nature.  For the 

recurrent misvaluations, trading strategies can reliably make money.  Because of this, hedge 

funds and others zero in on these, and keep them from ever getting too big.  Thus, the market is 

pretty efficient for these assets, at least on a relative basis.  For the long-term, nonrepeating 

misvaluations, it is impossible in real time to identify the peaks and troughs until they have 

passed.  Getting in too early risks losses that wipe out capital.  Even worse, if limited partners or 

other investors are supplying funds, withdrawals of capital after a losing streak may actually 

result in buying or selling pressure that exacerbates the inefficiency.   

Just who are these investors who make markets efficient?  Well, one obvious class of 

investors who are trying to make money by identifying misvaluations are hedge funds.  A 

relative value hedge fund takes long and short positions, buying undervalued securities and then 

finding highly correlated securities that are overvalued, and shorting them.  A macro hedge fund, 

on the other hand, takes speculative positions that cannot be easily hedged, such as shorting 

Nasdaq during the last two years. 

How well do efforts by arbitrageurs to make money work in practice at making markets 

more efficient?  As Shleifer and Vishny argue in their 1997 "Limits to Arbitrage" article, the 

efforts of arbitrageurs to make money will make some markets more efficient, but they won't 

have any effect on other markets. 

Let's look at an example, that of a giant hedge fund, Long Term Capital Management.  

LTCM was founded about nine years ago by Myron Scholes, Robert Merton, John Meriwether, 

and others.  For their first three or four years, they were spectacularly successful.  But then, four 

years ago, they had one bad quarter in which they lost $4 billion, wiping out their equity capital 

and forcing the firm to liquidate.  But they were right in the long run! 

LTCM mainly traded in fixed income and derivative markets.  But one of the ways that 

they lost money was on the Royal Dutch/Shell equity arbitrage trade. 

In 1907, Royal Dutch of the Netherlands and Shell of the UK agreed to merge their 

interests on a 60-40 basis, and pay dividends on the same basis.  It is easy to show that whenever 

the stock prices are not in a 60-40 ratio, there is an arbitrage profit opportunity.  Finance theory 
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has a clear prediction.  Furthermore, these are large companies.  Until July 2002, Royal Dutch 

was in the S & P 500, and Shell is in the FTSE. 

How well does this prediction work? 
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For the last 22 years, from 1980 to 2001, figure 1 demonstrates that there have been large 

deviations from the theoretical relation.  In 1998, LTCM shorted the expensive stock and bought 

the cheap one.  Did they make money?  No, they lost money when prices diverged further from 

their theoretical values during the third quarter of 1998.  To meet liquidity needs, LTCM and 

other hedge funds were forced to sell out their positions, and this selling pressure made markets 

more inefficient, rather than more efficient.  So the forces of arbitrage failed. 

The data plotted in figure 1 end in December 2001, with the price ratio close to its 

theoretical value.  Has it stayed there?  In July 2002, Standard and Poors announced that Royal 

Dutch would be dropped from the S&P 500 because they were deleting non-American 

companies.  Royal Dutch dropped by 17% in the week of the announcement, although there is no 

suggestion that the present value of dividends changed. 

So what is the bottom line on market efficiency?  It is useful to divide events into two 

categories - high-frequency events, which occur often, and low-frequency events, which occur 

only infrequently, and may take a long time to recover from. 

The high-frequency evidence supports market efficiency.  It is hard to find a trading 

strategy that is reliably profitable.  And mutual funds have difficulty beating their benchmarks.  

The low-frequency evidence, however, does not support market efficiency.  Examples of 

enormous misvaluations include: 

 1) The undervaluation of world-wide stock markets from 1974-1982. 

 2) The Japanese stock price and land price bubble of the 1980s. 

 3) The Taiwanese stock price bubble that peaked in February 1990. 

 4) The October 1987 stock market crash. 

 5) The technology, media, and telecom (TMT) bubble of 1999-2000. 

 

4. Applications of behavioral finance 

I would now like to talk about some specific applications of behavioral finance.  While I 

could choose from many applications, I am going to briefly discuss two of my recent 

publications.  The first application concerns inflation and the stock market.  I’m going to start out 

with a simple valuation question.  Below, I list some specific assumptions about a hypothetical 

firm, and the question is, “How much is the equity of this firm worth?”   
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Assumptions:  The inflation rate is 6%, and the equity risk premium is zero, so the nominal cost 
of capital is 10% (a real cost of capital of 4%). The firm wants to keep the real value of its debt 
unchanged, so it must increase the nominal amount of debt by 6% each year.  There is no real 
growth, and all free cash flow (if any) is paid out in dividends.   
 

Revenue     $1,200,000   
Cost of Goods Sold       $600,000  
Administrative Expenses       $400,000   
Interest Expense       $200,000    
Taxes                    $0    
After-tax profits                  $0   
Debt      $2,000,000   
Book Equity     $1,500,000   
Shares outstanding           10,000   
Interest rate on debt              10% 
  
 

 

 

With inflation at 6% and $2 million in debt, the firm must issue $120,000 more debt next 

year to keep the real value of its debt constant.  This cash can be used to pay dividends.  This is 

$12 per share, and using the growing perpetuity formula 

 
P = Div1/(r – g) 

 
with r = 10% and g = 6%, P = $12/(0.10 – 0.06) = $300 per share. 

So the equity is worth $3 million, or $300 per share.  Earnings are zero because the 

accountants treat nominal interest expense as a cost, but they don't treat the inflation-induced 

decrease in the real value of debt as a benefit to equity holders.  In other words, the true 

economic earnings are higher than the accounting earnings, because accountants measure the 

cost, but not the benefit to equityholders, of debt financing when there is inflation. 

 This is an example of where framing makes a difference.  Nominal interest expense 

appears on the income statement.  The decrease in the real value of nominal liabilities due to 

inflation does not appear on the income statement.  Because it doesn’t appear, I would argue that 

investors don’t take it into account, and hence undervalue equities when inflation is high.  If you 

find this implausible, ask yourself “how many finance professors with PhDs get the valuation 

correct?”  If the market makes this mistake, then stocks become riskier, because they fall more 
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than they should when inflation increases, and they rise more than they should when inflation 

decreases.  Over a full inflation cycle, these two effects balance out, which is why stocks are less 

risky in the long run than they are in the short run (Siegel (1998), Chapter 2). 

Modigliani and Cohn (1979) argued that the U.S. stock market was grossly undervalued 

in the mid and late 1970s because investors had irrational beliefs about earnings, given the high 

inflation that existed then. Richard Warr and I, in our March 2002 JFQA article on the decline of 

inflation and the bull market of 1982-1999, conduct an out-of-sample test of the Modigliani-

Cohn hypothesis.  We argue that part of the bull market of the 1980s was attributable to a 

recovery from the undervaluation.  We also argue that the continued stock market rise in the 

1990s was an overshooting - the stock market became overvalued - and we predicted that 2000-

2002 would have low stock returns.  Fortunately, I believe in my research, and I've had much of 

my retirement assets in inflation-indexed bonds the last three years.  These have been the best-

performing asset class. 

The second application of behavioral finance that I would like to briefly discuss concerns  

the underpricing of IPOs. 

Prospect theory is a descriptive theory of choice under uncertainty.  This is in contrast to 

expected utility theory, which is normative rather than descriptive.  Prospect theory focuses on 

changes in wealth, whereas expected utility theory focuses on the level of wealth.  Gains and 

losses are measured relative to a reference point.  Prospect theory also assumes loss aversion.  

Prospect theory also incorporates framing—if two related events occur, an individual has a 

choice of treating them as separate events (segregation) or as one (integration).  For example, if a 

person goes to the racetrack and makes two bets, winning one and losing one, the person may 

integrate the outcome and focus on the net payoff.  If the net payoff is positive, a gain has 

occurred, and focusing on this makes the bettor happy.  If there is a net loss, segregating the two 

bets allows the bettor to feel disappointed once, but happy once. 

Tim Loughran and I use prospect theory in our 2002 RFS paper "Why Don't Issuers Get 

Upset About Leaving Money on the Table in IPOs?" to explain the severe underpricing of some 

IPOs.  If an IPO is underpriced, pre-issue stockholders are worse off because their wealth has 

been diluted.  We argue that if an entrepreneur receives the good news that he or she is suddenly 

unexpectedly wealthy because of a higher than expected IPO price, the entrepreneur doesn't 

bargain as hard for an even higher offer price.  This is because the person integrates the good 
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news of a wealth increase with the bad news of excessive dilution.  The individual is better off 

on net.  Underwriters take advantage of this mental accounting and severely underprice these 

deals.  It is these IPOs where the offer price has been raised (a little) that leave a lot of money on 

the table when the market price goes up a lot. 

 
5. Conclusions 

This brief introduction to behavioral finance has only touched on a few points.  More 

extensive analysis can be found in Barberis and Thaler (2003), Hirshliefer (2001), Shefrin 

(2000), and Shiller (2000). 

It is very difficult to find trading strategies that reliably make money.  This does not 

imply that financial markets are informationally efficient, however.  Low frequency 

misvaluations may be large, without presenting any opportunity to reliably make money.  As an 

example, individuals or institutions who shorted Japanese stocks in 1987-1988 when they were 

substantially overvalued, or Taiwanese stocks in early 1989 when they were substantially 

overvalued, or TMT stocks in the U.S., Europe, and Hong Kong in early 1999 when they were 

substantially overvalued, all lost enormous amounts of money as these stocks became even more 

overvalued.  Most of these shortsellers, who were right in the long run, were wiped out before 

the misvaluations started to disappear.  Thus, the forces of arbitrage, which work well for high 

frequency events, work very poorly for low frequency events. 

Behavioral finance is, relatively speaking, in its infancy.  It is not a separate discipline, 

but instead will increasingly be part of mainstream finance.
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The A Priori Problem of Observed Probabilities 

Nassim Nicholas Taleb 

 

Life is not a laboratory in which we are supplied 

probabilities. Nor is it an exercise in textbooks on 

statistics. Nor is it an urn. Nor is it a casino where the 

state authorities monitor and enforce some probabilistic 

transparency. 

Alas we do not observe probabilities; we estimate them 

from observations and samples. This discussion 

presents the principal problem of empirical probabilistic 

knowledge and discovery. The central problem is as 

follows. Without a strong, necessarily normative, a 
priori specification of the underlying reality of a 

process, epistemic confidence is inversely proportional 

to the consequences of the knowledge at hand. The 

more events matter, the worse our empirical knowledge 

about their properties. Large deviations, the one that 

can have the most meaningful effect on the total 

properties, are far more error-prone in empirical 
evaluation than regular ones. 

This note will also present the epistemological 

difference between the nonscalable and scalable 

distributions –as well as more minor issues often 

bundled under the archaic designation “Knightian” 

uncertainty. 

THE TELESCOPE PROBLEM 

Assume that there are series of discrete “events”  i of 

magnitude !i (taken as departures from a “norm”, a 

“mean”, or a center) and with probability "i  (i can also 

be a “slice”, a discretizing interval for a continuous 

distribution, in which case we assume equality in the 

slices).  Assume further that !i can take values on the 

real line, with no known upper bounds or lower bounds, 

between minus infinity and infinity. (I am not assuming 
that an upper or lower bound does not exist, only that 
we do not know where it is.) Assume that you are 

observing samples in a finite set, and deriving 

properties that are general, applying outside the sample 

set (you could also be deriving a probability distribution 

of future events from past events). You observe a set 

of values !i and make an inference about their possible 

frequency outside such set. 

Let me make it clear: You are not sampling within an 

urn, the composition of which you know. You are 

making statement outside of a sample set. This means 

that you are now subjected to the problem of induction. 

Now consider the moment contribution of every state of 

the world i, with  Mi,m= "i !i
m the moment contribution 

of order m. The total moment of order n would be the 

summation of M over all possible values of i. 

! 

M
m

= "
i
#
i

m

$  

Let us turn to the estimation of probabilities. How does 

the sample reveals the values "i ?  Assume that you get 

them by simply taking the sample of size n, and adding 

up the values of  observations for a given !, here n!/n , 

where n! are the number of observations of the event 

of magnitude !. 

Let us call the “true” probabilities "i*, the probabilities 

that can be obtained by having full knowledge of the 

generating process. We do not observe them, but they 

are the ones that, in a world where they can be 

designed, the data is sampled from them.  

The constraint that all "i add up to 1 is not sufficient in 

many situations. So the central problem is as follows.  

• The small probability estimation 

error:The smaller the "i*, the larger we 

need the sample n in order to be to be 

satisfied with our inference, and, for a 

given sample size, the higher the error in 

using "i as an estimator of "*.  

• The telescope problem: if the |!| is 

some decreasing function of ", for |!| large 

enough, then the smaller the probability, 
the more consequential the impact of the 

error on the total moment. Effectively this 

is the case with unimodal distributions. 

So the errors in the smaller " are multiplied by a larger 

!. The pair "i !i is a rectangle that gets thinner as " 

becomes smaller, but its surface is more stochastic. 

 

 

 

 

 

 

 

 

 

 

 

The Telescope Problem: Smaller probability " 

multiplies larger deviation !, with the error in the 
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estimation of the product "! getting larger as " gets 

smaller. 

SAINT PETERSBURG COMPOUNDED 

But things can get worse for the “rectangle”. Let us 

now consider the shape of the probability decrease, 

how the " need to drop as |!| rises. It is a fact that  

the " cannot decrease too slowly. The first intuition of 

the problem is in the well-known Saint Petersburg 

paradox (i.e., for n between 1 and infinity, a payoff !i 

of 2i with probability "i =1/2i), showing that no matter 

how low the ", the increase in |!| can be such that the 

moment contributions of all Mi are equal. Simply, the 

situation in which 

! 

"
i
=
1

#
i

K
, where K is a constant, 

makes the computation of all moments  >1 impossible.  

Generalization of the Saint Petersburg problem 

to higher momentsm. So more generally, for the 

moment Mm to exist we need (in a unimodal 

distribution) the slices of Mi,m to decrease as a certain 

rate, i.e.,  

! 

"
i
<
1

#
i

K

$ 

% 
& 

' 

( 
) 

1/m

 

So the problem is that it is hard for a probability 

distribution to do the job for all moments m unless " 

falls faster than !m for all m. For that to happen, the 

only typical form is one with a characteristic scale, like 

! 

"
i
= e

#a$
i . It makes the product "i !i

m decrease for 

larger values of !. What I call non-nonscalable is, 

simply, the situation in which we do not have that 

exponential decline. See Note 1 for details. 

The other solution is to give up on moments. 

THE A PRIORI PROBLEM 

Let us now look a the error rate in the estimation of " , 

and the difficulty that for higher orders of M, there is a 

compounding effect of a higher error it multiplies larger 

and larger values of !. This is clearly intractable. 

This can be solved, of course, with an arbitrary function 

that decreases the moment contributions Mi of the ! as 

these become larger. In other words, by assuming a 
priori a certain class of distributions. 

Accordingly, we need one of the following three 

solutions: 

Solution 1: A metaprobabilistic framework: 

allowing us to estimate the errors of the observed "i 

some measure of the difference between probabilities 

and perfect information.  In other words, we would 

have "i,j
*
 for every probability i, making every moment 

contribution Mi,m stochastic. But here again there is the 

risk of regress as the metaprobability needs to be 

checked as well for its own error –we need a model of 

error measurement for that.  

Risk v/s Uncertainty: Note the difference between 

the so-called “Knightian” risk and uncertainty can be 

expressed as follows: risk is normatively set with 

unitary metaprobabilities "i,j
*
= 1 for all j (or no 

metaprobability). This makes the difference between 

the two entirely normative, not empirical. In other 

words, the difference does not exist in an environment 

where one cannot accept epistemological certainties 

about probabilities without a priori. 

 

Solution 2: Assuming beforehand a probability 

distribution: If distributions are popular, it is because 

they allow normatively to make inferences about 

probabilities by analogy with other probabilities in place 

of the metaprobabilistic framewor. Here the estimation 

error concerns some parameters of the probability 

distribution, but not the probabilities themselves. 

This option is problematic because there is no 

justification for the derivation of probability distributions 

internally from the data, i.e. empirically, causing 

another infinite regress argument. We need data for 

probability distribution and a probability distribution to 

know how much data we need. So we cannot do a 

meta-probability distribution. This is where it becomes 

normative. 

Note that there are situations in which one can put a 

subordination: you sample between two probability 

distributions, say two Gaussians. The  

Solution 3: Truncation: of some values of the ! 

allowing the integration and the finiteness of Mm. This is 

not done by assumption, but, rather, in eliminating the 

sensitivity of the variable above a certain amount. 

(Note one aspect of Saint-Petersburg: The use of utility 

of payoff introduced a soft truncation. But you can set 

the game in a way to truncate “organically”.) 

 

CONCLUSION 

There are no ways to deal with unbounded payoffs 

probabilistically without making assumptions, and 

assuming that these assumptions are not subjected to 

probabilistic judgment. This is the tragedy of 

probabilistic reasoning in modern domains, for which 

we cannot tolerate a priori  probabilities.  
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MATHEMATICAL POINTS  

Note 1: Assume that "(x) is a continuous function. 

Assume x in the positive domain and p monotonic in 

each domain “for x large enough”. We need  M[n], i.e., 

"(!) !n to be a decreasing function of ! for all n. To 

satisfy the strict negativity of M’[n] the derivative of the 

“moment slice” with respect to !, we have  

!
n-1 (n "(!) + ! "’(!)) <0 

which fails for n at infinity with any  scalable 

distribution with exponent # ; as we "(!)= K !-# 

(n-#) !n-#-1 <0 

Here since we are in the positive domain (!>0 and 

“large”) 

n># 

Now, on the other hand take "(x)= K e c x. We need   

ecn !n-1 (n+c!) <0 

n>-c !, so c needs to be negative scaling constant.  

 

Note 2: Assume the rosy case that you have a priori 
knowledge of the distribution. If the " are not of the 

form 

! 

"
i
= e

#a$
i , then the increase in n makes the 

contribution of  Max ["i !i
m]/Mm, the moment 

contribution of the extremal variable to the total 

moments drop extremely slowly as n becomes larger 

(of the order of 1/6 for a finite variance distribution). 

Simply, the distribution of the maximum will then have 

a Frechet form ~ x-µ. Accordingly, even if you know the 

distribution, the sampling error in the tails remains 

huge. Too huge for any application. 
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CAN STOCK MARKET FORECASTERS FORECAST? 

A paper read before a joint meeting of the Econometric Society and the   

American Statistical Association, Cincinnati, Ohio, December 31, 1932  

INTRODUCTION 

THISpaper presents results of analyses of the forecasting efforts of 45 

professional agencies which have attempted, either to select specific 

common stocks which should prove superior in investment merit to the 

general run of equities, or to predict the future movements of the stock 

market itself. The paper falls into two main parts. The first deals with 

the attempts of two groups, 20 fire insurance companies and 16 finan-

cial services, to foretell which specific securities would prove most 

profitable. The second part deals with the efforts of 25 financial publi- 

cations to foretell the future course of the stock market. Various sta- 

tistical tests of these results are given. 

These investigations were instituted five years ago as a means of 

testing the success of applied economics in the investment field. I t  

seemed a plausible assumption that if we could demonstrate the exist- 

ence in individuals or organizations of the ability to foretell the elusive 

fluctuations, either of particular stocks, or of stocks in general, this 

might lead to the identification of economic theories or statistical prac- 

tices whose soundness had been established by successful prediction. 

The forecasters include well-known organizations in the different 

fields represented, many of which are large and well financed, employ- 

ing economists and statisticians of unquestioned ability. The names of 

these organizations are omitted, since their publication would be likely 

to invite wholesale controversy over the interpretation of their records. 

Some of the forecasters seem to have taken a page from the book of 

the Delphic Oracle, expressing their prophecies in terms susceptible of 

more than one construction. I t  would frequently be possible, therefore, 

for an editor, after the event, to present a plausible challenge of our 

interpretation. Most of the forecasts appear through the medium of 

weekly publications and each of these has been read and recorded on 

the day i t  became available to us, which in practically every case was 

before the event. In this way certain possible elements of bias have 

been eliminated. I t  was impossible that  hindsight could influence our 

judgment, either in the selection of publications for analysis or in the 

interpretations placed on their forecasts. In the case of the fire insur- 

ance companies, however, the analyses were made annually, based on 

the transactions reported in Kimber's Record of Insurance Company 

Security Pu~chases. The companies were selected as fairly representa- 



tive of their class. The analysis of the 26-year forecasting record of 

William Peter Hamilton, former editor of the Tt'all Street Journal, also 

falls in a different category, in that it was undertaken because of the 

reputation for successful forecasting which he had established over a 

long period of years. 

FORECASTING THE COURSE O F  INDIVIDUAL STOCK PRICES 

We turn first to the records of two groups, the financial services and 

the fire insurance companies, which have attempted to select individual 

stocks that would prove more profitable for investment than the aver- 

age issue. The first part of this section deals with the records, over the 

44 years ending July, 1932, of 16 leading financial services which have 

made a practice of regularly submitting to their subscribers selected 

lists of common stocks for investment. Our analysis includes about 

7,500 separate recommendations, requiring approximately 75,000 en- 

tries. The first step was to record each week the name and price of 

each stock recommended for purchase or sale by each service. Next 

came the tabulation of the advice to sell or cover the commitment 

previously advised. Reiterated advice was not considered, action being 

assumed to have been taken as of the date when the recommendation 

was first published. The percentage gain or loss on each such transac- 

tion was recorded and, in a parallel column, the gain or loss of the stock 

market for the identical period. A balance was struck every six months 

which summarized the total results secured by each service as com- 

pared with the action of the stock market. Proper corrections were, of 

course, made to offset the effect of changes in capital structure resulting 

from the issue of rights, stock dividends, etc. Since a tendency existed 

among some services to emphasize their conspicuously successful stock 

recommendations and ignore more unfortunate commitments, we 

adopted a practice of automatically dropping a stock from the list six 

months after i t  had been last recommended, when specific advice to 

sell was not given. 

A redistribution of funds in equal amounts among all stocks recom- 

mended has been assumed for each service a t  the beginning of every six 

months' period analyzed. I t  could be maintained, of course, that this 

equalizing process should take place as often as once a week, but this 

would increase the labor of computation to overwhelming proportions. 

Provisional experiments demonstrated that it  would yield conclusions 

practically identical with those secured by the shorter method. Com- 

pounding the successive six months' records gives the percentage by 

which each service's recommendations have exceeded, or fallen behind, 

the stock market, as shown in Table I.  

Only six of the 16 services achieved any success. To arrive a t  an 
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average performance, the record of each service was reduced to an ef- 

fective annual rate which was then weighted in accordance with the 

length of the period represented. The average annual effective rate of 

all the services, thus arrived at,  is -1.43 per cent. 

TABLEI 

RESULTSOF COMMITMENTSSTOCKS BY 16 FINANCIALIN RECOMMENDED 
SERVICES TO MARKET(RELATED AVERAGES) 

Service W e e k s  Per  cent 

1. . . . . . . . . . . . . . . . . . . . . . 234 . . . . . . . . . . . . . . . . . . . . .  +80.8  

2. . . . . . . . . . . . . . . . . . . . . 234 . . . . . . . . . . . . . . . . . . . . .  +17.2  

3. . . . . . . . . . . . . . . . . . . . . 234 . . . . . . . . . . . . . . . . . . . . .  +15.2  

4. . . . . . . . . . . . . . . . . . . . . .  234 . . . . . . . . . . . . . . . . . . . . .  f12.3   

5. . . . . . . . . . . . . . . . . . . . . .  234 . . . . . . . . . . . . . . . . . . . . .  + 8 . 4   

6. . . . . . . . . . . . . . . . . . . . . .  26 . . . . . . . . . . . . . . . . . . . . .  + 6 . 1   

7. . . . . . . . . . . . . . . . . . . . .  52 . . . . . . . . . . . . . . . . . . . . .  0 .   

8. . . . . . . . . . . . . . . . . . . . . . 104 . . . . . . . . . . . . . . . . . . . . .  - 0 .5   

9. . . . . . . . . . . . . . . . . . . . . .  234 - 1.9   

10. . . . . . . . . . . . . . . . . . . . .  52 . . . . . . . . . . . . . . . . . . . . .  - 2.2  

11. . . . . . . . . . . . . . . . . . . . . .  52 . . . . . . . . . . . . . . . . . . . . .  - 3 . 0   

12. . . . . . . . . . . . . . . . . . . . . .  52 . . . . . . . . . . . . . . . . . . . . .  - 8 . 3   

13. . . . . . . . . . . . . . . . . . . . . .  78 . . . . . . . . . . . . . . . . . . . . .  -16.1   

14. . . . . . . . . . . . . . . . . . . . . .  104 . . . . . . . . . . . . . . . . . . . . .  -28.2   

15. . . . . . . . . . . . . . . . . . . . . .  104 . . . . . . . . . . . . . . . . . . . .  -31.2  

16. . . . . . . . . . . . . . . . . . . . . .  156 . . . . . . . . . . . . . . . . . . . . .  -33.0   

PROBABILITY TESTS 

In an attempt to determine whether the service having the best rec- 

ord achieved its result through skill or chance, we resorted to the the- 

ories of compound and inverse probability. Our conclusion is thus 

rendered consistent by obtaining approximately the same answer in 

two different ways. 

With the aid of various checks, involving 1250 computations of the 

action of individual stocks selected a t  random, we derived a formula, 

A.D. (t) =5.42+1.5t (A.D. =average deviation, t, in units of 4 weeks, 

2 I) ,  representing the deviation, for all periods from one month up to 

one year, of the average individual stock from the average of all stocks. 

Service Number 1, for the 9 six months' periods from January 1, 

1928 to July 1, 1932, was successful 7 times and unsuccessful 2 times. 

With the aid of the table referred to, the averages of "chances in 1000 

to do worse" for the 7 periods in which it was successful and the 2 pe- 

riods in which it was unsuccessful were found to be 842 and 66 re- 

spectively. By the theory of direct probabilities, the probability of a 

single service being right a t  least 7 times in 9 is equal to the sum of the 

first 3 terms of the binomial ( 9 + 3 ) @ .  

p =1/29+9/2@+36/2@ =46/512 = .090 

The probability that a single service could in 9 predictions be 7 times 
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on the positive side and in these 7 forecasts equal the achievement of 

Service Number 1 is, 

P= .090 X (1 - .842)= .014 

However, the record of the best service is marred by its failure in the 

two negative cases. The average of the two chances to do worse in these 

cases is .066. We then have, 

as the probability of a single random service having a record worse 

than that of Service Number 1. We therefore conclude that the proba- 

bility that a random service can, first, be on the right side of the market 

7 times out of 9, and second, equal in performance the record of Service 

Number 1, is 

P= ,090X (1- .670) = .030. 

This means that in 16 services we should expect to find 16 X.030 = .48 

services which will equal the record of Service Number 1. That  is to say, 

the chance is even that we should get a t  least one service as good as 

Number 1. 

Because of the assumptions implied in this computation, we shall ar- 

gue this another way. We shall assume that the probability that a serv- 

ice for its total forecast shall be on the positive side of the market is 

1/2. Then the estimate of its success must be made by a different 

evaluation of Q. For this purpose we shall adopt a formula suggested 

by Bayes' rule in inverse probability in which the weights .9l0 and .090 

instead of 7/9 and 2/9 are used. We get 

Hence, if a service was on the right side of the market, the proba- 

bility of its achieving the success of Service Number 1would be 1-Q. 

Thus the compound probability would be 

P =1/2 (1 - .901)= .050. 

Among the 16 services the probability of the most successful one equal- 

ling the record of Service Number 1would be P=16X .050 =30,  that 

is to say, we should expect to get among 16 random services about one 

service which would equal Number 1. Since this answer is quite con- 

sistent with our previous answer, our analysis suggests the conclusion 

that the record of Service Number 1 could not be definitely attributed 

to skill. 
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T W E N T Y  F I R E  INSURANCE COhlPANIES  

The second analysis deals with the common stock investments, from 

1028 to 1931 inclusive, of 20 of our leading fire insurance companies. 

Its significance lies in the fact that these companies are representative 

of a class of common stock investor which has had long years of experi- 

ence and large amounts of capital a t  its disposal. Fire insurance dates 

from the Great London Fire of 1666, and active investment in stocks 

developed during the nineteenth century. The fire insurance companies 

are much older hands a t  the business of investment than either the 

financial services, which are a twentieth century product, or American 

investment trusts, which are largely a development of the last few 

years. The investment policies of these companies are based on the 

accumulated knowledge of successive boards of directors whose judg- 

ment might be presumed, over the years, to have been well above that 

of the average investor. The 20 companies which were selected for 

analysis hold assets totalling several hundred million dollars, and seem 

a fair sample of their kind. 

Fire insurance companies carry between 20 and 30 per cent of their 

total investments in common stocks. Their average turnover amounts 

to only some 5 per cent a year. For this reason i t  was thought best to 

confine our analysis to the record of the actual purchases and sales 

made during the period under examination, rather than to compute 

the record of the entire common stock portfolio. To simplify the labor, 

all items of stock purchased were given equal weights, regardless of the 

amounts involved. While the conclusion does not exactly reflect the 

actual investment results secured by these companies, it should, how- 

ever, provide a satisfactory test of the success of these organizations 

in selecting stocks which performed better than the average. 

The method employed in the analysis is essentially the same as that 

used in the case of the investment services. A second purchase of an 

item was omitted from the record unless a sale of this item intervened. 

A record of the sale of an item, of course, determined the date as of 

which it was dropped from the list. Also, any item of which there had 

been no purchase recorded for 12 months was automatically considered 

sold. 

The compounded records of the 20 companies for the 4-year period 

are shown in Table 11. 

Six of the companies show evidence of success, and the average of 

the 20 is -4.72 per cent. The average record of the companies in the 

stocks which they selected for investment fell below the average of the 

stock market a t  the effective annual rate of 1.20 per cent. A comparable 

result could have been achieved through a purely random selection of 
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stocks. The analysis of the fire insurance companies' records thus con- 
firms the results secured in appraising the records of the financial serv- 
ices. 

TABLEI 1  

RESULTSOF IN MADEBY TWENTYFIRE INSURANCE COSIMITSIENTSSTOCKS 
COMPANIES(RELATEDTO STOCKMARKETAVERAGES) 

All companies 1928-31, inc. 

Company  Per cent 

1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +27.35  
2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $25.11  
3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .+18.34  

4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $10.38  
5. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +10.12  
6. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .+ 3.20  
7. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 2.06  
8. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 3.63  
9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 5.06  

10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 6.67  
11. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -10.44  
12. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -10.55  
13. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -11.76  
14. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -12.92  
15. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -13.82  
16. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -14.96  
17. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -18.03  
18. -21.89 
19. -23.44 
20. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -33.72  

FORECASTING T H E  STOCK MARKET ACCORDING TO T H E  DOW THEORY 

Having dealt with the efficiency of two great groups of profession- 
als, fire insurance companies and financial services, in selecting com- 
mon stocks for investment, we turn now to a consideration of skill in 
predicting the course of the stock market as a whole. This section also 
is in two principal sub-divisions. First we consider the record of William 
Peter Ramilton. 

This analysis was undertaken because several decades of editorials 
in the country's leading financial newspaper have built up a great popu- 
lar following for the Dow Theory, of which Eamilton was the principal 
sponsor. The Dow Theory was the creation of Charles H .  Dow, founder 
of the Dour Jones financial news service, founder and editor of the Wall 

Stred Journal. After Dour's death in 1902 Hamilton succeeded him as 
editor of the Wall Street Journal, continuing in this position until his 
death in December, 1929. 

During 26 years of his incumbency Hamilton wrote 255 editorials 
which presented forecasts for the stock market based on the Dow The- 
ory. These were sufficiently definite to permit scoring as bullish, bear- 
ish, or doubtful. This we did by a majority vote of five readers. When 
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doubtful we assumed that he abstained from trading. When bullish it 

was assumed that he bought equal dollar amounts of the stocks in- 

cluded in the Dour Jones railroad and industrial averages, and sold 

them only when he became bearish or doubtful. When bearish we as- 

sumed that he sold short equal dollar amounts of these stocks and 

covered only when he became doubtful or bullish. The percentage gain 

or loss on each such transaction has been calculated, and the results 

compounded through the 26 years. Since the Dow Jones averages have 

only recently been corrected to offset the effect of stock rights, stock 

dividends, and stock splits, such adjustments have been made for all 

the previous years on the basis of tables published by Dwight C. Rose 

in his book Investment Management. Corrections have also been made 

to allow for the effect of brokerage charges, cash dividends, and the 

interest presumably earned by Hamilton's funds when they were not 

in the stock market. The fully adjusted figures were then reduced to 

an effective annual rate of gain which is presented as a measure of the 

result accomplished. 

From December 1903 to December 1929, Hamilton, through the ap- 

plication of his forecasts to the stocks composing the Dour Jones in- 

dustrial averages, would have earned a return, including dividend and 

interest income, of 12 per cent per annum. In the same period the 

stocks composing the industrial averages showed a return of 15.5 per 

cent per annum. Hamilton therefore failed by an appreciable margin 

to gain as much through his forecasting as he would have made by a 

continuous outright investment in the stocks composing the industrial 

averages. He exceeded by a wide margin, however, a supposedly nor- 

mal investment return of about 5 per cent. Applying his forecasts to 

the stocks composing the Dow Jones railroad averages, the result is 

an annual gain of 5.7 per cent while the railroad averages themselves 

show a return of 7.7 per cent. 

Hamilton was long of stocks 55 per cent, short 16 per cent, and out 

of the market 29 per cent, of the 26 years under review. Counting only 

changes of position, he made bullish forecasts 29 times. Applying these 

to the industrial averages, 16 were profitable, 13 unprofitable. He an- 

nounced bearish forecasts 23 times, 10 were profitable, 13 unprofitable. 

He advised 38 times that funds be withdrawn from the stock market, 

19 of these withdrawals being profitable, 19 unprofitable. In all, 45 of 

his changes of position were unsuccessful, 45 successful. The applica- 

tion of the forecasts to the railroad averages confirms these conclusions 

except that in this case 41 changes of position were successful and 49 

unsuccessful. For the period from 1909 to 1914 inclusive, when the in- 

dustrial averages displayed what, in effect, was a horizontal trend, his 

hypothetical fund shrank 7.8 per cent Der annum below what it would 
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have been if loaned a t  5 per cent interest. The result of applying his 
forecasts to the railroad averages deserves attention in view of the fact 
that  this group displayed an almost horizontal secular trend for the 
26 years under consideration. His average annual pain of 5.7 per cent 
in this group would have been approximately equalled, in the case of 
a continuous outright investment, by the dividend income. 

STOCK NARKET FORECASTS O F  TWENTY-FOUR FINANCIAL 

PUBLICATIONS 

For the analysis of other results secured in forecasting the course of 
the stock market, we selected during the period from January 1, 1928, 
to June 1, 1932, 24 publications (among which were 18 professional 
financial services, 4 financial weeklies, one bank letter, and one invest- 
ment house letter). More than 3,300 forecasts were tabulated. The 
method used has been for each reader to ask himself the question, "In 
the light of what this particular bulletin says, would one be led to buy 
stocks with all the funds at  his disposal, or place a portion only of his 
funds in stocks, or withdraw entirely from the market?" The reader 
graded the advice in each instance by means of one of nine possible 
entries, namely 100 per cent of funds in the market, 87$, 75, 62$, 50, 
374, 25, 124, or 0 per cent. The great majority of forecasters confine 
themselves to general discussions of the investment situation, leaving 
to the reader the decision as to what proportion of his funds he shall 
place in the market. The tabulation, therefore, cannot be mathemati- 
cally conclusive. Our method, in general, has been to have the vote of 
three readers of c~mpetent  intelligence determine the interpretation of 
each forecast. Marginal commitments have not been incorporated in 
our tabulations because in no case have they been advised by any of 
the forecasters. Similarly, short commitments are not in general as- 
sumed because, of the entire 24 forecasters, only one recommended 
them. His record has been computed on a special basis. 

The tabulated forecasts have been tested in the light of the actual 
fluctuations of the stock market as reflected by the Standard Statistics 
Company index of 90 representative stocks. If a forecast is 100 per cent 
bullish and the market rises 10 per cent in the subsequent week, the 
forecaster is scored as +10 per cent. If the forecaster, after weighing 
the favorable and unfavorable factors, leaves the decision hanging in 
the balance, the score is $ 5  per cent or one-half of the market advance. 
This is on the assumption that the investor, being in doubt as to the 
future course of the market and being, by definition, committed to 
common stocks as a possible investment medium, would be led to 
adopt a hedged position with half of his funds in stocks and half in 
reserve. If the forecast is 100 per cent bearish, the score is zero, regard- 
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less of the subsequent action of the mnrket, on the assumption that, 

under such conditions, the investor would withdraw all of his funds 

from stocl\s. On the other hand, if the forecast is 100 per cent hullis11 

and the market drops 10 per cent in the ensuing weeli, the score is 

-10 per cent. If the forecast is doubtful when the market drops 10 per 

cent, the score is - 5  per cent. The compounding of all these weekly 

scores for the period covered gives a cumulative record for each fore- 

caster. This permits comparisons which reveal relative success and 

average performance. While i t  may be thought that accurate week-to- 

week forecasting is a hopeless ideal, it should be emphasized that our 

analysis of weekly results also measures accurately the efficiency of 

long swing forecasts. 

A figure representing the average of all possible forecasting results 

for the period was arrived at  by compounding one-half of every weekly 

percentage change in the level of the stock market. The final scores 

given below for the 24 forecasters were computed by dividing the 

actual performance of each by the average of all possible results re- 

ferred to above, and subtracting 100. 

TABLEI11 

RESULTSOF STOCKMARKETFORECASTS 

Forecaster W e e k s  Per cent 

1. . . . . . . . . . . . . . . . . . . . . . 105 . . . . . . . . . . . . . . . . . . . . .  f 7 2 . 4   
2. . . . . . . . . . . . . . . . . . . . . .  230 . . . . . . . . . . . . . . . . . . . . .  +31.5  

3. . . . . . . . . . . . . . . . . . . . . . 230 . . . . . . . . . . . . . . . . . . . . .  +28.3  
4. . . . . . . . . . . . . . . . . . . . . .  21  . . . . . . . . . . . . . . . . . . . . .  $24.2  

5. . . . . . . . . . . . . . . . . . . . . .  157 . . . . . . . . . . . . . . . . . . . . .  + 9 . 0   

6. . . . . . . . . . . . . . . . . . . . . .  53 . . . . . . . . . . . . . . . . . . . . .  + 3 . 0   
7. . . . . . . . . . . . . . . . . . . . . .  126 . . . . . . . . . . . . . . . . . . . . .  + 2.4  
8. . . . . . . . . . . . . . . . . . . . . .  53 . . . . . . . . . . . . . . . . . . . . .  + 1 . 3   

9. . . . . . . . . . . . . . . . . . . . . .  105 . . . . . . . . . . . . . . . . . . . . .  - 1.7  

10. . . . . . . . . . . . . . . . . . . . . .  157 . . . . . . . . . . . . . . . . . . . . .  - 2.1  
11. . . . . . . . . . . . . . . . . . . . . .  230 . . . . . . . . . . . . . . . . . . . . .  - 3.6  
12. . . . . . . . . . . . . . . . . . . . . .  43 . . . . . . . . . . . . . . . . . . . . .  - 6.0  

13. . . . . . . . . . . . . . . . . . . . . .  53 . . . . . . . . . . . . . . . . . . . . .  - 6.7  
14. . . . . . . . . . . . . . . . . . . . . .  131 . . . . . . . . . . . . . . . . . . . . .  - 6.9  

15. . . . . . . . . . . . . . . . . . . . . .  230 . . . . . . . . . . . . . . . . . . . . .  -12.5  
16. . . . . . . . . . . . . . . . . . . . . . 230 . . . . . . . . . . . . . . . . . . . . .  -13.5  

17. . . . . . . . . . . . . . . . . . . . . .  53 . . . . . . . . . . . . . . . . . . . . .  -17.2  

18. . . . . . . . . . . . . . . . . . . . . . 230 . . . . . . . . . . . . . . . . . . . . .  -21.5  
19. . . . . . . . . . . . . . . . . . . . . .  69 . . . . . . . . . . . . . . . . . . . . .  -29.4  
20. . . . . . . . . . . . . . . . . . . . . .  230 . . . . . . . . . . . . . . . . . . . . .  -83.0  

21. . . . . . . . . . . . . . . . . . . . . .  230 . . . . . . . . . . . . . . . . . . . . .  -35.3  
22. . . . . . . . . . . . . . . . . . . . . .  230 . . . . . . . . . . . . . . . . . . . . .  -41.5  

23. . . . . . . . . . . . . . . . . . . . . .  157 . . . . . . . . . . . . . . . . . . . . .  -45.3  

24. . . . . . . . . . . . . . . . . . . . . .  230 . . . . . . . . . . . . . . . . . . . . .  -49.1  

The records show that  only one-third of the list met with any suc- 

cess. I n  order to derive a significant average of the performance of the 



entire group the results listed above have been reduced to effective 

annual rates, and each has been given a weight to conform with the 

length of the record analysed. After these adjustments, we are enabled 

to conclude that the average forecasting agency fell approximately 

4 per cent per annum below a record representing the average of all 

performances achievable by pure chance. This would seem to indicate 

that,  in general, these stock market forecasters failed to accomplish 

their objective. The most that can be said in extenuation is that the 

long-continued decline in securities has been, naturally, a handicap to 

a group which, taking warning from the experience of Cassandra, usu- 

ally seems constrained to look on the bright side. During the 43 year 

period under analysis the number of weeks in which the stock market 

declined almost exactly equalled the number of weeks in which ad- 

vances were recorded, and the total amount of the declines consider- 

ably exceeded the total amount of the advances. Yet we recorded 

during this period 2033 bullish, 804 bearish, and 479 doubtful fore- 

casts. Further, we note that in 1028, the only year the market showed 

a net gain, the excess of bullish over bearish forecasts was smaller than 

in any succeeding year. Taking a glaring example, in the rising market 

of 1928 the ratio of bullish to bearish forecasts was only four to three. 

In 1931, when the market declined 54 per cent, there were sixteen 

bullish forecasts to every three bearish. 

STATISTICAL INTERPRETATIONS O F  RESULTS 

In an attempt to illuminate the problem of whether the records of all 

these forecasters lay within the limits of pure chance, we compiled 

24 records, identical with those of the 24 forecasters as to the total 

period covered, but having purely fortuitous advices applied to random 

intervals within these perids. For example, to compile a purely chance 

record to compare with the actual record of a forecaster whose opera- 

tions covered 230 weeks from January 1,1928, to June 1,1932, we first 

determined the average number of changes of advice for such a period, 

which was 33. Cards numbered from 1to 229 were shuffled, drawn, re- 

shuffled, drawn, in all 33 times. Thus 33 random dates were selected 

as of which forecasts were to be changed. The investment policies 

which were to apply to the intervals between those dates were derived 

in similar fortuitous fashion, by drawing 33 times from nine cards on 

each of which a different one of the nine possible investment policies 

was noted. 

I t  only remained to relate these random advices to a stock market 

index, cumulate the results, relate them, as we had done with the 

records of the actual forecasters, to the average of all chances for the 

period, and subtract 100. Thus we had a list of 21 purely chance fore- 
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casting records, shown in Table IV, to compare with the records of the 

actual prophet's. 

TABLEI V  

RESULTSOF RANDOMFORECASTS 

Forecaster W e e k s  Per cent 

1. . . . . . . . . . . . . . . . . . . . . .  230 . . . . . . . . . . . . . . . . . . . . .  f 7 1 . 1   

2.  . . . . . . . . . . . . . . . . . . . . . 230 . . . . . . . . . . . . . . . . . . . . .  + 3 7 . 2   

3. . . . . . . . . . . . . . . . . . . . . . 230 . . . . . . . . . . . . . . . . . . . . .  + 2 4 . 2   

4. . . . . . . . . . . . . . . . . . . . . 157 . . . . . . . . . . . . . . . . . . . . .  + 1 9 . 1   

5. . . . . . . . . . . . . . . . . . . . . .  230 . . . . . . . . . . . . . . . . . . . . .  f 1 3 . 2   

6. . . . . . . . . . . . . . . . . . . . . .  105 . . . . . . . . . . . . . . . . . . . .  + 9 . 2   

7. . . . . . . . . . . . . . . . . . . . . . 230 . . . . . . . . . . . . . . . . . . . . .  + 2 . 7   

8. . . . . . . . . . . . . . . . . . . . . .  53 . . . . . . . . . . . . . . . . . . . . .  + 2 . 5   

9.  . . . . . . . . . . . . . . . . . . . . . 131 . . . . . . . . . . . . . . . . . . . . . + 1 . 3   

lo .  . . . . . . . . . . . . . . . . . . . . .230 . . . . . . . . . . . . . . . . . . . .  f 1 . 1   

11. . . . . . . . . . . . . . . . . . . . . .  53 . . . . . . . . . . . . . . . . . . . . .  - . 1   

12. . . . . . . . . . . . . . . . . . . . . .  54 . . . . . . . . . . . . . . . . . . . . .  - . 6   

13. . . . . . . . . . . . . . . . . . . . . .  157 . . . . . . . . . . . . . . . . . . . . .  - 2 . 5   

14. . . . . . . . . . . . . . . . . . . . . . 230 . . . . . . . . . . . . . . . . . . . . .  - 4 . 6   

15. . . . . . . . . . . . . . . . . . . . . .  43 . . . . . . . . . . . . . . . . . . . . .  - 5 . 4   

16. . . . . . . . . . . . . . . . . . . . . .  53 . . . . . . . . . . . . . . . . . . . . .  - 6 . 1   

17. . . . . . . . . . . . . . . . . . . . . .  230 . . . . . . . . . . . . . . . . . . . . .  - 1 0 . 5   

18. . . . . . . . . . . . . . . . . . . . . .  21 . . . . . . . . . . . . . . . . . . . .  - 1 0 . 9   

19. . . . . . . . . . . . . . . . . . . . . . 157 . . . . . . . . . . . . . . . . . . . . .  - 1 1 . 0   

20. . . . . . . . . . . . . . . . . . . . . .  105 . . . . . . . . . . . . . . . . . . . . .  - 1 3 . 0   

21. . . . . . . . . . . . . . . . . . . . . .  230 . . . . . . . . . . . . . . . . . . . . .  - 1 3 . 1   

22. . . . . . . . . . . . . . . . . . . . . .  230 . . . . . . . . . . . . . . . . . . . . .  - 1 4 . 2   

23. . . . . . . . . . . . . . . . . . . . . .  69 -18 .7   

24. . . . . . . . . . . . . . . . . . . . . 126 . . . . . . . . . . . . . . . . . . . . .  - 2 7 . 1   

For easy comparison of the two groups we have prepared Figure 1 

showing all the records, actual and hypothetical. The chart indicates 

that where forecasting agencies made gains, even the greatest of these 

lay within limits equalled by the best of our 24 imaginary records 

representing random action at  random intervals. But the extremer 

losses of the forecasters tended to exceed the losses registered by the 

least successful of our 2-1 records of purely chance operations. 

In any attempt at  interpreting the significance of the performances 

of the various stock market forecasters we are embarrased by our in- 

ability to determine how often economic developments occur of suffi- 

cient importance to justify the revision of forecasts. This is tantamount 

to admitting that we do not know the true number of independent 

cases, or items, in the time series representing the various forecasting 

records. In these circumstances, probable errors for correlation coeffi- 

cients, or for normal distributions, cannot constitute very exact meas- 

ures of probability JVe do know, however, since we are dealing with 

weekly publications, that the maximum possible number of forecasting 

opportunities is 32 a year. 5Ve also know that forecasts, on the average, 

undergo some degree of revision about 7 times a year. The correlation 
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coefficients and probable errors, which constitute one of our tests of 

probability, have been worked out on both of these bases. 

The record of Forecaster Kumber 1 was available to us for a period 

of only two years, during which he did not once change his advice. Tire 

therefore omitted his record from consideration in our statistical inter- 

pretation on the ground that inferences based on it would be relatively 

inconclusive. For the correlation test therefore, Forecasters Number 

2, 3, 22 and 24 were chosen as representing the best and the worst 

whose records covered the entire period under analysis. The weekly 

forecasts of each of these four were correlated with the first differences 

STOCK MARKET FORECASTING 

1 24 professional Agenctes 1 ( 24 Random Records 1 

of the logarit'hms of t'he stock market averages over 44 years. Fore- 

caster Number 2 had a correlation coefficient of .I51 ;Forecaster Num- 

ber 3, of .107; and Forecast'ers Number 22 and 24, of - .I24 and - .I32 

respect'ively. The probable error of the best correlation coefficient, with 

n =230, was .043. The difference in r between Forecast'ers Numbers 1 

and 3 is about equal t'o this probable error, and r = .I97 is greater t'har 

4 times the probable error of .043. We have interpreted these data b j  

the use of R. A. Fisher's technique, where z =  tan h-lr. The best cor. 

relation r = .197, n =230, was first compared with a t'heoretical r = .000 

n =230; and then compared with r = - .132, n =230, t'hat is the lowesl 

correlat'ion coefficient,. 

1' z n -3 1/n -3 

1st sample . I97 .200 227 .0044 1 
2nd sample ,000 ,000 227 .00441 

-

Difference .200 Sum ,00882 
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,188 is to be compared with .200. Since these figures are approximately 

equal, the presumption of skill is slight although the presumption does 

exist because of the fact that .I88 is less than .200, the difference be- 

tween the two values for =. Using R. A. Fisher's technique in the second 

case, that is, comparing the best correlation coefficient r = .I97 with 

the lowest correlation coefficient r =  -.132, seems to indicate that 

there is a real difference between the two samples. If another sample 

were taken from each of these two forecasters, we should expect to find 

n similar difference between them in favor of the first forecaster within 

the limits of the probable error. 

We then computed correlation coefficients and probd)le errors for 

the data arrived a t  by taking as our items the periods during which 

each forecast was in force. We thus had 30 items for Forecaster Xum- 

her 2, which equalled the number of changes he made in his forecasts, 

instead of the 230 items which represented the number of weeks for 

tvhich his record was tabulated. On this basis Forecaster Sumber 2 

had a correlation coefficient of .479; Forecaster Kumber 3 had a corre- 

lation coefficient of ,245; and Forecasters Number 22 and 24 had corre- 

lation coefficients of -3 1 3  and - .206 respectively. The probable error 

of the best correlation coefficient, with n=30,  was found to be .095. 

Thus r = .479 was about five times the probable error of .005. The best 

random forecast had r = .356$- .102, when his changes of position were 

taken as the items of the series. When the number of weeks (230), over 

which his random record extends, was used, and this record correlated 

with the first differences of the logarithms of the stock market aver- 

ages, r = .I25f,044. 

Deductions as to the significance of the relationships of the various 

correlation coefficients to the probable errors are rendered inconclusive, 

not only by our inability to identify the true number of independent 

cases in each series, but also by the fact that we have not computed a 

sufficient number of the correlation coefficients to enable us to deter- 

mine the character of their distribution. 

Having thus experimented with various correlation tests we then 

resorted to measuring the spread of the performances of the individual 

forecasters by means of frequency distributions of the percentage 

~ ~ e e k l ygains and losses of each of six forecasters divided by the average 

result of all possible forecasts. The six chosen were two of the best 

actual records, two of the worst actual records, and the best and 

almost the worst random records. The series thus arrived a t  were each 

distributed into several classes ranging from 92.50 per cent to 108.50 

per cent; these frequencies were plotted and appeared to be reasonably 

normal. (See Figure 2.) Averages of each of the percentage frequency 

distributions were computed and compared with a theoretical average 
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of 100, which represented the average of all random frequency distribu- 
tions. The probable error of the latter was found to be .086. Forecasters 
Number 2 and 3 showed averages of 100.098 and 100.103 respectively; 
each deviating from the theoretical average by amounts which were 
slightly greater than the probable error .086, but considerably less than 
twice this probable error. Forecasters Number 22 and 24 had averages 
of 99.674 and 99.711 respectively; less than the theoretical average by 
3 2 6  and .289. Each of these differences was more than three, and less 
than four, times greater than the probable error .086. When a similar 
frequency distribution is made for the best purely random forecaster, 
it is found that  the average was equal to 100.213, which is greater 
than that of Forecasters 2 and 3. The deviation from the theoretical 
average lies within three times the probable error of this theoretical 
average. 

1. Sixteen financial services, in making some 7500 recommendations 
of individual common stocks for investment during the period from 
January 1, 1928, to July 1, 1932, compiled an average record that was 
worse than that of the average common stock by 1.43 per cent an- 
nually. Statistical tests of the best individual records failed to demon- 
strate that they exhibited skill, and indicated that they more probably 
were results of chance. 

2. Twenty fire insurance companies in making a similar selection of 
securities during the years 1928 to 1931, inclusive, achieved an average 
record 1.20 per cent annually worse than that of the general run of 
stocks. The best of these records, since it is not very much more im- 
pressive than the record of the most successful of the sixteen financial 
services, fails to exhibit definitely the existence of any skill in invest- 
ment. 

3. William Peter Hamilton, editor of the U'all Street Journal, pub- 
lishing forecasts of the stock market based on the Dow Theory over a 
period of 26 years, from 1904 to 1929, inclusive, achieved a result better 
than what would ordinarily be regarded as a normal investment return, 
but poorer than the result of a continuous outright investment in rep- 
resentative common stocks for this period. On 90 occasions he an- 
nounced changes in the outlook for the market. Forty-five of these 
predictions were successful and 45 unsuccessful. 

4. Twenty-four financial publications engaged in forecasting the 
stock market during the 4$ years from January 1,1928, to June 1,1932, 
failed as a group by 4 per cent per annum to achieve a result as good as 
the average of all purely random performances. A review of the various 
statistical tests, applied to the records for this period, of these 24 fore- 
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casters, indicates that the most successful records are little, if any, 

better than what might be expected to result from pure chance. There 

is some evidence, on the other hand, to indicate that the least success- 

ful records are worse than what could reasonably be attributed to 

chance. 

Cowles Commission foi. Research in  Economics 
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EFFICIENT MARKETS HYPOTHESIS 

Andrew W. Lo 

 

To appear in L. Blume and S. Durlauf, The New Palgrave: A Dictionary of Economics, 

Second Edition, 2007.  New York: Palgrave McMillan. 

 

The efficient markets hypothesis (EMH) maintains that market prices fully 

reflect all available information.  Developed independently by Paul A. 

Samuelson and Eugene F. Fama in the 1960s, this idea has been applied 

extensively to theoretical models and empirical studies of financial securities 

prices, generating considerable controversy as well as fundamental insights 

into the price-discovery process.  The most enduring critique comes from 

psychologists and behavioural economists who argue that the EMH is based 

on counterfactual assumptions regarding human behaviour, that is, 

rationality.  Recent advances in evolutionary psychology and the cognitive 

neurosciences may be able to reconcile the EMH with behavioural 

anomalies. 

  

 There is an old joke, widely told among economists, about an economist strolling down the 

street with a companion. They come upon a $100 bill lying on the ground, and as the 

companion reaches down to pick it up, the economist says, ‘Don’t bother – if it were a 

genuine $100 bill, someone would have already picked it up’. This humorous example of 

economic logic gone awry is a fairly accurate rendition of the efficient markets hypothesis 

(EMH), one of the most hotly contested propositions in all the social sciences. It is 

disarmingly simple to state, has far-reaching consequences for academic theories and 

business practice, and yet is surprisingly resilient to empirical proof or refutation. Even after 

several decades of research and literally thousands of published studies, economists have not 

yet reached a consensus about whether markets – particularly financial markets – are, in fact, 

efficient. 

The origins of the EMH can be traced back to the work of two individuals in the 1960s: 

Eugene F. Fama and Paul A. Samuelson. Remarkably, they independently developed the 

same basic notion of market efficiency from two rather different research agendas. These 

differences would propel the them along two distinct trajectories leading to several other 

breakthroughs and milestones, all originating from their point of intersection, the EMH. 
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Like so many ideas of modern economics, the EMH was first given form by Paul 

Samuelson (1965), whose contribution is neatly summarized by the title of his article: ‘Proof 

that Properly Anticipated Prices Fluctuate Randomly’. In an informationally efficient market, 

price changes must be unforecastable if they are properly anticipated, that is, if they fully 

incorporate the information and expectations of all market participants. Having developed a 

series of linear-programming solutions to spatial pricing models with no uncertainty, 

Samuelson came upon the idea of efficient markets through his interest in temporal pricing 

models of storable commodities that are harvested and subject to decay. Samuelson’s abiding 

interest in the mechanics and kinematics of prices, with and without uncertainty, led him and 

his students to several fruitful research agendas including solutions for the dynamic asset-

allocation and consumption-savings problem, the fallacy of time diversification and log-

optimal investment policies, warrant and option-pricing analysis and, ultimately, the Black 

and Scholes (1973) and Merton (1973) option-pricing models. 

In contrast to Samuelson’s path to the EMH, Fama’s (1963; 1965a; 1965b, 1970) 

seminal papers were based on his interest in measuring the statistical properties of stock 

prices, and in resolving the debate between technical analysis (the use of geometric patterns 

in price and volume charts to forecast future price movements of a security) and fundamental 

analysis (the use of accounting and economic data to determine a security’s fair value). 

Among the first to employ modern digital computers to conduct empirical research in 

finance, and the first to use the term ‘efficient markets’ (Fama, 1965b), Fama operationalized 

the EMH hypothesis – summarized compactly in the epigram ‘prices fully reflect all available 

information’ – by placing structure on various information sets available to market 

participants. Fama’s fascination with empirical analysis led him and his students down a very 

different path from Samuelson’s, yielding significant methodological and empirical 

contributions such as the event study, numerous econometric tests of single- and multi-factor 

linear asset-pricing models, and a host of empirical regularities and anomalies in stock, bond, 

currency and commodity markets. 

The EMH’s concept of informational efficiency has a Zen-like, counter-intuitive 

flavour to it: the more efficient the market, the more random the sequence of price changes 

generated by such a market, and the most efficient market of all is one in which price changes 

are completely random and unpredictable. This is not an accident of nature, but is in fact the 

direct result of many active market participants attempting to profit from their information. 

Driven by profit opportunities, an army of investors pounce on even the smallest 

informational advantages at their disposal, and in doing so they incorporate their information 
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into market prices and quickly eliminate the profit opportunities that first motivated their 

trades. If this occurs instantaneously, which it must in an idealized world of ‘frictionless’ 

markets and costless trading, then prices must always fully reflect all available information. 

Therefore, no profits can be garnered from information-based trading because such profits 

must have already been captured (recall the $100 bill on the ground). In mathematical terms, 

prices follow martingales. 

Such compelling motivation for randomness is unique among the social sciences and is 

reminiscent of the role that uncertainty plays in quantum mechanics. Just as Heisenberg’s 

uncertainty principle places a limit on what we can know about an electron’s position and 

momentum if quantum mechanics holds, this version of the EMH places a limit on what we 

can know about future price changes if the forces of economic self-interest hold. 

A decade after Samuelson’s (1965) and Fama’s (1965a; 1965b; 1970) landmark papers, 

many others extended their framework to allow for risk-averse investors, yielding a 

‘neoclassical’ version of the EMH where price changes, properly weighted by aggregate 

marginal utilities, must be unforecastable (see, for example, LeRoy, 1973; M. Rubinstein, 

1976; and Lucas, 1978). In markets where, according to Lucas (1978), all investors have 

‘rational expectations’, prices do fully reflect all available information and marginal-utility-

weighted prices follow martingales. The EMH has been extended in many other directions, 

including the incorporation of non-traded assets such as human capital, state-dependent 

preferences, heterogeneous investors, asymmetric information, and transactions costs. But the 

general thrust is the same: individual investors form expectations rationally, markets 

aggregate information efficiently, and equilibrium prices incorporate all available information 

instantaneously. 

 

The random walk hypothesis  

The importance of the EMH stems primarily from its sharp empirical implications many of 

which have been tested over the years. Much of the EMH literature before LeRoy (1973) and 

Lucas (1978) revolved around the random walk hypothesis (RWH) and the martingale model, 

two statistical descriptions of unforecastable price changes that were initially taken to be 

implications of the EMH. One of the first tests of the RWH was developed by Cowles and 

Jones (1937), who compared the frequency of sequences and reversals in historical stock 

returns, where the former are pairs of consecutive returns with the same sign, and the latter 

are pairs of consecutive returns with opposite signs. Cootner (1962; 1964), Fama (1963; 

1965a), Fama and Blume (1966), and Osborne (1959) perform related tests of the RWH and, 
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with the exception of Cowles and Jones (who subsequently acknowledged an error in their 

analysis – Cowles, 1960), all of these articles indicate support for the RWH using historical 

stock price data. 

More recently, Lo and MacKinlay (1988) exploit the fact that return variances scale 

linearly under the RWH – the variance of a two-week return is twice the variance of a one-

week return if the RWH holds – and construct a variance ratio test which rejects the RWH for 

weekly US stock returns indexes from 1962 to 1985. In particular, they find that variances 

grow faster than linearly as the holding period increases, implying positive serial correlation 

in weekly returns. Oddly enough, Lo and MacKinlay also show that individual stocks 

generally do satisfy the RWH, a fact that we shall return to below. 

French and Roll (1986) document a related phenomenon: stock return variances over 

weekends and exchange holidays are considerably lower than return variances over the same 

number of days when markets are open. This difference suggests that the very act of trading 

creates volatility, which may well be a symptom of Black’s (1986) noise traders. 

For holding periods much longer than one week – fcor example, three to five years – 

Fama and French (1988) and Poterba and Summers (1988) find negative serial correlation in 

US stock returns indexes using data from 1926 to 1986. Although their estimates of serial 

correlation coefficients seem large in magnitude, there is insufficient data to reject the RWH 

at the usual levels of significance. Moreover, a number of statistical artifacts documented by 

Kim, Nelson and Startz (1991) and Richardson (1993) cast serious doubt on the reliability of 

these longer-horizon inferences. 

Finally, Lo (1991) considers another aspect of stock market prices long thought to have 

been a departure from the RWH: long-term memory. Time series with long-term memory 

exhibit an unusually high degree of persistence, so that observations in the remote past are 

non-trivially correlated with observations in the distant future, even as the time span between 

the two observations increases. Nature’s predilection towards long-term memory has been 

well-documented in the natural sciences such as hydrology, meteorology, and geophysics, 

and some have argued that economic time series must therefore also have this property. 

However, using recently developed statistical techniques, Lo (1991) constructs a test for 

long-term memory that is robust to short-term correlations of the sort uncovered by Lo and 

MacKinlay (1988), and concludes that, despite earlier evidence to the contrary, there is little 

support for long-term memory in stock market prices. Departures from the RWH can be fully 

explained by conventional models of short-term dependence. 
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Variance bounds tests 

Another set of empirical tests of the EMH starts with the observation that in a world without 

uncertainty the market price of a share of common stock must equal the present value of all 

future dividends, discounted at the appropriate cost of capital. In an uncertain world, one can 

generalize this  dividend-discount model or  present-value relation in the natural way: the 

market price equals the conditional expectation of the present value of all future dividends, 

discounted at the appropriate risk-adjusted cost of capital, and conditional on all available 

information. This generalization is explicitly developed by Grossman and Shiller (1981). 

LeRoy and Porter (1981) and Shiller (1981) take this as their starting point in 

comparing the variance of stock market prices to the variance of  ex post present values of 

future dividends. If the market price is the conditional expectation of present values, then the 

difference between the two, that is, the forecast error, must be uncorrelated with the 

conditional expectation by construction. But this implies that the variance of the  ex post 

present value is the sum of the variance of the market price (the conditional expectation) and 

the variance of the forecast error. Since volatilities are always non-negative, this variance 

decomposition implies that the variance of stock prices cannot exceed the variance of  ex post 

present values. Using annual US stock market data from various sample periods, LeRoy and 

Porter (1981) and Shiller (1981) find that the variance bound is violated dramatically. 

Although LeRoy and Porter are more circumspect about the implications of such violations, 

Shiller concludes that stock market prices are too volatile and the EMH must be false. 

These two papers ignited a flurry of responses which challenged Shiller’s controversial 

conclusion on a number of fronts. For example, Flavin (1983), Kleidon (1986), and Marsh 

and Merton (1986) show that statistical inference is rather delicate for these variance bounds, 

and that, even if they hold in theory, for the kind of sample sizes Shiller uses and under 

plausible data-generating processes the sample variance bound is often violated purely due to 

sampling variation. These issues are well summarized in Gilles and LeRoy (1991) and 

Merton (1987). 

More importantly, on purely theoretical grounds Marsh and Merton (1986) and 

Michener (1982) provide two explanations for violations of variance bounds that are perfectly 

consistent with the EMH. Marsh and Merton (1986) show that if managers smooth dividends 

– a well-known empirical phenomenon documented in several studies of dividend policy – 

and if earnings follow a geometric random walk, then the variance bound is violated in 

theory, in which case the empirical violations may be interpreted as  support for this version 

of the EMH. 
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Alternatively, Michener constructs a simple dynamic equilibrium model along the lines 

of Lucas (1978) in which prices do fully reflect all available information at all times but 

where individuals are risk averse, and this risk aversion is enough to cause the variance 

bound to be violated in theory as well. 

These findings highlight an important aspect of the EMH that had not been emphasized 

in earlier studies: tests of the EMH are always tests of joint hypotheses. In particular, the 

phrase ‘prices fully reflect all available information’ is a statement about two distinct aspects 

of prices: the information content and the price formation mechanism. Therefore, any test of 

this proposition must concern the  kind of information reflected in prices, and  how this 

information comes to be reflected in prices. 

Apart from issues regarding statistical inference, the empirical violation of variance 

bounds may be interpreted in many ways. It may be a violation of EMH, or a sign that 

investors are risk averse, or a symptom of dividend smoothing. To choose among these 

alternatives, more evidence is required. 

 

Overreaction and underreaction  

A common explanation for departures from the EMH is that investors do not always react in 

proper proportion to new information. For example, in some cases investors may overreact to 

performance, selling stocks that have experienced recent losses or buying stocks that have 

enjoyed recent gains. Such overreaction tends to push prices beyond their ‘fair’ or ‘rational’ 

market value, only to have rational investors take the other side of the trades and bring prices 

back in line eventually. An implication of this phenomenon is price reversals: what goes up 

must come down, and vice versa. Another implication is that  contrarian investment 

strategies – strategies in which ‘losers’ are purchased and ‘winners’ are sold – will earn 

superior returns. 

Both of these implications were tested and confirmed using recent US stock market 

data. For example, using monthly returns of New York Stock Exchange (NYSE) stocks from 

1926 to 1982, DeBondt and Thaler (1985) document the fact that the winners and losers in 

one 36-month period tend to reverse their performance over the next 36-month period. 

Curiously, many of these reversals occur in January (see the discussion below on the ‘January 

effect’). Chopra, Lakonishok and Ritter (1992) reconfirm these findings after correcting for 

market risk and the size effect. And Lehmann (1990) shows that a zero-net-investment 

strategy in which long positions in losers are financed by short positions in winners almost 

always yields positive returns for monthly NYSE/AMEX stock returns data from 1962 to 
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1985. 

However, Chan (1988) argues that the profitability of contrarian investment strategies 

cannot be taken as conclusive evidence against the EMH because there is typically no 

accounting for risk in these profitability calculations (although Chopra, Lakonishok and 

Ritter, 1992 do provide risk adjustments, their focus was not on specific trading strategies). 

By risk-adjusting the returns of a contrarian trading strategy according to the capital asset 

pricing model, Chan (1988) shows that the expected returns are consistent with the EMH. 

Moreover, Lo and MacKinlay (1990c) show that at least half of the profits reported by 

Lehmann (1990) are not due to overreaction but rather the result of positive cross-

autocorrelations between stocks. For example, suppose the returns of two stocks A and B are 

both serially uncorrelated but are positively cross-autocorrelated. The lack of serial 

correlation implies no overreaction (which is characterized by negative serial correlation), but 

positive cross-autocorrelations yields positive expected returns to contrarian trading 

strategies. The existence of several economic rationales for positive cross-autocorrelation that 

are consistent with EMH suggests that the profitability of contrarian trading strategies is not 

sufficient evidence to conclude that investors overreact. 

The reaction of market participants to information contained in earnings 

announcements also has implications for the EMH. In one of the earliest studies of the 

information content of earnings, Ball and Brown (1968) show that up to 80 per cent of the 

information contained in the earnings ‘surprises’ is anticipated by market prices. 

However, the more recent article by Bernard and Thomas (1990) argues that investors 

sometimes underreact to information about future earnings contained in current earnings. 

This is related to the ‘post-earnings announcement drift’ puzzle first documented by Ball and 

Brown (1968), in which the information contained in earnings announcement takes several 

days to become fully impounded into market prices. Although such effects are indeed 

troubling for the EMH, their economic significance is often questionable – while they may 

violate the EMH in frictionless markets, very often even the smallest frictions –  for example, 

positive trading costs, taxes – can eliminate the profits from trading strategies designed to 

exploit them. 

 

Anomalies  

Perhaps the most common challenge to the EMH is the anomaly, a regular pattern in an 

asset’s returns which is reliable, widely known, and inexplicable. The fact that the pattern is 

regular and reliable implies a degree of predictability, and the fact that the regularity is 



 8

widely known implies that many investors can take can advantage of it. 

For example, one of the most enduring anomalies is the ‘size effect’, the apparent 

excess expected returns that accrue to stocks of small-capitalization companies – in excess of 

their risks – which was first discovered by Banz (1981). Keim (1983), Roll (1983), and 

Rozeff and Kinney (1976) document a related anomaly: small capitalization stocks tend to 

outperform large capitalization stocks by a wide margin over the turn of the calendar year. 

This so-called ‘January effect’ seems robust to sample period, and is difficult to reconcile 

with the EMH because of its regularity and publicity. Other well-known anomalies include 

the Value Line enigma (Copeland and Mayers, 1982), the profitability of short-term return-

reversal strategies in US equities (Rosenberg, Reid and Lanstein,1985; Chan, 1988; 

Lehmann, 1990; and Lo and MacKinlay, 1990c), the profitability of medium-term 

momentum strategies in US equities (Jegadeesh, 1990; Chan, Jegadeesh and Lakonishok, 

1996; and Jegadeesh and Titman, 2001), the relation between price/earnings ratios and 

expected returns (Basu, 1977), the volatility of orange juice futures prices (Roll, 1984), and 

calendar effects such as holiday, weekend, and turn-of-the-month seasonalities (Lakonishok 

and Smidt, 1988). 

What are we to make of these anomalies? On the one hand, their persistence in the face 

of public scrutiny seems to be a clear violation of the EMH. After all, most of these 

anomalies can be exploited by relatively simple trading strategies, and, while the resulting 

profits may not be riskless, they seem unusually profitable relative to their risks (see, 

especially, Lehmann, 1990). 

On the other hand, EMH supporters might argue that such persistence is in fact 

evidence in favour of EMH or, more to the point, that these anomalies cannot be exploited to 

any significant degree because of factors such as risk or transactions costs. Moreover, 

although some anomalies are currently inexplicable, this may be due to a lack of imagination 

on the part of academics, not necessarily a violation of the EMH. For example, recent 

evidence suggests that the January effect is largely due to ‘bid–ask bounce’, that is, closing 

prices for the last trading day of December tend to be at the bid price and closing prices for 

the first trading day of January tend to be at the ask price. Since small-capitalization stocks 

are also often low-price stocks, the effects of bid-ask bounce in percentage terms are much 

more pronounced for these stocks – a movement from bid to ask for a $5.00 stock on the 

NYSE (where the minimum bid-ask spread was $0.125 prior to decimalization in 2000) 

represents a 2.5 per cent return. 

Whether or not one can profit from anomalies is a question unlikely to be settled in an 
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academic setting. While calculations of ‘paper’ profits of various trading strategies come 

easily to academics, it is virtually impossible to incorporate in a realistic manner important 

features of the trading process such as transactions costs (including price impact), liquidity, 

rare events, institutional rigidities and non-stationarities. The economic value of anomalies 

must be decided in the laboratory of actual markets by investment professionals, over long 

periods of time, and even in these cases superior performance and simple luck are easily 

confused. 

In fact, luck can play another role in the interpretation of anomalies: it can account for 

anomalies that are not anomalous. Regular patterns in historical data can be found even if no 

regularities exist, purely by chance. Although the likelihood of finding such spurious 

regularities is usually small (especially if the regularity is a very complex pattern), it 

increases dramatically with the number of ‘searches’ conducted on the same set of data. Such  

data-snooping biases are illustrated in Brown et al. (1992) and Lo and MacKinlay (1990b) – 

even the smallest biases can translate into substantial anomalies such as superior investment 

returns or the size effect. 

 

Behavioural critiques  

The most enduring critiques of the EMH revolve around the preferences and behaviour of 

market participants. The standard approach to modelling preferences is to assert that investors 

optimize additive time-separable expected utility functions from certain parametric families – 

for example, constant relative risk aversion. However, psychologists and experimental 

economists have documented a number of departures from this paradigm, in the form of 

specific behavioural biases that are ubiquitous to human decision-making under uncertainty, 

several of which lead to undesirable outcomes for an individual’s economic welfare – for 

example, overconfidence (Fischoff and Slovic, 1980; Barber and Odean, 2001; Gervais and 

Odean, 2001), overreaction (DeBondt and Thaler, 1985), loss aversion (Kahneman and 

Tversky, 1979; Shefrin and Statman, 1985; Odean, 1998), herding (Huberman and Regev, 

2001), psychological accounting (Tversky and Kahneman, 1981), miscalibration of 

probabilities (Lichtenstein, Fischoff and Phillips, 1982), hyperbolic discounting (Laibson, 

1997), and regret (Bell, 1982). These critics of the EMH argue that investors are often – if not 

always – irrational, exhibiting predictable and financially ruinous behaviour. 

To see just how pervasive such behavioural biases can be, consider the following 

example which is a slightly modified version of an experiment conducted by two 

psychologists, Kahneman and Tversky (1979). Suppose you are offered two investment 
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opportunities, A and B: A yields a sure profit of $240,000, and B is a lottery ticket yielding 

$1 million with a 25 per cent probability and $0 with 75 per cent probability. If you had to 

choose between A and B, which would you prefer? Investment B has an expected value of 

$250,000, which is higher than A’s payoff, but this may not be all that meaningful to you 

because you will receive either $1 million or zero. Clearly, there is no right or wrong choice 

here; it is simply a matter of personal preferences. Faced with this choice, most subjects 

prefer A, the sure profit, to B, despite the fact that B offers a significant probability of 

winning considerably more. This behaviour is often characterized as ‘risk aversion’ for 

obvious reasons. Now suppose you are faced with another two choices, C and D: C yields a 

sure loss of $750,000, and D is a lottery ticket yielding $0 with 25 per cent probability and a 

loss of $1 million with 75 per cent probability. Which would you prefer? This situation is not 

as absurd as it might seem at first glance; many financial decisions involve choosing between 

the lesser of two evils. In this case, most subjects choose D, despite the fact that D is more 

risky than C. When faced with two choices that both involve losses, individuals seem to be 

‘risk seeking’, not risk averse as in the case of A versus B. 

The fact that individuals tend to be risk averse in the face of gains and risk seeking in 

the face of losses can lead to some very poor financial decisions. To see why, observe that the 

combination of choices A and D is equivalent to a single lottery ticket yielding $240,000 with 

25 per cent probability and $760,000!  with 75 per cent probability, whereas the 

combination of choices B and C is equivalent to a single lottery ticket yielding $250,000 with 

25 per cent probability and $750,000!  with 75 per cent probability. The B and C 

combination has the same probabilities of gains and losses, but the gain is $10,000 higher and 

the loss is $10,000 lower. In other words, B and C is formally equivalent to A and D plus a 

sure profit of $10,000. In light of this analysis, would you still prefer A and D? 

A common response to this example is that it is contrived because the two pairs of 

investment opportunities were presented sequentially, not simultaneously. However, in a 

typical global financial institution the London office may be faced with choices A and B and 

the Tokyo office may be faced with choices C and D. Locally, it may seem as if there is no 

right or wrong answer – the choice between A and B or C and D seems to be simply a matter 

of personal risk preferences – but the globally consolidated financial statement for the entire 

institution will tell a very different story. From that perspective, there  is a right and wrong 

answer, and the empirical and experimental evidence suggests that most individuals tend to 

select the wrong answer. Therefore, according to the behaviouralists, quantitative models of 
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efficient markets – all of which are predicated on rational choice – are likely to be wrong as 

well. 

 

Impossibility of efficient markets  

Grossman and Stiglitz (1980) go even farther – they argue that perfectly informationally 

efficient markets are an  impossibility for, if markets are perfectly efficient, there is no profit 

to gathering information, in which case there would be little reason to trade and markets 

would eventually collapse. Alternatively, the degree of market  inefficiency determines the 

effort investors are willing to expend to gather and trade on information, hence a non-

degenerate market equilibrium will arise only when there are sufficient profit opportunities, 

that is, inefficiencies, to compensate investors for the costs of trading and information 

gathering. The profits earned by these attentive investors may be viewed as ‘economic rents’ 

that accrue to those willing to engage in such activities. Who are the providers of these rents? 

Black (1986) gave us a provocative answer: ‘noise traders’, individuals who trade on what 

they consider to be information but which is, in fact, merely noise. 

The supporters of the EMH have responded to these challenges by arguing that, while 

behavioural biases and corresponding inefficiencies do exist from time to time, there is a 

limit to their prevalence and impact because of opposing forces dedicated to exploiting such 

opportunities. A simple example of such a limit is the so-called ‘Dutch book’, in which 

irrational probability beliefs give rise to guaranteed profits for the savvy investor. Consider, 

for example, an event E , defined as ‘the S&P 500 index drops by five per cent or more next 

Monday’, and suppose an individual has the following irrational beliefs: there is a 50 per cent 

probability that E  will occur, and a 75 per cent probability that E  will  not occur. This is 

clearly a violation of one of the basic axioms of probability theory – the probabilities of two 

mutually exclusive and exhaustive events must sum to 1 – but many experimental studies 

have documented such violations among an overwhelming majority of human subjects. 

These inconsistent subjective probability beliefs imply that the individual would be 

willing to take both of the following bets 1B  and 2B :  

 B1  = 
$1 if 

$1 otherwise

E"
#
!$

  ,    B2  =   
$1 if 

$3 otherwise

cE"
#
!$

 

where cE  denotes the event ‘not E ’. Now suppose we take the opposite side of both bets, 

placing $50 on 1B  and $25 on 2B . If E  occurs, we lose $50 on 1B  but gain $75 on 2B , 

yielding a profit of $25. If cE  occurs, we gain $50 on 1B  and lose $25 on 2B , also yielding a 
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profit of $25. Regardless of the outcome, we have secured a profit of $25, an ‘arbitrage’ that 

comes at the expense of the individual with inconsistent probability beliefs. Such beliefs are 

not sustainable, and market forces – namely, arbitrageurs such as hedge funds and proprietary 

trading groups – will take advantage of these opportunities until they no longer exist, that is, 

until the odds are in line with the axioms of probability theory. (Only when these axioms are 

satisfied is arbitrage ruled out. This was conjectured by Ramsey, 1926, and proved rigorously 

by de Finetti, 1937, and Savage, 1954.) Therefore, proponents of the classical EMH argue 

that there are limits to the degree and persistence of behavioural biases such as inconsistent 

probability beliefs, and substantial incentives for those who can identify and exploit such 

occurrences. While all of us are subject to certain behavioural biases from time to time, 

according to EMH supporters market forces will always act to bring prices back to rational 

levels, implying that the impact of irrational behaviour on financial markets is generally 

negligible and, therefore, irrelevant. 

But this last conclusion relies on the assumption that market forces are sufficiently 

powerful to overcome any type of behavioural bias, or equivalently that irrational beliefs are 

not so pervasive as to overwhelm the capacity of arbitrage capital dedicated to taking 

advantage of such irrationalities. This is an empirical issue that cannot be settled 

theoretically, but must be tested through careful measurement and statistical analysis. The 

classic reference by Kindleberger (1989) – where a number of speculative bubbles, financial 

panics, manias, and market crashes are described in detail – suggests that the forces of 

irrationality can overwhelm the forces of arbitrage capital for months and, in several well-

known cases, years. 

So what does this imply for the EMH? 

 

The current state of the EMH  

Given all of the theoretical and empirical evidence for and against the EMH, what can we 

conclude? Amazingly, there is still no consensus among economists. Despite the many 

advances in the statistical analysis, databases, and theoretical models surrounding the EMH, 

the main result of all of these studies is to harden the resolve of the proponents of each side of 

the debate. 

One of the reasons for this state of affairs is the fact that the EMH, by itself, is not a 

well-defined and empirically refutable hypothesis. To make it operational, one must specify 

additional structure, for example, investors’ preferences or information structure. But then a 

test of the EMH becomes a test of several auxiliary hypotheses as well, and a rejection of 
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such a joint hypothesis tells us little about which aspect of the joint hypothesis is inconsistent 

with the data. Are stock prices too volatile because markets are inefficient, or due to risk 

aversion, or dividend smoothing? All three inferences are consistent with the data. Moreover, 

new statistical tests designed to distinguish among them will no doubt require auxiliary 

hypotheses of their own which, in turn, may be questioned. 

More importantly, tests of the EMH may not be the most informative means of gauging 

the efficiency of a given market. What is often of more consequence is the efficiency of a 

particular market relative to other markets –  for example, futures vs. spot markets, auction 

vs. dealer markets. The advantages of the concept of relative efficiency, as opposed to the all-

or-nothing notion of absolute efficiency, are easy to spot by way of an analogy. Physical 

systems are often given an efficiency rating based on the relative proportion of energy or fuel 

converted to useful work. Therefore, a piston engine may be rated at 60 per cent efficiency, 

meaning that on average 60 per cent of the energy contained in the engine’s fuel is used to 

turn the crankshaft, with the remaining 40 per cent lost to other forms of work, such as heat, 

light or noise. 

Few engineers would ever consider performing a statistical test to determine whether or 

not a given engine is perfectly efficient – such an engine exists only in the idealized 

frictionless world of the imagination. But measuring relative efficiency – relative, that is, to 

the frictionless ideal – is commonplace. Indeed, we have come to expect such measurements 

for many household products: air conditioners, hot water heaters, refrigerators, and so on. 

Therefore, from a practical point of view, and in light of Grossman and Stiglitz (1980), the 

EMH is an idealization that is economically unrealizable, but which serves as a useful 

benchmark for measuring relative efficiency. 

The desire to build financial theories based on more realistic assumptions has led to 

several new strands of literature, including psychological approaches to risk-taking behaviour 

(Kahneman and Tversky, 1979; Thaler, 1993; Lo, 1999), evolutionary game theory 

(Friedman, 1991), agent-based modelling of financial markets (Arthur et al., 1997; Chan et 

al., 1998), and direct applications of the principles of evolutionary psychology to economics 

and finance (Lo, 1999; 2002; 2004; 2005; Lo and Repin, 2002). Although substantially 

different in methods and style, these emerging sub-fields are all directed at new 

interpretations of the EMH. In particular, psychological models of financial markets focus on 

the the manner in which human psychology influences the economic decision-making 

process as an explanation of apparent departures from rationality. Evolutionary game theory 

studies the evolution and steady-state equilibria of populations of competing strategies in 
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highly idealized settings. Agent-based models are meant to capture complex learning 

behaviour and dynamics in financial markets using more realistic markets, strategies, and 

information structures. And applications of evolutionary psychology provide a reconciliation 

of rational expectations with the behavioural findings that often seem inconsistent with 

rationality. 

For example, in one agent-based model of financial markets (Farmer, 2002), the market 

is modelled using a non-equilibrium market mechanism, whose simplicity makes it possible 

to obtain analytic results while maintaining a plausible degree of realism. Market participants 

are treated as computational entities that employ strategies based on limited information. 

Through their (sometimes suboptimal) actions they make profits or losses. Profitable 

strategies accumulate capital with the passage of time, and unprofitable strategies lose money 

and may eventually disappear. A financial market can thus be viewed as a co-evolving 

ecology of trading strategies. The strategy is analogous to a biological species, and the total 

capital deployed by agents following a given strategy is analogous to the population of that 

species. The creation of new strategies may alter the profitability of pre-existing strategies, in 

some cases replacing them or driving them extinct. 

Although agent-based models are still in their infancy, the simulations and related 

theory have already demonstrated an ability to understand many aspects of financial markets. 

Several studies indicate that, as the population of strategies evolves, the market tends to 

become more efficient, but this is far from the perfect efficiency of the classical EMH. Prices 

fluctuate in time with internal dynamics caused by the interaction of diverse trading 

strategies. Prices do not necessarily reflect ‘true values’; if we view the market as a machine 

whose job is to set prices properly, the inefficiency of this machine can be substantial. 

Patterns in the price tend to disappear as agents evolve profitable strategies to exploit them, 

but this occurs only over an extended period of time, during which substantial profits may be 

accumulated and new patterns may appear. 

 

The adaptive markets hypothesis  

The methodological differences between mainstream and behavioural economics suggest that 

an alternative to the traditional deductive approach of neoclassical economics may be 

necessary to reconcile the EMH with its behavioural critics. One particularly promising 

direction is to view financial markets from a biological perspective and, specifically, within 

an evolutionary framework in which markets, instruments, institutions and investors interact 

and evolve dynamically according to the ‘law’ of economic selection. Under this view, 
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financial agents compete and adapt, but they do not necessarily do so in an optimal fashion 

(see Farmer and Lo, 1999; Farmer, 2002; Lo, 2002; 2004; 2005). 

This evolutionary approach is heavily influenced by recent advances in the emerging 

discipline of ‘evolutionary psychology’, which builds on the seminal research of E.O. Wilson 

(1975) in applying the principles of competition, reproduction, and natural selection to social 

interactions, yielding surprisingly compelling explanations for certain kinds of human 

behaviour, such as altruism, fairness, kin selection, language, mate selection, religion, 

morality, ethics and abstract thought (see, for example, Barkow, Cosmides and Tooby, 1992; 

Gigerenzer, 2000). ‘Sociobiology’ is the rubric that Wilson (1975) gave to these powerful 

ideas, which generated a considerable degree of controversy in their own right, and the same 

principles can be applied to economic and financial contexts. In doing so, we can fully 

reconcile the EMH with all of its behavioural alternatives, leading to a new synthesis: the 

adaptive markets hypothesis (AMH). 

Students of the history of economic thought will no doubt recall that Thomas Malthus 

used biological arguments – the fact that populations increase at geometric rates whereas 

natural resources increase at only arithmetic rates – to arrive at rather dire economic 

consequences, and that both Darwin and Wallace were influenced by these arguments (see 

Hirshleifer, 1977, for further details). Also, Joseph Schumpeter’s view of business cycles, 

entrepreneurs and capitalism have an unmistakeable evolutionary flavour to them; in fact, his 

notions of ‘creative destruction’ and ‘bursts’ of entrepreneurial activity are similar in spirit to 

natural selection and Eldredge and Gould’s (1972) notion of ‘punctuated equilibrium’. More 

recently, economists and biologists have begun to explore these connections in several veins: 

direct extensions of sociobiology to economics (Becker, 1976; Hirshleifer, 1977); 

evolutionary game theory (Maynard Smith, 1982); evolutionary economics (Nelson and 

Winter, 1982); and economics as a complex system (Anderson, Arrow and Pines, 1988). And 

publications like the  Journal of Evolutionary Economics and the  Electronic Journal of 

Evolutionary Modeling and Economic Dynamics now provide a home for research at the 

intersection of economics and biology. 

Evolutionary concepts have also appeared in a number of financial contexts. For 

example, Luo (1995) explores the implications of natural selection for futures markets, and 

Hirshleifer and Luo (2001) consider the long-run prospects of overconfident traders in a 

competitive securities market. The literature on agent-based modelling pioneered by Arthur et 

al. (1997), in which interactions among software agents programmed with simple heuristics 

are simulated, relies heavily on evolutionary dynamics. And at least two prominent 
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practitioners have proposed Darwinian alternatives to the EMH. In a chapter titled ‘The 

Ecology of Markets’, Niederhoffer (1997, ch. 15) likens financial markets to an ecosystem 

with dealers as ‘herbivores’, speculators as ‘carnivores’, and floor traders and distressed 

investors as ‘decomposers’. And Bernstein (1998) makes a compelling case for active 

management by pointing out that the notion of equilibrium, which is central to the EMH, is 

rarely realized in practice and that market dynamics are better explained by evolutionary 

processes. 

Clearly the time is now ripe for an evolutionary alternative to market efficiency. 

To that end, in the current context of the EMH we begin, as Samuelson (1947) did, with 

the theory of the individual consumer. Contrary to the neoclassical postulate that individuals 

maximize expected utility and have rational expectations, an evolutionary perspective makes 

considerably more modest claims, viewing individuals as organisms that have been honed, 

through generations of natural selection, to maximize the survival of their genetic material 

(see, for example, Dawkins, 1976). While such a reductionist approach can quickly 

degenerate into useless generalities – for example, the molecular biology of economic 

behaviour – nevertheless, there are valuable insights to be gained from the broader biological 

perspective. Specifically, this perspective implies that behaviour is not necessarily intrinsic 

and exogenous, but evolves by natural selection and depends on the particular environmental 

through which selection occurs. That is, natural selection operates not only upon genetic 

material but also upon social and cultural norms in homo sapiens; hence Wilson’s term 

‘sociobiology’. 

To operationalize this perspective within an economic context, consider the idea of ‘bounded 

rationality’ first espoused by Nobel-prize-winning economist Herbert Simon. Simon (1955) 

suggested that individuals are hardly capable of the kind of optimization that neoclassical 

economics calls for in the standard theory of consumer choice. Instead, he argued that, 

because optimization is costly and humans are naturally limited in their computational 

abilities, they engage in something he called ‘satisficing’, an alternative to optimization in 

which individuals make choices that are merely satisfactory, not necessarily optimal. In other 

words, individuals are bounded in their degree of rationality, which is in sharp contrast to the 

current orthodoxy – rational expectations – where individuals have unbounded rationality 

(the term ‘hyper-rational expectations’ might be more descriptive). Unfortunately, although 

this idea garnered a Nobel Prize for Simon, it had relatively little impact on the economics 

profession. (However, his work is now receiving greater attention, thanks in part to the 

growing behavioural literature in economics and finance. See, for example, Simon, 1982; 
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Sargent, 1993; A. Rubinstein, 1998; Gigerenzer and Selten, 2001.) Apart from the 

sociological factors discussed above, Simon’s framework was commonly dismissed because 

of one specific criticism: what determines the point at which an individual stops optimizing 

and reaches a satisfactory solution? If such a point is determined by the usual cost–benefit 

calculation underlying much of microeconomics (that is, optimize until the marginal benefits 

of the optimum equals the marginal cost of getting there), this assumes the optimal solution is 

known, which would eliminate the need for satisficing. As a result, the idea of bounded 

rationality fell by the wayside, and rational expectations has become the de facto standard for 

modelling economic behaviour under uncertainty. 

An evolutionary perspective provides the missing ingredient in Simon’s framework. 

The proper response to the question of how individuals determine the point at which their 

optimizing behaviour is satisfactory is this: such points are determined not analytically but 

through trial and error and, of course, natural selection. Individuals make choices based on 

past experience and their ‘best guess’ as to what might be optimal, and they learn by 

receiving positive or negative reinforcement from the outcomes. If they receive no such 

reinforcement, they do not learn. In this fashion, individuals develop heuristics to solve 

various economic challenges, and, as long as those challenges remain stable, the heuristics 

will eventually adapt to yield approximately optimal solutions to them. 

If, on the other hand, the environment changes, then it should come as no surprise that 

the heuristics of the old environment are not necessarily suited to the new. In such cases, we 

observe ‘behavioural biases’ – actions that are apparently ill-advised in the context in which 

we observe them. But rather than labelling such behaviour ‘irrational’, it should be 

recognized that suboptimal behaviour is not unlikely when we take heuristics out of their 

evolutionary context. A more accurate term for such behaviour might be ‘maladaptive’. The 

flopping of a fish on dry land may seem strange and unproductive, but under water the same 

motions are capable of propelling the fish away from its predators. 

By coupling Simon’s notion of bounded rationality and satisficing with evolutionary 

dynamics, many other aspects of economic behaviour can also be derived. Competition, 

cooperation, market-making behaviour, general equilibrium, and disequilibrium dynamics are 

all adaptations designed to address certain environmental challenges for the human species, 

and by viewing them through the lens of evolutionary biology we can better understand the 

apparent contradictions between the EMH and the presence and persistence of behavioural 

biases. 

Specifically, the adaptive markets hypothesis can be viewed as a new version of the 
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EMH, derived from evolutionary principles. Prices reflect as much information as dictated by 

the combination of environmental conditions and the number and nature of ‘species’ in the 

economy or, to use the appropriate biological term, the  ecology. By ‘species’ I mean distinct 

groups of market participants, each behaving in a common manner. For example, pension 

funds may be considered one species; retail investors, another; market-makers, a third; and 

hedge-fund managers, a fourth. If multiple species (or the members of a single highly 

populous species) are competing for rather scarce resources within a single market, that 

market is likely to be highly efficient – for example, the market for 10-Year US Treasury 

Notes reflects most relevant information very quickly indeed. If, on the other hand, a small 

number of species are competing for rather abundant resources in a given market, that market 

will be less efficient – for example, the market for oil paintings from the Italian Renaissance. 

Market efficiency cannot be evaluated in a vacuum, but is highly context-dependent and 

dynamic, just as insect populations advance and decline as a function of the seasons, the 

number of predators and prey they face, and their abilities to adapt to an ever-changing 

environment. 

The profit opportunities in any given market are akin to the amount of food and water 

in a particular local ecology – the more resources present, the less fierce the competition. As 

competition increases, either because of dwindling food supplies or an increase in the animal 

population, resources are depleted which, in turn, causes a population decline eventually, 

decreasing the level of competition and starting the cycle again. In some cases cycles 

converge to corner solutions, that is, certain species become extinct, food sources are 

permanently exhausted, or environmental conditions shift dramatically. By viewing economic 

profits as the ultimate food source on which market participants depend for their survival, the 

dynamics of market interactions and financial innovation can be readily derived. 

Under the AMH, behavioural biases abound. The origins of such biases are heuristics 

that are adapted to non-financial contexts, and their impact is determined by the size of the 

population with such biases versus the size of competing populations with more effective 

heuristics. During the autumn of 1998, the desire for liquidity and safety by a certain 

population of investors overwhelmed the population of hedge funds attempting to arbitrage 

such preferences, causing those arbitrage relations to break down. However, in the years prior 

to August 1998 fixed-income relative-value traders profited handsomely from these activities, 

presumably at the expense of individuals with seemingly ‘irrational’ preferences (in fact, 

such preferences were shaped by a certain set of evolutionary forces, and might be quite 

rational in other contexts). Therefore, under the AMH, investment strategies undergo cycles 
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of profitability and loss in response to changing business conditions, the number of 

competitors entering and exiting the industry, and the type and magnitude of profit 

opportunities available. As opportunities shift, so too will the affected populations. For 

example, after 1998 the number of fixed-income relative-value hedge funds declined 

dramatically – because of outright failures, investor redemptions, and fewer start-ups in this 

sector – but many have reappeared in recent years as performance for this type of investment 

strategy has improved. 

Even fear and greed – the two most common culprits in the downfall of rational 

thinking according to most behaviouralists – are the product of evolutionary forces, adaptive 

traits that enhance the probability of survival. Recent research in the cognitive neurosciences 

and economics, now coalescing into the discipline known as ‘neuroeconomics’, suggests an 

important link between rationality in decision-making and emotion (Grossberg and Gutowski, 

1987; Damasio, 1994; Elster, 1998; Lo and Repin, 2002; and Loewenstein, 2000), implying 

that the two are not antithetical but in fact complementary. For example, contrary to the 

common belief that emotions have no place in rational financial decision-making processes, 

Lo and Repin (2002) present preliminary evidence that physiological variables associated 

with the autonomic nervous system are highly correlated with market events even for highly 

experienced professional securities traders. They argue that emotional responses are a 

significant factor in the real-time processing of financial risks, and that an important 

component of a professional trader’s skills lies in his or her ability to channel emotion, 

consciously or unconsciously, in specific ways during certain market conditions. 

This argument often surprises economists because of the link between emotion and 

behavioural biases, but a more sophisticated view of the role of emotions in human cognition 

shows that they are central to rationality (see, for example, Damasio, 1994; Rolls, 1999). In 

particular, emotions are the basis for a reward-and-punishment system that facilitates the 

selection of advantageous behaviour, providing a numeraire for animals to engage in a ‘cost–

benefit analysis’ of the various actions open to them (Rolls, 1999, ch. 10.3). From an 

evolutionary perspective, emotion is a powerful adaptation that dramatically improves the 

efficiency with which animals learn from their environment and their past (see Damasio, 

1994). These evolutionary underpinnings are more than simple speculation in the context of 

financial market participants. The extraordinary degree of competitiveness of global financial 

markets and the outsize rewards that accrue to the ‘fittest’ traders suggest that Darwinian 

selection – ’survival of the richest’, to be precise – is at work in determining the typical 

profile of the successful trader. After all, unsuccessful traders are eventually eliminated from 
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the population after suffering a certain level of losses. 

The new paradigm of the AMH is still under development, and certainly requires a 

great deal more research to render it ‘operationally meaningful’ in Samuelson’s sense. 

However, even at this early stage it is clear that an evolutionary framework is able to 

reconcile many of the apparent contradictions between efficient markets and behavioural 

exceptions. The former may be viewed as the steady-state limit of a population with constant 

environmental conditions, and the latter involves specific adaptations of certain groups that 

may or may not persist, depending on the particular evolutionary paths that the economy 

experiences. More specific implications may be derived through a combination of deductive 

and inductive inference – for example, theoretical analysis of evolutionary dynamics, 

empirical analysis of evolutionary forces in financial markets, and experimental analysis of 

decision-making at the individual and group level. 

For example, one implication is that, to the extent that a relation between risk and 

reward exists, it is unlikely to be stable over time. Such a relation is determined by the 

relative sizes and preferences of various populations in the market ecology, as well as 

institutional aspects such as the regulatory environment and tax laws. As these factors shift 

over time, any risk–reward relation is likely to be affected. A corollary of this implication is 

that the equity risk premium is also time-varying and path-dependent. This is not so 

revolutionary an idea as it might first appear – even in the context of a rational expectations 

equilibrium model, if risk preferences change over time, then the equity risk premium must 

vary too. The incremental insight of the AMH is that aggregate risk preferences are not 

immutable constants, but are shaped by the forces of natural selection. For example, until 

recently US markets were populated by a significant group of investors who had never 

experienced a genuine bear market – this fact has undoubtedly shaped the aggregate risk 

preferences of the US economy, just as the experience since the bursting of the technology 

bubble in the early 2000s has affected the risk preferences of the current population of 

investors. In this context, natural selection determines who participates in market 

interactions; those investors who experienced substantial losses in the technology bubble are 

more likely to have exited the market, leaving a markedly different population of investors. 

Through the forces of natural selection, history matters. Irrespective of whether prices fully 

reflect all available information, the particular path that market prices have taken over the 

past few years influences current aggregate risk preferences. Among the three fundamental 

components of any market equilibrium – prices, probabilities, and preferences – preferences 

is clearly the most fundamental and least understood. Several large bodies of research have 
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developed around these issues – in economics and finance, psychology, operations research 

(also called ‘decision sciences’) and, more recently, brain and cognitive sciences – and many 

new insights are likely to flow from synthesizing these different strands of research into a 

more complete understanding of how individuals make decisions (see Starmer, 2000, for an 

excellent review of this literature). Simon’s (1982) seminal contributions to this literature are 

still remarkably timely and their implications have yet to be fully explored. 

 

Conclusions 

Many other practical insights and potential breakthroughs can be derived from shifting our 

mode of thinking in financial economics from the physical to the biological sciences. 

Although evolutionary ideas are not yet part of the financial mainstream, the hope is that they 

will become more commonplace as they demonstrate their worth – ideas are also subject to 

‘survival of the fittest’. No one has illustrated this principal so well as Harry Markowitz, the 

father of modern portfolio theory and a Nobel laureate in economics in 1990. In describing 

his experience as a Ph.D. student on the eve of his graduation, he wrote in his Nobel address 

(Markowitz, 1991, p. 476):  

 

 . . .  [W]hen I defended my dissertation as a student in the Economics Department of 

the University of Chicago, Professor Milton Friedman argued that portfolio theory was 

not Economics, and that they could not award me a Ph.D. degree in Economics for a 

dissertation which was not Economics. I assume that he was only half serious, since 

they did award me the degree without long debate. As to the merits of his arguments, at 

this point I am quite willing to concede: at the time I defended my dissertation, 

portfolio theory was not part of Economics. But now it is.  

 

 In light of the sociology of the EMH controversy (see, for example, Lo, 2004), the 

debate is likely to continue. However, despite the lack of consensus in academia and industry, 

the ongoing dialogue has given us many new insights into the economic structure of financial 

markets. If, as Paul Samuelson has suggested, financial economics is the crown jewel of the 

social sciences, then the EMH must account for half the facets.  

 

Andrew W. Lo 

 

See also asset price anomalies; bounded rationality; financial market anomalies; information 
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economics; rational expectations 
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Maps of Bounded Rationality: 

Psychology for Behavioral ~conomics~ 

The work cited by the Nobel committee was 
done jointly with Amos Tversky (1937-1996) 
during a long and unusually close collaboration. 
Together, we explored the psychology of intu- 
itive beliefs and choices and examined their 
bounded rationality. Herbert A. Simon (1955, 
1979) had proposed much earlier that decision 
makers should be viewed as boundedly rational, 
and had offered a model in which utility maxi- 
mization was replaced by satisficing. Our re- 
search attempted to obtain a map of bounded 
rationality, by exploring the systematic biases 
that separate the beliefs that people have and the 
choices they make from the optimal beliefs and 
choices assumed in rational-agent models. The 
rational-agent model was our starting point and 
the main source of our null hypotheses, but 
Tversky and I viewed our research primarily as 
a contribution to psychology, with a possible 
contribution to economics as a secondary ben- 
efit. We were drawn into the interdisciplinary 
conversation by economists who hoped that 
psychology could be a useful source of assump- 
tions for economic theorizing, and indirectly a 
source of hypotheses for economic research 
(Richard H. Thaler, 1980, 1991, 1992). These 

This article is a revised version of the lecture Daniel 
Kahneman delivered in Stockholm, Sweden, on December 
8, 2002, when he received the Bank of Sweden Prize in 
Economic Sciences in Memory of Alfred Nobel. The article 
is copyright 0The Nobel Foundation 2002 and is published 
here with the permission of the Nobel Foundation. 

* Woodrow Wilson School, Princeton University, 
Princeton, NJ 08544 (e-mail: Kahneman@princeton.edu). 
This essay revisits problems that Amos Tversky and I 
studied together many years ago, and continued to discuss in 
a conversation that spanned several decades. It builds on an 
analysis of judgment heuristics that was developed in col- 
laboration with Shane Frederick (Kahneman and Frederick, 
2002). A different version was published in American Psy-
chologist in September 2003. For detailed comments on this 
version I am grateful to Angus Deaton, David Laibson, 
Michael Rothschild, and Richard Thaler. The usual caveats 
apply. Geoffrey Goodwin, Amir Goren, and Kurt Schoppe 
provided helpful research assistance. 

hopes have been realized to some extent, giving 
rise to an active program of research by behav- 
ioral economists (Thaler, 2000; Colin Camerer 
et al., forthcoming; for other examples, see 
Kahneman and Tversky, 2000). 

My work with Tversky comprised three sep- 
arate programs of research, some aspects of 
which were carried out with other collaborators. 
The first explored the heuristics that people use 
and the biases to which they are prone in vari- 
ous tasks of judgment under uncertainty, includ- 
ing predictions and evaluations of evidence 
(Kahneman and Tversky, 1973; Tversky and 
Kahneman, 1974; Kahneman et al., 1982). The 
second was concerned with prospect theory, a 
model of choice under risk (Kahneman and 
Tversky, 1979; Tversky and Kahneman, 1992) 
and with loss aversion in riskless choice (Kah- 
neman et al., 1990, 1991 ;Tversky and Kahne- 
man, 1991). The third line of research dealt with 
framing effects and with their implications for 
rational-agent models (Tversky and Kahneman, 
1981, 1986). The present essay revisits these 
three lines of research in light of recent ad- 
vances in the psychology of intuitive judgment 
and choice. Many of the ideas presented here 
were anticipated informally decades ago, but 
the attempt to integrate them into a coherent 
approach to judgment and choice is recent. 

Economists often criticize psychological re- 
search for its propensity to generate lists of 
errors and biases, and for its failure to offer a 
coherent alternative to the rational-agent model. 
This complaint is only partly justified: psycho- 
logical theories of intuitive thinking cannot 
match the elegance and precision of formal nor- 
mative models of belief and choice, but this is 
just another way of saying that rational models 
are psychologically unrealistic. Furthermore, 
the alternative to simple and precise models is 
not chaos. Psychology offers integrative con- 
cepts and mid-level generalizations, which gain 
credibility from their ability to explain ostensi- 
bly different phenomena in diverse domains. In 
this spirit, the present essay offers a unified 
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treatment of intuitive judgme'nt and choice, 
which builds on an earlier study of the relation- 
ship between preferences and attitudes (Kahne- 
man et al., 1999) and extends a model of 
judgment heuristics recently proposed by Kah- 
neman and Shane Frederick (2002). The guid- 
ing ideas are (i) that most judgments and most 
choices are made intuitively; (ii) that the rules 
that govern intuition are generally similar to the 
rules of perception. Accordingly, the discussion 
of the rules of intuitive judgments and choices 
will rely extensively on visual analogies. 

Section I introduces a distinction between 
two generic modes of cognitive function, corre- 
sponding roughly to intuition and reasoning. 
Section 11 describes the factors that determine 
the relative accessibility of different judgments 
and responses. section-111 relates prospect the- 
ory to the general proposition that changes and 
differences are more accessible than absolute 
values. Section IV explains framing effects in 
terms of differential salience and accessibility. 
Section V reviews an attribute substitution 
model of heuristic judgment. Section VI de- 
scribes a particular family of heuristics, called 
prototype heuristics. Section VII discusses the 
interactions between intuitive and deliberate 
thought. Section VIII concludes. 

I. The Architecture of Cognition: Two Systems 

The present treatment distinguishes two 
modes of thinking and deciding, which corre- 
spond roughly to the everyday concepts of rea- 
soning and intuition. Reasoning is what we do 
when we compute the product of 17 by 258, fill 
an income tax form, or consult a map. Intuition 
is at work when we read the sentence "Bill 
Clinton is a shy man" as mildly amusing, or 
when we find ourselves reluctant to eat a piece 
of what we know to be chocolate that has been 
formed in the shape of a cockroach (Paul Rozin 
and Carol Nemeroff, 2002). Reasoning is done 
deliberately and effortfully, but intuitive thoughts 
seem to come spontaneously to mind, without 
conscious search or computation, and without 
effort. Casual observation and systematic re- 
search indicate that most thoughts and actions 
are normally intuitive in this sense (Daniel T. 
Gilbert, 1989, 2002; Timothy D. Wilson, 2002; 
Seymour Epstein, 2003). 

Although effortless thought is the norm, 
some monitoring of the quality of mental oper- 

ations and overt behavior also goes on. We do 
not express every passing thought or act on 
every impulse. But the monitoring is normally 
lax, and allows many intuitive judgments to be 
expressed, including some that &e erroneous 
(Kahneman and Frederick, 2002). Ellen J. 
Langer et al. (1978) provided a well-known 
example of what she called "mindless behav- 
ior." In her experiment, a confederate tried to 
cut in line at a copying machine, using various 
preset "excuses." The conclusion was that state- 
ments that had the form of an unqualified re- 
quest were rejected (e.g., "Excuse me, may I use 
the Xerox machine?')), but almost any statement 
that had the general form of an explanation was 
accepted, including "Excuse me, may I use the 
Xerox machine because I want to make cop- 
ies?" The superficiality is striking. 

Frederick (2003, personal communication) 
has used simple puzzles to study cognitive self- 
monitoring, as in the following example: "A bat 
and a ball cost $1.10 in total. The bat costs $1 
more than the ball. How much does the ball 
cost?'AAlmost everyone reports an initial ten- 
dency to answer "10 cents" because the sum 
$1.10 separates naturally into $1 and 10 cents, 
and 10 cents is about the right magnitude. Fred- 
erick found that many intelligent people yield to 
this immediate impulse: 50 percent (47193) of a 
group of Princeton students and 56 percent 
(1641293) of students at the University of Mich- 
igan gave the wrong answer. Clearly, these re- 
spondents offered their response without first 
checking it. The surprisingly high rate of errors 
in this easy problem illustrates how lightly the 
output of effortless associative thinking is mon- 
itored: people are not accustomed to thinking 
hard. and are often content to trust a plausible 
judgment that quickly comes to mind. Re- 
markably, Frederick has found that errors in 
this puzzle and in others of the same type 
were- significant predictors of high discount 
rates. 

In the examples discussed so far, intuition 
was associated with poor performance, but in- 
tuitive thinking can also be powerful and accu- 
rate. High skill is acquired by prolonged 
practice, and the performance of skills is rapid 
and effortless. The proverbial master chess 
player who walks past a game and declares 
"white mates in three" without slowing is per- 
forming intuitively (Simon and William G. 

Chase, 1973), as is the experienced nurse who 
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detects subtle signs of impending heart failure 
(Gary Klein, 1998; Atul Gawande, 2002). 

The distinction between intuition and reason-
ing has recently been a topic of considerable 
interest to psychologists (see, e.g., Shelly 
Chaiken and Yaacov Trope, 1999; Gilbert, 
2002; Steven A. Sloman, 2002; Keith E. 
Stanovich and Richard F. West, 2002). There is 
substantial agreement on the characteristics that 
distinguish the two types of cognitive processes, 
for which Stanovich and West (2000) proposed 
the neutral labels of System 1 and System 2. 
The scheme shown in Figure 1 summarizes 
these characteristics. The operations of System 
1 are fast, automatic, effortless, associative, and 
often emotionally charged; they are also gov-
erned by habit, and are therefore difficult to 
control or modify. The operations of System 2 
are slower, serial, effortful, and deliberately 
controlled; they are also relatively flexible and 
potentially rule-governed. 

The difference in effort provides the most 
useful indications of whether a given mental 
process should be assigned to System 1 or Sys-
tem 2. Because the overall capacity for mental 
effort is limited, effortful processes tend to dis-
rupt each other, whereas effortless processes 

neither cause nor suffer much interference when 
combined with other tasks. For example, a driv-
er's ability to conduct a conversation is a sen-
sitive indicator of the amount of attention 
currently demanded by the driving task. Dual 
tasks have been used in hundreds of psycholog-
ical experiments to measure the attentional de-
mands of different mental activities (for a 
review, see Harold E. Pashler, 1998). Studies 
using the dual-task method suggest that the self-
monitoring function belongs with the effortful 
operations of System 2. People who are occu-
pied by a demanding mental activity (e.g., at-
tempting to hold in mind several digits) are 
much more likely to respond to another task by 
blurting out whatever comes to mind (Gilbert, 
1989). The phrase that "System 2 monitors the 
activities of System 1" will be used here as 
shorthand for a hypothesis about what would 
happen if the operations of System 2 were dis-
rupted. For example, it is safe to predict that the 
percentage of errors in the bat-and-ball question 
will increase, if the respondents are asked this 
question while attempting to keep a list of 
words in their active memory. 

In the language that will be used here, the 
perceptual system and the intuitive operations 
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of System 1 generate impressions of the at- 
tributes of objects of perception and thought. 
These impressions are not voluntary and need 
not be verbally explicit. In contrast, judgments 
are always explicit and intentional, whether or 
not they are overtly expressed. Thus, System 2 
is involved in all judgments, whether they orig- 
inate in impressions or in deliberate reasoning. 
The label "intuitive" is applied to judgments 
that directly reflect impressions. 

Figure 1 illustrates an idea that guided the 
research that Tversky and I conducted from its 
early days: that intuitive judgments occupy a 
position-perhaps corresponding to evolution- 
ary history-between the automatic operations 
of perception and the deliberate operations of 
reasoning. All the characteristics that students 
of intuition have attributed to System 1 are also 
properties of perceptual operations. Unlike per- 
ception, however, the operations of System 1 
are not restricted to the processing of current 
stimulation. Like System 2, the operations of 
System 1 deal with stored concepts as well as 
with percepts, and can be evoked by language. 
This view of intuition suggests that the vast 
store of scientific knowledge available about 
perceptual phenomena can be a source of useful 
hypotheses about the workings of intuition. The 
strategy of drawing on analogies from percep- 
tion is applied in the following section. 

11. The Accessibility Dimension 

A defining property of intuitive thoughts is 
that they come to mind spontaneously, like per- 
cepts. The technical term for the ease with 
which mental contents come to mind is acces- 
sibility (E. Tory Higgins, 1996). To understand 
intuition, we must understand why some 
thoughts are accessible and others are not. The 
remainder of this section introduces the concept 
of accessibility by examples drawn from visual 
perception. 

Consider Figures 2a and 2b. As we look at 
the object in Figure 2a, we have immediate 
impressions of the height of the tower, the area 
of the top block, and perhaps the volume of the 
tower. Translating these impressions into units 
of height or volume requires a deliberate oper- 
ation, but the impressions themselves are highly 
accessible. For other attributes, no perceptual 
impression exists. For example, the total area 
that the blocks would cover if the tower were 

,' / 

F~gurc 2a Figt~rc ?b Figure 2c 

dismantled is not perceptually accessible, 
though it can be estimated by a deliberate pro- 
cedure, such as multiplying the area of a block 
by the number of blocks. Of course, the situa- 
tion is reversed with Figure 2b. Now the blocks 
are laid out and an impression of total area is 
immediately accessible, but the height of the 
tower that could be constructed with these 
blocks is not. 

Some relational properties are accessible. 
Thus, it is obvious at a glance that Figures 2a 
and 2c are different, but also that they are more 
similar to each other than either is to Figure 
2b. And some statistical properties of ensembles 
are accessible, while others are not. For an 
example, consider the question "What is the 
average length of the lines in Figure 3?' This 
question is easy. When a set of objects of the 
same general kind is presented to an observer- 
whether simultaneously or successively-a rep- 
resentation of the set is computed automatically, 
which includes quite precise information about 
the average (Dan Ariely, 2001; Sang-Chul 
Chong and Anne Treisman, 2003). The repre- 
sentation of the prototype is highly accessible, 
and it has the character of a percept: we fo'im an 
impression of the typical line without choosing 
to do so. The only role for System 2 in this task 
is to map the impression of typical length onto 
the appropriate scale. In contrast, the answer to 
the question "What is the total length of the 
lines in the display?' does not come to mind 
without considerable effort. 

As the example of averages and sums illus- 
trates, some attributes are more accessible than 
others, both in perception and in judgment. At- 
tributes that are routinely and automatically 
produced by the perceptual system or by System 
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1, without intention or effort, have been called 
natural assessments (Tversky and Kahneman, 
1983). Kahneman and Frederick (2002) com- 
piled a partial list of these natural assessments. 
In addition to physical properties such as size, 
distance, and loudness, the list includes more 
abstract properties such as similarity, causal 
propensity, surprisingness, affective valence, 
and mood. 

The evaluation of stimuli as good or bad is a 
particularly important natural assessment. The 
evidence, both behavioral (John A. Bargh, 
1997; Robert B. Zajonc, 1998) and neurophys- 
iological (e.g., Joseph E. LeDoux, 2000), is 
consistent with the idea that the assessment of 
whether objects are good (and should be ap- 
proached) or bad (should be avoided) is carried 
out quickly and efficiently by specialized neural 
circuitry. A remarkable experiment reported by 
Bargh (1997) illustrates the speed of the evalu- 
ation process, and its direct link to approach and 
avoidance. Participants were shown a series of 
stimuli on a screen, and instructed to respond to 
each stimulus as soon as it appeared, by moving 
a lever that blanked the screen. The stimuli were 
affectively charged words, some positive (e.g., 
LOVE) and some aversive (e.g., VOMIT), but 
this feature was irrelevant to the participant's 
task. Half the participants responded by pulling 
the lever toward themselves, half responded by 
pushing the lever away. Although the response 

was initiated within a fraction of a second, well 
before the meaning of the stimulus was con- 
sciously registered, the emotional valence of the 
word had a substantial effect. Participants were 
relatively faster in pulling a lever toward them- 
selves (approach) for positive words, and rela- 
tively faster pushing the lever away when the 
word was aversive. The tendencies to approach 
or avoid were evoked by an automatic process 
that was not under conscious voluntary control. 
Several psychologists have commented on the 
influence of this primordial evaluative system 
(here included in System 1) on the attitudes and 
preferences that people adopt consciously and 
deliberately (Zajonc, 1998; Kahneman et al., 
1999; Paul Slovic et al., 2002; Epstein, 2003). 

The preceding discussion establishes a di-
mension of accessibility. At one end of this 
dimension we find operations that have the 
characteristics of perception and of the intuitive 
System 1: they are rapid, automatic, and effort- 
less. At the other end are slow. serial. and 
effortful operations that people need a special 
reason to undertake. Accessibility is a contin- 
uum, not a dichotomy, and some effortful op- 
erations demand more effort than others. Some 
of the determinants of accessibility are probably 
genetic; others develop through experience. The 
acquisition of skill gradually increases the ac- 
cessibility of useful responses and of productive 
ways to organize information, until skilled per- 
formance becomes almost effortless. This effect 
of practice is not limited to motor skills. A 
master chess player does not see the same board 
as the novice, and visualizing the tower in an 
may  of blocks would also become virtually 
effortless with prolonged practice. 

The impressions that become accessible in 
any particular situation are mainly determined, 
of course, by the actual properties of the object 
of judgment: it is easier to see a tower in Figure 
2a than in Figure 2b, because the tower in the 
latter is only virtual. Physical salience also de- 
termines accessibility: if a large green letter and 
a small blue letter are shown at the same time, 
"green" will come to mind first. However, sa- 
lience can be overcome by deliberate attention: 
an instruction to look for the small object will 
enhance the accessibility of all its features. 

Analogous effects of salience and of sponta- 
neous and voluntary attention occur with more 
abstract stimuli. For example, the statements 
"Team A beat team B" and "Team B lost to 
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team A" convey the same information, but be- 
cause each sentence draws attention to its gram- 
matical subject, they make different thoughts 
accessible. Accessibility also reflects temporary 
states of associative activation. For example, the 
mention of a familiar social category temporarily 
increases the accessibility of the traits associated 
with the category stereotype, as indicated by a 
lowered threshold for recognizing behaviors as 
indications of these traits (Susan T. Fiske, 1998). 

As designers of billboards know well, moti- 
vationally relevant and emotionally arousing 
stimuli spontaneously attract attention. Bill-
boards are useful to advertisers because paying 
attention to an object makes all its features 
accessible-including those that are not linked 
to its primary motivational or emotional signif- 
icance. The "hot" states of high emotional and 
motivational arousal greatly increase the acces- 
sibility of thoughts that relate to the immediate 
emotion and to the current needs, and reduce the 
accessibility of other thoughts (George Loe- 
wenstein. 1996. 2000: Jon Elster. 1998). An 
effect of emotional significance on accessibility 
was demonstrated in an important study by Yu- 
val Rottenstreich and Christopher K. Hsee 
(2001), which showed that people are less sen- 
sitive to variations of probability when valuing 
chances to receive emotionally loaded out-
comes (kisses and electric shocks) than when 
the outcomes are monetary. 

Figure 4 (adapted from Jerome S. Bruner and 
A. Leigh Minturn, 1955) includes a standard 
demonstration of the effect of context on acces- 
sibility. An ambiguous stimulus that is per- 
ceived as a letter within a context of letters is 

instead seen as a number when placed within a 
context of numbers. More generally, expecta- 
tions (conscious or not) are a powerful determi- 
nant of accessibility. 

Another important point that Figure 4 illus-
trates is the complete suppression of ambiguity 
in conscious perception. This aspect of the dem- 
onstration is spoiled for the reader who sees the 
two versions in close proximity, but when the 
two lines are shown separately, observers will 
not spontaneously become aware of the alterna- 
tive interpretation. They "see" the interpretation 
of the object that is the most likely in its con- 
text, but have no subjective indication that it 
could be seen differently. Ambiguity and uncer- 
tainty are suppressed in intuitive judgment as 
well as in perception. Doubt is a phenomenon of 
System 2, an awareness of one's ability to think 
incompatible thoughts about the same thing. 
The central finding in studies of intuitive deci- 
sions, as described by Klein (1998), is that 
experienced decision makers working under 
pressure (e.g., firefighting company captains) 
rarely need to choose between options because, 
in most cases, only a single option comes to mind. 

The compound cognitive system that has 
been sketched here is an impressive computa- 
tional device. It is well-adapted to its environ- 
ment and has two ways of adjusting to changes: 
a short-term process that is flexible and effort- 
ful, and a long-term process of skill acquisition 
that eventually produces highly effective re-
sponses at low cost. The system tends to see 
what it expects to see-a form of Bayesian 
adaptation-and it is also capable of responding 
effectively to surprises. However, this marvel- 
ous creation differs in important respects from 
another paragon, the rational agent assumed in 
economic theory. Some of these differences are 
explored in the following sections, which review 
several familiar results as effects of accessibility. 
Possible implications for theorizing in behavioral 
economics are explored along the way. 

111. Changes or States: Prospect Theory 

A general property of perceptual systems is 
that they are designed to enhance the accessi- 
bility of changes and differences. Perception is 
reference-dependent: the perceived attributes 
of a focal stimulus reflect the contrast between 
that stimulus and a context of prior and con- 
current stimuli. This section will show that 
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FIGURE 5. REFERENCE-DEPENDENCE IN THE PERCEF'TION OF BRIGHTNESS 

intuitive evaluations of outcomes are also 
reference-dependent. 

The role of ~ r i o r  stimulation is familiar in the 
domain of temperature. Immersing the hand in 
water at 20°C will feel pleasantly warm after 
prolonged immersion in much colder water, and 
pleasantly cool after immersion in much 
warmer water. Figure 5 illustrates reference- 
dependence in vision. The two enclosed squares 
have the same luminance, but they do not ap- 
pear equally bright. The point of the demonstra- 
tion is that the brightness of an area is not a 
single-parameter function of the light energy 
that reaches the eye from that area, just as the 
experience of temperature is not a single-param- 
eter function of the temperature to which one is 
currently exposed. An account of perceived 
brightness ortemperature also requires a param- 
eter for a reference value (often called adapta- 
tion level), which is influenced by the context of 
current and prior stimulation. 

From the vantage point of a student of per- 
ception, it is quite surprising that in standard 
economic analyses the utility of decision out- 
comes is assumed to be determined entirely by 
the final state of endowment, and is therefore 
reference-independent. In the context of risky 
choice, this assumption can be traced to the 
brilliant essay that first defined a theory of ex- 
pected utility (Daniel Bernoulli, 1738). Ber- 
noulli assumed that states of wealth have a 
specified utility, and proposed that the decision 
rule for choice under risk is to maximize the 

expected utility of wealth (the moral expecta- 
tion). The language of Bernoulli's essay is pre- 
scriptive-it speaks of what is sensible or 
reasonable to do-but the theory was also in- 
tended as a description of the choices of reason- 
able men (Gerd Gigerenzer et al., 1989). As in 
most modem treatments of decision-making, 
Bernoulli's essay does not acknowledge any 
tension between prescription and description. 
The proposition that decision makers evaluate 
outcomes by the utility of final asset positions 
has been retained in economic analyses for al- 
most 300 vears. This is rather remarkable. be- 
cause the idea is easily shown to be wrong; I 
call it Bernoulli's error. 

Tversky and I constructed numerous thought 
experiments when we began the study of risky 
choice that led to the formulation of prospect 
theory (Kahneman and Tversky, 1979). Exam- 
ples such as Problems 1 and 2 below convinced 
us of the inadequacy of the utility function for 
wealth as an explanation of choice. 

Problem 1 
Would you accept this gamble? 

50% chance to win $150 
50% chance to lose $100 

Would your choice change if your 
overall wealth were lower by $loo? 
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There will be few takers of the gamble in Prob- 
lem 1. The experimental evidence shows that 
most people will reject a gamble with even 
chances to win and lose, unless the possible win 
is at least twice the size of the possible loss 
(e.g., Tversky and Kahneman, 1992). The an- 
swer to the second question is, of course, neg- 
ative. Next consider Problem 2: 

Problem 2 
Which would you choose? 

lose $100 with certainty 
or 

50% chance to win $50 
50% chance to lose $200 

Would your choice change if your 
overall wealth were higher by $loo? 

I 

In Problem 2, the gamble appears much more 
attractive than the sure loss. Experimental re-
sults indicate that risk-seeking preferences are 
held by a large majority of respondents in prob- 
lems of this kind (Kahneman and Tversky, 
1979). Here again, the idea that a change of 
$100 in total wealth would affect preferences 
cannot be taken seriously. 

We examined many choice pairs of this 
type in our early explorations, and concluded 
that the very abrupt switch from risk aversion 
to risk seeking could not plausibly be ex-
plained by a utility function for wealth. Pref- 
erences appeared to be determined by 
attitudes to gains and losses, defined relative 
to a reference point, but Bernoulli's theory 
and its successors did not incorporate a ref- 
erence point. We  therefore proposed an alter- 
native theory of risk, in which the carriers of 
utility are gains and losses-changes of 
wealth rather than states of wealth. One nov- 
elty of prospect theory was that it was explic- 
itly presented as a formal descriptive theory 
of the choices that people actually make, not 
as a normative model. This was a departure 
from a long history of choice models that 
served double duty as normative logics and as 
idealized descriptive models. 

The distinctive predictions of prospect the- 
ory follow from the shape of the value func- 
tion, which is shown in Figure 6. The value 
function is defined on gains and losses and is 

VALUE 

1OSst.S CAM 

FIGURE SCHEMATICVALUEFUNCTION FOR CHANGES6. A 

characterized by three features: (1) it is con- 
cave in the domain of gains, favoring risk 
aversion; (2) it is convex in the domain of 
losses, favoring risk seeking; (3) most impor- 
tant, the function is sharply kinked at the 
reference point, and loss-averse-steeper for 
losses than for gains by a factor of about 
2-2.5 (Kahneman et al., 1991; Tversky and 
Kahneman, 1992). 

If Bernoulli's formulation is transparently 
incorrect as a descriptive model of risky 
choices, as has been argued here, why 
has this model been retained for so long? 
The answer appears to be that the assign- 
ment of utility to wealth is an aspect of ra- 
tionality, and therefore compatible with the 
general assumption of rationality in economic 
theorizing (Kahneman, 2003a). Consider 
Problem 3: 

Problem 3 
Two persons get their monthly report 

from a broker: 
A is told that her wealth went from 

4M to 3M 
B is told that her wealth went from 

I M  to I.1M 

Who of the two individuals has more 
reason to be satisfied with her financial 
situation? 

Who is happier today? 
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Problem 3 highlights the contrasting interpre- 
tations of utility in theories that define outcomes 
as states or as changes. In Bernoulli's analysis 
only the first of the two questions of Problem 3 
is relevant, and only long-term consequences 
matter. Prospect theory, in contrast, is con-
cerned with short-term outcomes, and the value 
function presumably reflects an anticipation of 
the valence and intensity of the emotions that 
will be experienced at moments of transition 
from one state to another (Kahneman, 2000a, b; 
Barbara Mellers, 2000). Which of these con- 
cepts of utility is more useful? The cultural 
norm of reasonable decision-making favors the 
long-term view over a concern with transient emo- 
tions. Indeed, the adoption of a broad perspective 
and a long-term view is an aspect of the meaning 
of rationality in everyday language. The final- 
states interpretation of the utility of outcomes is 
therefore a good fit for a rational-agent model. 

These considerations support the normative 
and prescriptive status of the Bernoullian defi- 
nition of outcomes. On the other hand, an ex- 
clusive concern with the long term may be 
prescriptively sterile, because the long term is 
not where life is lived. Utility cannot be di- 
vorced from emotion, and emotions are trig- 
gered by changes. A theory of choice that 
completely ignores feelings such as the pain of 
losses and the regret of mistakes is not only 
descriptively unrealistic, it also leads to pre- 
scriptions that do not maximize the utility of 
outcomes as they are actually experienced- 
that is, utility as Bentham conceived it (Kahne- 
man, 1994, 2000a; Kahneman et al., 1997). 

Bernoulli's error-the idea that the carriers 
of utility are final states-is not restricted to 
decision-making under risk. Indeed, the incor- 
rect assumption that initial endowments do not 
matter is the basis of Coase's theorem and of its 
multiple applications (Kahneman et al., 1990). 
The error of reference-independence is built 
into the standard representation of indifference 
maps. It is puzzling to a psychologist that these 
maps do not include a representation of the 
decision maker's current holdings of various 
goods-the counterpart of the reference point in 
prospect theory. The parameter is not included, 
of course, because consumer theory assumes 
that it does not matter. 

The core idea of prospect theory-that the 
value function is kinked at the reference point 
and loss averse-became useful to economics 

when Thaler (1980) used it to explain riskless 
choices. In particular, loss aversion explained a 
violation of consumer theory that Thaler identified 
and labeled the "endowment effect": the selling 
price for consumption goods is much higher than 
the buying price, often by a factor of 2 or more. 
The value of a good to an individual appears to be 
higher when the good is viewed as something that 
could be lost or given up than when the same good 
is evaluated as a potential gain (Kahneman et al., 
1990, 1991; Tversky and Kahneman, 1991). 

When half the participants in an experimental 
market were randomly chosen to be endowed 
with a good (a mug) and trade was allowed, the 
volume of trade was about half the amount that 
would be predicted by assuming that value was 
independent of initial endowment (Kahneman 
et al., 1990). Transaction costs did not explain 
this counterexample to the Coase theorem, be- 
cause the same institution produced no indica- 
tion of reluctance to trade when the objects of 
trade were money tokens. The results suggest 
that the participants in these experiments did not 
value the mug as an object they could have and 
consume, but as something they could get, or 
give up. Interestingly, John A. List (2003a, b) 
found that the magnitude of the endowment 
effect was substantially reduced for participants 
with intense experience in the trading of sports- 
cards. Experienced traders (who are also con- 
sumers) showed less reluctance to trade one 
good for another-not only sportscards, but also 
mugs and other goods-as if they had learned to 
base their choice on long-term value, rather than 
on the immediate emotions associated with get- 
ting or giving up objects. 

Reference-dependence and loss aversion help 
account for several phenomena of choice. The 
familiar observation that out-of-pocket losses 
are valued much more than opportunity costs is 
readily explained, if these outcomes are evalu- 
ated on different limbs of the value function. 
The distinction between "actual" losses and 
losses of opportunities is recognized in many 
ways in the law (David Cohen and Jack L. 
Knetsch, 1992) and in lay intuitions about rules 
of fairness in the market (Kahneman et al., 
1986). Loss aversion also contributes to the 
well-documented status-quo bias (William 
Samuelson and Richard Zeckhauser, 1988). Be- 
cause the reference point is usually the status 
quo, the properties of alternative options are 
evaluated as advantages or disadvantages 
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relative to the current situation, and the disad- 
vantages of the alternatives loom larger than 
their advantages. Other applications of the con- 
cept of loss aversion are documented in several 
chapters in Kahneman and Tversky (2000). 

IV. Framing Effects 

In the display of blocks in Figure 2, the same 
property (the total height of a set of blocks) was 
highly accessible in one display and not in an- 
other, although both displays contained the 
same information. This observation is entirely 
unremarkable-it does not seem shocking that 
some attributes of a stimulus are automatically 
perceived while others must be computed, or 
that the same attribute is perceived in one dis- 
play of an object but must be computed in 
another. In the context of decision-making, 
however, similar observations raise a significant 
challenge to the rational-agent model. 

The assumption that preferences are not af- 
fected by inconsequential variations in the 
description of outcomes has been called exten- 
sionality (Kenneth J. Arrow, 1982) and invari- 
ance (Tversky and Kahneman, 1986), and is 
considered an essential aspect of rationality. 
Invariance is violated in framing effects, where 
extensionally equivalent descriptions lead to 
different choices by altering the relative salience 
of different aspects of the problem. Tversky and 
Kahneman (1981) introduced their discussion of 
framing effects with the following problem: 

The Asian disease 
Imagine that the United States is pre- 

paring for the outbreak of an unusual 
Asian disease, which is expected to kill 
600 people. Two alternative programs to 
combat the disease have been proposed. 
Assume that the exact scientific estimates 
of the consequences of the programs are 
as follows: 

I f  Program A is adopted, 200 people 
will be saved 

I f  Program B is adopted, there is a 
one-third probability that 600 people will 
be saved and a two-thirds probability that 
no people will be saved 

In this version of the problem, a substantial 
majority of respondents favor Program A, indi- 
cating risk aversion. Other respondents, se-
lected at random, receive a question in which 
the same cover story is followed by a different 
description of the options: 

I f  Program A' is adopted, 400 people will 
die 

I f  Program B' is adopted, there is a one- 
third probability that nobody will die and 
a two-thirds probability that 600 people 
will die 

A substantial majority of respondents now 
favor Program B', the risk-seeking option. Al- 
though there is no substantive difference be- 
tween the versions, they evoke different 
associations and evaluations. This is easiest to 
see in the certain option, because outcomes that 
are certain are overweighted relative to out- 
comes of high or intermediate probability (Kah- 
neman and Tversky, 1979). Thus, the certainty 
of saving people is disproportionately attractive, 
while accepting the certain death of people is 
disproportionately aversive. These immediate 
affective responses respectively favor A over B 
and B' over A'. As in Figures 2a and 2b, the 
different representations of the outcomes high- 
light some features of the situation and mask 
others. 

In an essay about the ethics of policy, 
Thomas C. Schelling (1984) presented a com- 
pellingly realistic example of the dilemmas 
raised by framing. Schelling reports asking his 
students to evaluate a tax policy that would 
allow a larger child exemption to the rich than 
to the poor. Not surprisingly, his students found 
this proposal outrageous. Schelling then pointed 
out that the default case in the standard tax table 
is a childless family, with special adjustments 
for families with children, and led his class to 
agree that the existing tax schedule could be 
rewritten with a family with two children as the 
default case. In this formulation, childless fam- 
ilies would pay a surcharge. Should this sur- 
charge be as large for the poor as for the rich? 
Of course not. The two versions of the question 
about how to treat the rich and the poor both 
trigger an intuitive preference for protecting the 
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poor, but these preferences are incoherent. 
Schelling's problem highlights an important 
point. Framing effects are not a laboratory cu- 
riosity, but a ubiquitous reality. The tax table 
must be framed one way or another, and each 
frame will increase the accessibility of some 
responses and make other responses less likely. 

There has been considerable interest among 
behavioral economists in a particular type of 
framing effect, where a choice between two 
options A and B is affected by designating 
either A or B as a default option. The option 
designated as the default has a large advantage 
in such choices, even for decisions that have 
considerable significance. Eric J. Johnson et al. 
(1993) described a compelling example. The 
states of Pennsylvania and New Jersey both 
offer drivers a choice between an insurance 
policy that allows an unconstrained right to sue, 
and a less expensive policy that restricts the 
right to sue. The unconstrained right to sue is 
the default in Pennsylvania, the opposite is the 
default in New Jersey, and the takeup of full 
coverage is 79 percent and 30 percent in the two 
states, respectively. Johnson and Daniel G. 
Goldstein (2003) estimate that Pennsylvania 
drivers spend 450 million dollars annually on 
full coverage that they would not purchase if 
their choice were framed as it is for New Jersey 
drivers. 

Johnson and Goldstein (2003) also compared 
the proportions of the population enrolled in 
organ donation programs in seven European 
countries in which enrollment was the default 
and four in which nonenrollment was the de- 
fault. Averaging over countries, enrollment in 
donor programs was 97.4 percent when this 
was the default option, 18 percent otherwise. 
The passive acceptance of the formulation 
given has significant consequences in this 
case. as it does in other recent studies where 
the selection of the default on the form that 
workers completed to set their 401(k) contri- 
butions dominated their ultimate choice 
(Brigitte Madrian and Dennis Shea, 2001; 
James J. Choi et al., 2002). 

The basic principle of framing is the passive 
acceptance of the formulation given. Because of 
this passivity, people fail to construct a canon- 
ical representation for all extensionally equiva- 
lent descriptions of a state of affairs. They do 
not spontaneously compute the height of a 
tower that could be built from an array of 

blocks, and they do not spontaneously trans- 
form the representation of puzzles or decision 
problems. Obviously, no one is able to recog- 
nize "137 X 24" and "3,288" as "the same" 
number without going through some elaborate 
computations. Invariance cannot be achieved by 
a finite mind. 

The impossibility of invariance raises signif- 
icant doubts about the descriptive realism of 
rational-choice models (Tversky and Kahne- 
man, 1986). Absent a system that reliably gen- 
erates appropriate canonical representations, 
intuitive decisions will be shaped by the factors 
that determine the accessibility of different fea- 
tures of the situation. Highly accessible features 
will influence decisions, while features of low 
accessibility will be largely ignored-and the 
correlation between accessibility and reflective 
judgments of relevance in a state of complete 
information is not necessarily high. 

A particularly unrealistic assumption of the 
rational-agent model is that agents make their 
choices in a comprehensively inclusive context, 
which incorporates all the relevant details of the 
present situation, as well as expectations about 
all future opportunities and risks. Much evi- 
dence supports the contrasting claim that peo- 
ple's views of decisions and outcomes are 
normally characterized by "narrow framing" 
(Kahneman and Daniel Lovallo, 1993), and by 
the related notions of "mental accounting" 
(Thaler, 1985, 1999) and "decision bracketing" 
(Daniel Read et al., 1999). 

The following are some examples of the 
prevalence of narrow framing. The decision of 
whether or not to accept a gamble is normally 
considered as a response to a single opportunity, 
not as an occasion to apply a general policy 
(Gideon Keren and Willem A. Wagenaar, 1987; 
Tversky and Donald A. Redelmeier, 1992; Kah- 
neman and Lovallo, 1993; Shlomo Benartzi and 
Thaler, 1999). Investors' decisions about partic- 
ular investments appear to be considered in 
isolation from the remainder of the investor's 
portfolio (Nicholas Barberis et al., 2003). The 
time horizon that investors adopt for evaluating 
their investments appears to be unreasonably 
short-an observation that helps explain the 
equity-premium puzzle (Benartzi and Thaler, 
1995). Finally, the prevalence of the gain~loss 
framing of outcomes over the wealth frame, 
which was discussed in the previous sec-
tion, can now be seen as an instance of narrow 
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framing. A shared feature of all these examples 
is that decisions made in narrow frames depart 
far more from risk neutrality than decisions that 
are made in a more inclusive context. 

The prevalence of narrow frames is an effect 
of accessibility, which can be understood by 
referring to the displays of blocks in Figure 
2. The same set of blocks is framed as a tower 
in Figure 2a, and as a flat array in Figure 2b. Al- 
though it is possible to "see" a tower in Figure 
2b, it is much easier to do so in Figure 2a. Nar- 
row frames generally reflect the structure of the 
environment in which decisions are made. The 
choices that people face arise one at a time, and 
the principle of passive acceptance suggests that 
they will be considered as they arise. The prob- 
lem at hand and the immediate consequences of 
the choice will be far more accessible than all 
other considerations, and as a result decision 
problems will be framed far more narrowly than 
the rational model assumes. 

V. Attribute Substitution: A Model of Judgment 

Heuristics 

The first research program that Tversky and I 
undertook together consisted of a series of stud- 
ies of various types of judgment about uncertain 
events, including numerical predictions and as- 
sessments of the probabilities of hypotheses. 
Our conclusion in a review of this work was that 
"people rely on a limited number of heuristic 
principles which reduce the complex tasks of 
assessing probabilities and predicting values to 
simpler judgmental operations. In general, these 
heuristics are quite useful, but sometimes they 
lead to severe and systematic errors" (Tversky 
and Kahneman, 1974, p. 1124). The article in- 
troduced three heuristics-representativeness, 
availability, and anchoring-that were used to 
explain a dozen systematic biases in judgment 
under uncertainty, including nonregressive pre- 
diction, neglect of base-rate information, over- 
confidence, and overestimates of the frequency 
of events that are easy to recall. Some of the 
biases were identified by systematic errors in 
estimates of known quantities and statistical 
facts. Other biases were defined by discrep- 
ancies between the regularities of intuitive 
judgments and the principles of probability 
theory, Bayesian inference, and regression 
analysis. 

FIGURE 7. AN ILLUSION OF ATTRIBUTE SUBSTITUTION 

Source: Photo by Lenore Shoharn, 2003. 

Kahneman and Frederick (2002) recently re- 
visited the early studies of judgment heuristics, 
and proposed a formulation in which the reduc- 
tion of complex tasks to simpler operations is 
achieved by an operation of attribute substitu- 
tion. "Judgment is said to be mediated by a 
heuristic when the individual assesses a speci- 
fied target attribute of a judgment object by 
substituting another property of that object-the 
heuristic attribute-which comes more readily 
to mind" (p. 53). Unlike the early work, Kah- 
neman and Frederick's conception of heuristics 
is not restricted to the domain of judgment 
under uncertainty. 

For a perceptual example of attribute substi- 
tution, consider the question: "What are the 
sizes of the two horses in Figure 7, as they are 
drawn on the page?' The images are in fact 
identical in size, but the figure produces a com- 
pelling illusion. The target attribute that 0 b s e ~ -  
ers intend to evaluate is objective two- 
dimensional size, but they are unable to do this 
veridically. Their judgments map an impression 
of three-dimensional size (the heuristic at- 
tribute) onto units of length that are appropriate 
to the target attribute, and scaled to the size 
of the page. This illusion is caused by the 
differential accessibility of competing interpreta- 
tions of the image. An impression of three- 
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dimensional size is the only impression of size 
that comes to mind for ndive observers-paint- 
ers and experienced photographers are able to 
do better-and it produces an illusion in the 
perception of picture size. 

A study by Fritz Strack et al. (1988) illus- 
trates the role of attribute substitution in a dif- 
ferent context. College students responded to a 
survey which included the two following ques- 
tions in immediate succession: "How happy are 
you with your life in general?" and "How many 
dates did you have last month?" The correlation 
between the two questions was 0.12 when they 
appeared in the order shown. Among respon- 
dents who received the same questions in re- 
verse order, the correlation was 0.66. The 
psychological interpretation of the high correla- 
tion' is inferential, but straightforward. The dat- 
ing question undoubtedly evoked in many 
respondents an emotionally charged evaluation 
of their romantic life. This evaluation was 
highly accessible when the question about 
happiness was encountered next, and it was 
mapped onto the scale of general happiness. 
In the interpretation offered here, the respon- 
dents answered the happiness question by re- 
porting what came to their mind, and failed to 
notice that they were answering a question 
that had not been asked-a cognitive illusion 
that is analogous to the visual illusion of 
Figure 7. 

The most direct evidence for attribute substi- 
tution was reported by Kahneman and Tversky 
(1973), in a task of categorical prediction. There 
were three experimental groups in their experi- 
ment. Participants in a base-rate group evalu- 
ated the relative frequencies of graduate 
students in nine categories of ~pecialization.~ 
Mean estimates ranged from 20 percent for Hu- 
manities and Education to 3 percent for Library 
Science. 

Two other groups of participants were shown 
the same list of areas of graduate specialization, 
and the following description of a fictitious 
graduate student. 

' The observed value of 0.66 underestimates the true 
correlation between the variables of interest, because of 
measurement error in all variables. 

The categories were Business Administration; Com- 
puter Science; Engineering; Humanities and Education; 
Law; Library Science; Medicine; Physical and Life Sci- 
ences; Social Sciences and Social Work. 

Tom W. is of high intelligence, although 
lacking in true creativity. He has a need 
for order and clarity, and for neat and 
tidy systems in which every detail finds 
its appropriate place. His writing is 
rather dull and mechanical, occasion- 
ally enlivened by somewhat corny puns 
and by flashes of imagination of the 
sci-ji type. He has a strong drive for 
competence. He seems to have little feel 
and little sympathy for other people and 
does not enjoy interacting with others. 
Self-centered, he nonetheless has a deep 
moral sense. 

Participants in a similarity group ranked the 
nine fields by the degree to which Tom W. 
"resembles a typical graduate student" (in that 
field). The description of Tom W, was deliber- 
ately constructed to make him more representa- 
tive of the less populated fields, and this 
manipulation was successful: the correlation be- 
tween the averages of representativeness rank- 
i n g ~  and of estimated base rates was -0.62. 
Participants in the probabilily group ranked the 
nine fields according to the likelihood that Tom 
W. would have specialized in each. The respon- 
dents in the latter group were graduate students 
in psychology at major universities. They were 
told that the personality sketch had been written 
by a psychologist when Tom W. was in high 
school, on the basis of personality tests of du- 
bious validity. This information was intended to 
discredit the description as a source of valid 
information. 

The statistical logic is straightforward. A de-
scription based on unreliable information must 
be given little weight, and predictions made in 
the absence of valid evidence must revert to 
base rates. This reasoning implies that judg- 
ments of probability should be highly correlated 
with the corresponding base rates in the Tom 
W. problem. 

The psychology of the task is also straight- 
forward. The similarity of Tom W. to various 
stereotypes is a highly accessible natural assess- 
ment, whereas judgments of probability are dif- 
ficult. The respondents are therefore expected to 
substitute a judgment of similarity (representa- 
tiveness) for the required judgment of probabil- 
ity. The two instructions-to rate similarity or 
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(4 (b) 
Tom W. Linda 

mean rank (similarity) 

probability-should therefore elicit similar 
judgments. 

The scatterplot of the mean judgments of the 
two groups is presented in Figure 8a. As the 
figure shows, the correlation between judg- 
ments of probability and similarity is nearly 
perfect (0.98). The correlation between judg- 
ments of probability and base rates is -0.63. 
The results are in perfect accord with the hy- 
pothesis of attribute substitution. They also con- 
firm a bias of base-rate neglect in this 
prediction task. The results are especially com- 
pelling because the responses were rankings. 
The large variability of the average rankings of 
both attributes indicates highly consensual re- 
sponses, and nearly total overlap in the system- 
atic variance. 

Figure 8b shows the results of another study 
in the same design, in which respondents were 
shown the description of a woman named 
Linda, and a list of eight possible outcomes 
describing her present employment and activi- 
ties. The two critical items in the list were #6 
("Linda is a bank teller") and the conjunction 
item #8 ("Linda is a bank teller and active in 
the feminist movement"). The other six pos- 
sibilities were unrelated and miscellaneous 
(e.g., elementary school teacher, psychiatric 
social worker). As in the Tom W. problem, 
some respondents ranked the eight outcomes 

mean rank (similarity) 

by the similarity of Linda to the category 
prototypes; others ranked the same outcomes 
by probability. 

Linda is 31 years old, single, outspoken 
and very bright. She majored in philoso- 
phy. As a student she was deeply con- 
cerned with issues of discrimination and 
social justice and also participated in an- 
tinuclear demonstrations. 

As might be expected, 85 percent of respon- 
dents in the similarity group ranked the con- 
junction item (#8) higher than its constituent, 
indicating that Linda resembles the image of a 
feminist bank teller more than she resembles a 
stereotypical bank teller. This ordering of the 
two items is quite reasonable for judgments of 
similarity. However, it is much more problem- 
atic that 89 percent of respondents in the prob- 
ability group also ranked the conjunction higher 
than its constituent. This pattern of probability 
judgments violates monotonicity, and has been 
called the "conjunction fallacy" (Tversky and 
Kahneman, 1983). 

The observation that biases of judgment are 
systematic was quickly recognized as relevant 
to the debate about the assumption of rationality 
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in economics (see, e.g., Peter A. Diamond, 
1977; David M. Grether, 1978; Howard Kun- 
reuther, 1979; Arrow, 1982). There has also 
been some discussion of the role of specific 
judgment biases in economic phenomena, espe- 
cially in finance (e.g., Werner F. M. De Bondt 
and Thaler, 1985; Robert J. Shiller, 2000; An- 
drei Shleifer, 2000; Matthew Rabin, 2002). Re- 
cent extensions of the notion of heuristics to the 
domain of affect may be of particular relevance 
to the conversation between psychology and 
economics, because they bear on the core con- 
cept of a preference. As was noted earlier, af- 
fective valence is a natural assessment, which is 
automatically computed and always accessible. 
This basic evaluative attribute (good/bad, like/ 
dislike, approachfavoid) is therefore a candidate 
for substitution in any task that calls for a fa- 
vorable or unfavorable response. Slovic and his 
colleagues (see, e.g., ~ lov i c  et al., 2002) intro- 
duced the concept of an aSfect heuristic. They 
showed that affect (liking or disliking) is the 
heuristic attribute for numerous target at-
tributes, including the evaluation of the costs 
and benefits of various technologies, the safe 
concentration of chemicals, and even the pre- 
dicted economic performance of various indus- 
tries. In an article aptly titled "Risk as 
Feelings," Loewenstein et al. (2001) docu-
mented the related proposition that beliefs about 
risk are often expressions of emotion. 

If different target attributes are strongly in- 
fluenced by the same affective reaction, the 
dimensionality of decisions and judgments 
about valued objects may be expected to be 
unreasonably low. Indeed, Melissa L. Finucane 
et al. (2000) found that people's judgments of 
the costs and benefits of various technologies 
are negatively correlated, especially when the 
judgments are made under time pressure. A 
technology that is liked is judged to have low 
costs and large benefits. These judgments are 
surely biased, because the correlation between 
costs and benefits is generally positive in the 
world of real choices. In the same vein, Kahne- 
man et al. (1997) presented evidence that dif- 
ferent responses to public goods (e.g., 
willingness to pay, ratings of moral satisfaction 
for contributing) yielded essentially inter-
changeable rankings of a set of policy issues. 
Here again, a basic affective response appeared 
to be the common factor. 

Kahneman et al. (1997) suggested that peo- 

ple's decisions often express affective evalua- 
tions (attitudes), which do not conform to the 
logic of economic preferences. To understand 
preferences, then, we may need to understand 
the psychology of emotions. And we cannot 
take it for granted that preferences that are con- 
trolled by the emotion of the moment will be 
internally coherent, or even reasonable by the 
cooler criteria of reflective reasoning. In other 
words, the preferences of System 1 are not 
necessarily consistent with the preferences of 
System 2. The next section will show that some 
choices are not appropriately sensitive to vari- 
ations of quantity and cost-and are better de- 
scribed as expressions of an affective response 
than as economic preferences. 

VI. Prototype Heuristics 

The results summarized in Figure 8 showed 
that the judgments that subjects made about the 
Tom W. and Linda problems substituted the 
more accessible attribute of similarity (repre- 
sentativeness) for the required target attribute of 
probability. The goal of the present section is to 
embed the representativeness heuristic in a 
broader class of prototype heuristics, which 
share a common psychological mechanism- 
the representation of categories by their proto- 
types-and a remarkably consistent pattern of 
biases. 

In the display of lines in Figure 3, the average 
(typical) length of the lines was highly accessi- 
ble, but the sum of their lengths was not. Both 
observations are quite general. Classic psycho- 
logical experiments have established the fol- 
lowing proposition: whenever we look at or 
think about a set (ensemble, category) which is 
sufficiently homogeneous to have a prototype, 
information about the prototype is automati- 
cally accessible (Michael I. Posner and Stephen 
W. Keele, 1968; Eleanor Rosch and Carolyn B. 
Mewis, 1975). The prototype of a set is char- 
acterized by the average values of the salient 
properties of its members. The high accessibil- 
ity of prototype information serves an important 
adaptive function. It allows new stimuli to be 
categorized efficiently, by comparing their fea- 
tures to those of category prototypes.3 For 

Stored information about individual exemplars also 
contributes to categorization. 
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example, the stored prototype of a set of lines 
allows a quick decision about a new line-does 
it belong with the set? There is no equally 
obvious function for the automatic computation 
of sums. 

The low accessibility of sums and the high 
accessibility of prototypes have significant con- 
sequences in tasks that involve judgments of 
sets, as in the following examples: 

(i) category prediction (e.g., the probability 
that the category of bank tellers contains 
Linda as a member); 

(ii) pricing  a quantity of public or private 
goods (e.g., the personal dollar value of 
saving a certain number of migratory birds 
from drowning in oil ponds); 

(iii) global evaluation of a past experience that 
extended over time (e.g., the overall aver- 
siveness of a painful medical procedure); 

(iv) assessment of the support that a sample of 
observations provides for a hypothesis 
(e.g., the probability that a sample of col- 
ored balls has been drawn from one spec- 
ijied urn rather than another). 

The objects of judgment in these tasks are 
sets or categories, and the target attributes have 
a common logical structure. Extensional at- 
tributes are governed by a general principle of 
conditional adding, which dictates that each el- 
ement within the set adds to the overall value an 
amount that depends on the elements already 
included. In simple cases, the value is additive: 
the total length of the set of lines in Figure 3 is 
just the sum of their separate lengths. In other 
cases, each positive element of the set increases 
the aggregate value, but the combination rule is 
nonadditive (typically ~ubadditive).~ The at-
tributes of the category prototype are not exten- 
sional-they are averages, whereas extensional 
attributes are alun to sums. 

The preceding argument leads to the hypoth- 
esis that tasks that require the assessment of 

If the judgment is monotonically related to an additive 
scale (such as the underlying count of the number of birds), 
the formal structure is known in the measurement literature 
as an "extensive structure" (R. Duncan Luce et at., 1990, 
Ch. 3). There also may be attributes that lack an underlying 
additive scale, in which case the structure is known in the 
literature as a "positive concatenation structure" (Luce et 
al., 1990, Ch. 19, volume 3, p. 38). 

extensional variables will be relatively difficult, 
and that intuitive responses may be generated 
by substituting an attribute of the prototype for 
the extensional target attribute. Prototype heu- 
ristics involve a target attribute that is exten- 
sional, and a heuristic attribute which is a 
characteristic of the category prototype. Proto- 
type heuristics are associated with two major 
biases, which generalize the biases of represen- 
tativeness that were introduced in the preceding 
section: 

(i) Violations of  monotonicity. Adding ele-
ments to a set may lower the average and 
cause the judgment of the target variable to 
decrease, contrary to the logic of exten-
sional variables. The prevalent judgment 
that Linda is less likely to be a bank teller 
than to be a feminist bank teller illustrates 
this bias. 

(ii) Extension neglect. Other things equal, an 
increase in the extension of a category will 
increase the value of its extensional at- 
tributes, but leave unchanged the values of 
its prototype attributes. The apparent ne- 
glect of the base rates of areas of special- 
ization in judgments about Tom W, is an 
example. 

Studies that have examined the two biases in 
different contexts are described next. 

A. Pricing Goods 

The price of a set of goods is an extensional 
variable. If price is evaluated by the attractive- 
ness of a prototypical element of the set, viola- 
tions of monotonicity and extension neglect are 
predicted. 

Scope Neglect.-Complete or almost com- 
plete neglect of extension has often been ob- 
served in studies of the willingness to pay for 
public goods, where the effect is called "neglect 
of scope." The best known example is a study 
by William H. Desvousges et al. (1993) in 
which respondents indicated their willingness to 
contribute money to prevent the drowning of 
migratory birds. The number of birds that would 
be saved was varied for different subsamples. 
The estimated amounts that households were 
willing to pay were $80, $78, and $88, to save 
2,000, 20,000, or 200,000 birds, respectively. 
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The target attribute in this case is willingness to 
pay (WTP), and the heuristic attribute appears 
to be the emotion associated with the image of 
a bird drowning in oil, or perhaps with the 
image of a bird being saved from drowning 
(Kahneman et al., 1999). 

Frederick and Baruch Fischhoff (1998) re- 
viewed numerous demonstrations of such scope 
neglect in studies of willingness to pay for pub- 
lic goods. For example, Kahneman and Knetsch 
found that survey respondents in Toronto were 
willing to pay almost as much to clean up the 
lakes in a small region of Ontario or to clean up 
all the lakes in that province (reported by Kah- 
neman, 1986). The issue of scope neglect is 
central to the application of the contingent val- 
uation method (CVM) in the assessment of the 
economic value of public goods, and it has been 
hotly debated (see, e.g., Richard T. Carson, 
1997). The proponents of CVM have reported 
experiments in which there was some sensitiv- 
ity to scope, but even these effects are minute, 
far too small to satisfy the economic logic of 
pricing (Diamond, 1996; Kahneman et al., 
1999). 

Violations of Monotonicity.-List (2002) re- 
ported an experiment that confirmed, in a real 
market setting, violations of dominance that 
Hsee (1998) had previously reported in a hypo- 
thetical pricing task. In List's experiment, trad- 
ers of sportscards assigned significantly higher 
value to a set of ten sportscards labeled "Mint1 
near mint condition" than to a set that included 
the same ten cards and three additional cards 
described as "poor condition." In a series of 
follow-up experiments, Jonathan E. Alevy et al. 
(2003) also confirmed an important difference 
(originally suggested by Hsee) between the 
prices that people will pay when they see only 
one of the goods (separate evaluation), or when 
they price both goods at the same time (joint 
evaluation). The goods were similar to those 
used in List's experiment. The predicted viola- 
tion of dominance was observed in separate 
evaluation, especially for relatively inexperi- 
enced market participants. These individuals 
bid an average of $4.05 for the small set of 
cards, and only $1.82 for the larger set. The 
violations of dominance were completely 
eliminated in the joint evaluation condition, 
where the bids for the small and large sets 
averaged $2.89 and $3.32, respectively. 

Alevy et al. (2003) noted that System 1 ap-
pears to dominate responses in separate eval- 
uation, whereas System 2 conforms to the 
dominance rule when given a chance to do so. 
There was a definite effect of market experi- 
ence, both in this study and in List (2002): the 
bids of highly experienced traders also 
showed violations of monotonicity in separate 
evaluation, but the effect was much smaller. 

B. Evaluations of Extended Episodes 

The global utility of an experience that ex- 
tends over time is an extensional attribute (Kah-
neman, 1994,20OOa, b; Kahneman et al., 1997), 
and the duration of the experience is a measure 
of its extension. The corresponding prototype 
attribute is the experienced utility associated 
with a representative moment of the episode. As 
predicted by attribute substitution, global eval- 
uations of the episode exhibit both duration 
neglect and violations of monotonicity. 

Duration Neglect.-In a study described by 
Redelmeier and Kahneman (1996), patients un- 
dergoing colonoscopy reported the intensity of 
pain every 60 seconds during the procedure (see 
Figure 9), and subsequently provided a global 
evaluation of the pain they had suffered. The 
correlation of global evaluations with the dura- 
tion of the procedure (which ranged from 4 to 
66 minutes in that study) was 0.03. On the other 
hand global evaluations were correlated (r = 

0.67) with an average of the pain reported at 
two points of time: when pain was at its peak, 
and just before the procedure ended. For exam- 
ple, patient A in Figure 9 reported a more neg- 
ative evaluation of the procedure than patient B. 
The same pattern of duration neglect and Peakl 
End evaluations has been observed in other 
studies (Barbara L. Fredrickson and Kahneman, 
1993; see Kahneman, 2000a, for a discussion). 
These results are consistent with the hypothesis 
that the extended episode (which can be consid- 
ered an ordered set of moments) is represented 
in memory by a typical moment of the 
experience. 

Violations of Dominance.-A randomized 
clinical experiment was conducted following 
the colonoscopy study described above. For half 
the patients, the instrument was not immedi- 
ately removed when the clinical examination 
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FIGURE 9. PAIN INTENSITY REPORTED BY TWO COLONOSCOPY PATIENTS 

ended. Instead, the physician waited for about a 
minute, leaving the instrument stationary. The 
experience during the extra period was uncom- 
fortable, but the procedure guaranteed that the 
colonoscopy never ended in severe pain. Pa- 
tients reported significantly more favorable 
global evaluations in this experimental condi- 
tion than in the control condition (Redelmeier et 
al., 2003). 

Violations of dominance have also been 
confirmed in choices. Kahneman et al. (1993) 
exposed participants to two cold-pressor ex- 
periences, one with each hand: a "short" ep- 
isode (immersion of one hand in 14°C water 
for 60 seconds), and a "long" episode (the 
short episode, plus an additional 30 seconds 
during which the water was gradually warmed 
to 15°C). When they were later asked which 
of the two experiences they preferred to re- 
peat, a substantial majority chose the long 
trial. This pattern of choices is predicted from 
the PeaklEnd rule of evaluation that was de- 
scribed earlier. Similar violations of domi- 
nance were observed with unpleasant sounds 
of variable loudness and duration (Charles A. 

Schreiber and Kahneman, 2000). These vio- 
lations of dominance suggest that choices be- 
tween familiar experiences are made in an 
intuitive process of "choosing by liking." Ex- 
tended episodes are represented in memory by 
a typical moment-and the desirability or 
aversiveness of the episode is dominated by 
the remembered utility of that moment (Kah- 

neman, 1994). When a choice is to be made, 
the option that is associated with the higher 
remembered utility (more liked) is chosen. 
This mode of choice is likely to yield choices 
that do not maximize the utility that will 
actually be experienced (Kahneman et al., 
1997). 

C. Other Prototype Heuristics 

The pattern of results observed in diverse 
studies of prototype heuristics suggests the need 
for a unified interpretation, and raises a signif- 
icant challenge to treatments that deal only with 
one domain. A number of authors have offered 
competing interpretations of base-rate neglect 
(Leda Cosmides and John Tooby, 1996; 
Jonathan Jay Koehler, 1996), insensitivity to 
scope in WTP (Raymond Kopp, 1992), and 
duration neglect (Ariely and Loewenstein, 
2000). In general however, these interpretations 
are specific to a particular task, and would not 
carry over to demonstrations of extension ne- 
glect in the other tasks that have been dis- 
cussed. In contrast, the account offered here 
(and developed in greater detail by Kahneman 
and Frederick, 2002) is equally applicable to 
diverse tasks that require an assessment of an 
extensional target attribute. 

The cases that have been discussed are only 
illustrations, not a comprehensive list of proto- 
type heuristics. For example, the same form of 
nonextensional thinking explains why the me- 
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dian estimate of the annual number of murders 
in Detroit is twice as high as the estimate of the 
number of murders in Michigan (Kahneman 
and Frederick, 2002). It also explains why 
professional forecasters assigned a higher 
probability to "an earthquake in California 
causing a flood in which more than 1,000 
people will drown" than to "a flood some-
where in the United States in which more than 
1,000 people will drown" (Tversky and Kah- 
neman, 1983). 

As these examples illustrate, there is no guar- 
anteed defense against violations of monotonic- 
ity. How could a forecaster who assigns a 
probability to a lethal flood ensure (in finite 
time) that there is no subset of that event which 
would have appeared even more probable? 
More generally, the results reviewed in this 
section suggest a profound incompatibility be- 
tween the capabilities and operational rules of 
intuitive judgment and choice and the norma- 
tive standards for beliefs and preferences. The 
logic of belief and choice requires accurate 
evaluation of extensional variables. In contrast, 
intuitive thinking operates with exemplars or 
prototypes that have the dimensionality of indi- 
vidual instances and lack the dimension of 
extension. 

VII. The Boundaries of Intuitive Thinking 

The judgments that people express, the ac- 
tions they take, and the mistakes they commit 
depend on the monitoring and corrective func- 
tions of System 2, as well as on the impressions 
and tendencies generated by system 1. This 
section reviews a selection of findings and ideas 
about the functioning of System 2. A more 
detailed treatment is given in Kahneman and 
Frederick (2002) and Kahneman (2003b). 

Judgments and choices are normally intui- 
tive, skilled, unproblematic, and reasonably 
successful (Klein, 1998). The prevalence of 
framing effects, and other indications of super- 
ficial processing such as the bat-and-ball prob- 
lem, suggest that people mostly do not think 
very hard and that System 2 monitors judg- 
ments quite lightly. On some occasions, how- 
ever, the monitoring of System 2 will detect a 
potential error, and an effort will be made to 
correct it. The question for this section can be 
formulated in terms of accessibility: when do 
doubts about one's intuitive judgments come to 

mind? The answer, as usual in psychology, is a 
list of relevant factors. 

Research has established that the ability to 
avoid errors of intuitive judgment is impaired 
by time pressure (Finucane et al., 2000), by 
concurrent involvement in a different cognitive 
task (Gilbert, 1989, 1991, 2002), by performing 
the task in the evening for "morning people" 
and in the morning for "evening people" (Galen 
V. Bodenhausen, 1990), and, surprisingly, by 
being in a good mood (Alice M. Isen et al., 
1988; Herbert Bless et al., 1996). Conversely, 
the facility of System 2 is positively correlated 
with intelligence (Stanovich and West, 2002), 
with the trait that psychologists have labeled 
"need for cognition" (which is roughly whether 
people find thinking fun) (Eldar Shafir and 
Robyn A. LeBoeuf, 2002), and with exposure to 
statistical thinking (Richard E. Nisbett et al., 
1983; Franca Agnoli and David H. Krantz, 
1989; Agnoli, 1991). 

The question of the precise conditions under 
which errors of intuition are most likely to be 
prevented is of methodological interest to psy- 
chologists, because some controversies in the 
literature on cognitive illusions are resolved 
when this factor is considered (see Kahneman 
and Frederick, 2002; Kahneman, 2003b). One 
of these methodological issues is also of con- 
siderable substantive interest: this is the distinc- 
tion between separate evaluation and joint 
evaluation (Hsee, 1996). 

In the separate evaluation condition of List's 
study of dominance violations, for example, 
different groups of traders bid on two sets of 
baseball cards; in joint evaluation each trader 
evaluated both sets at the same time. The results 
were drastically different. Violations of mono- 
tonicity, which were very pronounced in the 
between-groups comparison, were eliminated in 
the joint evaluation condition. The participants 
in the latter condition evidently realized that one 
of the sets of goods included the other, and was 
therefore worth more. Once they had detected 
the dominance relation, the participants con- 
strained their bids to follow the rule. These 
decisions are mediated by System 2. Thus, there 
appear to be two distinct modes of choice: 
"choosing by liking" selects the most attractive 
option; "choosing by rule" conforms to an ex- 
plicit constraint. 

Prospect theory introduced the same distinc- 
tion between modes of choice (Kahneman and 
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Tversky, 1979). The normal process corre-
sponds to choice by liking: the decision maker 
evaluates each gamble in the choice set, then 
selects the gamble of highest value. In prospect 
theory, this mode of choice can lead to the 
selection of a dominated option5 However, the 
theory also introduced the possibility of choice 
by rule: if one option transparently dominates 
the other, the decision maker will select the 
dominant option without further evaluation. To 
test this model, Tversky and Kahneman (1986) 
constructed a pair of gambles that satisfied three 
criteria: (i) !gamble A dominated gamble B; (ii) 
the prospect-theory value of B was higher than 
the value of A; (iii) the gambles were complex, 
and the dominance relation only became appar- 
ent after grouping outcomes. As expected from 
other framing results, most participants in the 
experiment evaluated the gambles as originally 
formulated, failed to detect the relation between 
them, chose the option they liked most, and 
exhibited the predicted violation of dominance. 

The cold-pressor experiment that was de-
scribed earlier (Kahneman et al., 1993) is 
closely analogous to the study of nontransparent 
dominance that Tversky and Kahneman (1986) 
reported. A substantial majority of participants 
violated dominance in a direct and seemingly 
transparent choice between cold-pressor experi- 
ences. However, postexperimental debriefings 
indicated that the dominance was not in fact 
transparent. The participants in the experiment 
did not realize that the long episode included the 
short one, although they did notice that the 
episodes differed- in duration. Because they 
failed to detect that one option dominated the 
other, the majority of participants chose as peo- 
ple commonly do when they select an experi- 
ence to be repeated: they "chose by liking," 
selected the option that had the higher remem- 
bered utility, and thereby agreed to expose 
themselves to a period of unnecessary pain 
(Kahneman, 1994; Kahneman et al., 1997). 

The complex pattern of results in the studies 
of dominance in the joint-evaluation design 
suggests three general conclusions: (i) choices 
that are governed by rational rules do exist, but 
(ii) these choices are restricted to unusual cir- 
cumstances, and (iii) the activation of the rules 

Cumulative prospect theory (Tversky and Kahneman, 
1992) does not have this feature. 

depends on the factors of attention and accessi- 
bility. The fact that System 2 "knows" the dom- 
inance rule and "wants" to obey it only 
guarantees that the rule will be followed if a 
potential violation is explicitly detected. 

System 2 has the capability of correcting 
other errors, besides violations of dominance. In 
particular, the substitution of one attribute for 
another in judgment inevitably leads to errors 
in the weights assigned to different sources 
of information, and these could-at least in 
principle-be detected and corrected. For ex- 
ample, a participant in the Tom W. study (see 
Figure 8a) could have reasoned as follows: 
"Tom W. looks very much like a library science 
student, but there are very few of those. I should 
therefore adjust my impression of probability 
downward." Although this level of reasoning 
should not have been beyond the reach of the 
graduate students who answered the Tom W. 
question, the evidence shown in Figure 8 shows 
that few, if any, of these respondents had the 
idea of adjusting their predictions to allow for 
the different base rates of the alternative out- 
comes. The explanation of this result in terms of 
accessibility is straightforward: the experiment 
provided no explicit cues to the relevance of 
base rates. 

Base-rate information was not completely ig- 
nored in experiments that provided stronger 
cues, though the effects of this variable were 
consistently too small relative to the effect of 
the case-specific information (Jonathan St. B. T. 
Evans et al., 2002). The evidence of numerous 
studies supports the following conclusions: (i) 
the likelihood that the subject will detect a mis- 
weighting of some aspect of the information 
depends on the salience of cues to the relevance 
of that factor; (ii) if the misweighting is de- 
tected, there will be an effort to correct it; (iii) 
the correction is likely to be insufficient, and the 
final judgments are therefore likely to remain 
anchored on the initial intuitive impression 
(Gretchen B. Chapman and Johnson, 2002). 

Economists may be struck by the emphasis 
on salient cues and by the absence of financial 
incentives from the list of major factors that 
influence the quality of decisions and judg- 
ments. However, the claim that high stakes 
eliminate departures from rationality is not sup- 
ported by a careful review of the experimental 
evidence (Camerer and Robin M. Hogarth, 
1999). A growing literature of field research and 
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field experiments documents large and system- 
atic mistakes in some of the most consequential 
financial decisions that people make, including 
choices of investments (Brad M. Barber and 
Terrance Odean, 2000; Benartzi and Thaler, 
2001), and actions in the real estate market 
(David Genesove and Christopher J. Mayer, 
2001). The daily paper provides further evi- 
dence of poor decisions with large outcomes. 

The present analysis helps explain why the 
effects of incentives are neither large nor robust. 
High stakes surely increase the amount of at- 
tention and effort that people invest in their 
decisions. But attention and effort by them- 
selves do not purchase rationality or guarantee 
good decisions. In particular, cognitive effort 
expended in bolstering a decision already made 
will not improve its quality, and the evidence 
suggests that the share of time and effort de- 
voted to such bolstering may increase when the 
stakes are high (Jennifer S. Lerner and Philip E. 
Tetlock, 1999). Effort and concentration are 
likely to bring to mind a more complete set of 
considerations, but the expansion may yield an 
inferior decision unless the weighting of the 
secondary considerations is appropriately low. 
In some instances-including tasks that require 
predictions of one's future tastes-too much 
cognitive effort actually lowers the quality of 
performance (Wilson and Jonathan W. 
Schooler, 1991). Klein (2003, Ch. 4) has argued 
that there are other situations in which skilled 
decision makers do better when they trust their 
intuitions than when they engage in detailed 
analysis. 

VIII. Concluding Remarks 

The rational agent of economic theory would 
be described, in the language of the present 
treatment, as endowed with a single cognitive 
system that has the logical ability of a flawless 
System 2 and the low computing costs of Sys- 
tem 1. Theories in behavioral economics have 
generally retained the basic architecture of the 
rational model, adding assumptions about cog- 
nitive limitations designed to account for spe- 
cific anomalies. For example, the agent may be 
rational except for discounting hyperbolically, 
evaluating outcomes as changes, or a tendency 
to jump to conclusions. 

The model of the agent that has been pre- 
sented here has a different architecture, which 

may be more difficult to translate into the the- 
oretical language of economics. The core ideas 
of the present treatment are the two-system 
structure, the large role of System 1 and the 
extreme context-dependence that is implied by 
the concept of accessibility. The central charac- 
teristic of agents is not that they reason poorly 
but that they often act intuitively. And the be-
havior of these agents is not guided by what 
they are able to compute, but by what they 
happen to see at a given moment. 

These propositions suggest heuristic ques- 
tions that may guide attempts to predict or ex- 
plain behavior in a given setting: "What would 
an impulsive agent be tempted to do?"'What 
course of action seems most natural in this 
situation?" The answers to these questions will 
often identify the judgment or course of action 
to which most people will be attracted. For 
example, it is more natural to join a group of 
strangers running in a particular direction than 
to adopt a contrarian destination. However, the 
two-system view also suggests that other ques- 
tions should be raised: "Is the intuitively attrac- 
tive judgment or course of action in conflict 
with a rule that the agent would endorse?" If the 
answer to that question is positive, then "How 
likely is it in the situation at hand that the 
relevant rule will come to mind in time to over- 
ride intuition?" Of course, this mode of analysis 
also allows for differences between individuals, 
and between groups. What is natural and intui- 
tive in a given situation is not the same for 
everyone: different cultural experiences favor 
different intuitions about the meaning of situa- 
tions, and new behaviors become intuitive as 
skills are acquired. Even when these complex- 
ities are taken into account, the approach to the 
understanding and prediction of behavior that 
has been sketched here is simple and easy to 
apply, and likely to yield hypotheses that are 
generally plausible and often surprising. The 
origins of this approach are in an important 
intellectual tradition in psychology, which has 
emphasized "the power of the situation" (Lee 
Ross and Nisbett, 1991). 

The present treatment has developed several 
themes: that intuition and reasoning are alterna- 
tive ways to solve problems, that intuition re- 
sembles perception, that people sometimes 
answer a difficult question by answering an 
easier one instead, that the processing of infor- 
mation is often superficial, that categories are 
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represented by prototypes. All these features of 
the cognitive system were in our minds in some 
form when Amos Tversky and I began our joint 
work in 1969, and most of them were in Herbert 
Simon's mind much earlier. However, the role 
of emotion in judgment and decision making 
received less attention in that work than it had 
received before the beginning of the cognitive 
revolution in psychology in the 1950's. More 
recent developments have restored a central role 
to emotion, which is incorporated in the view of 
intuition that was presented here. Findings 
about the role of optimism in risk taking, the 
effects of emotion on decision weights, the role 
of fear in predictions of harm, and the role of 
liking and disliking in factual predictions-all 
indicate that the traditional separation between 
belief and preference in analyses of decision 
making is psychologically unrealistic. 

Incorporating a common sense psychology of 
the intuitive agent into economic models will 
present difficult challenges, especially for for- 
mal theorists. It is encouraging to note, how- 
ever, that the challenge of incorporating the first 
wave of psychological findings into economics 
appeared even more daunting 20 years ago, and 
that challenge has been met with considerable 
success. 
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JOURNAL OF FINANCIAL AND QUANTITATIVE ANALYSIS  
November 1975  

THEORY OF FINANCE FROM THE PERSPECTIVE OF CONTINUOUS TIME  

Robert C. Merton*  

It is not uncommon on occasions such as this to talk about the shortcomings in the  

theory of Finance, and to emphasize how little progress has been made in answering the  

basic questions in Finance, despite enormous research efforts. Indeed, it is not uncommon  

on such occasions to attack our basic "mythodology," particularly the "Ivory Tower" nature  

of our assumptions, as the major reasons for our lack of progress. Like a Sunday morning  

sermon, such talks serve many useful functions. For one, they serve to deflate our pro-  

fessional egos. For another, they serve to remind us that the importance of a contribu-  

tion as judged by our professional peers (the gold we really work for) is often not closely  

aligned with its operational importance in the outside world. Also, such talks serve to  

comfort those just entering the field, by letting them know that there is much left to do  

because so little has been done. While such talks are not uncommon, this is not what my  

talk is about. Rather, my discussion centers on the positive progress made in the develop-  

ment of a theory of Finance using the continuous-time mode of analysis.  

Hearing this in 1975, amidst an economic recession with a baffling new disease called  

"stagflation" and with our financial markets only beginning to recover from the worst  

turmoil in almost 40 years, some will say that I am embarked on a fool's errand. Perhaps.  

At any rate, on this errand, I shall discuss the continuous-time solutions to some of the  

basic problems of Finance: portfolio selection, capital market equilibrium, and the pric-  

ing of capital assets; the derived functions of financial intermediaries and instruments;  

and the pricing of corporate liabilities. Rather than dwelling on the technical aspects  

of obtaining these solutions, I will discuss the substantive results and why they seem to  

differ from those obtained in other modes of analysis. While my main interest is in the  

substantive results, some methodological discussion is necessary because the continuous-  

time mode is relatively new. However, I will attempt to keep this discussion to a minimum  

by emphasizing only those assumptions that differ from its discrete-time counterpart, and  

leave those assumptions common to both types of analysis as understood.  

The natural beginning point for the development of a theory of Finance is the problem  

of lifetime consumption and portfolio selection for the individual consumer or household  

under uncertainty. There is a long standing tradition in economic theory to take the exis-  

tence of households and their tastes as 'tgivens," as exogenous to the theory. But this  

tradition does not extend to economic organizations and institutions: that is, they are  

regarded as existing primarily because of the functions they serve instead of functioning  

primarily because they exist. Economic organizations and institutions, unlike households  

and their tastes, are endogenous to the theory. To derive the functions of these financial  

* 
Massachusetts Institute of Technology. Aid from the Natural Science Foundation is  

qra tef ull y acknowledged.  



organizations and institutions, therefore, we must first derive the behavior of individual  

households.  

The basic lifetime consumption-portfolio selection problem can be stated as follows:  

at each point in time, the consumer must make two types of decisions: (1) How much of  

his wealth to consume (the "consumption choice"); (2) How to allocate that part of his  

wealth that he does not consume, across alternative assets (the "portfolio choice"). It  

is assumed that he makes these decisions so as to maximize the expected value of his  

utility of lifetime consumption. This function is usually represented as a sum (or in  

the case of continuous-time, a time integral) of strictly concave von-Neumann-Morgenstern  

utility functions for consumption at each date plus possibly an end-of-life utility func-  

tion of wealth representing any bequest motives.  

So formulated, a set of stochastic processes for the state variables, typically the  

returns on assets, are posited, either as objective probability distributions for the  

future course of returns or as representations of the investor's subjective beliefs, and  

the problem is solved by stochastic dynamic programming. A complete solution contains 

the individual's demands for consumption and assets as a function of age, wealth, and the  

other relevant state variables. To this point, of course, the discussion is consistent  

with either a discrete-time or continuous-time formulation.  

While there are differing assumptions about the continuous-time formulation of the  

problem depending upon the stochastic processes posited, there are three assumptions com-  

mon to all such formulations: Namely,  

(1)  The capital markets are assumed to be open all the time, and therefore economic  

agents have the opportunity to trade continuously.  

(2) Prices of assets traded in speculative markets satisfy the "Efficient Markets Hypo-  

thesis" of Fama and samue1son.l Namely, assets are priced so that the stochastic  

processes describing the unanticipated parts of their returns (i.e.1 the actual returns  

minus their expected value) are a martingale. This assumption does not imply an in-  

dependent increments process although such a process satisfies this assumption.  

(3)  The stochastic processes generating the state variables can be described as either:  

[I] Diffusion processes with continuous sample paths.  Simply described,  
the state variables generated by these processes are changing all the  
time but the magnitude of such changes are small over a short time  
period.  

[2] Compound Poisson processes with step function type sample paths.  
Simply described, the state variables generated by these processes  
will, almost certainly, over a short enough time interval have no  
change, or with a very small probability, a radical change or  
"jump" will occur.  

[31 A mixture of both types. 

While all three types have been used in the Finance literaturet2 most of the best-known 

'see  Fama [51 and Samuelson [23].  

*see Merton [lo-171 ; Black and Scholes [I, 21 ; Cox and Ross [41; Merton and Samuelson 

[181.  



results from continuous-time analysis have come from restricting the state variable  

dynamics to being diffusion processes with continuous sample paths. Indeed, since vir-  

tually any reasonable stochastic process arising in an economics context can be adequately  

approximated by some mixture of these two types, I would expect any serious disagreement  

with the stochastic process assumption would be on the use of a special form of these  

processes, rather than with the processes themselves.  

The basic assumptions established, let us return to the consumption-portfolio prob-  

lem, leaving for later the discussion of the merits of the assumptions. In its simplest  

foAI3 the continuous-time version of the problem assumes that the only source of uncer-  

tainty facing the consumer is the rate of return on assets. It is further assumed that  

these returns are generated by diffusion processes with continuous sample paths and that  

returns are serially independent and identically distributed through time, i.e., that  

prices follow a geometric Brownian motion and hence,the prices are lognormally distributed.  

Also, it is assumed that there is a single consumption good.  

In solving this problem, as in more general forms of the continuous time analysis,  

the first-order conditions for optimal demands for assets are linear, and hence the demand  

functions can be solved for explicitly by matrix inversion. Moreover, in this problem,  

the relative demands for risky assets, i.e., the demand for, say, risky asset i divided  

by the demand for risky asset j, is independent of the investor's preferences of wealth  

level, and indeed, depend only on the instantaneous means, variances, and covariances of  

the returns. From this, it is a short step to prove a mutual fund or separation theorem:  

namely, that all investors agreeing on the distribution of returns will be indifferent  

between choosing their portfolios from among the basic securities or from just two mutual  

funds. Further, the separation is complete because the compositions of two funds can be  

determined solely from the "technological" data about returns without knowledge of inves-  

tors' preferences, wealth levels, or time horizons. Moreover, if one of the assets is  

riskless, then one fund can be that asset and the other need only have risky assets, and  

in this case, the risky fund is called the "optimal combination of risky assets." Al- 

though these results are identical in structure to the classic Markowitz-Tobin mean-  

variance findings, their derivation here comes from a quite different set of assumptions.  

The classic mean-variance results are deduced in a static framework by hypothesizing  

that mean and variance are sufficient statistics for making decisions. Indeed, when it  

was shown that the only conditions under which this hypothesis is consistent with expected  

utility maximization are if returns are normally distributed or if utility functions are  

quadratic, economists (with the exception of those in Finance) lost interest in this ap-  

proach (except for example purposes) and returned to the more general framework of expected  

utility maximization.  

In contrast, the continuous-time results come from an intertemporal model, are con-  

sistent with any concave utility function, and assume a return structure consistent with  

limited liability: namely, the lognormal distribution which has for a long time been a  
4

prototype distribution for security returns.  

3 ~ e eMerton [I01 and [ll, section 51.  

* ~ tshould be emphasized that the lognormality assumption applies only in the simple  
form of the continuous time formulation, and is not essential to the basic simplifications  
gained from this mode of analysis.  



The natural question to ask is: "Why does it work here, when it didn't in discrete  

time?" What rabbits went into the hat? Indeed, one should be suspicious about any re-  

sults that obtain in a continuous-time formulation but not in its discrete counterpart.  

There are two "rabbits": one, the assumption that investors can revise their portfolios  

frequently, and two, that prices can only change by small amounts in short periods of  

time. Moreover, the continuous-time result is consistent with the discrete-time solution  

when the appropriate comparison is made.  

To see this, I make a short digression: There are three time intervals or horizons 

involved in the consumption-portfolio problem. (1) The trading horizon, is the minimum 

length of time between which successive transactions by economic agents can be made in 

the market. This is determined by the structure of the markets in the economy. For ex- 

ample, how frequently the market is open, and this time scale is not determined by the 

individual investor. (2) The decision horizon, is the length of time between which the 

investor makes successive decisions. So, for example, an investor with a fixed decision 

interval of one month, who makes a consumption decision and portfolio allocation today 

will under no conditions make any new decisions or take any action prior to one month 

from now. ( 3 )  The planning horizon, is the maximum length of time for which the investor 

gives any weight in his utility function. Typically, this time period would correspond 

to the balance of the consumer's lifetime. Actually, there is a fourth time interval, 

not directly related to the problem's solution but related to empirical testing of the 

derived behavior. I call this the observation horizon. It is the length of time between 

successive observations of the data by the tester, and is typically, either daily, weekly, 

monthly, quarterly, or annually. It is useful to keep these three or four different time 

intervals in mind when evaluating the relative merits of alternative formulations for the 

same problem. Indeed, the choice of time intervals has a significant impact on the de- 

rived behavior: a fact too often neglected in many analyses. 

The one-period or static approach to portfolio selection implicitly assumes that the  

decision and planning horizons are the same: "one-period." Moreover, when such models  

are aggregated to determine market equilibrium relationships, it is further implicitly  

assumed that these intervals are the same for all investors, and therefore, correspond  

to the trading interval. Further, when such models are tested, the tester usually as-  

sumes that these three intervals are in turn equal to the observation interval from which  

he has chosen his data.  

In the typical multiperiod, discrete-time analysis, the trading and decision inter-  

vals are assumed equal and the same for all participants. However, the actual time length  

of these intervals is left unspecified. Hence, while usually not recognized explicitly,  

every such solution derived has as an implicit argument the length of the time interval,  

denoted here by "h." Clearly, if one were to vary the "h" in such solutions, the derived  

behavior of the investors would change, as indeed would any deduced equilibrium relation-  

ship. Moreover, for any derived behavior to be true for an arbitrary discrete-time model  

(i.e., one where "h" is not specified), it would have to be invariant to "h." Think about  

what this means: such a result would have to obtain whether investors had the opportunity  

to revise their portfolios every day or were "frozen" into their investments for ten  

years. In this light, it is not surprising that there are few results from these arbitrary  



discrete-time models, and those that do obtain are for the most part a qualitative na-  

ture such as: "risk-averse investors diversify."  

By contrast, the continuous-time model is very explicit about the value of "h": 

namely, h = 0. Of course, this is only a theoretical abstraction since actual continuous 

trading is not possible. However, with a few technical exceptions the continuous-time 

solution is the valid continuous limit of the discrete-time solution as the trading in- 

terval h tends to zero. I.e., given a delta, I can always find an "h" small enough so 

that the difference between the continuous-time solution and its discrete counterpart 

for that h is less than delta, using a reasonable metric for measuring "difference." 

Thus, the continuous-time solution is a valid approximation to the discrete-time solu- 

tion, and its accuracy is a function of the actual structure of returns and the length 

of the "true" discrete time interval. And it is in this sense that the continuous-time 

and discrete-time results are consistent. 

While I thought this correspondence was clear from the derivations in my papers, it  

has periodically been rediscovered. Indeed, six years after my first paper appeared in  

print, a new twist in its rediscovery has been to use it to argue for the superiority of  

discrete-time analysis over the continuous analysis because discrete-time includes con-  
5 

tinuous time as a limiting case.  

While I am on the subject of such comparisons, the major substantive results ob-  

tained in discrete-time analysis have required the assumption of a specific utility func-  

tion or family of functions (for example, the HARA family). Quite aside from the issue  

of whether assuming a specific family of utility functions is superior to assuming a  

specific family of stochastic processes, the limited results of sharing rules and separa-  

tion theorems in the discrete case not only require investors to have the same utility  

functions but they also must have the same decision interval (what I have called "h").  

Indeed, for such results to be empirically testable, the tester will have to settle on  

what that interval is. In this sense, the discrete analysis is operationally no more  

general than the continuous analysis. Moreover, having looked at the data on stock and  

bond returns, if that interval is less than a month, then the discrete and continuous  

solutions will be virtually the same.  

A more serious criticism of the realism of the continuous-model is that with trans- 

actions costs investors cannot trade continuously. This is certainly true. Indeed, one 

reason often given for finite trading-intervals is to give implicit, if not explicit, 

recognition to these costs. I have argued that this is unsatisfactory because the 

length of time between trades in the presence of such costs will almost certainly be 

"action-oriented" and therefore stochastic in nature, and the proper way to handle this 

problem is to start with the continuous-time model and deduce the optimal intervals. In 

a recent paper, Magill and Constantinides [ 9 ]  have deduced such solutions, and the op- 

timal trading intervals are discrete and stochastic. Indeed, the investor could end up 

trading more than once in a day or not for many months, depending on the ex-post time 

path followed by prices. The derived behavior for investors is to trade when the gain 

from better diversification offsets the cost of transactinq. Their analysis also casts 

light on an issue raised earlier: namely, there are some cases where the limit of the 

discrete-time solution is not the continuous solution. For example, if an investor has 

5 ~ e e  Rubinstein [22, p. 51.  



an isoelastic utility function and if security returns are lognormally distributed,  

then in a standard discrete-time analysis, such an investor will never choose to borrow  

or short However, in a continuous-time analysis, the same investor may well  

choose to borrow or short sell. Which is the more "reasonable" description? The Magill-  

Constantinides analyses demonstrate that even though the trading intervals are discrete  

with probability one, investors with utility functions in the HARA family may well  

choose to borrow or short sell. The reason for the difference in derived behavior be-  

tween the standard discrete-time and the stochastic discrete-time analyses is clear.  

In the former, the investor is "frozen" into holding his portfolio until the end of the  

period, and hence by shortselling, or borrowing, risks ruin. In the latter, the investor  

can revise his portfolio at any time (although he incurs a cost to do so) and hence he  

will readjust his portfolio, when necessary, to avoid ruin. I submit that the latter be-  

havior is a better description of how investors behave, and it illustrates why using dis-  

crete-time analysis as an implicit method of recognizing transactions costs is a poor  

substitute for its explicit recognition in a continuous-time framework.  

In summary, the continuous-time solution is consistent with its discrete-time  

counterpart when the trading interval is "small," and to my mind, the assumptions re- 

quired are descriptive of capital markets as they actually function. Moreover, the  

continuous-time analysis has all the virtues of simplicity and empirical tractability  

found in the classic mean-variance analysis but without its objectionable assumptions.  

~eturning to the substantive findings of the basic consumption-portfolio selec-  

tion problem, once the separation or mutual fund theorem is proven, it is straight-  

forward to derive a continuous-time version of the Capital Asset Pricing Model. Indeed,  

in any model where all investors hold risky assets in the same relative proportions,  

it follows immediately that this "optimal combination of risky assetso' must be the mar-  

ket portfolio for equilibrium to obtain. For if all investors want to hold risky assets  

in the same relative proportions, then there is only one way in which this is possible:  

namely, these relative proportions must he identical to those in the market portfolio.  

It therefore follows that among all possible investment strategies, the only one that  

all investors could follow is the one that says hold all assets in proportion to their  

market value.  

Let me remark, somewhat parenthetically, that if among the soothsayers and strate-  

gists of Wall Street, there were one best investment strategy, and if this "best" strate-  

gy became widely known, then whatever the original statement of the strategy, it must  

lead to simply this imperative: hold all assets in proportion to their market value.  

For suppose such a strategy required that the investor hold equal amounts of Ford and  

General Motors. How could all investors following this best strategy do so, unless the  

total value of each were the same?  

Having established that the optimal combination of risky assets is the market port-  

folio, the Security Market Line relationship follows directly. However, in the continuous-  

6~hereason is that the lognormal distribution has the full range of nonnegative  
outcomes and the expected value of the marginal utility of an isoelastic utility func-  
tion is infinite if there is a positive probability of zero wealth, and undefined for  
negative wealth.  



time model, it will only hold for short observation intervals, while in the original  

static version, the observation interval is never specified.  

This simple version of the continuous-time model has been attacked on the grounds  

that it is not consistent with intertemporal eq~ilibrium:~  namely, it is claimed that  

if all risky assets are held in the same proportions throughout time, then the only way  

this is possible is if the ex-post returns on all assets are the same. Of course, this  

is nonsense. For this criticism to follow, one must make some rather absurd assumptions  

about the supplies of assets. Namely, it must be assumed that firms cannot raise addi-  

tional investment capital except through internally-generated profits and that firms  

must reinvest all such profits in their own technology. In other words, a firm cannot  

distribute profits through dividends or share repurchase and it cannot invest in the  

technologies of other firms. So, for example, in the early part of this century, buggy  

whip manufacturers would have had to reinvest all their profits in further production of  

buggy whips, while automobile manufacturers could not have raised new capital to produce  

automobiles. Given that a purported major function of the capital markets is the effi-  

cient allocation of resources to the most productive investments, it is not surprisinq  

that strange results would follow from such a set of restrictions.  

I would point out the positive results that the posited structure of returns in this  

simple version of the continuous-time model is consistent with intertemporal equilibrium  

for a simple wheat economy where the different risky assets 'correspond to alternative  

(uncertain) harvest technologies which remain the same through time. Indeed, in this  

economy, equilibrium is achieved through time by a pure quantity adjustment in the amount  

of wheat allocated to each technology.  

I would also point out that the behavior implied by this model is consistent with  

a changing investment opportunity set if such changes are purely random. That is, even  

if the expected returns and covariances among those returns do change over time, the  

behavior at each point in time will be as if they are fixed at the current levels pro-  

vided that such changes are completely random. The proof follows along lines used by  

Fama in his 1970 AER article [6].  

In a closely related interpretation, the simple version of the model is also con-  

sistent with an investor who does not know the period-by-period, transitory expected  

return and covariance structure, but who does know the long-run or steady-state equili-  

brium structure of returns. For example, an investor may not know the ex-ante expected  

return on the market for the next six months, but he may know that historically, the  

risk premium on the market has averaged 7 percent. If he believes that this structure  

is constant (at least in real terms), then his optimal behavior will be generated by  

using this model. Of course, he will still have reason to adjust his portfolio over  

time to achieve the appropriate pattern of consumption, to maintain diversification,  

and to maintain the optimal risk-return mix.  

This simple version of the continuous-time model forms a point of connection be-  

tween the models based on the maximization of single-period expected utility of terminal  

wealth and the more general, multiperiod consumption-portfolio models, and therefore is  

7See Rosenberg and Ohlson [21].  



important. However, I view it more as a beginning rather than a final model.  

In a recent paper,8 I extended this basic continuous-time model by allowing for  

multiple sources of uncertainty in addition to end-of-period return uncertainty. While  

the concrete examples in that paper focus on the impact of a changing investment oppor-  

tunity set (i.e., the case where the per period expected returns and covariance structure  

are changing stochastically over time), I also indicated in a general derivation that  

similar results would obtain for other sources of uncertainty, for example, multiple con-  

sumption goods with uncertain relative prices or when the investor has uncertain wage  

income. The changing opportunity set is a particularly important type of uncertainty  

because it only affects intertemporal investors and therefore, its impact would never  

show itself in a one-period analysis. For example, an investor with a one-period plan-  

ning horizon facing a specified one-period rate of return structure which includes an  

interest rate of 8 percent will not change his optimal portfolio if informed that next  

period's return structure might have an interest rate of either 5 percent or 11 percent,  

instead of the same 8 percent as this period. However, a multiperiod maximizer facing  

the same specified one-period rate of return structure will change his current portfolio  

holdings upon being informed of the changed beliefs about future investment rates. And  

this is so, even though both investors are making an investment decision for one period  

at a time.  

In analyzing this model, it was found that, in contrast to the basic continuous-time  

model, all investors will not hold the same relative proportions of risky assets, and  

therefore the standard separation or mutual fund theorem of Markowitz and Tobin will not  

obtain. However, the first-order conditions are still linear in the demand functions  

for risky assets, and can, therefore, be solved by matrix inversion. Inspection of these  

demand functions reveals a rather interesting structure. Namely, the demand for each  

asset can be written as a sum of terms: the first term is identical to the demand derived  

in the basic model where the only source of uncertainty is end-of-period returns. Each  

other term can be identified with a specific additional source of uncertainty. Moreover,  

differential demand terms have the interpretation of being "hedges" by the investor  

against these other sources of uncertainty. To'see why "hedge" is an appropriate termi-  

nology: consider the following.  

The actual path of optimal consumption will be a stochastic process because optimal  

consumption is a function of wealth and the other state variables (e.g., interest rates,  

prices, and time) which themselves follow stochastic processes. This consumption stochas-  

tic process will have an expected time path and a variance around that path. In essence,  

the derived differential demands for the risky assets are such as to minimize the variance  

of consumption for a given expected time path. So, for example, if an unanticipated  

decline in interest rates produces an unanticipated decline in consumption for a given  

level of wealth, then the investor will tend to hold more of those securities that will  

produce higher realized returns in the event interest rates do decline. So, in this case,  

he may hold long maturity bonds. For by doing so, if an unanticipated decline in inter-  

est rates does occur, then he will also find himself with an unanticipated higher wealth  

which will tend to offset the'negative impact of the interest rate decline on consumption.  
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Indeed, this general pattern repeats itself for each additional source of uncer-  

tainty for which securities can be used to hedqe. Moreover, the two-mutual fund or  

separation theorem of the basic model generalizes to a multifund theorem where in addi-  

tion to the two funds, there is a fund for each additional source of uncertainty. Of  

course, the term "mutual fund" is used broadly since simple financial instruments like  

bonds may serve the function of some of the funds.  

Thus, in this more general modeL securities have, in addition to their manifest  

function of providing an "efficient" risk-return tradeoff for end-of-period wealth, a  

latent function of allowing consumers to "hedge" against other uncertainties.  

These findings suggest what I call a "Consumer Services" model of asset pricing  

which falls somewhere in between a model that considers only the uncertainty associated  

with end-of-period wealth (for example, the Capital Asset Pricing Model) and the complete  

markets model of Arrow and Debreu. The model is rich enough to explain the functions of  

financial intermediaries and financial instruments while maintaining sufficient specifi-  

cation to be empirically testable. The basic ideas behind the model go as follows below.  

If we start with the Arrow-Debreu model with complete markets where there are more  

securities than states of nature n, then Cass and Stiglitz [3] have proven a "mutual  

fund" or "separation" theorem which states that there can be constructed n mutual funds  

or (composite) securities made up of linear combinations of all the securities such that  

(1) all consumer-investors would be indifferent between having available just these n  

mutual funds or all the securities; (2) the construction of these composite securities  

requires no knowledge of consumer preferences, wealth allocations, or their subjective  

probabilities for each of the states of nature.  

While the theorem states "indifferent" when there are no transactions costs and  

information is freely available to everyone, it is reasonable to presume strict prefer-  

ence for the mutual funds if the number of securities greatly exceeds the number of  

states. Economies of scale in transactions costs and information gatherinq and process-  

ing make it more sensible to have a centralized compilation of the distributions for  

each of the primary securities rather than have each investor do it for himself. For  

the same reason, it would make sense for each mutual fund to have the property of paying  

a positive amount in one state of nature and zero otherwise (i.e., a set of basic con-  

tingent claims) rather than some other more complicated combination which in theory  

would be equivalent.  

Since the number of possible states of nature, n, is very large, such a complete  

set of markets is economically infeasible. There are three basic reasons: (1) there are  

the direct costs of operation of so many separate mutual funds; (2) that despite the re-  

duction in the number of securities to be analyzed, the large size of n would make the  

consumer's information processing costs very larqe; (3) the occurrence of certain states  

may be controllable by some consumers (i.e., the moral hazard problem). Hence, some  

"compromise" is obviously required. TO do so, we retain the notion that the mutual fund  

approach is preferred when there are large numbers of securities and large numbers of  

relatively small economic units (e.g., consumers), but we restrict the number of funds.  

Consumers have access to limited amounts of information and have limited abilities to  

process the information that they have. Further, because of the costs of information  

his section was originally presented as a part of "A Reexamination of the Capital  
Asset Pricing Model;' (mimeo) July 1973.  



gathering and processing, one would expect the consumer to center his attentions on the  

major sources of uncertainty which affect his consumption plan. Hence, it is reasonable  

to assume that these sources of uncertainty can be represented by a finite and not very  

large number of state variables. Further, one would expect the number and type of mutual  

funds that would be created would correspond roughly to the number and type of major un-  

certainties which consumers face. The primary prerequisites for such a fund to be  

created are: (1) the source of uncertainty must be important to a sufficient number of  

consumers; (2) it must be possible to have a standardized contract with payoffs in con-  

tingencies which are easily recognizable; (3) the source of uncertainty must not be con-  

trollable by the consumer(s). Thus, for some of the major uncertainties, it is virtually  

impossible to construct a financial security which would allow the consumer to hedge  

against them. Broadly, we would expect to find two types of securities traded: (1) "nat-  

ural" or primary securities, such as common stocks, which are issued by firms to finance  

production of real output; (2) financial securities or financial intermediaries created  

to serve the purposes of the "mutual funds" to be derived [namely, to aid the consumer  

in achieving a higher (expected) consumption level (through a return to capital), a  

better intertemporal allocation of resources (by not requiring that savings equals in-  

vestment at each point in time), a lower level of risk (by providing hedges against the  

major (common) sources of uncertainty faced by the consumer)].  

The individual consumer's demand for assets can be partitioned as follows: for  

those important sources of uncertainty which he faces in common with other consumers, he  

will take positions in the mutual funds or financial securities created for that purpose.  

For those important sources of uncertainty for which no mutual fund exists (either be-  

cause it is specialized to him or there is inherent moral hazard), he will take positions  

in those primary securities, if they exist, to hedge. For those sources of uncertainty  

for which no security is a hedge and for those sources which he simply neglects in his  

analysis, no security position can help so his (differential) demand for securities will  

be unaffected.  

As an example, if the consumers are one-period maximizers of the utility of mean  

and variance of end-of-period wealth, then the well-known separation or two-fund theorem  

obtains. Namely, each investor will be indifferent between selecting a portfolio from  

all the primary securities and from two funds: (1) the market portfolio of risky assets  

and (2) a riskless asset. Presumably, such funds or financial instruments would be  

created since there is an obvious common demand. However, consider an investor who also  

has (uncertain) labor income which he cannot sell forward to eliminate its risk because  

of the moral hazard problem. Suppose further that it is a very highly-specialized form  

of labor which can only be used by one company (or a small number of similar companies).  

Then, from risk-aversion, it would be natural to suppose that this investor would want  

to hold less of this company's stock to hedge aqainst unfavorable changes in his labor  

income. If, on the other hand, there were no security whose outcome was correlated with  

this particular source of uncertainty, he can do nothing to hedge, and his optimal port-  

folio would be generated by the two mutual funds alone.  

Thus, to a reasonable approximation, most of the aggregate demand for the individual  

primary securities can be viewed as coming in an "indirect" way through mutual funds,  



i.e., individual consumers for the most part only purchase a relatively small number of  

composite financial securities or mutual funds. Mutual fund managers serve the function  

of purchasing the primary securities to form the portfolio necessary to perform these  

services. Therefore, the aggregate demand for a primary security will depend on how its  

return contributes to the formation of these "service" portfolios.  

Since the equilibrium expected return on an asset is "determined" in part by the  

aggregate demand for it, one would expect to find a correspondence between its expected  

return and the statistical dependence between the asset's return and the various major  

sources of uncertainty. All risk-averse consumers would prefer to have less uncertainty  

for the same expected consumption stream, and therefore would "give up" some (expected)  

return on an asset in return for that asset providing a hedqe against some of these un-  

certainties. Hence, to the extent that any asset's return contributes to (or aggravates)  

the consumers' attempts to hedge against these uncertainties, one would expect the  

equilibrium return on that asset to be affected. If, on average, a particular asset's  

return contributes to consumers' attempts to hedge against a common source of uncertainty,  

then one would expect the equilibrium expected return on that asset to be differentially  

lower than on a similar asset which does not provide that "service." This negative dif-  

ferential in expected return can be interpreted as the market "cost" to the consumer  

for the hedging service provided by this asset. If, on average, an asset's return  

aggravates consumers' attempts to hedqe, than its equilibrium expected return would be  

differentially higher, and this positive differential in expected return can be inter-  

preted as the market "premium" to the consumer in return for bearing the extra risk  

caused by holding this asset. A simple illustration of this principle can be found in  

the CAPM. Since the only source of uncertainty is end-of-period wealth and all investors  

are assumed to be risk-averse, a given investor would view an asset as providing a  

("diversification") service if it lowers the variance of his end-of-period wealth and  

hence, would accept a lower expected return on this asset than on one which did not pro-  

vide this service. However, since all investors' optimal portfolios are perfectly cor-  

related, an asset which aids diversification for one investor does so for all investors,  

and therefore, all investors would accept a lower expected return on this asset. In- 

spection of the Security Market Line, indeed shows this is the case.  

However, with respect to most sources of uncertainty, such unanimity among investors'  

views of whether an asset contributes to risk or not will be the exception. Thus, one  

group of consumers may consider a long position in an asset as contributing to a reduc-  

tion of the risks it perceives, while another group may view a short position as contri-  

buting to a reduction in its risks. Thus, whether the equilibrium expected return on the  

asset reflects a differential cost or premium will depend on the aggregation of investors'  

demands, and unless there is a systematic "weak side" to the market, the sign of the dif-  

ferential may fluctuate through time. One example of this type is the Modigliani-Sutch  

[I91 Habitat theory of bond pricing. If a consumer has preferences which induce risk-  

aversion with respect to wealth, then he will view long-term bonds as risky and would  

require a market premium over short-term bonds to hold them. However, if a consumer  

has preferences which induce risk-aversion with respect to income, then short-term bonds  

are risky to him, and he would require a market premium over long-term bonds to hold them.  



Thus, with respect to the uncertainty about future interest rates, the differential ex- 

pected return between long- and short-term bonds could be of either sign.  

To determine the types of securities one would expect to find and the sources of  

differentials in expected returns, it is necessary to establish what the important un- 

certainties are for a typical consumer in making his plan. Although not a complete list-  

ing,the following seven items would seem to cover most of the important common sources  

of uncertainty for a consumer:  

(S.1) Uncertainty about his own future tastes;  

(S.2) Uncertainty about the menu of possible consumption goods that will be  

available to the future; 

(5.3) Uncertainty about relative prices of consumption goods; 

(S.4) Uncertainty about his labor income; 

(S.5) Uncertainty about future values of nonhuman assets; 

(S.6) Uncertainty about the future investment opportunity set; i.e., the 

future rates of return which can be earned on capital; 

(5.7) Uncertainty about the age of death. 

While all of these have been considered in one model or another, it is important to note  

that those models based on the criterion of maximizing the expected utility of end-of-  

period wealth explicitly take into account only the uncertainty associated with nonhuman  

wealth. Included in this class of models is the CAPM.  

Even though all these uncertainties are important to the consumer, not all will  

differentially affect security prices'or returns. It is difficult to imagine a financial  

security which could reduce the uncertainties associated with one's own future tastes or  

the menu of possible consumption goods in the future. While uncertainty about the age  

of death is an important problem for all consumers and life insurance was created in  

response to this demand, the event of death is probably reasonably statistically indepen-  

dent across people, and it is unlikely that the returns on securities (other than life  

insurance policies) would be statistically dependent on the event of an individual's  

death. Hence, one would not expect this source of uncertainty to have differential ef-  

fects on security prices. The risks associated with labor income can be completely  

eliminated if the consumer could sell forward his wage income in the same way shares are  

issued on nonhuman capital. But, because of the moral hazard problem, it is difficult  

for the consumer to do so. While some of the individual risk can be eliminated by dis-  

ability and life insurance and by "investing" in education to make his labor more sub-  

stitutable across finns, there still will be systemath risk due to (unanticipated)  

shifts in capital and labor's relative shares (i.e., the wage-rental ratio). This un-  

certainty could produce a differential demand for shares in labor-intensive versus capital-  

intensive industries. Similarly, inflation risk may cause differentials in demand between  

different maturity "money" securities. Although information costs and the uncertainties  

about tastes and future products prohibit complete future markets for consumption goods,  

it is reasonable to expect consumers to differentiate broad classes of consumption (e.g.,  

housing, food, transportation, clothing, and recreation) and hence, differentials in  

demand for shares in different industries could occur as the result of uncertainty about  

relative consumption good prices. The standard end-of-period wealth uncertainty will  



induce differential demands for those securities which aid diversification. Finally,  

if there is uncertainty about the rates of return which will be available in the future,  

differential demands may occur between long- and short-term bonds and between shares of  

firms whose returns are sensitive to shifts in capitalization rates versus ones that  

are not.  

If these are the sources of uncertainty common to most investors, then we can  

identify a set of mutual funds which would be (approximately) sufficient to span the  

space of consumers' optimal portfolios. Specifically, we might identify these funds to  

be: (1) the "market" portfolio; (2) a (short-term) riskless asset; hedging portfolios  

for unanticipated; (3) shifts in rates of return; (4)shifts in the wage-rental ratio;  

(5) changes in prices for basic groups of consumption goods. Further, consumer demands  

for individual securities can be written as if they came indirectly through the demands  

for these mutual funds. Hence, the equilibrium expected return on a security will be a  

function of the expected return on each of these funds and the statistical dependence  

between the security's return and the return on each of these funds.  

Indeed, this model is testable in its continuous-time formulation because, in  

equilibrium, the expected excess return on an individual security will be equal to a  

weighted sum of the excess returns on the mutual funds where the weights will equal the  

instantaneous multiple regression coefficients between the return on the individual  

security and the returns on the funds. This result is a natural generalization of the  

standard Security Market Line to a Security Market Hyperplane:  

For my last topic, I turn to the theory for pricing financial instruments and in  

particular the pricing of corporate liabilities. It is here where the continuous-time  

analysis has had its greatest impact. In what may be one of the most important contri-  
10  

butions to Finance in this decade, Fischer Black and Myron Scholes used the continuous-  

time analysis to deduce a formula for common stock options. In essence, they were able  

to demonstrate that by following a specified dynamic portfolio policy consisting of mix-  

tures of positions in the underlying common stock and riskless borrowing or lending,  

they could exactly replicate the payoff structure associated with a call option.  

Given this demonstration, it is immediately obvious that this portfolio strategy  

is a perfect substitute for the option, and indeed, any two of the three securities in-  

volved can be combined in an appropriate portfolio strategy to exactly replicate the  

payoff structure of the third. Hence, given the prices of any two of the securities  

(for example, the stock and riskless bond), the third security's price (in this case the  

option) is uniquely determined, i.e., their analysis is clearly a relative pricinq theory.  

Having solved the call option case, it is straightforward to see that the same tech-  

nique can be used to price other types of options, and from there, it is not a long step  

to recognize that their approach is equally valid when applied to the firm as a whole to  

price its entire capital structure. As a result, their analysis has led to a unified  

10  
See Black and Scholes [I]. For further discussion, see Merton [121.  



theory for pricing of virtually any financial claim on the firm.''  

I view the Black-Scholes contribution in three parts. The first and most important 

part is the initial insight in setting up the problem. The second part is the develop- 

ment of a quantitative formula based for the most part on observable br reasonably esti- 

mated variables. In particular, rather surprisingly, consumer preferences and the expec- 

ted return on the underlying stock do not enter the formula. Moreover, one need not 

even assume that the market is in equilibrium. Of course, a quantitative formula is im- 

portant because it allows for empirical testing and for its direct use in applications. 

This is one of those rare cases where a piece of analysis conceived entirely in theory 

has had an immediate and important impact on actual operations. Indeed, the Black-Scholes 

formula is widely used by most firms trading in the option market. The third part is 

that the Black-Scholes analysis has led to some important qualitative propositions. For 

example, it is widely held that the Modigliani-Miller irrelevance-of-financing theorem 

does not hold when there is a positive probability of bankruptcy because in such cases, 

personal borrowing and corporate borrowing are no longer perfect substitutes for one 

another. The Black-Scholes type analysis can be used to demonstrate that this conclusion 

is false. Namely, while no f i x e d  portfolio strategy can replicate the nonlinear payoff 

structure of such corporate debt, a continuous-time, dynamic portfolio strategy can. 

Also, some earlier studiesL2 attempted to use warrant price and stock price compari-  

sons to estimate investor's expectations for the stock or investor's risk preferences.  

But since the Black-Scholes formula requires neither as inputs for pricing warrants, it  

clearly demonstrates that such attempts are doomed to failure.  

Since the pricing formula does not depend upon knowledge of the expected return on  

the stock, both Bulls and Bears who agree on the other inputs, will agree on the price  

of the option relative to the stock, or the prices of the individual elements of the  

capital structure relative to the total value of the firm. This demonstrates that the  

investor's decision as to what investment action to take in regard to a specific firm  

can be separated into two parts. First, in an evaluation of the firm as a whole, is it  

a good or bad investment? Second, given this decision, what financial claim on the firm  

is the best vehicle for either being long or short in the firm? Since the Black-Scholes  

formula requires an estimate of the variance on the stock, it has created a demand for  

further research into estimation techniques for variances.  

While much of the research in this area is still in progress,13 I believe that before  

long we will have answers to many of the long outstanding questions about corporate fi-  

nancing policy including a rationale for debt targets and debt capacity, and a quantita-  

tive analysis of the optimal debt structure when interest payments are deductible.  

Moreover, most of the assumptions required in the original Black-Scholes derivation  

have been substantially weakened in more recent research with no significant changes in  

their more important conclusions.  

While time does not permit me to cover all the continuous-time research going on in  

''see Merton [12, 151 and Ingersoll [a].  

12See Sprenkle [861.  

1 3 ~ nexcellent survey can be found in Smith [25].  



Finance, I will simply mention the Solnik [271 analysis in international capital markets,  

the Richard [201 analysis of the demand for insurance, the Fischer [71 analysis of index-  

linked bonds, and Scheffman [24] analysis of the optimal investment decision by firms.  

In summary, the continuous-time mode of analysis has proved fruitful in analyzing  

some of the basic problems in Finance. The costs associated with getting these results  

are the twin assumptions that markets are open most of the time and that the stochastic  

processes can be described by either diffusion or compound Poisson processes. The bene-  

fits are generally sharper results that are easier to interpret than in the discrete-  

time case, and an enormous literature on these stochastic processes which allows one to  

analyze rather complex models and still get quantitative results.  
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The Capital Asset Pricing Model 

Andr6 F. Perold 

fundamental question in finance is how the risk of an investment should 

affect its expected return. The Capital Asset Pricing Model (CAPM) 

provided the first coherent framework for answering this question. The 

CAPM was developed in the early 1960s by William Sharpe (1964),Jack Treynor 

(1962),John Lintner (1965a, b) and Jan Mossin (1966). 

The CAPM is based on the idea that not all risks should affect asset prices. In 

particular, a risk that can be diversified away when held along with other invest-

ments in a portfolio is, in a very real way, not a risk at all. The CAPM gives us 

insights about what kind of risk is related to return. This paper lays out the key ideas 

of the Capital Asset Pricing Model, places its development in a historical context, 

and discusses its applications and enduring importance to the field of finance. 

Historical Background 

In retrospect, it is striking how little we understood about risk as late as the 

1960s-whether in terms of theory or empirical evidence. After all, stock and 

option markets had been in existence at least since 1602 when shares of the East 

India Company began trading in Amsterdam (de la Vega, 1688); and organized 

insurance markets had become well developed by the 1700s (Bernstein, 1996). By 

1960, insurance businesses had for centuries been relying on diversification to 

spread risk. But despite the long history of actual risk-bearing and risk-sharing in 

organized financial markets, the Capital Asset Pricing Model was developed at a 

time when the theoretical foundations of decision making under uncertainty were 

relatively new and when basic empirical facts about risk and return in the capital 

markets were not yet known. 

Andre' F. Perold is the George Gund Professor of Finance and Banking, Harvard Business 

School, Boston, Massachusetts. His e-mail address is (aperoldQhbs.edu). 
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Rigorous theories of investor risk preferences and decision-making under 

uncertainty emerged only in the 1940s and 1950s, especially in the work of von 

Neumann and Morgenstern (1944) and Savage (1954). Portfolio theory, showing 

how investors can create portfolios of individual investments to optimally trade off 

risk versus return, was not developed until the early 1950s by Harry Markowitz 

(1952, 1959) and Roy (1952). 

Equally noteworthy, the empirical measurement of risk and return was in its 

infancy until the 1960s, when sufficient computing power became available so that 

researchers were able to collect, store and process market data for the purposes of 

scientific investigation. The first careful study of returns on stocks listed on the New 

York Stock Exchange was that of Fisher and Lorie (1964) in which they note: "It is 

surprising to realize that there have been no measurements of the rates of return 

on investments in common stocks that could be considered accurate and defini- 

tive." In that paper, Fisher and Lorie report average stock market returns over 

different holding periods since 1926, but not the standard deviation of those 

returns. They also do not report any particular estimate of the equity risk pre- 

mium-that is, the average amount by which the stock market outperformed 

risk-free investments-although they do remark that rates of return on common 

stocks were "substantially higher than safer alternatives for which data are avail- 

able." Measured standard deviations of broad stock market returns did not appear 

in the academic literature until Fisher and Lorie (1968). Carefully constructed 

estimates of the equity risk premium did not appear until Ibbotson and Sinquefield 

(1976) published their findings on long-term rates of return. They found that over 

the period 1926 to 1974, the (arithmetic) average return on the Standard and 

Poor's 500 index was 10.9 percent per annum, and the excess return over U.S. 

Treasury bills was 8.8 percent per annum.' The first careful study of the historical 

equity risk premium for UK stocks appeared in Dimson and Brealey (19'78) with an 

estimate of 9.2 percent per annum over the period 1919-19'77. 

In the 1940s and 1950s, prior to the development of the Capital Asset Pricing 

Model, the reigning paradigm for estimating expected returns presupposed that 

the return that investors would require (or the "cost of capital") of an asset 

depended primarily on the manner in which that asset was financed (for example, 

Bierman and Smidt, 1966). There was a "cost of equity capital" and a "cost of debt 

capital," and the weighted average of these-based on the relative amounts of debt 

and equity financing-represented the cost of capital of the asset. 

The costs of debt and equity capital were inferred from the long-term yields of 

those instruments. The cost of debt capital was typically assumed to be the rate of 

interest owed on the debt, and the cost of equity capital was backed out from the 

cash flows that investors could expect to receive on their shares in relation to the 

current price of the shares. A popular method of estimating the cost of equity this 

way was the Gordon and Shapiro (1956) model, in which a company's dividends are 

These are arithmetic average returns. Ibbotson and Sinquefield (1976) were also the first to report the 

term premium on long-term bonds: 1.1 percent per annum average return in excess o f  Treasury bills 

over the period 1926-1974. 
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assumed to grow in perpetuity at a constant rate g. In this model, if a firm's current 

dividend per share is D, and the stock price of the firm is P, then the cost of equity 

capital r is the dividend yield plus the dividend growth rate: r = D/P + g.2 

From the perspective of modern finance, this approach to determining the 

cost of capital was anchored in the wrong place. At least in a frictionless world, the 

value of a firm or an asset more broadly does not depend on how it is financed, as 

shown by Modigliani and Miller (1958). This means that the cost of equity capital 

likely is determined by the cost of capital of the asset, rather than the other way 

around. Moreover, this process of inferring the cost of equity capital from future 

dividend growth rates is highly subjective. There is no simple way to determine the 

market's forecast of the growth rate of future cash flows, and companies with high 

dividend growth rates will be judged by this method to have high costs of equity 

capital. Indeed, the Capital Asset Pricing Model will show that there need not be 

any connection between the cost of capital and future growth rates of cash flows. 

In the pre-CAPM paradigm, risk did not enter directly into the computation of the 

cost of capital. The working assumption was often that a firm that can be financed 

mostly with debt is probably safe and is thus assumed to have a low cost of capital; while 

a firm that cannot support much debt is probably risky and is thus assumed to 

command a high cost of capital. These rules-of-thumb for incorporating risk into 

discount rates were ad hoc at best. As Modigliani and Miller (1958) noted: "No 

satisfactory explanation has yet been provided . . . as to what determines the size of the 

risk [adjustment] and how it varies in response to changes in other variables." 

In short, before the arrival of the Capital Asset Pricing Model, the question of how 

expected returns and risk were related had been posed, but was still awaiting an answer. 

Why Investors Might Differ in Their Pricing of Risk 

Intuitively, it would seem that investors should demand high returns for 

holding high-risk investments. That is, the price of a high-risk asset should be bid 

sufficiently low so that the future payoffs on the asset are high (relative to the 

price). A difficulty with this reasoning arises, however, when the risk of an invest- 

ment depends on the manner in which it is held. 

To illustrate, consider an entrepreneur who needs to raise $1million for a risky 

new venture. There is a 90 percent chance that the venture will fail and end up 

worthless; and there is a 10 percent chance that the venture will succeed within a 

year and be worth $40 million. The expected value of the venture in one year is 

therefore $4 million, or $4 per share assuming that the venture will have a million 

shares outstanding. 

Case I: If a single risk-averse individual were to fund the full $1 million-where 

'The cost of equity capital in this model is the "internal rate of return," the discount rate that equates the 

present value of future cash flows to the current stock price. In the GordonShapiro model, the projected 

dividend stream is D, D ( l  + g),D ( l  + g)2. . . The present value of these cash flows when discounted at rate 

r is D / ( r  - g),which when set equal to the current stock price, P, establishes r = D/P + g. 
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the investment would represent a significant portion of the wealth of that 

individual-the venture would have to deliver a very high expected return, say 

100 percent. To achieve an expected return of 100 percent on an investment of $1 

million, the entrepreneur would have to sell the investor a 50 percent stake: 

300,000 shares at a price per share of $2. 

Case 11: If the funds could be raised from someone who can diversify across 

many such investments, the required return might be much lower. Consider an 

investor who has $100 million to invest in 100 ventures with the same payoffs and 

probabilities as above, except that the outcomes of the ventures are all independent 

of one another. In this case, the probability of the investor sustaining a large 

percentage loss is small-for example, the probability that all 100 ventures fail is a 

miniscule .003 percent (= 0.9~")-and the diversified investor might consequently 

be satisfied to receive an expected return of only, say, 10 percent. If so, the 

entrepreneur would need to sell a much smaller stake to raise the same amount of 

money, here 27.5 percent (= $1.1 million/$4 million); and the investor would pay 

a higher price per share of $3.64 (= $1 million/275,000 shares). 

Cases I and I1 differ only in the degree to which the investor is diversified; the 

stand-alone risk and the expected future value of any one venture is the same in 

both cases. Diversified investors face less risk per investment than undiversified 

investors, and they are therefore willing to receive lower expected returns (and to 

pay higher prices). For the purpose of determining required returns, the risks of 

investments therefore must be viewed in the context of the other risks to which 

investors are exposed. The CAPM is a direct outgrowth of this key idea. 

Diversification, Correlation and Risk 

The notion that diversification reduces risk is centuries old. In eighteenth-century 

English language translations of Don Quixote, Sancho Panza advises his master, "It is the 

part of a wise man to . . . not venture all his eggs in one basket." According to Herbison 

(2003), the proverb "Do not keep all your eggs in one basket" actually appeared as far 

back as Torriano's (1666) Common Place ofItalian Proverbs. 

However, diversification was typically thought of in terms of spreading your wealth 

across many ind@endent risks that would cancel each other if held in sufficient number 

(as was assumed in the newventures example). Harry Markowitz (1952) had the insight 

that, because of broad economic influences, risks across assets were correlated to a 

degree. As a result, investors could eliminate some but not all risk by holding a 

diversified portfolio. Markowitz wrote: "This presumption, that the law of large num- 

bers applies to a portfolio of securities, cannot be accepted. The returns from securities 

are too intercorrelated. Diversification cannot eliminate all variance." 

Markowitz (1952) went on to show analytically how the benefits of diversifica- 

tion depend on correlation. The correlation between the returns of two assets 

measures the degree to which they fluctuate together. Correlation coefficients 

range between -1.0 and 1.0. When the correlation is 1.0, the two assets are 

perfectly positively correlated. They move in the same direction and in fixed 
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proportions (plus a constant). In this case, the two assets are substitutes for one 

another. When the correlation is -1.0, the returns are perfectly negatively corre- 

lated meaning that when one asset goes up, the other goes down and in a fixed 

proportion (plus a constant). In this case, the two assets act to insure one another. 

When the correlation is zero, knowing the return on one asset does not help you 

predict the return on the other. 

To show how the correlation among individual security returns affects portfo- 

lio risk, consider investing in two risky assets, A and B. Assume that the risk of an 

asset is measured by its standard deviation of return, which for assets A and B is 

denoted by a, and a,, respectively. Let p denote the correlation between the 

returns on assets A and B; let x be the fraction invested in Asset A and y (=  1 -

x) be the fraction invested in Asset B. 

When the returns on assets within a portfolio are perfectly positively correlated 

( p  = l ) ,the portfolio risk is the weighted average of the risks of the assets in the 

portfolio. The risk of the portfolio then can be expressed as 

ap= xa, + y u ~ .  

The more interesting case is when the assets are not perfectly correlated (p < 1). 

Then there is a nonlinear relationship between portfolio risk and the risks of the 

underlying assets. In this case, at least some of the risk from one asset will be offset 

by the other asset, so the standard deviation of the portfolio upis always less than 

the weighted average of a, and a,.3 Thus, the risk of a portfolio is less than the 

average risk of the underlying assets. Moreover, the benefit of diversification will 

increase the farther away that the correlation p is from 1. 

These are Harry Markowitz's important insights: 1) that diversification does not 

rely on individual risks being uncorrelated, just that they be imperfectly correlated; and 

2) that the risk reduction from diversification is limited by the extent to which 

individual asset returns are correlated. If Markowitz were restating Sancho Panza's 

advice, he might say: It is safer to spread your eggs among imperfectly correlated 

baskets than to spread them among perfectly correlated baskets. 

Table 1 illustrates the benefits of diversifying across international equity mar- 

kets. The table lists the world's largest stock markets by market capitalization as of 

December 31, 2003, the combination of which we will call the world equity market 

"he portfolio standard deviation, up,can be expressed in terms of the standard deviations of assets A 

and B and their correlation using the variance formula: 

This expression can be algebraically manipulated to obtain 

When p = 1,the final term disappears, gibing the formula in the text. When p < 1,then the size of the second 

term will increase as p declines, and so the standard deviation of the portfolio hill fall as p declines. 
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Table 1 

Market Capitalizations and Historical Risk Estimates for 24 Countries, 

January 1994-December 2003 

'Market 

Capztalzzatzon Beta 

($ Bzllzons, Capztalzzatzon S.D. of us. Correlatzon 

12/31/O?) H'ezght Return TI.IEIMP us 'IIELW 

U.S. $14,266 47.8% 

Japan 2,953 9.9% 
UK 2,426 8.1% 
France 1,403 4.7% 

Germany 1,079 3.6% 

Canada 910 3.0% 

Switzerland 727 2.4% 

Spain 726 2.4% 
Hong Kong 715 2.4% 

Italy 615 2.1% 
Australia 586 2.0% 

China 513 1.7% 

Taiwan 379 1.3% 

Netherlands 368 1.2% 
Sweden 320 1.1% 

South Korea 298 1.0% 

India 279 0.9% 

South Africa 261 0.9% 

Brazil 235 0.8% 
Russia 198 0.7% 

Belgium 174 0.6% 

Mala! sia 168 0.6% 

Singapore 149 0.5% 
Mexico 123 0.4% 

U'EMP $29,870 100% 

S.D. of MEMP assuming perfect correlation 

S.D. of MEMP assuming zero correlation 

'Ihtes: M'EMP stands for World Equity Market Portfolio. S.D. is standard de~iation expressed on an 

annualized basis. Calculations are based on historical monthly returns obtained from Global Financial 

Data Inc. 

portfolio, labeled in the table as MTMP. The capitalization of the world equity 

market portfolio was about $30 trillion-comprising over 95 percent of all publicly 

traded equities-with the United Statese representing by far the largest fraction. 

Table 1 includes the standard deviation of monthly total returns for each country over 

the ten-year period ending December 31, 2003, expressed on an annualized basis. 

Assuming that the historical standard deviations and correlations of return are 

good estimates of future standard deviations and correlations, we can use this data 

to calculate that the standard deviation of return of the W'EMP-given the capi- 

talization weights as of December 20034s 15.3 percent per annum. If the country 

returns were all perfectly correlated with each other, then the standard deviation of 

the WEMP would be the capitalization-weighted average of the standard deviations, 
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which is 19.9 percent per annum. The difference of 4.6 percent per annum 

represents the diversification benefit-the risk reduction stemming from the fact 

that the world's equity markets are imperfectly correlated. Also shown in Table 1 is 

that the standard deviation of the WEMP would be only 8.4 percent per annum if the 

country returns were uncorrelated with one another. The amount by which this figure 

is lower than the actual standard deviation of 15.3 percent per annum is a measure of 

the extent to which the world's equity markets share common influences. 

Portfolio Theory, Riskless Lending and Borrowing and Fund 

Separation 

To arrive at the CAPM, we need to examine how imperfect correlation among 

asset returns affects the investor's tradeoff between risk and return. MThile risks 

combine nonlinearly (because of the diversification effect), expected returns com- 

bine linearly. That is, the expected return on a portfolio of investments is just the 

weighted average of the expected returns of the underlying assets. Imagine two 

assets with the same expected return and the same standard deviation of return. By 

holding both assets in a portfolio, one obtains an expected return on the portfolio 

that is the same as either one of them, but a portfolio standard deviation that is 

lower than any one of them individually. Diversification thus leads to a reduction in 

risk without any sacrifice i n  expected return. 

Generally, there will be many combinations of assets with the same portfolio 

expected return but different portfolio risk; and there will be many combinations 

of assets with the same portfolio risk but different portfolio expected return. Using 

optimization techniques, we can compute what Markowitz coined the "efficient 

frontier." For each level of expected return, we can solve for the portfolio combi- 

nation of assets that has the lowest risk. Or for each level of risk, we can solve for 

the combination of assets that has the highest expected return. The efficient 

frontier consists of the collection of these optimal portfolios, and each investor can 

choose which of these best matches their risk tolerance. 

The initial development of portfolio theory assumed that all assets were risky. 

James Tobin (1958) showed that when investors can borrow as well as lend at the 

risk-free rate, the efficient frontier simplifies in an important way. (A "risk-free" 

instrument pays a fixed real return and is default free. U.S. Treasury bonds that 

adjust automatically with inflation-called Treasury inflation-protected instru- 

ments, or TIPS-and short-term U.S. Treasury bills are considered close approxi- 

mations of risk-free instruments.) 

To see how riskless borrowing and lending affects investors' decision choices, 

consider investing in the following three instruments: risky assets M and H, and the 

riskless asset, where the expected returns and risks of the assets are shown in Table 2. 

Suppose first that you had the choice of investing all of your wealth in just one of 

these assets. Which would you choose? The answer depends on your risk tolerance. 

Asset Hhas the highest risk and also the highest expected return. You would choose 
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Table 2 

How Riskless Borrowing and Lending Affect 

Investors' Choices 

Expected return Risk (S.D.) 

Riskless asset 3% (r,) 0% 

Asset ,Vl 10% ( E M )  20% (alw) 

Asset H 12% (E,) 40% (a,) 

Asset H if you had a high tolerance for risk. The riskless asset has no risk but also 

the lowest expected return. You would choose to lend at the risk-free rate if you had 

a very low tolerance for risk. Asset M has an intermediate risk and expected return, 

and you would choose this asset if you had a moderate tolerance for risk. 

Suppose next that you can borrow and lend at the risk-free rate, that you wish 

to invest some of your wealth in Asset H and the balance in riskless lending or 

borrowing. If x is the fraction of wealth invested in Asset H, then 1 - x is the 

fraction invested in the risk-free asset. When x < 1,you are lending at the risk-free 

rate; when x > 1, you are borrowing at the risk-free rate. The expected return of 

this portfolio is (1 - x) rf + x E ,  which equals rf + x(EH - rf) , and the risk of the 

portfolio is xa,. The risk of the portfolio is proportional to the risk of Asset H, 

since Asset H i s  the only source of risk in the portfolio. 

Risk and expected return thus both combine linearly, as shown graphically in 

Figure 1.Each point on the line connecting the risk-free asset to Asset H represents 

a particular allocation ( x) to Asset Hwith the balance in either risk-free lending or 

risk-free borrowing. The slope of this line is called the Sharpe Ratio-the risk 

premium of Asset H divided by the risk of Asset H: 

Sharpe Ratio = (EH- rf)/aH. 

The Sharpe Ratio of Asset H evaluates to 0.175 (= (12 percent - 5 percent)/ 

40 percent) and all combinations of Asset H with risk-free borrowing or lending 

have this same Sharpe Ratio. 

Also shown in Figure 1 are the risks and expected returns that can be achieved 

by combining Asset M with riskless lending and borrowing. The Sharpe Ratio of 

Asset M is 0.25, which is higher than that of Asset H, and any level of risk and return 

that can be obtained by investing in Asset H along with riskless lending or borrow- 

ing is dominated by some combination of Asset M and riskless lending or borrow- 

ing. For example, for the same risk as Asset H, you can obtain a higher expected 

return by investing in Asset Mwith 2:l leverage. As shown in Figure 1, the expected 

return of a 2:l leveraged position in Asset M is 15 percent (that is, (2  X 10 per- 

cent) - (1 X 5 percent)), which is higher than the 12 percent expected return of 

Asset H. If you could hold only one risky asset along with riskless lending or 

borrowing, it unambiguously would be Asset M. 

Being able to lend and borrow at the risk-free rate thus dramatically changes 
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Figure 1 

Combining a Risky Asset with Risk-Free Lending and Borrowing 

Combinations of Combinations of 

asset 121 invol~ing asset 121 involving 

14 risk-free risk-free 
2:l Leverage 

-I--+ 

-I ---) 
Coinbinations of Combinations of 

asset H involving asset H invol~ing 

risk-free risk-free 

lending borrowing 

0 5 10 15 20 25 30 35 40 45 50 

Risk (standard de~lation) 

our investment choices. The asset of choice-if you could choose only one risky 

asset-is the one with the highest Sharpe Ratio. Given this choice of risky asset, you 

need to make a second decision, which is how much of it to hold in your portfolio. 

The answer to the latter question depends on your risk tolerance. 

Figure 2 illustrates the approach in the case where we can invest in combina- 

tions of two risky assets, M and H, plus riskless lending and borrowing. The 

correlation between the returns of assets M and H is assumed to be zero. In the 

figure, the curve connecting assets M and H represents all expected return/ 

standard deviation pairs that can be attained through combinations of assets M and 

H. The combination of assets M and H that has the highest Sharpe Ratio is 

74 percent in Asset M and 26 percent in Asset H (the tangency point). The 

expected return of this combination is 10.52 percent, and the standard deviation is 

18.09 percent. The Sharpe Ratio evaluates to 0.305, which is considerably higher 

than the Sharpe Ratios of assets M and H (0.25 and 0.175, respectively). Investors 

who share the same estimates of expected return and risk all will locate their 

portfolios on the tangency line connecting the risk-free asset to the frontier. In 

particular, they all will hold assets M and H in the proportions 74/26. 

The optimal portfolio of many risky assets can be found similarly. Figure 3 

offers a general illustration. Use Markowitz's algorithm to obtain the efficient 

frontier of portfolios of risky assets. Find the portfolio on the efficient frontier that 

has the highest Sharpe Ratio, which will be the point where a ray stretching up from 

the risk-free point is just tangent to the efficient frontier. Then, in accordance with 

your risk tolerance, allocate your wealth between this highest Sharpe Ratio portfo- 

lio and risk-free lending or borrowing. 

This characterization of the efficient frontier is referred to as "fund separa- 

tion." Investors with the same beliefs about expected returns, risks and correlations 

all will invest in the portfolio or "fund" of risky assets that has the highest Sharpe 
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Figure 2 

Efficient Frontier with Two Risky Assets 
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Figure 3 

Efficient Frontier with Many Risky Assets 
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Ratio, but they will differ in their allocations between this fund and risk-free 

lending or borrowing based on their risk tolerance. Notice in particular that the 

composition of the optimal portfolio of risky assets does not depend on the 

investor's tolerance for risk. 

Market-Determined Expected Returns and Stand-Alone Risk 

Portfolio theory prescribes that investors choose their portfolios on the effi- 

cient frontier, given their beliefs about expected returns and risks. The Capital 



Asset Pricing Model, on the other hand, is concerned with the pricing of assets in 

equilibrium. CAPM asks: What are the implications for asset prices if everyone 

heeds this advice? In equilibrium, all assets must be held by someone. For the 

market to be in equilibrium, the expected return of each asset must be such that 

investors collectively decide to hold exactly the supply of shares of the asset. The 

Capital Asset Pricing Model will tell us how investors determine those expected 

returns-and thereby asset prices-as a function of risk. 

In thinking about how expected return and risk might be related, let us ask 

whether, as a rule, the expected return on an investment could possibly be a 

function of its stand-alone risk (measured by standard deviation of return). The 

answer turns out to be "no." Consider the shares of two firms with the same 

stand-alone risk. If the expected return on an investment was determined solely by 

its stand-alone risk, the shares of these firms would have the same expected return, 

say 10 percent. Any portfolio combination of the two firms would also have an 

expected return of 10 percent (since the expected return of a portfolio of assets is 

the weighted average of the expected returns of the assets that comprise the 

portfolio). However, if the shares of the firms are not perfectly correlated, then a 

portfolio invested in the shares of the two firms will be less risky than either one 

stand-alone. Therefore, if expected return is a function solely of stand-alone risk, 

then the expected return of this portfolio must be less than 10 percent, contra- 

dicting the fact that the expected return of the portfolio is 10 percent. Expected 

returns, therefore, cannot be determined solely by stand-alone risk. 

Accordingly, any relationship between expected return and risk must be based 

on a measure of risk that is not stand-alone risk. As we will soon see, that measure 

of risk is given by the incremental risk that an asset provides when added to a 

portfolio, as discussed in the next section. 

Improving the Sharpe Ratio of a Portfolio 

Suppose you were trying to decide whether to add a particular stock to your 

investment portfolio of risky assets. If you could borrow and lend at the risk-free 

rate, you would add the stock if it improved the portfolio's Sharpe Ratio. It turns 

out there is a simple rule to guide the decision-a rule that can be derived by 

understanding the two special cases: 1) when the additional stock is uncorrelated 

with the existing portfolio, and 2) when the additional stock is perfectly correlated 

with the existing portfolio. The rule will lead us directly to the equilibrium 

risk-return relationship specified by the Capital Asset Pricing Model. 

In what follows, it will be helpful to think in terms of "excess return," the 

return of an instrument in excess of the risk-free rate. The expected excess return 

is called the risk premium. 

Adding a Stock that is Uncorrelated with the Existing Portfolio 

When should a portfolio be diversified into an uncorrelated stock? If the 

excess returns on the stock and existing portfolio are uncorrelated, adding a small 
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amount of the stock has almost no effect on the risk of the portfolio.4 At the 

margin, therefore, the stock is a substitute for investing in the risk-free asset. 

Including the stock will increase the portfolio's Sharpe Ratio if the stock's expected 

return Es exceeds the risk-free rate rf. Said another way, the additional stock should 

be included in the portfolio if its risk premium Es - rf is positive. 

Adding a Stock that is Perfectly Correlated with the Existing Portfolio 

If the stock and portfolio excess returns are perfectly correlated, investing in 

the stock becomes a substitute for investing in the portfolio itself. To see this, recall 

that a perfect correlation means that the stock and the portfolio excess returns 

move together in a fixed ratio plus a constant. The fixed ratio is called beta, 

denoted by P, and the constant is called alpha, denoted by a. In other words, the 

excess return of the stock is equal to alpha plus beta times the excess return of the 

portfolio. It also follows that the expected excess return of the stock is alpha plus beta 

times the expected excess return on the portfolio-that is, Es - r- = a + P(EP -

rf) The constant alpha is therefore given by the difference between the risk 

premium of the stock and beta times the risk premium of the portfolio. Since the 

stock and the portfolio move together in a fixed proportion, beta is given by the 

ratio of stock to portfolio standard deviations of excess return: P = as/a,. 

Compare now an investment of $1 in the stock with the following "mimicking" 

strategy: invest $P in the portfolio and the balance $(1 - P )  in the risk-free asset, 

assuming that p < 1. For example, if beta is 0.5, then investing $0.50 in the portfolio 

and $0.50 in the riskless asset is a strategy that will gain or lose 0.5 percent of excess 

return for every 1 percent gain or loss in the portfolio excess return. The excess return 

of the mimicking strategy is beta times the excess return of the portfolio. The mim- 

icking strategy will behave just like the stock up to the constant difference alpha. The 

mimicking strategy can be thought of as a "stock" with the given beta but an alpha of zero. 

Similarly, if P > 1, the mimicking strategy involves investing $P in the portfolio 

of which $(P - 1) is borrowed at the riskless rate. For example, if beta is 3, the 

mimicking portfolio involves investing $3 in the portfolio of which $2 is borrowed 

at the risk-free rate. This strategy will gain or lose 3 percent of excess return for 

every 1 percent gain or loss in the portfolio excess return. Again, the mimicking 

strategy will behave just like the stock up to the constant difference alpha. 

When should a stock be added to the portfolio if its return is perfectly correlated 

with that of the portfolio? Since, up to the constant alpha, the stock is just a substitute 

for the portfolio, adding $1 of the stock to the portfolio amounts to owning $P more 

of the portfolio. But owning more of the portfolio by itself does not change its Sharpe 

Ratio. Therefore, adding the stock will increase the portfolio's Sharpe Ratio if the 

Assume that you have $1 ofwealth invested in the portfolio. Then, adding an investment of $x  in shares 

of the stock increases the portfolio variance to u; + x2uz, where u: is the variance of the portfolio and 

x2uz is the variance of the additional stock, weighted by the number of dollars invested in the stock. 

Remember, the variance of a combination of uncorrelated risks equals the sum of the variances of the 

indi~ldual risks. The increase in portfolio risk (standard deviation as well as variance) is proportional to 

x2, which implies that the change in portfolio risk is negligible for small x. The $x needed to purchase 

the shares can come from holding less of the risk-free asset or by borrowing at the risk-free rate. 
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stock's expected excess return exceeds that of the mimicking portfolio. This occurs if 

a > 0 or equivalently if Es - rf > P(Ep - 9,meaning that the stock's risk premium 

must exceed beta times the portfolio risk premium. 

The General Case: Adding a Stock that is Imperfectly Correlated with the 

Existing Portfolio 

Suppose next that the returns on the stock and the portfolio are correlated to 

some degree (0 < p < 1). In this case, the stock's return can be separated into a return 

component that is perfectly correlated with the portfolio and a return component that is 

uncorrelated with the portfolio. Since the standard deviation of the stock is a,, the 

standard deviation of the perfectly correlated component of the stock's return is 

Thus, the beta of the perfectly correlated component of the stock's excess return to the 

portfolio's excess return is given by the ratio of standard deviations: P = p a d a ,  

As just discussed, the component of the stock's return that is perfectly corre- 

lated with the portfolio is a substitute for the portfolio itself and can be mimicked 

through an investment of /3 in the portfolio and (1 - P) in the riskless asset. The 

component of the stock's excess return that is uncorrelated with the portfolio can, 

at the margin, be diversified away and will thus have no effect on the risk of the 

portfolio. This component of return can be mimicked through an investment in 

the risk-free asset. We can therefore conclude that adding the stock to the portfolio 

will improve the Sharpe Ratio if the stock's risk premium exceeds the sum of the 

risk premia of the two mimicking portfolios: P (E, - rf) for the perfectly correlated 

return component and zero for the uncorrelated return component. 

This insight establishes a rule for improving the portfolio. Adding a marginal 

share of stock to a portfolio will increase the portfolio's Sharpe Ratio if the stock's 

alpha is positive, that is, if its risk premium satisfies 

Conversely, selling short a marginal share of the stock will increase the portfolio's 

Sharpe Ratio if the alpha is negative, E, - rf < P (E ,  - rf) . The portfolio has the 

highest attainable Sharpe Ratio if Es - rf = P(Ep - rf) for every stock-that is, if 

the risk premium for each stock is equal to beta times the risk premium for the 

portfolio as a whole. 

The Capital Asset Pricing Model 

The rule for improving the Sharpe Ratio of a portfolio allows us to derive the 

Capital Asset Pricing Model in a straightforward and intuitive way. We begin with four 

assumptions. First, investors are risk averse and evaluate their investment portfolios 

The correlation coefficient p is the " R  in "R-squared"--the fraction of the stock's variance that is 

attributable to movements in the portfolio. If p < 0, the standard deviation of the perfectly correlated 

component is Ipla,. 
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solely in terms of expected return and standard deviation of return measured over the 

same single holding period. Second, capital markets are perfect in several senses: all 

assets are infinitely divisible; there are no transactions costs, short selling restrictions or 

taxes; information is costless and available to everyone; and all investors can borrow 

and lend at the risk-free rate. Third, investors all have access to the same investment 

opportunities. Fourth, investors all make the same estimates of individual asset ex- 

pected returns, standard deviations of return and the correlations among asset returns. 

These assumptions represent a highly simplified and idealized world, but are 

needed to obtain the W M  in its basic form. The model has been extended in many 

ways to accommodate some of the complexities manifest in the real world. But under 

these assumptions, given prevailing prices, investors all will determine the same highest 

Sharpe Ratio portfolio of risky assets. Depending on their risk tolerance, each investor 

will allocate a portion of wealth to this optimal portfolio and the remainder to risk-free 

lending or borrowing. Investors all will hold risky assets in the same relative proportions. 

For the market to be in equilibrium, the price (that is, the expected return) of 

each asset must be such that investors collectively decide to hold exactly the supply of 

the asset. If investors all hold risky assets in the same proportions, those proportions 

must be the proportions in which risky assets are held in the market portfolio-the 

portfolio comprised of all available shares of each risky asset. In equilibrium, therefore, 

the portfolio of risky assets with the highest Sharpe Ratio must be the market portfolio. 

If the market portfolio has the highest attainable Sharpe Ratio, there is no way 

to obtain a higher Sharpe Ratio by holding more or less of any one asset. Applying 

the portfolio improvement rule, it follows that the risk premium of each asset must 

satisfy Es - r- = /3 (ElM- rf) ,where E, and E ,  are the expected return on the asset 

and the market portfolio, respectively, and /3 is the sensitivity of the asset's return 

to the return on the market portfolio. 

We have just established the Capital Asset Pricing Model: In equilibrium, the 

expected return of an asset is given by 

This formula is the one that Sharpe, Treynor, Lintner and Mossin successfully set 

out to find. It is the relationship between expected return and risk that is consistent 

with investors behaving according to the prescriptions of portfolio theory. If this 

rule does not hold, then investors will be able to outperform the market (in the 

sense of obtaining a higher Sharpe Ratio) by applying the portfolio improvement 

rule, and if sufficiently many investors do this, stock prices will adjust to the point 

where the CAPM becomes true. 

Another way of expressing the CAPM equation is 

Sharpe Ratio of Asset S = p X Sharpe Ratio of the Market ~ o r t f o l i o . ~  

Using the fact that that P = pa Ju,, the equation E ,  = ,rf + P(EM - rf) can be rearranged to give 

( E ,  - r f ) / u ,  = p ( E ,  - r f ) / u W ,which is the expression in the text. 
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In other words, in equilibrium, the Sharpe Ratio of any asset is no higher than the 

Sharpe Ratio of the market portfolio (since p 5 1).  Moreover, assets having the 

same correlation with the market portfolio will have the same Sharpe Ratio. 

The Capital Asset Pricing Model tells us that to calculate the expected return 

of a stock, investors need know two things: the risk premium of the overall equity 

market EM - rf (assuming that equities are the only risky assets) and the stock's 

beta versus the market. The stock's risk premium is determined by the component 

of its return that is perfectly correlated with the market-that is, the extent to which 

the stock is a substitute for investing in the market. The component of the stock's 

return that is uncorrelated with the market can be diversified away and does not 

command a risk premium. 

The Capital Asset Pricing Model has a number of important implications. First, 

perhaps the most striking aspect of the CAPM is what the expected return of an 

asset does not depend on. In particular, the expected return of a stock does not 

depend on its stand-alone risk. It is true that a high beta stock will tend to have a 

high stand-alone risk because a portion of a stock's stand-alone risk is determined 

by its beta, but a stock need not have a high beta to have a high stand-alone risk. 

A stock with high stand-alone risk therefore will only have a high expected return 

to the extent that its stand-alone risk is derived from its sensitivity to the broad stock 

market. 

Second, beta offers a method of measuring the risk of an asset that cannot be 

diversified away. We saw earlier that any risk measure for determining expected 

returns would have to satisfy the requirement that the risk of a portfolio is the 

weighted average of the risks of the holdings in the portfolio. Beta satisfies this 

requirement. For example, if two stocks have market betas of 0.8 and 1.4, respec- 

tively, then the market beta of a 50/50 portfolio of these stocks is 1.1, the average 

of the two stock betas. Moreover, the capitalization weighted average of the market 

betas of all stocks is the beta of the market versus itself. The average stock therefore 

has a market beta of 1 .O. 

On a graph where the risk of an asset as measured by beta is on the horizontal 

axis and return is on the vertical axis, all securities lie on a single line-the so-called 

Securities Market Line shown in Figure 4. If the market is in equilibrium, all assets 

must lie on this line. If not, investors will be able to improve upon the market 

portfolio and obtain a higher Sharpe Ratio. In contrast, Figure 3 presented earlier 

measured risk on the horizontal axis as stand-alone risk, the standard deviation of 

each stock, and so stocks were scattered over the diagram. But remember that not 

all of the stand-alone risk of an asset is priced into its expected return, just that 

portion of its risk, pa,, that is correlated with the market portfolio. 

Third, in the Capital Asset Pricing Model, a stock's expected return does not 

depend on the growth rate of its expected future cash flows. To find the expected 

return of a company's shares, it is thus not necessary to carry out an extensive financial 

analysis of the company and to forecast its future cash flows. According to the CAPM, 

all we need to know about the specific company is the beta of its shares, a parameter 

that is usually much easier to estimate than the expected future cash flows of the firm. 
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Figure 4 

The Securities Market Line (SML) 

SML 

L 
Beta of market = 1.0 Beta 

Is the CAPM Useful? 

The Capital Asset Pricing Model is an elegant theory with profound implications 

for asset pricing and investor behavior. But how useful is the model gven the idealized 

world that underlies its derivation? There are several ways to answer this question. First, 

we can examine whether real world asset prices and investor portfolios conform to the 

predictions of the model, if not always in a strict quantitative sense, and least in a strong 

qualitative sense. Second, even if the model does not describe our current world 

particularly well, it might predict future investor behavior-for example, as a conse- 

quence of capital market frictions being lessened through financial innovation, im- 

proved regulation and increasing capital market integration. Third, the CAPM can 

serve as a benchmark for understanding the capital market phenomena that cause 

asset prices and investor behavior to deviate from the prescriptions of the model. 

Suboptimal Diversification 

Consider the W M  prediction that investors all will hold the same (market) 

portfolio of risky assets. One does not have to look far to realize that investors do 

not hold identical portfolios, which is not a surprise since taxes alone will cause 

idiosyncratic investor behavior. For example, optimal management of capital gains 

taxes involves early realization of losses and deferral of capital gains, and so taxable 

investors might react very differently to changes in asset values depending on when 

they purchased the asset (Constantinides, 1983).Nevertheless, it will still be a positive 

sign for the model if most investors hold broadly diversified portfolios. But even here 

the evidence is mixed. On one hand, popular index funds make it possible for investors 

to obtain diversification at low cost. On the other hand, many workers hold concen- 

trated ownership of company stock in employee retirement savings plans and many 

executives hold concentrated ownership of company stock options. 

One of the most puzzling examples of suboptimal diversification is the so- 
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called home bias in international investing. In almost all countries, foreign own- 

ership of assets is low, meaning that investors tend to hold predominantly home 

country assets. For example, in 2003, foreign ownership accounted for only 

10 percent of publicly traded U.S. equities and 21 percent of publicly traded 

Japanese equities. Japanese investor portfolios therefore deviate significantly from 

the world equity market portfolio: they own the vast majority of their home country 

equities, but only a tiny share of U.S. equities. By contrast, and as shown in 

Table 1,an investor holding the world equity market portfolio would be invested 

48 percent in U.S. equities and only 10 percent in Japanese equities. 

Why is suboptimal diversification so pervasive? Common explanations are that 

obtaining broad diversification can be costly, in terms of direct expenses and taxes, 

and that investors are subject to behavioral biases and lack of sophistication. None 

of these reasons, if valid, would mean that the CAPM is not useful. The CAPM tells 

us that investors pay a price for being undiversified in that they are taking risks for 

which they are not being compensated. Thus, there exists the potential for port- 

folio improvement, which in turn creates opportunities for investor education and 

financial innovation. Indeed, foreign ownership of equities in many countries has 

more than doubled over the last 20 years, most likely due to the increased 

availability of low-cost vehicles to invest globally and greater investor appreciation 

of the need for diversification. Investors today seem to be much better diversified 

than in decades past, a trend that appears likely to continue. 

Performance Measurement 

One of the earliest applications of the Capital Asset Pricing Model was to 

performance measurement of fund managers (Treynor, 1965; Sharpe, 1966; 

Jensen, 1968). Consider two funds, A and B, that are actively managed in the hope 

of outperforming the market. Suppose that the funds obtained returns of 12 per- 

cent and 18 percent, respectively, during a period when the risk-free rate was 

5 percent and the overall market returned 15 percent. Assume further that the 

standard deviation of funds A and B were 40 percent per annum and 30 percent 

per annum, respectively. Which fund had the better performance? 

At first glance, fund A had greater risk and a lower return than fund B, so fund 

B would appear to have been the better performing fund. However, we know from 

the CAPM that focusing on stand-alone risk is misleading if investors can hold 

diversified portfolios. To draw a firmer conclusion, we need to know how these 

funds are managed: Suppose that fund A consists of a high-risk but "market- 

neutral" portfolio that has long positions in some shares and short positions in 

others, with a portfolio beta of zero. Fund B, on the other hand, invests in selected 

high beta stocks, with a portfolio beta of 1.5. 

Instead of investing in funds A and/or B, investors could have held corre- 

sponding mimicking or "benchmark portfolios. For fund A, since its beta is zero, 

the benchmark portfolio is an investment in the risk-free asset; for fund B, the 

benchmark is a position in the market portfolio leveraged 1.5:l with borrowing at 

the risk-free rate. The benchmark portfolios respectively would have returned 

5 percent and 20 percent (=  5 percent + 1.5 X (15 percent - 5 percent)). Fund 
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Table 3 

Evaluating Portfolio Managers with the CAPM 

&turn Rzsk (S.D.) Beta Alpha 

Riskless asset 5% 0% 0.0 05% 
Market portfolio 15% 20% 1 .O 05% 
Fund A 12% 40% 0.0 7% 
Fund B 18% 30% 1.5 -2% 

A thus outperformed its benchmark by 7 percent, while fund B underperformed its 

benchmark by 2 percent, as shown in Table 3. 

In terms of the CAPM framework, funds A and B had alphas of 7 percent and 

-2 percent, respectively, where alpha is the difference between a fund's perfor- 

mance and that predicted given the beta of the fund. Appropriately risk adjusted, 

fund A's performance (alpha = 7 percent) exceeded that of fund B (alpha = 

-2 percent). An investor who held the market portfolio would, at the margin, have 

obtained a higher return for the  same risk by allocating money to fund A rather 

than to fund B.' 

The key idea here is that obtaining high returns by owning high beta stocks 

does not take skill, since investors can passively create a high beta portfolio simply 

through a leveraged position in the market portfolio. Obtaining high returns with 

low beta stocks is much harder, however, since such performance cannot be 

replicated with a passive strategy. Investors therefore need to assess performance 

based on returns that have been appropriately risk adjusted. The CAPM provides a 

clear framework for thinking about this issue. 

The CAPM and Discounted Cash Flow Analysis 

According to the CAPM,the appropriate discount rate for valuing the ex- 

pected future cash flows of a company or of a new investment project is determined 

by the risk-free rate, the market risk premium and the beta versus the market of the 

company or project. Accuracy in estimating these parameters matters greatly for 

real world decisionmaking since, for long-dated cash flows, an error in the discount 

rate is magnified manyfold when calculating the net present value. 

Beta is usually estimated with use of linear regression analysis applied to historical 

stock market returns data. Beta can in many circumstances be accurately measured this 

way even over a relatively short period of time, provided that there is sufficient 

high-frequency data. MThen the company or project being valued is not publicly traded 

or there is no relevant return history, it is customary to infer beta from comparable 

entities whose betas can be estimated. But measurement issues can arise even if the 

availability of market returns data is not an issue, for example when the covariance with 

' This assumes that the beta of the overall portfolio is held constant-bv holding more of the market 

portfolio if money is allocated to fund A and less of the market portfolio if money is allocated to fund B. 
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the market is time varying and when local stock market indexes are used as proxies for 

the broad market portfolio because the latter is not well specified. 

The hardest of all parameters to estimate is usually the market risk premium. 

The historical risk premium is estimated from the average of past returns and, 

unlike variance-related measures like beta, average returns are very sensitive to the 

beginning and ending level of stock prices. The risk premium must therefore be 

measured over long periods of time, and even this may not be sufficient if the risk 

premium varies over time. 

None of these measurement questions poses a problem for the CAPM per se, 

however. The market risk premium is common to all models of cash flow valuation, 

and its estimation needs to be performed regardless of the difficulty of the task. 

Provided that the W M  is the "right" model, beta too needs to be estimated, 

irrespective of difficulty. 

Extensions of the CAPM 

The Capital Asset Pricing Model has been extended in a variety of ways. Some of 

the best-known extensions include allowing heterogenous beliefs (Lintner, 1969; Mer- 

ton, 1987); eliminating the possibility of risk-free lending and borrowing (Black, 1972); 

having some assets be nonmarketable (Mayers, 1973); allowing for multiple time 

periods and investment opportunities that change from one period to the next 

(Merton, 1973; Breeden, 1979); extensions to international investing (Solnik, 1974; 

Stulz, 1981; Adler and Dumas, 1983) ;and employing weaker assumptions by relying on 

arbitrage pricing (Ross, 1976). In most extensions of the CAPM, no single portfolio of 

risky assets is optimal for everyone. Rather, investors allocate their wealth differentially 

among several risky portfolios, which across all investors aggregate to the market 

portfolio. 

To illustrate, consider the International Capital Asset Pricing Model. This 

model takes into account that investors have consumption needs particular to the 

country in which they are resident. Thus, British investors will worry about the 

purchasing power of pounds while American investors worry about the purchasing 

power of dollars, which means that British and American investors will differently 

assess the incremental contribution that any particular asset makes to portfolio risk. 

As a result, they will hold somewhat different portfolios.8 In the basic CAPM, 

investors care about only one risk factor-the overall market. In this international 

version of the model, they are also concerned about real currency fluctuations. This 

insight leads to a model of expected returns involving not only the beta of an asset 

versus the overall market, but also the betas of the asset versus currency movements 

and any other risk that is viewed differently by different investor segments. 

Almost all variants of the CAPM have a multi-beta expression for expected 

"ritish investors who own American assets will hedge a portion of their real pound/dollar exchange 

rate exposure by borrowing in dollars and lending in pounds, and American investors who own British 

assets will hedge a portion of their real dollar/pound exchange rate exposure by borrowing in pounds 

and lending in dollars. British and American investors thus will lend to and borrow from each other, and 

they will have opposite exposures to the dollar/pound exchange rate. 
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return. They are derived from the same basic notions: 1) investors will hold 

portfolios that are optimized given their specific needs, constraints and risk pref- 

erences; 2) in equilibrium, asset prices reflect these demands; and 3) assets with 

high expected returns are those that are correlated with any risk that a significant 

group of investors has been unable to eliminate from their portfolios. 

Whether the basic CAPM or one of its multifactor extensions is the "correct" 

model of asset prices is ultimately an empirical question, one that is discussed in 

detail by Fama and French in their companion paper in this journal. Initial tests of 

the CAPM by Black, Jensen and Scholes (1972) and Fama and MacBeth (1973) 

supported the theory in that high beta stocks were found to have had higher 

returns than low beta stocks. However, the relationship between beta and average 

returns was not as steep as indicated by the theoretical Securities Market Line. 

Since this early work, a vast body of research has looked for additional risk 

factors that affect expected returns. Most notably, Fama and French (1992) find 

that adding a "value" factor and a "size" factor (in addition to the overall market) 

greatly improves upon the explanatory power of the CAPM. The pervasiveness of 

these findings in follow-up research across time and other countries provides strong 

evidence that more than one systematic risk factor is at work in determining asset 

prices. However, the value and size factors are not explicitly about risk; at best, they 

are proxies for risk. For example, size per se cannot be a risk factor that affects 

expected returns, since small firms would then simply combine to form large firms. 

Another criticism of the Fama-French findings is that their value effect is based on 

giving equal weight to small and large companies and is much stronger than 

observed in capitalization-weighted value indexes. Until the risks that underlie the 

Fama-French factors are identified, the forecast power of their model will be in 

doubt and the applications will be limited. 

Conclusion 

The Capital Asset Pricing Model is a fundamental contribution to our under- 

standing of the determinants of asset prices. The CAPM tells us that ownership of 

assets by diversified investors lowers their expected returns and raises their prices. 

Moreover, investors who hold undiversified portfolios are likely to be taking risks 

for which they are not being rewarded. As a result of the model, and despite its 

mixed empirical performance, we now think differently about the relationship 

between expected returns and risk; we think differently about how investors should 

allocate their investment portfolios; and we think differently about questions such 

as performance measurement and capital budgeting. 
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CAPITAL ASSET PRICES: A THEORY OF MARKET  
EQUILIBRIUM UNDER CONDITIONS OF RISK*  

ONEOF THE PROBLEMS which has plagued those attempting to predict the 
behavior of capital markets is the absence of a body of positive micro- 
economic theory dealing with conditions of risk. Although many useful 
insights can be obtained from the traditional models of investment under 
conditions of certainty, the pervasive influence of risk in financial trans- 
actions has forced those working in this area to adopt models of price 
behavior which are little more than assertions. A typical classroom ex- 
planation of the determination of capital asset prices, for example, 
usually begins with a careful and relatively rigorous description of the 
process through which individual preferences and physical relationships 
interact to determine an equilibrium pure interest rate. This is generally 
followed by the assertion that somehow a market risk-premium is also 
determined, with the prices of assets adjusting accordingly to account for 
differences in their risk. 

A useful representation of the view of the capital market implied in 
such discussions is illustrated in Figure 1. In equilibrium, capital asset 
prices have adjusted so that the investor, if he follows rational procedures 
(primarily diversification), is able to attain any desired point along a 
capital market line.l He may obtain a higher expected rate of return on 
his holdings only by incurring additional risk. In  effect, the market 
presents him with two prices: the price of time, or the pure interest rate 
(shown by the intersection of the line with the horizontal axis) and the 
Me of risk, the additional expected return per unit of risk borne (the 
reciprocal of the slope of the line). 

* A great many people provided comments on early versions of this paper which led 
to major improvements in the exposition. In  addition to the referees, who were most 
helpful, the author wishes to express his appreciation to Dr. Harry Markowitz of the 
RAND Corporation, Professor Jack Hirshleifer of the University of California a t  Los 
Angeles, and to Professors Yoram Barzel, George Brabb, Bruce Johnson, Walter Oi and 
R. Haney Scott of the University of Washington. 

t Associate Professor of Operations Research, University of Washington. 

1. Although some discussions are also consistent with a non-linear (but monotonic) curve. 
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At present there is no theory describing the manner in which the price 
of risk results from the basic influences of investor preferences, the physi- 
cal attributes of capital assets, etc. Moreover, lacking such a theory, it is 
difficult to give any real meaning to the relationship between the price 
of a single asset and its risk. Through diversification, some of the risk 
inherent in an asset can be avoided so that its total risk is obviously not 
the relevant influence on its price; unfortunately little has been said 
concerning the particular risk component which is relevant. 

O- Expected Rate of Return 

pure Interest'Rate 

FIGURE1 

In the last ten years a number of economists have developed normative 
models dealing with asset choice under conditions of risk. Markowitz? 
following Von Neumann and Morgenstern, developed an analysis based 
on the expected utility maxim and proposed a general solution for the 
portfolio selection problem. Tobin3 showed that under certain conditions 
Markowitz's model implies that the process of investment choice can be 
broken down into two phases: first, the choice of a unique optimum 
combination of risky assets; and second, a separate choice concerning the 
allocation of funds between such a combination and a single riskless 

2. Harry M. Markowitz, Portfolio Selection, Eficient Diversification o f  Investments 
(New York: John Wiley and Sons, Inc., 1959). The major elements of the theory first 
appeared in his article "Portfolio Selection," The Journal of  Finance, XI1 (March 1952), 
77-91. 

3. James Tobin, "Liquidity Preference as Behavior Towards Risk," The  Review of 
Economic Studies, XXV (February, 1958), 65-86. 
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asset. Recently, Hicks4 has used a model similar to that proposed by 
Tobin to derive corresponding conclusions about individual investor 
behavior, dealing somewhat more explicitly with the nature of the condi- 
tions under which the process of investment choice can be dichotomized. 
An even more detailed discussion of this process, including a rigorous 
proof in the context of a choice among lotteries has been presented by 
Gordon and Gang~l l i .~  

Although all the authors cited use virtually the same model of investor 
beha~ io r ,~none has yet attempted to extend it to construct a market  
equilibrium theory of asset prices under conditions of risk.7 We will show 
that such an extension provides a theory with implications consistent with 
the assertions of traditional financial theory described above. Moreover, 
it sheds considerable light on the relationship between the price of an 
asset and the various components of its overall risk. For these reasons 
it warrants consideration as a model of the determination of capital asset 
prices. 

Part I1 provides the model of individual investor behavior under con- 
ditions of risk. In Part I11 the equilibrium conditions for the capital 
market are considered and the capital market line derived. The implica- 
tions for the relationship between the prices of individual capital assets 
and the various components of risk are described in Part IV. 

T h e  Investor's Preference Function 

Assume that an individual views the outcome of any investment in 
probabilistic terms; that is, he thinks of the possible results in terms of 
some probability distribution. In assessing the desirability of a particular 
investment, however, he is willing to act on the basis of only two para- 

4. John R. Hicks, "Liquidity," The Economic Journal, LXXII  (December, 1962), 787- 
802. 

5. M. J. Gordon and Ramesh Gangolli, "Choice Among and Scale of Play on Lottery 
Type Alternatives," College of Business Administration, University of Rochester, 1962. 
For another discussion of this relationship see W. F. Sharpe, "A Simplified Model for 
Portfolio Analysis," Management Science, Vol. 9, No. 2 (January 1963), 277-293. A 
related discussion can be found in F. Modigliani and M. H .  Miller, "The Cost of Capital, 
Corporation Finance, and the Theory of Investment," The American Economic Review, 
XLVIII (June 1958), 261-297. 

6 .  Recently Hirshleifer has suggested that the mean-variance approach used in the 
articles cited is best regarded as a special case of a more general formulation due to 
Arrow. See Hirshleifer's "Investment Decision Under Uncertainty," Papers and Proceedings 
of the Seventy-Sixth Annual Meeting of the American Economic Association, Dec. 1963, 
or Arrow's lLLe Role des Valeurs Boursieres pour la Repartition la Meilleure des Risques," 
Inter~tational Colloquium on Econometrics, 1952. 

7. After preparing this paper the author learned that Mr. Jack L. Treynor, of Arthur 
D. Little, Inc., had independently developed a model similar in many respects to the one 
described here. Unfortunately Mr. Treynor's excellent work on this subject is, a t  present, 
unpublished. 
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meters of this distribution-its expected value and standard deviation.' 
This can be represented by a total utility function of the form: 

U = f (Ew,  ow)  

where Ew indicates expected future wealth and ow the predicted standard 
deviation of the possible divergence of actual future wealth from Ew. 

Investors are assumed to prefer a higher expected future wealth to a 
lower value, ceteris paribus (dU/dEw > 0). Moreover, they exhibit 
risk-aversion, choosing an investment offering a lower value of ow to 
one with a greater level, given the level of Ew (dU/do, < 0). These as- 
sumptions imply that indifference curves relating Ew and OW will be 
upward-sloping? 

To simplify the analysis, we assume that an investor has decided to 
commit a given amount (Wi) of his present wealth to investment. Letting 
Wt be his terminal wealth and R the rate of return on his investment: 

we have 
Wt = R Wi $. Wi. 

This relationship makes it possible to express the investor's utility in 
terms of R, since terminal wealth is directly related to the rate of return: 

U = ~ ( E R ,CR). 

Figure 2 summarizes the model of investor preferences in a family of 
indifference curves; successive curves indicate higher levels of utility as 
one moves down and/or to the right.1° 

8. Under certain conditions the mean-variance approach can be shown to lead to 
unsatisfactory predictions of behavior. Markowitz suggests that a model based on the 
semi-variance (the average of the squared deviations below the mean) would be preferable; 
in light of the formidable computational problems, however, he bases his analysis on the 
variance and standard deviation. 

9. While only these characteristics are required for the analysis, it is generally assumed 
that the curves have the property of diminishing marginal rates of substitution between 
E, and a,, as do those in our diagrams. 

10. Such indifference curves can also be derived by assuming that the investor wishes 
to maximize expected utility and that his total utility can be represented by a quadratic 
function of R with decreasing marginal utility. Both Markowitz and Tobin present such 
a derivation. A similar approach is used by Donald E. Farrar in The Investment Decision 
Under Uncertainty (Prentice-Hall, 1962). Unfortunately Farrar makes an error in his 
derivation; he appeals to the Von-Neumann-Morgenstern cardinal utility axioms to trans-
form a function of the form: 

E(U) = a+ bER - cER2 - coR2 

into one of the form: 
E (U) =klER -k2aR2. 

That such a transformation is not consistent with the axioms can readily be seen in this 
form, since the first equation implies non-linear indifference curves in the ER, aR2 plane 

while the second implies a linear relationship. Obviously no three (different) points can 
lie on both a line and a non-linear curve (with a monotonic derivative). Thus the two 
functions must imply different orderings among alternative choices in a t  least some 

instance. 
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The Investment Opportunity Curve 

The model of investor behavior considers the investor as choosing from 
a set of investment opportunities that one which maximizes his utility. 
Every investment plan available to him may be represented by a point in 
the En, OR plane. If all such plans involve some risk, the area composed 
of such points will have an appearance similar to that shown in Figure 2. 

The investor will choose from among all possible plans the one placing 
him on the indifference curve representing the highest level of utility 
(point F) .  The decision can be made in two stages: first, find the set of 
efficient investment plans and, second choose one from among this set. 
A plan is said to be efficient if (and only if) there is no alternative with 
either (1) the same ERand a lower on, ( 2 )  the same OR and a higher EB 
or (3 )  a higher En and a lower on. Thus investment Z is inefficient since 
investments B, C, and D (among others) dominate it. The only plans 
which would be chosen must lie along the lower right-hand boundary 
(AFBDCX)-the investment opportunity curve. 

To understand the nature of this curve, consider two investment plans 
-A and B, each including one or more assets. Their predicted expected 
values and standard deviations of rate of return are shown in Figure 3. 



430 The Journal of Finance 

If the proportion a of the individual's wealth is placed in plan A and the 
remainder (1-a) in B, the expected rate of return of the combination will 
lie between the expected returns of the two plans: 

The predicted standard deviation of return of the combination is: 

Note that this relationship includes Tab, the correlation coefficient between 
the predicted rates of return of the two investment plans. A value of f1 

would indicate an investor's belief that there is a precise positive relation- 
ship between the outcomes of the two investments. A zero value would 
indicate a belief that the outcomes of the two investments are completely 
independent and -1 that the investor feels that there is a precise inverse 
relationship between them. In  the usual case r,b will have a value between 
0 and +l. 

Figure 3 shows the possible values of E R ~and OR, obtainable with 
different combinations of A and B under two different assumptions about 
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the value of Tab. If the two investments are perfectly correlated, the 
combinations will lie along a straight line between the two points, since 
in this case both E R ~  and OR, will be linearly related to the proportions 
invested in the two plans.ll If they are less than perfectly positively cor- 
related, the standard deviation of any combination must be less than that 
obtained with perfect correlation (since l a b  will be less) ; thus the combi- 
nations must lie along a curve below the line AB.12 AZB shows such a 
curve for the case of complete independence (r,b = 0 ) ;  with negative 
correlation the locus is even more U-shaped.13 

The manner in which the investment opportunity curve is formed is 
relatively simple conceptually, although exact solutions are usually quite 
difficult.14 One first traces curves indicating ER, OR values available with 
simple combinations of individual assets, then considers combinations of 
combinations of assets. The lower right-hand boundary must be either 
linear or increasing at an increasing rate (d2O R / ~ E ~ R> 0). AS suggested 
earlier, the complexity of the relationship between the characteristics of 
individual assets and the location of the investment opportunity curve 
makes it difficult to provide a simple rule for assessing the desirability 
of individual assets, since the effect of an asset on an investor's over-all 
investment opportunity curve depends not only on its expected rate of 
return ( E R ~ )  and risk (ORi), but also on its correlations with the other 
available opportunities (ril, ri2, . . . . , ri,). However, such a rule is implied 
by the equilibrium conditions for the model, as we will show in part IV. 

T h e  Pure Rate of Interest 

We have not yet dealt with riskless assets. Let P be such an asset; its 
risk is zero ( a ~ ~= 0) and its expected rate of return, ER*, is equal (by 
definition) to the pure interest rate. If an investor places a of his wealth 

but rab = 1, therefore the expression under the square root sign can be factored: 

bRc= dEabRa+ (1 - a) oRbI2 

= a bRa+ (1 -a) bRb 

= oRb+ (bRa-bRb)a 

12. This curvature is, in essence, the rationale for diversification. 

'Ra 
13. When rab = 0, the slope of the curve a t  point A is - , a t  point B it is 

E ~ b-E ~ a   
bRb  . When r,,=-1, the curve degenerates to two straight lines to a point 

E ~ b-E ~ a  

on the horizontal axis. 

14. Markowitz has shown that this is a problem in parametric quadratic programming. 
An efficient solution technique is described in his article, "The Optimization of a Quadratic 
Function Subject to Linear Constraints," Naval Research Logistics Quarterly, Vol. 3 
(March and June, 1956), 111-133. A solution method for a special case is given in the 
author's iiA Simplified Model for Portfolio Analysis," op. cit. 
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in P and the remainder in some risky asset A, he would obtain an expected 
rate of return: 

E R e  =a E ~ p+ ( 1 -a) E R ~  

The standard deviation of such a combination would be: 

but since a ~ ,= 0, this reduces to: 

This implies that all combinations involving any risky asset or combi- 
nation of assets plus the riskless asset must have values of E R ~and URC 

which lie along a straight line between the points representing the two 
components. Thus in Figure 4 all combinations of ERand OR lying along 

the line PA are attainable if some money is loaned a t  the pure rate and 
some placed in A. Similarly, by lending a t  the pure rate and investing in 
B, combinations along PB can be attained. Of all such possibilities, how- 
ever, one will dominate: that investment plan lying a t  the point of the 
original investment opportunity curve where a ray from point P is tangent 
to the curve. I n  Figure 4 all investments lying along the original curve 
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from X to + are dominated by some combination of investment in 9 and 
lending a t  the pure interest rate. 

Consider next the possibility of borrowing. If the investor can borrow 
a t  the pure rate of interest, this is equivalent to disinvesting in P. The 
effect of borrowing to purchase more of any given investment than is 
possible with the given amount of wealth can be found simply by letting 
a take on negative values in the equations derived for the case of lending. 
This will obviously give points lying along the extension of line PA if 
borrowing is used to purchase more of A; points lying along the extension 
of PB if the funds are used to purchase B, etc. 

As in the case of lending, however, one investment plan will dominate 
all others when borrowing is possible. When the rate a t  which funds can 
be borrowed equals the lending rate, this plan will be the same one which 
is dominant if lending is to take place. Under these conditions, the invest- 
ment opportunity curve becomes a line (P+Z in Figure 4). Moreover, 
if the original investment opportunity curve is not linear a t  point +,the 
process of investment choice can be dichotomized as follows: first select 
the (unique) optimum combination of risky assets (point +), and second 
borrow or lend to obtain the particular point on PZ at which an indiffer- 
ence curve is tangent to the line.16 

Before proceeding with the analysis, it may be useful to consider alter- 
native assumptions under which only a combination of assets lying a t  the 
point of tangency between the original investment opportunity curve and 
a ray from P can be efficient. Even if borrowing is impossible, the investor 
will choose + (and lending) if his risk-aversion leads him to a point 
below + on the line P+. Since a large number of investors choose to place 
some of their funds in relatively risk-free investments, this is not an un- 
likely possibility. Alternatively, if borrowing is possible but only up to 
some limit, the choice of + would be made by all but those investors 
willing to undertake considerable risk. These alternative paths lead to the 
main conclusion, thus making the assumption of borrowing or lending 
a t  the pure interest rate less onerous than it might initially appear to be. 

In  order to derive conditions for equilibrium in the capital market we 
invoke two assumptions. First, we assume a common pure rate of interest, 
with all investors able to borrow or lend funds on equal terms. Second, 
we assume homogeneity of investor expectation^:'^ investors are assumed 

15. This proof was first presented by Tobin for the case in which the pure rate of 
interest is zero (cash). Hicks considers the lending situation under comparable conditions 
but does not allow borrowing. Both authors present their analysis using maximization 
subject to constraints expressed as equalities. Hicks' analysis assumes independence and 
thus insures that the solution will include no negative holdings of risky assets; Tobin's 
covers the general case, thus his solution would generally include negative holdings of 
some assets. The discussion in this paper is based on Markowitz' formulation, which 
includes non-negativity constraints on the holdings of all assets. 

16. A term suggested by one of the referees. 
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to agree on the prospects of various investrnents-the expected values, 
standard deviations and correlation coefficients described in Part 11. 
Needless to say, these are highly restrictive and undoubtedly unrealistic 
assumptions. However, since the proper test of a theory is not the realism 
of its assumptions but the acceptability of its implications, and since these 
assumptions imply equilibrium conditions which form a major part 
of classical financial doctrine, it is far from clear that this formulation 
should be rejected--especially in view of the dearth of alternative models 
leading to similar results. 

Under these assumptions, given some set of capital asset prices, each 

investor will view his alternatives in the same manner. For one set of 
prices the alternatives might appear as shown in Figure 5. In  this situa- 

tion, an investor with the preferences indicated by indifference curves A1 
through A4 would seek to lend some of his funds a t  the pure interest rate 
and to invest the remainder in the combination of assets shown by point 
+,since this would give him the preferred over-all position A*. An investor 
with the preferences indicated by curves B1 through B4 would seek to in-
vest all his funds in combination +, while an investor with indifference 
curves C1 through C4 would invest all his funds plus additional (borrowed) 
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funds in combination 9 in order to reach his preferred position (C*). In  
any event, all would attempt to purchase only those risky assets which 
enter combination 9. 

The attempts by investors to purchase the assets in combination 9 and 
their lack of interest in holding assets not in combination 9 would, of 
course, lead to a revision of prices. The prices of assets in 9 will rise and, 
since an asset's expected return relates future income to present price, 
their expected returns will fall. This will reduce the attractiveness of com- 
binations which include such assets; thus point 9 (among others) will 
move to the left of its initial position.17 On the other hand, the prices of 
assets not in 9 will fall, causing an increase in their expected returns and 
a rightward movement of points representing combinations which include 
them. Such price changes will lead to a revision of investors' actions; some 
new combination or combinations will become attractive, leading to dif- 
ferent demands and thus to further revisions in prices. As the process con- 
tinues, the investment opportunity curve will tend to become more linear, 
with points such as 9 moving to the left and formerly inefficient points 
(such as F and G) moving to the right. 

Capital asset prices must, of course, continue to change until a set of 
prices is attained for which every asset enters a t  least one combination 
lying on the capital market line. Figure 6 illustrates such an equilibrium 
condition.'' All possibilities in the shaded area can be attained with com- 
binations of risky assets, while points lying along the line PZ can be at- 
tained by borrowing or lending at  the pure rate plus an investment in 
some combination of risky assets. Certain possibilities (those lying along 
PZ from point A to point B) can be obtained in either manner. For ex- 
ample, the ER, OR values shown by point A can be obtained solely by some 
combination of risky assets; alternatively, the point can be reached by a 
combination of lending and investing in combination C of risky assets. 

I t  is important to recognize that in the situation shown in Figure 6 
many alternative combinations of risky assets are efficient (i.e., lie along 
line PZ),  and thus the theory does not imply that all investors will hold 
the same combination.lQ On the other hand, all such combinations must 
be perfectly (positively) correlated, since they lie along a linear border of 

17. If investors consider the variability of future dollar returns unrelated to present 
price, both E, and a, will fall; under these conditions the point representing an asset 

would move along a ray through the origin as its price changes. 

18. The area in Figure 6 representing ER, uR values attained with only risky assets 

has been drawn a t  some distance from the horizontal axis for emphasis. I t  is likely that 
a more accurate representation would place i t  very close to the axis. 

19. This statement contradicts Tobin's conclusion that there will be a unique optimal 
combination of risky assets. Tobin's proof of a unique optimum can be shown to be 

incorrect for the case of perfect correlation of efficient risky investment plans if the 
line connecting their ER, aR points would pass through point P. In  the graph on page 83 

of this article (09. c i t . )  the constant-risk locus would, in this case, degenerate from a 
family of ellipses into one of straight lines parallel to the constant-return loci, thus giving 
multiple optima. 
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the ER, OR region.20 This provides a key to the relationship between the 
prices of capital assets and different types of risk. 

IV. THEPRICESOF CAPITALASSETS 

We have argued that in equilibrium there will be a simple linear rela- 
tionship between the expected return and standard deviation of return for 
efficient combinations of risky assets. Thus far nothing has been said 
about such a relationship for individual assets. Typically the ER,OR values 
associated with single assets will lie above the capital market line, reflect- 
ing the inefficiency of undiversified holdings. Moreover, such points may 
be scattered throughout the feasible region, with no consistent relation- 
ship between their expected return and total risk (OR) .  However, there 
will be a consistent relationship between their expected returns and what 
might best be called systematic risk,as we will now show. 

Figure 7 illustrates the typical relationship between a single capital 

20. ER, bR values given by combinations of any two combinations must lie within 

the region and cannot plot above a straight line joining the points. In  this case they cannot 
plot below such a straight line. But since only in the case of perfect correlation will they 
plot along a straight line, the two combinations must be perfectly correlated. As shown 
in Part IV, this does not necessarily imply that the individual securities they contain 

are perfectly correlated. 
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asset (point i)  and an efficient combination of assets (point g) of which 
it is a part. The curve igg' indicates all ER,an values which can be obtained 
with feasible combinations of asset i and combination g. As before, we 
denote such a combination in terms of a proportion a of asset i and 
(1  -a)  of combination g. A value of a = 1 would indicate pure invest- 

ment in asset i while a =0 would imply investment in combination g. 
Note, however, that a = .5 implies a total investment of more than half 
the funds in asset i, since half would be invested in i itself and the other 
half used to purchase combination g, which also includes some of asset i. 
This means that a combination in which asset i does not appear a t  all must 
be represented by some negative value of a. Point g' indicates such a 
combination. 

In  Figure 7 the curve igg' has been drawn tangent to the capital market 
line (PZ) a t  point g. This is no accident. All such curves must be tangent 
to the capital market line in equilibrium, since (1) they must touch i t  a t  
the point representing the efficient combination and ( 2 )  they are con- 
tinuous a t  that point.21 Under these conditions a lack of tangency would 

21. Only if rig=-1 will the curve be discontinuous over the range in question. 
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imply that the curve intersects PZ. But then some feasible combination of 
assets would lie to the right of the capital market line, an obvious impos- 
sibility since the capital market line represents the efficient boundary of 
feasible values of E n  and OR. 

The requirement that curves such as igg' be tangent to the capital 
market line can be shown to lead to a relatively simple formula which 
relates the expected rate of return to various elements of risk for all as- 
sets which are included in combination g.22Its economic meaning can best 
be seen if the relationship between the return of asset i and that of com- 
bination g is viewed in a manner similar to that used in regression analy- 
~ i s . ~ ~Imagine that we were given a number of (ex post) observations of 
the return of the two investments. The points might plot as shown in Fig. 
8. The scatter of the Ri observations around their mean (which will ap- 
proximate ERI)is, of course, evidence of the total risk of the asset -o ~ i .  

But part of the scatter is due to an underlying relationship with the return 
on combination g, shown by Big, the slope of the regression line. The re- 
sponse of Ri to changes in R, (and variations in Rg itself) account for 

22. The standard deviation of  a combination of g and i will be:  

=dh20Ri2+ (1 -a12 bRg2 + Prig a ( l  - a )  aRiaRg4  

but a = aRg a t  a = 0.Thus: 

The expected return of a combination will be: 

E = aE,, $ (1 - a )  ERg 

Thus, a t  all values of a: 

and, a t  a = 0: 

d o  a,, -r i g b ~ i
-= 
dE ER, -ERi 

Let the equation of the capital market line be: 

aR = s(ER - P) 

where P is the pure interest rate. Since igg' is tangent to the line when u = 0, and since 

(ERg, oRg) lies on the line: 

~ R P-r i g o ~ i_ - '=R,- 

E R ~-ERI E R ~-P  
or: 

'igb~i P 1 

-~ R P=  E ~ ~ .- [-I  + [-I
23. This model has been called the diagonal model since its portfolio analysis solution 

can be facilitated by re-arranging the data so that the variance-covariance matrix becomes 
diagonal. The method is described in the author's article, cited earlier. 
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Retu rn  on Asset i ( R i )  

R e t u r n  on Combination g (R )
g 

much of the variation in Ri. I t  is this component of the asset's total risk 
which we term the systematic risk. The remainder? being uncorrelated 
with R,, is the unsystematic component. This formulation of the relation- 
ship between Ri and Rg can be employed ex ante as a predictive model. Big 
becomes the predicted response of Ri to changes in Rg. Then, given OR, 

(the predicted risk of Rg), the systematic portion of the predicted risk 
of each asset can be determined. 

This interpretation allows us to state the relationship derived from 
the tangency of curves such as igg' with the capital market line in the 
form shown in Figure 9. All assets entering efficient combination g must 
have (predicted) Big and E R ~  values lying on the line PQ.26 Prices will 

24. ex post, the standard error. 

25. 

and: 

The expression on the right is the expression on the left-hand side of the last equation in 
footnote 22. ~ h u s :  

P 1 
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adjust so that assets which are more responsive to changes in R, will have 
higher expected returns than those which are less responsive. This accords 
with common sense. Obviously the part of an asset's risk which is due to 
its correlation with the return on a combination cannot be diversified away 
when the asset is added to the combination. Since Big indicates the magni- 
tude of this type of risk i t  should be directly related to expected return. 

The relationship illustrated in Figure 9 provides a partial answer to the 
question posed earlier concerning the relationship between an asset's risk 

Pure Rate of In te res t   
FIGURE9  

and its expected return. But thus far we have argued only that the rela- 
tionship holds for the assets which enter some particular efficient com- 
bination (g). Had another combination been selected, a different linear 
relationship would have been derived. Fortunately this limitation is easily 
overcome. As shown in the we may arbitrarily select any one 

26. Consider the two assets i and i*, the former included in efficient combination g 
and the latter in combination g*.  As shown above: 

P 1 

= - [-I + [-] I?E ~ g  E ~ iA 

and: 
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of the efficient combinations, then measure the predicted responsiveness 
of every asset's rate of return to that of the combination selected; and 
these coefficients will be related to the expected rates of return of the 
assets in exactly the manner pictured in Figure 9. 

The fact that rates of return from all efficient combinations will be 
perfectly correlated provides the justification for arbitrarily selecting any 
one of them. Alternatively we may choose instead any variable perfectly 
correlated with the rate of return of such combinations. The vertical axis 
in Figure 9 would then indicate alternative levels of a coefficient measur- 
ing the sensitivity of the rate of return of a capital asset to changes in the 
variable chosen. 

This possibility suggests both a plausible explanation for the implica- 
tion that all efficient combinations will be perfectly correlated and a use- 
ful interpretation of the relationship between an individual asset's ex-
pected return and its risk. Although the theory itself implies only that 
rates of return from efficient combinations will be perfectly correlated, 
we might expect that this would be due to their common dependence on 
the over-all level of economic activity. If so, diversification enables the 
investor to escape all but the risk resulting from swings in economic ac- 
tivity-this type of risk remains even in efficient combinations. And, since 
all other types can be avoided by diversification, only the responsiveness 
of an asset's rate of return to the level of economic activity is relevant in 

Bi*g* = - [ P ] + [ 1 ] ERi*. 
ER,* - ER,* -

Since Rgand Rgr are perfectly correlated: 
-- riag 

Thus: 

Since both g and g* lie on a line which intercepts the E-axis a t  P: 

and: 

ER, -P 
Bi*.* = Bi*, [ ]

ER,* -P 
Thus: 

P 1 ER, -P 

- [ ERg*-P] + [ER,* -P 
] 'Ri* = 'i*g 1 

,ER,* - ]
from which we have the desired relationship between K,and g: 

P 1 

ER, -P 
Bi,, must therefore plot on the same line as does Big. 
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assessing its risk. Prices will adjust until there is a linear relationship 
between the magnitude of such responsiveness and expected return. As- 
sets which are unaffected by changes in economic activity will return the 
pure interest rate; those which move with economic activity will promise 
appropriately higher expected rates of return. 

This discussion provides an answer to the second of the two questions 
posed in this paper. In Part 111it was shown that with respect to equi- 
librium conditions in the capital market as a whole, the theory leads to 
results consistent with classical doctrine (i.e., the capital market line). 
We have now shown that with regard to capital assets considered in- 
dividually, it also yields implications consistent with traditional concepts: 
it is common practice for investment counselors to accept a lower expected 
return from defensive securities (those which respond little to changes in 
the economy) than they require from aggressive securities (which exhibit 
significant response). As suggested earlier, the familiarity of the implica- 
tions need not be considered a drawback. The provision of a logical frame- 
work for producing some of the major elements of traditional financial 
theory should be a useful contribution in its own right. 
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From Efficient Markets Theory to 

Behavioral Finance 

Robert J. Shiller 

cademic finance has evolved a long way from the days when the efficient 

markets theory was widely considered to be proved beyond doubt. Behav-

ioral finance-that is, finance from a broader social science perspective 

including psychology and sociology-is now one of the most vital research pro-

grams, and it stands in sharp contradiction to much of efficient markets theory. 

The efficient markets theory reached its height of dominance in academic 

circles around the 1970s. At that time, the rational expectations revolution in 

economic theory was in its first blush of enthusiasm, a fresh new idea that occupied 

the center of attention. The idea that speculative asset prices such as stock prices 

always incorporate the best information about fundamental values and that prices 

change only because of good, sensible information meshed very well with theoret-

ical trends of the time. Prominent finance models of the 1970s related speculative 

asset prices to economic fundamentals, using rational expectations to tie together 

finance and the entire economy in one elegant theory. For example, Robert 

Merton published "An Intertemporal Capital Asset Pricing Model" in 1973, which 

showed how to generalize the capital asset pricing model to a comprehensive 

intertemporal general equilibrium model. Robert Lucas published "Asset Prices in 

an Exchange Economy" in 1978, which showed that in a rational expectations 

general equilibrium, rational asset prices may have a forecastable element that is 

related to the forecastability of consumption. Douglas Breeden published his 

theory of "consumption betas" in 1979, where a stock's beta (which measures the 

sensitivityof its return compared to some index) was determined by the correlation 

RobertJ. Shiller is the Stanley B. Resor Professor of Economics and also afJiliated with the 

Cowles Foundation and the International Centerfor Finance, Yale C'niuersitj, N m  Haven, 

Connecticut. He is a Research Associate at the National Bureau of Economic Research, 

Cambridge, Massachusetts. His e-mail address is (robert.shiller@jale.edu). 
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of the stock's return with per capita consumption. These were exciting theoretical 

advances at the time. In 1973, the first edition of Burton Malkiel's acclaimed book, 

A Random Walk Down Wall Street, appeared, which conveyed this excitement to a 

wider audience. 

In the decade of the 1970s, I was a graduate student writing a Ph.D. dissertation 

on rational expectations models and an assistant and associate professor, and I was 

mostly caught up in the excitement of the time. One could easily wish that these 

models were true descriptions of the world around us, for it would then be a 

wonderful advance for our profession. We would have powerful tools to study and 

to quantiQ the financial world around us. 

Wishful thinking can dominate much of the work of a profession for a decade, 

but not indefinitely. The 1970s already saw the beginnings of some disquiet over 

these models and a tendency to push them somewhat aside in favor of a more 

eclectic way of thinking about financial markets and the economy. Browsing today 

again through finance journals from the 1970s, one sees some beginnings of 

reports of anomalies that didn't seem likely to square with the efficient markets 

theory, even if they were not presented as significant evidence against the theory. 

For example, Eugene Fama's 1970 article, "Efficient Capital Markets: A Review of 

Empirical M'ork," while highly enthusiastic in its conclusions for market efficiency, 

did report some anomalies like slight serial dependencies in stock market returns, 

though with the tone of pointing out how small the anomalies were. 

The 1980s and Excess Volatility 

From my perspective, the 1980s were a time of important academic discussion 

of the consistency of the efficient markets model for the aggregate stock market 

with econometric evidence about the time series properties of prices, dividends and 

earnings. Of particular concern was whether these stocks show excess volatility 

relative to what would be predicted by the efficient markets model. 

The anomalies that had been discovered might be considered at worst small 

departures from the fundamental truth of market efficiency, but if most of the 

volatility in the stock market was unexplained, it would call into question the basic 

underpinnings of the entire efficient markets theory. The anomaly represented by 

the notion of excess volatility seems to be much more troubling for efficiency 

markets theory than some other financial anomalies, such as the January effect or 

the day-of-the-week effect.' The volatility anomaly is much deeper than those 

represented by price stickiness or tatonnement or even by exchange-rate overshoot- 

ing. The evidence regarding excess volatility seems, to some observers at least, to 

imply that changes in prices occur for no fundamental reason at all, that they occur 

because of such things as "sunspots" or "animal spirits" or just mass psychology. 

The efficient markets model can be stated as asserting that the price P, of a 

'A good discussion of the major anomalies, and the evidence for them, is in Siege1 (2002) 
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share (or of a portfolio of shares representing an index) equals the mathematical 

expectation, conditional on all information available at the time, of the present 

value eof actual subsequent dividends accruing to that share (or portfolio of 

shares). E i s  not known at time t and has to be forecasted. Efficient markets say that 

price equals the optimal forecast of it. 

Different forms of the efficient markets model differ in the choice of the 

discount rate in the present value, but the general efficient markets model can be 

written just as P, = E,P"I; where E, refers to mathematical expectation conditional 

on public information available at time t. This equation asserts that any surprising 

movements in the stock market must have at their origin some new information 

about the fundamental value e. 
It follows from the efficient markets model that E = P, + C;, where C; is a 

forecast error. The forecast error U, must be uncorrelated with any information 

variable available at time t ,  otherwise the forecast would not be optimal; it would 

not be taking into account all information. Since the price P, itself is information 

at time t ,  P, and C; must be uncorrelated with each other. Since the variance of the 

sum of two uncorrelated variables is the sum of their variances, it follows that the 

variance of emust equal the variance of P, plus the variance of C;, and hence, 

since the variance of U,cannot be negative, that the variance of emust be greater 

than or equal to that of P,. 

Thus, the fundamental principle of optimal forecasting is that the forecast 

must be less variable than the variable forecasted. Any forecaster whose forecast 

consistently varies through time more than the variable forecasted is making a 

serious error, because then high forecasts would themselves tend to indicate 

forecast positive errors, and low forecasts indicate negative errors. The maximum 

possible variance of the forecast is the variance of the variable forecasted, and this 

can occur only if the forecaster has perfect foresight and the forecasts correlate 

perfectly with the variable forecasted. 

If one computes for each year since 1871 the present value subsequent to that 

year of the real dividends paid on the Standard & Poor's Composite Stock Price 

Index, discounted by a constant real discount rate equal to the geometric average 

real return 1871-2002 on the same Standard & Poor Index, one finds that the 

present value, if plotted through time, behaves remarkably like a stable trend.2 In 

contrast, the Standard & Poor's Composite Stock Price Index gyrates wildly up and 

down around this trend. Figure 1 illustrates these patterns. 

How, then, can we take it as received doctrine that, according to the simplest 

efficient markets theory, the stock price represents the optimal forecast of this 

present value, the price responding only to objective information about it? I argued 

in Shiller (1981), as did also Stephen LeRoy and Richard Porter (1981), that the 

stability of the present value through time suggests that there is excess volatility in 

'The present ralue, constant discount rate, is computed for each year t as PT,,,,,~,~= E L I + ,  p"l lD, ,  

where p is a constant discount factor, and D, is the real dividend at time t. .knassumption was made 

about real di~ldends after 2002. See note to Figure 1. 
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Fig-ure 1 

Real Stock Prices and Present Values of Subsequent Real Dividends 

(annual data) 

Real Stock Price (S&P 500) 

1000 -

PD\: Interest Rates 

..-ui 

c' 
PDV, Constant Discount Rate 

100 -
PD\: Consumption 

AVotes:The heaviest line is the Standard & Poor 500 Index for Januan of year shown. The less-heay 

line is the present value for each year of subsequent real d i d e n d s  accruing to the index discounted 

by the geometric-average real return for the entire sample, 6.61 percent. Di~idends after 2002 were 

assumed equal to the 2002 dividend times 1.25 (to correct for recent lower dividend payout) and 

growing at the geometric-average historical growth rate for di~idends, 1.11 percent. The thin line is 

the present value for each year of subsequent real di~idends discounted by one-year interest rates 

plus a risk premium equal to the geometric average real return on the market minus the geometric 

average real one-year interest rate. The dashed line is the present value for each year of subsequent 

real di~idends discounted by marginal rates of substitution in consumption for a representative 

indi~idualwith a coefficient of relative risk aversion of 3 who consumes the real per capita 

nondurable and senice consumption from the U. S. National Income and Product Accounts. 

Real values were computed from nominal values by dividing by the consumer price index (CPI-LT 

since 1913, linked to the Warren and Pearson producer price index before 1913) and rescaling to 

Januan 2003 = 100. Some of the ven latest obsen~ations of underlying series were estimated based 

on data available as of this writing; for example, the consumer price index forJanwan 2003 was 

estimated based on data from previous months. Source data are available on (http://x\uw.econ.yale. 

edu/-shiller), and the further descriptions of some of the data are in Shiller (1989). See also 

footnotes 1, 5 and 6. 

the aggregate stock market, relative to the present value implied by the efficient 

markets model. Our work launched a remarkable amount of controversy, from 

which I will recall here just a few highlights. 

The principal issue regarding our original work on excess volatility was in 

regard to thinking about the stationarity of dividends and stock prices. My own 

work in the early 1980s had followed a tradition in the finance literature of 
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assuming that dividends fluctuated around a known trend.' However, one might 

also argue, as do Marsh and Merton (1986), that dividends need not stay close to 

a trend and that even if earnings followed a trend, share issuance or repurchase 

could make dividends depart from a trend indefinitely. In addition, if business 

managers use dividends to provide a smoothed flow of payouts from their busi- 

nesses, then the stock prices might be expected to shift more rapidly than divi- 

dends. Marsh and Merton argued that such dividend smoothing could make stock 

prices unstationary in such a way that in finite samples prices appear more volatile 

than the present values. 

Thus, the challenge became how to construct a test for expected volatility that 

modeled dividends and stock prices in a more general way. ill., such tests were 

developed, they tended to confirm the overall hypothesis that stock prices had 

more volatility than an efficient markets hypothesis could explain. For example, 

West (1988) derived an inequality that the variance of innovations (that is, surprises) 

in stock prices must be less than or equal to the variance of the innovations in the 

forecasted present value of dividends based on a subset of information available to 

the market. This inequality is quite general: it holds even when dividends and stock 

prices have infinite variances so long as the variance of the innovation (the 

unexpected change) in these is finite. Using long-term annual data on stock prices, 

MTest found that the variance of innovations in stock prices was four to 20 times its 

theoretical upper bound.4 ~ o h n  Campbell and I (1988) recast the time series model 

in terms of a cointegrated model of real prices and real dividends, while also 

relaxing other assumptions about the time series, and again found evidence of 

excess volatility." Campbell (1991) provided a variance decomposition for stock 

returns that indicated that most of the variability of the aggregate stock market 

conveyed information about future returns, rather than about future dividends. 

Another contested issue regarding the early work on excess volatility ques- 

tioned the assumption of the early work that the efficient markets model was best 

conveyed through an expected present value model in which the real discount rate 

is constant through time. The assumption of a constant discount rate over time can 

only be considered a first step, for the theory suggests more complex relationships. 

' I t  should be pointed out that dividend payouts as a fraction of earnings have shown a gradual 

downtrend over the period since 1871 and that d i~idend payouts have increasingly been substituted by 

share repurchases. Se t  share repurchases reached approximately 1percent of shares outstanding by the 

late 1990s. However, share repurchases do not invalidate the theoretical model that stock prices should 

equal the present ralue of dividends. See Cole, Helwege and Laster (1996). 

'In more technical terms, this argument is over whether dividends could be viewed as a stationan series. 

The discussion was often phrased in terms of the "unit root" properh of the time series, tvhere a unit 

root refers to notion that when a variable is regressed on its otvn lags, the characteristic equation of the 

difference equation has a root on the unit circle. \Vest (1988) can be vietved as a \cay of addressing the 

unit root issue. In our 1988 paper, Campbell and I handled nonstationarity by using a vector autore- 

gressive model including the log dividend-price ratio and the change in log di~idends as elements. 

Barsky and De Long (1993), hotvever, later shotved that if one assumes that real dividends must be twice 

differenced to induce stationarity (so that dividends are even more unstationan in the sense that 

di~idendgroruth rates, not just levels, are unstationan), then the efficient markets model looks rather 

more consistent with the data. 
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One such efficient markets model makes the discount rate correspond to 

interest rates. The line in Figure 1 labeled "PDV, Interest Rates" illustrates this 

concept.%owever, allowing time-varying interest rates in the present value for- 

mula does little to support the efficient markets model. The actual price is still 

more volatile than the present value, especially for the latest half century. More- 

over, what changes through time there are in the present value bear little resem- 

blance to the changes through time in the stock prices, Note for example that the 

present value is extremely high throughout the depression years of the 1930s, not 

low as was the actual stock market. The present value is high then because real 

interest rates were at extreme lows after 1933, into the early 195Os, and since real 

dividends really did not fall much after 1929. After 1929, real Standard & Poor's 

dividends fell to around 1925 levels for just a few years, 1933-1935 and 1938, but, 

contrary to popular impressions, were generally higher in the 1930s than they were 

in the 1920s.' 

An alternative approach to the possibility of varying real discount rates looks at 

the intertemporal marginal rate of substitution for consumption, which is shown in 

Figure 1 with the line labeled "PDV, ~ o n s u m ~ t i o n . " ~ h e  models of efficient 

financial markets from the 1970s like Merton (1973), Lucas (1978) and Breeden 

(1979) concluded that stock prices are the expected present value of future 

dividends discounted using marginal rates of substitution of consumption, and in 

these models the equations for stock returns were derived in the context of a model 

maximizing the utility of consumption. Grossman and Shiller (1981) produced a 

plot of that present value since 1881, using Standard & Poor dividend data and 

using aggregate consumption data to compute the marginal rates of substitution as 

discount factors, and this plot is updated here, and this is what is shown in Figure 1. We 

"he present value, discounted by interest rates, is a plot for each year t of 

See note to Figure 1. 

' Campbell and I (1989) recast the argument in terms of a vector autoregressive model of real stock 

prices, real interest rates and real dividends, in tshich each of these variables tsas regressed on lags of 

itself and lags of the other variables. TVe found that the di~idend-price ratio not only shows excess 

volatilit!, but shows ven little correlation with the dividend divided by the forecast of the present value 

of future dividends. 

"he present value, consumption discounted, is a plot for each year t of 

where C, is real per cafiita real consumption at time t .  This expression is inspired by Lucas (1978) and 

derived in &ossman and Shiller (1981) assuming a coefficient of relative risk aversion of 3. See note to 

Figure 1. 
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found, as can also be seen here in Figure 1, that the present value of dividends as 

discounted in this model had only a tenuous relation to actual stock prices, and did 

not appear volatile enough to justify the price movements unless we pushed the 

coefficient of relative risk aversion to ridiculously high levels, higher than the value 

of three that was used for the plot. 

Grossman and Shiller (1981) stressed that there were some similarities be- 

tween the present value and the actual real price, notably the present value peaks 

in 1929 and bottoms out in 1933, close to the actual peak and trough of the market. 

But the present value does this because consumption peaked in 1929 and then 

dropped very sharply, bottoming out in 1933, and the present value takes account 

of this, as if people had perfect foresight of the coming depression. But in fact it 

appears very unlikely that people saw this outcome in 1929, and if they did not, then 

the efficient model does not predict that the actual real price should have tracked 

the present value over this period. 

Actually, the consumption discount model, while it may show some comove- 

ments at times with actual stock prices, does not work well because it does notjustify 

the volatility of stock prices. I showed (1982) that the theoretical model implies a 

lower bound on the volatility of the marginal rate of substitution, a bound which is 

with the U.S. data much higher than could be observed unless risk aversion were 

implausibly high. Hansen and Jagannathan later generalized this lower bound and 

elaborated on its implications, and today the apparent violation of this "Hansen- 

Jagannathan lower bound" is regarded as an important anomaly in finance." 

Some very recent research has emphasized that, even though the aggregate 

stock market appears to be wildly inefficient, individual stock prices do show some 

correspondence to efficient markets theory. That is, while the present value model 

for the aggregate stock market seems unsupported by the data, there is some 

evidence that cross-sectionalvariations in stock prices relative to accounting measures 

show some relation to the present value model. Paul Samuelson some years ago 

posited that the stock market is "micro efficient but macro inefficient," since there 

is considerable predictable variation across firms in their predictable future paths 

of dividends but little predictable variation in aggregate dividends. Hence, Sam- 

uelson asserted, movements among individual stocks make more sense than do 

movements in the market as a whole. There is now evidence to back up this 

assertion. 

Vuolteenaho (2002) showed, using vector-autoregressive methods, that the 

ratio of book-to-market-value of U.S. firms explains a substantial fraction of changes 

in future firms' earnings. Cohen, Polk and Vuolteenaho (2002) concluded that 75 

to 80 percent of the variation across firms in their book-to-market ratios can be 

explained in terms of future variation in profits. Jung and Shiller (2002) show that, 

cross-sectionally, for U.S. stocks that have been continually traded since 1926, the 

price-dividend ratio is a strong forecaster of the present value of future dividend 

"ee ,  for example, J o h n  Cochrane's (2001)book As.rrt Pnczng tvhich sun.eys this literature. Much o f  the 

older literature is summarized in m y  1989 book 114nrkrt 1701ntilitj. 
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changes. So, dividend-price ratios on individual stocks do serve as forecasts of 

long-term future changes in their future dividends, as efficient markets assert. 

This does not mean that there are not substantial bubbles in individual stock 

prices, but that the predictable variation across firms in dividends has often been so 

large as to largely swamp out the effect of the bubbles. A lot of this predictable 

variation across firms takes the form of firms' paying zero dividends for many years 

and investors correctly perceiving that eventually dividends will be coming, and of 

firms in very bad shape with investors correctly perceiving they will not be paying 

substantial dividends much longer. W e n  it comes to individual stocks, such 

predictable variations, and their effects on price, are often far larger than the 

bubble component of stock prices. 

There is a clear sense that the level of volatility of the overall stock market 

cannot be well explained with any variant of the efficient markets model in which 

stock prices are formed by looking at the present discounted value of future 

returns. There are many ways to tinker with the discount rates in the present value 

formulas, and someday someone may find some definition of discount rates that 

produces a present value series that "fits" the actual price better than any of the 

series shown in Figure 1.loBut it is unlikely that they will do so convincingly, given 

the failure of our efforts to date to capture the volatility of stock prices. To justify 

the volatility in terms of such changes in the discount rates, one will have to argue 

that investors also had a great deal of information about changes in the factors 

influencing these future discount rates. 

After all the efforts to defend the efficient markets theory, there is still every 

reason to think that, while markets are not totally crazy, they contain quite sub- 

stantial noise, so substantial that it dominates the movements in the aggregate 

market. The efficient markets model, for the aggregate stock market, has still never 

been supported by any study effectively linking stock market fluctuations with 

subsequent fundamentals. By the end of the 1980s, the restless minds of many 

academic researchers had turned to other theories. 

The Blossoming of Behavioral Finance 

In the 1990s, a lot of the focus of academic discussion shifted away from these 

econometric analyses of time series on prices, dividends and earnings toward 

developing models of human psychology as it relates to financial markets. The field 

of behavioral finance developed. Researchers had seen too many anomalies, too 

l o  Other factors are considered by hlcGrattan and Prescott (2001),who emphasize tax rate changes, and 

Siege1 (2002),who considers not  only tax rate changes hut  also changes in the volatility o f  the economy, 

changes i n  the inflation rate, and changes in transactions costs. Neither o f  these studies sho~vs a "fit" 

between present d u e  and prices over the long sample, however. Notably, the factors they use d o  not  

go through sudden changes at the time o f  the stock market booms and crashes surrounding 1929 and 

2000. 
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little inspiration that our theoretical models captured important fluctuations. An 

extensive body of empirical work, summarized in Campbell, Lo and MacKinlay's 

1996 book The Econometm'cs ofFznanczal lVarkets, laid the foundation for a revolution 

in finance. 

Richard Thaler and I started our National Bureau of Economic Research 

conference series on behavioral finance in 1991, extending workshops that Thaler 

had organized at the Russell Sage Foundation a few years earlier.'' Many other 

workshops and seminars on behavioral finance followed. There is so much going 

on in the field that it is impossible to summarize in a short space. Here, I will 

illustrate the progress of behaxioral finance with two salient examples from recent 

research: feedback models and obstacles to smart money. For overall surveys of the 

field of behavioral finance, the interested reader might begin with Hersh Shefrin's 

Byond Greed and Fear: Understanding Behavzoral Finance and the Psycholog?: of Investing 

(2000) or Andrei Shleifer's InefJiczent Markets (2000). There are also some new 

books of collected papers in behavioral finance, including a three-volume set, 

Behavzoral Fznance, edited by Hersh Shefrin (2001), and Advances zn Behavzoral 

Fznance 11, edited by Richard H. Thaler (2003). 

Feedback Models 

One of the oldest theories about financial markets, expressed long ago in 

newspapers and magazines rather than scholarly journals, is, if translated into 

academic words, a price-to-price feedback theory. Maen speculative prices go up, 

creating successes for some investors, this may attract public attention, promote 

word-of-mouth enthusiasm, and heighten expectations for further price increases. 

The talk attracts attention to "new era" theories and "popular models" that justify 

the price increases.12 This process in turn increases investor demand and thus 

generates another round of price increases. If the feedback is not interrupted, it 

may produce after many rounds a speculative "bubble," in which high expectations 

for further price increases support very high current prices. The high prices are 

ultimately not sustainable, since they are high only because of expectations of 

further price increases, and so the bubble eventually bursts, and prices come falling 

down. The feedback that propelled the bubble carries the seeds of its own destruc- 

tion, and so the end of the bubble may be unrelated to news stories about 

fundamentals. The same feedback may also produce a negative bubble, downward 

price movements propelling further downward price movements, promoting word- 

of-mouth pessimism, until the market reaches an unsustainably low level. 

Such a feedback theory is very old. As long ago as 1841, Charles MacKay in his 

"For a list o f  our programs since 1991, with links to authors' websites, see ( h t t p : / / c o l r l e s . e c o ~   

yale.edu/hel~fin).  

l2  Descriptions o f  nen. era theories attending mrious speculative bubhles are described in m y  book  

(2000). Popular models that acconlpanied the stock market crash o f  1987, the real estate buhbles  

peaking around 1990 and various initial public offering booms are discussed in my  paper in this journal  

(1990). 
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influential book Memoirs of Extraordina~ Popular Delusions described the famous 

tulipmania in Holland in the 1630s, a speculative bubble in tulip flower bulbs, with 

words that suggest feedback and the ultimate results of the feedback (pp. 118-119): 

Many individuals grew suddenly rich. A golden bait hung temptingly out 

before the people, and one after another, they rushed to the tulip marts, like 

flies around a honey-pot . . . .At last, however, the more prudent began to see 

that this folly could not last forever. Rich people no longer bought the flowers 

to keep them in their gardens, but to sell them again at cent per cent profit. 

It was seen that somebody must lose fearfully in the end. As this conviction 

spread, prices fell, and never rose again.13 

The feedback theory seems to be even much older than this. Note of such feedback, 

and the role of word-of-mouth communications in promoting it, was in fact made 

at the time of the tulipmania itself. One anonymous observer publishing in 1637 

(the year of the peak of the tulipmania) gives a fictional account of a conversation 

between two people, Gaergoedt and Waermondt, that illustrates this author's 

impression of the word-of-mouth communications of that time: 

Gaergoedt: "You can hardly make a return of 10% with the money that you  

invest in your occupation [as a weaver], but with the tulip trade, you can make  

returns of lo%, loo%, yes, even 1000%.  

Waerrnondt: " . . . . But tell me, should I believe you?"  

Gaergoedt: "I hill tell you again, what I just said."  

Waermondt: "But I fear that, since I would only start now, it's too late, because  

now the tulips are very expensive, and I fear that I'll be hit uith the spit rod,  

before tasting the roast."  

Gaergoedt: "It's never too late to make a profit, you make money while  

sleeping. I've been away from home for four or five days, and I came home  

just last night, but now I know that the tulips I have have increased in value  

by three or four thousand guilder; where do you have profits like that from  

other goods?"  

Waermondt: "I am perplexed when I hear you talking like that, I don't know  

what to do; has anybody become rich with this trade?"  

Gaergoedt: "What kind of question is this? Look at all the gardeners that used  

to wear white-gray outfits, and now they're wearing new clothes. Many weav-  

ers, that used to wear patched up clothes, that they had a hard time putting  

"' Garher questions hlacIiay's facts about the tulipmania in his 1990 article in this journal and in his 

book Famous Erst Bubbles. For example, the crash was not absolutely final; Garber documents very high 

tulip prices in 1643. The actual course of the bubble is ambiguous, as all contracts were suspended by 

the states of Holland in 1637just after the peak, and no price data are available from that date. 



on, now wear the glitteriest clothes. Yes, many who trade in tulips are riding 

a horse, have a carriage or a wagon, and during winter, an ice carriage, . . . ."I4 

Casual observations over the years since then are plentiful evidence that such talk, 

provoking a sense of relative futility of one's day-to-day work and envy of the 

financial successes of others, and including some vacuous answer to doubts that the 

price rise may be over, is effective in overcoming rational doubts among some 

substantial number of people and tends to bring successive rounds of them into the 

market. 

In my book Irrational Exuberanre, published (with some luck) at the ver) peak 

of the stock market bubble in March 2000, I argued that very much the same 

feedback, transmitted by word-of-mouth as well as the media, was at work in 

producing the bubble we were seeing then. I further argued that the natural 

self-limiting behavior of bubbles, and the possibility of downward feedback after the 

bubble was over, suggested a dangerous outlook for stocks in the future. 

One might well also presume that such simple feedback, if it operates so 

dramatically in events like the tulip bubble or the stock market boom until 2000, 

ought often to recur at a smaller scale and to play an important if lesser role in 

more normal day-to-day movements in speculative prices. Feedback models, in the 

form of difference equations, can of course produce complicated dynamics. The 

feedback may be an essential source of much of the apparently inexplicable 

"randomness" that we see in financial market prices. 

But the feedback theory is very hard to find expressed in finance or economics 

textbooks, even today. Since the theor) has appeared mostly in popular discourse, 

and not in the textbooks, one might well infer that it has long been discredited by 

solid academic research. In fact, academic research has until recently hardly 

addressed the feedback model. 

The presence of such feedback is supported by some experimental evidence. 

Psychologists Andreassen and Kraus (1988) found that when people are shown real 

historical stock prices in sequence (and which they knew were real stock prices) and 

invited to trade in a simulated market that displays these prices, they tended to 

behave as if they extrapolate past price changes when the prices appear to exhibit 

a trend relative to period-to-period variability. Smith, Suchanek and Williams 

(1988) were able to create experimental markets that generated bubbles that are 

consistent with feedback trading. Marimon, Spear and Sunder (1993) showed 

experiments in which repeating bubbles were generated if subjects were precon- 

ditioned by past experience to form expectations of bubbles. 

The presence of such feedback is also supported by research in cognitive 

psychology, which shows that human judgments of the probability of future events 

show systematic biases. For example, psychologists Tversky and Kahneman have 

shown that judgments tend to be made using a representativeness heuristic, 

"Anommous (1637) Bjorn Tuypens translated this passage 
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whereby people try to predict by seeking the closest match to past patterns, without 

attention to the obsesved probability of matching the pattern. For example, when 

asked to guess the occupations of people whose personality and interests are 

described to them, subjects tended to guess the occupation that seemed to match 

the description as closely as possible, without regard to the rarity of the occupation. 

Rational subjects would have chosen humdrum and unexceptional occupations 

more because more people are in these occupations. (Kahneman and Tversky, 

1974). By the same principle, people may tend to match stock price patterns into 

salient categories such as dramatic and persistent price trends, thus leading to 

feedback dynamics, even if these categories may be rarely seen in fundamental 

underlying factors. 

Daniel, Hirschleifer and Subramanyam (1999) have shown that the psycho- 

logical principle of "biased self-attribution" can also promote feedback. Biased 

self-attribution, identified by psychologist Daryl Bem (1965), is a pattern of human 

behavior whereby individuals attribute events that confirm the validity of their 

actions to their own high ability and attribute events that disconfirm their actions 

to bad luck or sabotage. Upon reading the above passage from the time of the 

tulipmania, one easily imagines that Gaergoedt is basking in self-esteem and 

relishing the telling of the story. Many readers today can probably easily recall 

similar conversations, and similar ego-involvement by the spreaders of the word, in 

the 1990s. Such human interactions, the essential cause of speculative bubbles, 

appear to recur across centuries and across countries: they reflect fundamental 

parameters of human behavior. 

There is also evidence supportive of feedback from natural experiments, which 

may be more convincing than the lab experiments when they occur in real time, 

with real money, with real social networks and associated interpersonal support and 

emotions, with real and visceral envy of friends' investment successes, and with 

communications-media presence. Ponzi schemes may be thought of as represent- 

ing such natural experiments. A Ponzi scheme (or pyramid scheme or money 

circulation scheme) involves a superficially plausible but unverifiable stor) about 

how money is made for investors and the fraudulent creation of high returns for 

initial investors by giving them the money invested by subsequent investors. Initial 

investor response to the scheme tends to be weak, but as the rounds of high returns 

generates excitement, the stor) becomes increasingly believable and enticing to 

investors. These schemes are often ver) successful in generating extraordinar) 

enthusiasms among some investors. We have seen some spectacular Ponzi schemes 

recently in countries that do not have effective regulation and surveillance to 

prevent them. A number of Ponzi schemes in Albania 1996-1997 were so large that 

total liabilities reached half a year's GDP; their collapse brought on a period of 

anarchy and civil war in which 2000 people were killed (Janis, 1999). Real world 

stock-market speculative bubbles, I argued in my 2000 book Iwational Exuberance, 

resemble Ponzi schemes in the sense that some "new era" story becomes attached 

to the bubble and acquires increasing plausibility and investor enthusiasm as the 

market continues to achieve high returns. Given the obvious success of Ponzi 
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schemes when they are not stopped by the law, we would need a good reason to 

think that analogous phenomena of speculative bubbles are not also likely. 

The stock market boom that ended in early 2000 is another relevant episode. 

According to my survey data, now expressed in the form of stock market confidence 

indexes produced by the Yale School of Management and available at (http:,l/ 

icf.som.yale.edu/confidence.index),the confidence of individual investors that the 

stock market will go up in the next year, and will rebound from any drop, rose 

dramatically 1989-2000. As in the tulipmania centuries before, there was a focusing 

of public attention and talk on the speculative market and a proliferation of 

wishful-thinking theories about a "new era" that would propel the stock market on 

a course that, while uneven, is relentlessly upward, theories that were spread by 

word of mouth as well as the media. 

It is widely thought that there is a problem with the feedback theories: the 

theories would seem to imply that speculative price changes are strongly serially 

correlated through time, that prices show strong momentum, continuing uniformly 

in one direction day after day. This seems inconsistent with the evidence that stock 

prices are approximately a random walk. 

But simple feedback models do not imply strong serial correlation, as I stressed 

in Shiller (1990). There, I presented a model of the demand for a speculative asset 

as equaling a distributed lag with exponentially declining weights on past price 

changes through time (the distributed lag representing feedback distributed over 

time), plus other factors that affect demand. The model asserts that people react 

gradually to price changes over months or years, not just to yesterday's price 

change. A history of price increases over the last year may encourage buying today 

even if yesterday's price change was down. Also, the model recognizes that there are 

other shocks, besides feedback, influencing price. 

In such a model, a disturbance in some demand factor other than feedback 

can in certain cases be amplified, at least for a time, because it changes the price 

and thus affects future prices through the distributed lag.15 However, unless we 

know something about the other factors that drive demand, such a distributed lag 

model does not imply anything at all about the serial correlation properties of 

speculative price changes. The feedback model does not imply that there is much 

serial correlation in day-to-day stock price changes, since the noise in the other 

factors feeds directly into short-run changes, and the effect on today's price of 

lagged other factors operates at a low frequency that is essentially unrelated to 

day-to-day changes and has effects that can be observed only from its cumulative 

effect after a long period of time. 

Thus, the approximate random walk character of stock prices is not evidence 

"The feedback model is p, = c J"', eCY('-" d p ,  + T,, 0 < c < 1 ,  0  < y .  Here, p, is price at time 

t ,  and r ,is the combined effect of other factors on demand. It follo~vs that p, = r,+ (c / ( l  - c ) ) ( r ,-

T ~ ) ,where T ,  = ( y /  (1 - c ) )  51, eC(? ' ( ' - ' " " - " T , ~ T  is a ~veighted average of lagged T. See Shiller 

(1990, p. 60). Such a model does not imply that price behaves smoothly through time: price can look 

much like a random walk if, for example, T ,  is a random walk. 



96 journal of Economic Perspectives 

against feedback. Moreover, even if feedback did imply some momentum, we can 

also note that the random walk character of stock prices is really not fully supported 

by the evidence anyway, and that in fact there has been more than a little momen- 

tum to stock prices. Jegadeesh and Titman (1993) found that winning stocks, stocks 

that showed exceptionally high six-month returns, beat losing stocks, stocks that 

showed exceptionally low six-month returns, by 12 percent over the following year. 

In contrast, over longer periods of time this momentum seems to reverse itself. De 

Bondt and Thaler (1985) find that over the period 1926 to 1982, stocks represented 

on the Center for Research in Security Prices data set of the University of Chicago 

whose returns had been in the top decile across firms over three years (thus, 

"winner" stocks) tended to show negative cumulative returns in the succeeding 

three years. They also found that "loser" stocks whose returns had been in the 

bottom decile over the prior three years tended to show positive returns over the 

succeeding three years. Thus, there is a tendency for stock prices to continue in the 

same direction over intesvals of six months to a year, but to reverse themselves over 

longer intemals. Campbell, Lo and Mackinlav (1996) document this fact care full^.'^ 
A pattern like this is certainly consistent with some combination of feedback effects 

and other demand factors driving the stock market largely independently of 

fundamentals. 

Smart Money vs. Ordinary Investors 

Theoretical models of efficient financial markets that represent everyone as 

rational optimizers can be no more than metaphors for the world around us. 

Nothing could be more absurd than to claim that everyone knows how to solve 

complex stochastic optimization models. For these theoretical models to have any 

relevance to the stock market, it must somehow be the case that a smaller element 

of "smart money" or the "marginal trader" can offset the foolishness of many 

investors and make the markets efficient. 

The efficient markets theory, as it is commonly expressed, asserts that when 

irrational optimists buy a stock, smart money sells, and when irrational pessimists 

sell a stock, smart money buys, thereby eliminating the effect of the irrational 

traders on market price. But finance theory does not necessarily imply that smart 

money succeeds in fully offsetting the impact of ordinary investors. In recent years, 

research in behavioral finance has shed some important light on the implications 

of the presence of these two classes of investors for theor) and also on some 

characteristics of the people in the two classes. 

From a theoretical point of view, it is far from clear that smart money has the 

power to drive market prices to fundamental values. For example, in one model 

with both feedback traders and smart money, the smart money tended to amplzjj, 

rather than diminish, the effect of feedback traders, by buying in ahead of the 

'"rinblatt and Han (2001) have argued that this tendency of stock prices to sho~\. nlomentunl for a 

while and then reverse themselves might be related to the phenomenon that investors tend to hold on 

to losers and sell winners (Statman and Shefrin, 1985; Odean, 1998). 



feedback traders in anticipation of the price increases they will cause (De Long, 

Shleifer, Summers and Waldman, 1990b). In a related model, rational, expected- 

utility-maximizing smart money never chooses to offset all of the effects of irrational 

investors because they are rationally concerned about the risk generated by the 

irrational investors and do not want to assume the risk that their completely 

offsetting these other investors would entail (De Long, Shleifer, Summers and 

Waldman, 1990b) .Ii 

Often, speculative bubbles appear to be common to investments of a certain 

"style," and the bubbles may not include many other investments. For example, the 

stock market bubble that peaked in the year 2000 was strongest in tech stocks or 

Nasdaq stocks. Barberis and Shleifer (2002) present a model in which feedback 

traders' demand for investments within a particular style is related to a distributed 

lag on past returns of that style class. By their budget constraint, when feedback 

traders are enticed by one style, they must move out of competing styles. The smart 

money are rational utility maximizers. Barberis and Shleifer present a numerical 

implementation of their model and find that smart money did not fully offset the 

effects of the feedback traders. Style classes go through periods of boom and bust 

amplified by the feedback. 

Goetzmann and Massa (1999) provided some direct evidence that it is reason- 

able to suppose that there are c\vo distinct classes of investors: feedback traders who 

follow trends and the smart money who move the other way. Fidelity Investments 

provided them with two years of daily account information for 91,000 investors in 

a Standard and Poor's 500 index fund. Goetzmann and Massa were able to sort 

these investors into two groups based on how they react to daily price changes. 

There were both momentum investors, who habitually bought more after prices 

were rising, and contrarian investors, or smart money, who habitually sold after 

prices were rising. Individual investors tended to stay as one or the other, rarely 

shifted between the two categories. 

Recent research has focused on an important obstacle to smart money's 

offsetting the effects of irrational investors. The smart money can always buy the 

stock, but if the smart money no longer owns the stock and finds it difficult to short 

the stock, then the smart money may be unable to sell the stock. Some stocks could 

be in a situation where zealots have bought into a stock so much that only zealots 

own shares, and trade is only among zealots, and so the zealots alone determine the 

price of the stock. The smart money who know that the stock is priced ridiculously 

high may well use up all the easily available shortable shares and then will be 

standing on the sidelines, unable to short more shares and profit from their 

knowledge. Miller (1977) pointed out this flaw in the argument for market effi- 

ciency, and his paper has been discussed ever since. 

It seems incontrovertible that in some cases stocks have been held primarily by 

zealots and that short sellers have found it very difficult to short. One example is the 

"Shleifer and Summers (1990) present a nice summary of these themes in this journal 
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3Com sale of Palm near the peak of the stock market bubble (Lamont and Thaler, 

2001). In March 2000, Scorn, a profitable provider of network systems and senices, 

sold to the general public via an initial public offering 5 percent of its subsidiary 

Palm, a maker of handheld computers. 3Com announced at the same time that the 

rest of Palm would follow later. The price that these first Palm shares obtained in 

the market was so high, when compared with the price of the 3Com shares, that if 

one subtracts the implied value of the remaining 95 percent of Palm from the 

3Com market value, one finds that the non-Palm part of 3Com had a negativevalue. 

Since the worst possible price for 3Com after the Palm sale was completed would 

be zero, there was thus a strong incentive for investors to short Palm and buy Scorn. 

But, the interest cost of borrowing Palm shares reached 35 percent by July 2000, 

putting a damper on the advantage to exploiting the mispricing." Even an investor 

who knew for certain that the Palm shares would fall substantially may have been 

unable to make a profit from this knowledge. The zealots had won with Palm and 

had control over its price, for the time being. 

The Palm example is an unusual anomaly. Shorting stocks only rarely becomes 

so costly. But the example proves the principle. The question is: How important are 

obstacles to smart money's selling in causing stocks to deviate from fundamental 

value? 

Of course, in reality, the distinction between zealots and smart money is not 

always sharp. Instead, there are sometimes all gradations in between, especially 

since the objective evidence about the fundamental value of individual stocks is 

always somewhat ambiguous. If selling short is difficult, a number of individual 

stocks could become overpriced. It would also appear possible that major segments 

of the stock market, say the Nasdaq in 1999, or even the entire stock market, could 

wind up owned by, if not zealots, at least relatively optimistic people. Short-sale 

constraints could be a fatal flaw in the basic efficient markets theory. 

The problem with evaluating Miller's (1977) theory that a lack of short selling 

can cause financial anomalies like overpricing and bubbles is that there has been 

little or no data on which stocks are difficult to short. There are long time series 

data series on "short interest," which is the total number of shares that are shorted. 

Figlewski (1981) found that high levels of short interest for individual stocks 

predicts low subsequent returns for them, a direction that would be predicted by 

Miller's theory. But the predictability was weak. On the other hand, differences in 

short interest across stocks do not have an unambiguous connection with difficulty 

of shorting. Stocks differ from each other in terms of the fraction of shares that are 

in accounts that are shortable. Differences across stocks in short interest can also 

reflect different demand for shorting for hedging needs. Thus, there is a significant 

l8 Put option prices on Palm also hegan to reflect the negative opinions and became so experlsive that 

the usual relation between options prices and stock price, the so-called "put-call parih," failed to hold. 

One must remember that options markets are derivative markets that clear separately from stock 

markets, and overpriced puts have no direct impact on the supply and demand for stock unless 

arhitrageurs can exploit the overpricing hy shorting the stock. 
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errors-in-variables problem when using short interest as an indicator of the cost of 

shorting. 

Some recent papers have sought to detect the presence of barriers that might 

limit short sales indirectly by obsening the differences of opinion that can have an 

impact on price if there is a difficulty shorting stocks. Without obsening barriers to 

shorting stocks directly, we can still infer that when differences of opinion are high 

about a stock, it is more likely that short-sale restrictions will be binding for that 

stock, and thus that the more pessimistic investors hill not prevent the stock from 

becoming overpriced and hence subject to lower subsequent returns. 

Scherbina (2000) measured differences of opinion by calculating the disper- 

sion of analysts' earnings forecasts. She found that stocks with a high dispersion of 

analysts' forecasts had lower subsequent returns, and she linked the low returns to 

the resolution of the uncertainty. Chen, Hong and Stein (2000) measured differ- 

ence of opinion by a breadth of ownership measure derived from a database on 

mutual fund portfolios. The breadth variable for each quarter is the ratio of the 

number of mutual funds that hold a long position in the stock to the total number 

of mutual funds for that quarter. They find that firms in the top decile by breadth 

of ownership outperformed those in the bottom decile by 4.95 percent per annum 

after adjusting for various other factors. 

What we would really like to have to test the importance of short sales 

restrictions on stock pricing is some evidence on the cost of shorting. If those stocks 

that have become very costly to short tend to have poor subsequent returns, then 

we will have more direct confirmation of Miller's (1977) theory. There is surpris- 

ingly little available information about the cost of shorting individual stocks. Such 

data have not been available for economic research until recently. A number of 

recent unpublished papers have assembled data on the cost of shorting individual 

stocks, but these papers have assembled data for no more than a year around 2000. 

Recently, Jones and Lamont (2001) discovered an old source of data on the 

cost of shorting stocks. In the 1920s and 1930s in the United States, there used to 

be a "loan crowd" on the floor of the New York Stock Exchange, where one could 

lend or borrow shares, and the interest rates at which shares were loaned were 

reported in the Wall Street Journal. Jones and Lamont assembled time series of the 

interest rates charged on loans of stocks from 1926 to 1933, eight years of data on 

an average of 80 actively-traded stocks. They found that, after controlling for size, 

over this period the stocks that were more expensive to short tended to be more 

highly priced (in terms of market-to-book ratios), consistent with the Miller (1977) 

theory. Moreover, they found that the more expensive-to-short stocks had lower 

subsequent returns on average, again consistent with the Miller theory. Of course, 

their data span only eight years from a remote period in history, and so their 

relevance to today's markets might be questioned. 

Why has there not been more data on the cost of shorting? Why did the loan 

crowd on the New York Stock Exchange disappear and the loan rates in the Wall 

StreetJournalwith it? Perhaps after the crash of 1929 the widespread hostility to short 

sellers (who were widely held responsible for the crash) forced the market to go 
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underground. Jones and Lamont (2001) document a consistent pattern of political 

opposition to short sellers after 1929 and point out thatJ. Edgar Hoover, the head 

of the Federal Bureau of Investigation, was quoted as saying that he would inves- 

tigate a conspiracy to keep stock prices low. By 1933, the rates shown on the loan 

list become all zeros, and the Wall Street Journal stopped publishing the loan list in 

1934. 

Fortunately, this long drought of data on the cost of shorting stocks may be 

over, and stocks should become easier to short. In 2002, a consortium of financial 

institutions established an electronic market for borrowing and lending stocks 

online via a new firm, EquiLend, LLC. The new securities lending platform at 

(http://uww.equilend.corn)exceeded $11 billion in transactions in its first two 

weeks, and daily availability posting exceed $1 trillion. 

But the true cost of shorting stocks is probably much higher than the explicit 

interest cost of borrowing the shares, because of the psychological cost that inhibits 

short selling. Most investors, even some very smart investors, have probably never 

even considered shorting shares. Shorting shares is widely reputed to involve some 

substantial risks and nuisances. For example, the short-seller always stands the risk 

that the ultimate owner of the shares will want to sell the shares, at which time the 

short-seller is forced to return the shares. This detail may be little more than a 

nuisance, for the short seller can likely borrow them again from another lender, but 

it may figure largely in potential short-sellers' minds. 

A more important consideration that may weigh on short sellers' minds is the 

unlimited loss potential that short sales entail. When an investor buys a stock, the 

potential loss is no greater than the original investment. But when an investor 

shorts a stock, the potential losses can greatly exceed the original investment. An 

investor can always terminate these losses by covering the shorts, but this action 

typically brings considerable psychological anguish. Deciding to cover one's shorts 

and get out of a short position after losses is psychologically difficult, given the 

evidence on the pain of regret. Kahneman and Tversky's prospect theory (1979) 

suggests that individuals are far more upset by losses than they are pleased by 

equivalent gains; in fact, individuals are so upset by losses that they will even take 

great risks with the hope of avoiding any losses at all. The effects of this pain of 

regret have been shown to result in a tendency of investors in stocks to avoid selling 

losers, but the same pain of regret ought to cause short sellers to want to avoid 

covering their shorts in a losing situation. People prefer to avoid putting themselves 

in situations that might confront them with psychologically difficult decisions in the 

future. 

The stock market that we have today always limits the liability of investors. As 

Moss (2002) has documented, the idea that all publicly traded stocks should have 

limited liability for their investors was the result of experimenting with different 

kinds of stockholder liability in the United States in the early nineteenth century 

and the discovery of the psychological attractiveness of limited liability stocks. The 

debates in the early nineteenth century were concerned with the balancing of the 

agency costs of limited liability, which encourages businesses to take greater risks, 
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against the benefits in terms of peace of mind to investors. Various alternatives were 

considered or experimented with, including unlimited liability, unlimited propor- 

tional liability (where individual investors in a company are limited to their pro- 

portionate share of the company's losses according to their share in the company), 

and double liability (where individual investors are accountable for the capital 

subscribed once again). By around 1830, it was apparent from experiments in New 

York and surrounding states that investors found it very appealing that they could 

put money down to buy a stock today, and from that day forward face no further 

losses beyond what they already put down. It allowed them, once having purchased 

a stock, to concentrate their emotions on the small probability of the stock doing 

extremely well, rather on the small probability that someone would come after 

them for more money. People have always been very attracted to lottery tickets, and 

the invention of limited liability, Moss concludes, turned stock investments psycho- 

logically into something a lot like lottery tickets. By the same theory, then, investors 

will not find short~ng stocks very attractive. 

Remarkably few shares are in fact sold short. According to New York Stock 

Exchange data, from 1977 to 2000 year-end short interest ranged from 0.14 percent 

to 1.91 percent of all shares. According to Dechow, Hutton, Muelbroek and Stone 

(2001), less than 2 percent of all stocks had short interest greater than 5 percent of 

shares outstanding 1976-1983. Given the obviously large difference of opinion 

about and difference of public attention to different stocks, it is hard to see how 

such a small amount of short selling could offset the effect on stock price of the 

extra demand of investors who develop an irrational fixation on certain stocks. 

Conclusion 

The collaboration between finance and other social sciences that has become 

known as behavioral finance has led to a profound deepening of our knowledge of 

financial markets. In judging the impact of behavioral finance to date, it is impor- 

tant to apply the right standards. Of course, we do not expect such research to 

provide a method to make a lot of money off of financial market inefficiency very 

fast and reliably. We should not expect market efficiency to be so egregiously wrong 

that immediate profits should be continually available. But market efficiency can be 

egregiously wrong in other senses. For example, efficient markets theory may lead 

to drastically incorrect interpretations of events such as major stock market 

bubbles. 

In his review of the literature on behavioral finance, Eugene Fama (1998) 

found fault for two basic reasons. The first was that the anomalies that were 

discovered tended to appear to be as often underreaction by investors as overre- 

action. The second was that the anomalies tended to disappear, either as time 

passed or as methodology of the studies improved. His first criticism reflects an 

incorrect view of the psychological underpinnings of behavioral finance. Since 

there is no fundamental psychological principle that people tend always to over- 
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react or always to underreact, it is no surprise that research on financial anomalies 

does not reveal such a principle either. His second criticism is also weak. It is the 

nature of scholarly research, at the frontier, in all disciplines, that initial claims of 

important discoveries are often knocked down by later research. The most basic 

anomaly, of excess volatility, seems hardly to have been knocked down, and it is in 

fact graphically reinforced by the experience of the past few years in the stock 

markets of the world. Moreover, the mere fact that anomalies sometimes disappear 

or switch signs with time is no evidence that the markets are fully rational. That is 

also what we would expect to see happen even in highly irrational markets. (It 

would seem peculiar to argue that irrational markets should display regular and 

lasting patterns!) Even the basic relation suggested by market inefficiency, that 

stocks whose price is bid up by investors will tend to go back down later, and stocks 

that are underpriced by investors will tend to go up later, is not a relation that can 

be easily tested or that should hold in all time periods. The fundamental value of 

stocks is hard to measure, and, moreover, if speculative bubbles (either positive 

bubbles or negative bubbles) last a long time, then even this fundamental relation 

may not be observed except in very long sample periods. 

In further research, it is important to bear in mind the demonstrated weak- 

nesses of efficient markets theory and maintain an eclectic approach. While theo- 

retical models of efficient markets have their place as illustrations or characteriza- 

tions of an ideal world, we cannot maintain them in their pure form as accurate 

descriptors of actual markets. 

Indeed, we have to distance ourselves from the presumption that financial 

markets always work well and that price changes always reflect genuine informa- 

tion. Evidence from behavioral finance helps us to understand, for example, that 

the recent worldwide stock market boom, and then crash after 2000, had its origins 

in human foibles and arbitrary feedback relations and must have generated a real 

and substantial misallocation of resources. The challenge for economists is to make 

this reality a better part of their models. 
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RICHARD T.  ELY LECTURE  

Rationality as Process and as Product of Thought  

This opportunity to deliver the Richard 
T.  Ely Lecture affords me some very per- 
sonal satisfactions. Ely. unbeknownst to 
him, bore a great responsibility for my eco- 
nomic education, and even for my choice of 
profession. The example of my uncle, 
Harold Merkel, who was a student of Com- 
mons and Ely at Wisconsin before World 
War I ,  taught me that human behavior was 
a fit subject for scientific study, and 
directed me to economics and political 
science instead of high energy physics or 
molecular biology. Some would refer to this 
as satisficing, for I had never heard of high 
energy physics or molecular biology. and 
hence was spared an agonizing weighing of 
alternative utiles. I simply picked the first 
profession that sounded fascinating. 

Ely's influence went much further than 
that. My older brother's copy of his Oirt-
lines of Er.ono~?~ic.c 1930 edition-was -the 
on our bookshelves when I prepared for 
high school debates on tariffs versus free 
trade, and on the Single Tax of Henry 
George. It provided me with a sufficiently 
good grounding in principles that I was later 
able to take Henry Simons' intermediate 
theory course at the University of Chicago. 
and the graduate courses of Frank Knight 
and Henry Schultz without additional 
preparation. 

The Ely textbook. in its generation, held 
the place of Samuelson or Bach in ours. If i t  
would not sound as though I were denying 
any progress in economics over the past 
half century, I might suggest that Ely's 
textbook could be substituted for any of our 
current ones at a substantial reduction in 
weight. and without students or teacher be- 
ing more than dimly aware of the replace- 
ment. Of course they would not hear from 
Ely about marginal propensities to do this 

Carnegie-Mellon University 

or that, nor about the late lamented Phillips 
curve. But monetarists could rejoice in 
Ely's uncompromising statement of the 
quantity theory (p. 298, italics). and in his 
assertion that "the solution of the problem 
of unemployment depends largely upon in- 
direct measures, such as monetary and 
banking reform"-Ely does go on to say, 
however. that "we shall recognize that so- 
ciety must offer a willing and able man an 
opportunity to work" (p.  528). 

I .  Rationalit! in and out of Economics 

I have more than personal reasons for di- 
recting your attention to Ely's textbook. 
On page 4. we find a definition of eco-
nomics that is, I think, wholly charac-
teristic of books contemporary with his. 
"Economics," he says, "is the science 
which treats of those social phenomena that 
are due to the wealth-getting and wealth- 
using activities of man." Economics. that is 
to say. concerns itself with a particular 
subset of man's behaviors-those having to 
do with the production, exchange, and 
consumption of goods and services. 

Many, perhaps most. economists today 
would regard that view as too limiting. 
They would prefer the definition proposed 
in the Internationnl Encyt lopedia of tlze 
Sociril Sciences: "Economics . . . is the 
study of the allocation of scarce resources 
among unlimited and competing uses" (vol. 
4. p. 472). If beefsteak is scarce. they would 
say. so are votes, and the tools of economic 
analysis can be used as readily to analyze 
the allocation of the one as of the other. 
This point of view has launched economics 
into many excursions and incursions into 
political science and her other sister social 
sciences, and has generated a certain 
amount of hubris in the profession with 
respect to its broader civilizing mission. I 



would suppose that the program of this 
meeting. hith its emphasis upon the rela- 
tions between economics and the other 
social sciences. is at least partly a reflection 
of that hubris. 

The topic of allocating scarce resources 
can be approached from either its norma- 
tive or its positive sicie. Fundamental to the 
approach from either side are assumptions 
about the adaetation of means to ends. of 
actions to goals and situations. Economics. 
whether normative or positive, has not 
simply been the study of the allocation of 
scarce resources. i t  has been the study of 
the rrrtional allocation of scarce resources. 

Moreover, the term "rational" has lone 
u 

had in economics a much more specific 
meaning than its general dictionary 
signification of "agreeable to reason; not 
absurd. preposterous. extravagant. foolish, 
fanciful. or the like; intelligent. sensible." 
4 s  is \bell known. the rational man of eco- 
nomic., is a maximizer. who will \ettle for 
nothing less than the best. Even his expec- 
tations, we have learned in the past few 
years, are rational (see John Muth, 1961).' 
And his rationality extends as far as the 
bedroom for. as Gary Becker tells us, "he 
would read in bed at night only if the value 
of reading exceeded the value (to him) of 
the loss in sleep suffered by his wife" 
(1974, p. 1078). 

It is this concept of rationality that is eco- 
nomics' main export commodity in its trade 
with the other social sciences. It is no 
novelty in those sciences to propose that 
people behave rationally-if that term is 
tahen in its broader dictionary sense. 
Assumptions of rationality are essential 
components of virtually all the sociological. 
psychological, political. and ~tnthropo-
logical theories with which I am familiar. 
What economics has to export, then, is not 

'The term is ill-chown. for rational expectations in 
the sense of Muth are profit-maximizing expectations 
only under very special circumstances (see belo\+). 
Perhaps we would mislead o~irselves and others less if 
we called then1 by the less alluring phrase. "consistent 
expectations.'' 
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rationality, but a very particular and special 
form of it-the rationality of the utility 
maximizer, and a pretty smart one at that. 
But international flows have to be 
balanced. If the program of this meeting 
aims at more active intercourse between 
economics and her sister social sciences, 
then we must ask not only what economics 
will export. but also what she will receive in 
payment. An economist might well be 
tempted to murmur the lines of the 
tentmaker: "I wonder often what the 
Vintners buy-One half as precious as the 
stuff they sell." 

My paper will be much concerned with 
that question, and before I proceed, it may 
be well to sketch in outline the path I 
propose to follow in answering it. The argu- 
ment has three major steps. 

First. I would like to expand on the 
theme that almost all human behavior has a 
large rational component, but only in terms 
of the broader everyday sense of ra-
tionality, not the economists' more spe-
cialized sense of maximization. 

Second, I should like to show that eco- 
nomics itself has not by any means limited 
itself to the nar-rower definition of ra-
tionality. Much economic literature (for 
example. the literature of comparative in- 
stitutional analysis) uses weaker definitions 
of rationality extensively; and that litera- 
ture would not be greatly. if at all, 
improved by substituting the stronger 
definition for the weaker one.' To the 
extent that the weaker definition is ade- 
qyate for purposes of analysis. economics 
will find that there is indeed much that is 
importable from the other social sciences. 

Third, economics has largely been preoc- 
cupied with the resulrs of rational choice 
rather than the proc,c1s.s of choice. Yet as 
economic analysis acquires a broader 
concern with the dynamics of choice under 
uncertainty. it will become more and Inore 
essential to consider choice processes. In 
the past twenty years, there have been irn- 

*For an interesting argument in s~ipport  of this 
proposition from a surprising source. see Becker 
(1962). What Becker calls "irrationality" in his article 
uould be called "hounded rationality'' here. 
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portant advances in our understanding of 
procedural rationality. particularly as a 
result of research in artificial intelligence 
and cognitive psychology. The importation 
of these theories of the processes of choice 
into economics could provide immense 
help in deepening our understanding of the 
dynamics of rationality. and of the 
influences upon choice of the institutional 
structure uithin which i t  takes place. 

We begin. then. by looking at the broader 
concept of rationality to which I have re- 
ferred. and its social x ience  applications. 

Let me provide some examples how ra- 
tionality typically enters into social science 
theories. Consider first so-called "social 
exchange" theories (see, for example. 
George Homans). The central idea here is 
that uhen two or more people interact, 
each expects to get something from the 
interaction that is valuable to him. and is 
thereby motivated to give something up 
that is valuable to the others. Social ex-
change, in the form of the "inducements- 
contr-ibutions balance" of Chester I .  Bar-
nard and the author (1947). has played an 
important role in organization theory. and 
in even earlier times (see. for example. 
George Sirnmel) was a central ingredient in 
sociological theories. Much of the theoriz- 
ing and empirical work on the topic has 
been concerned with determining what 
constitutes a significant inducement or 
contribution in particular classes of ex-
change situations-that i h ,  with the actual 
shape and substance of the "utility func- 
tion." Clearly. the man of social exchange 
theory is a rational man, even if he is never 
asked to equate things at the margin. 

It is perhaps more surprising to discover 
how pervasive assumptions of rationality 
are in psychoanalytic theory-confil-ming 
the suhpicion that ther-e is indeed method in 
madness. In Fir*c~ 1,c~r.tui.c~~ his Sigmund 
Freud has this to say about neurotic ill- 
nesses: 

We see that human beings fall i l l  

when. as a result of external obstacles 
or of an internal lack of adaptation. the 
satisfaction of their erotic needs itt 

t~jrrlityis frustratect. We see that they 
then take flight into illilcss in order that 
by its help they may find a satisfaction 
to take the place of what has been 
frustrated . . . We suspect that our 
patients' resistance to recovery is no 
simple one. but compounded of several 
motives. Not only does the patient's 
ego rebel against giving up the 
repressions by means of which i t  has 
risen above its original disposition. but 
the sexual instincts are unwilling to 
renounce their substitutive satisfaction 
so long as it is uncertain whether 
reality will offer them anything bet- 
ter. 

Almost all explanattons of pathological be- 
havior in the psychoanalytic literature take 
t h ~ sform: they explain the patient's illness 
in terms of the functions it performs for 
him. 

The auotation from Freud is illustrative 
of a kind of functional reasoning that goes 
far beyond psychoan:~lysis and is uidely 
used throughout the social sciences. and 
especially anthropology and sociology. Be- 
haviors are functional if they contribute to 
certain goals, where these goals may be the 
ple;lsur-e or satisfaction of an individual or 
the guarantee of food or shelter for the 
members of a society. Functional analysis 
in this sense is concerned with explaining 
how "major social patterns operate to 
maintain the integration or adaptation of 
the larger system" (see Frank Cancian). In- 
stitutions are functional if reasonable men 
might create and maintain them in order to 
meet social needs or achieve social goals. 

It is not necessary or implled that the 
adaptation of institutions or behavior pat- 
terns to goals be conscious or ~ntended. 
When awareness and intention are present. 
the function is usually called intrn(fest. 
otherwise i t  is a ltrtolt function. The func- 
tion, whether it be manifest or latent. 
provides the grounds for the reasonable- 
ness or rationalitv of the institution or be- 
havior pattern. As in economics, evolu- 
tionary arguments are often adduced to 
explain the persistence and survival of 
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functional patterns. and to avoid assump- 
tions of deliberate calculation in explaining 
them. 

In practice, it is very rarely that the 
existence or character of institutions are 
tictlirc,c~tlfrom the functions that must be 
performed for system survival. In almost all 
cases it is the other way round: it is empi- 
rical observation of the behavior pattern 
that raises the question of why it persists- 
what function it performs. Perhaps, in an  
appropriate axiomatic formulation. it would 
be possible to tt~~t1lrc.rthat every society 
must have food-gathering institutions. In 
point of fact, such institutions can be ob-
.xer~.e~tlin every society. and their existence 
is then rationalized by the argument that 
obtaining food is a functional requisite for 
all societies. This kind of argument may 
demonstrate the sufficiency of a particular 
pattern for performing an essential func- 
t ion ,  bu t  c a n n o t  d e m o n s t r a t e  i t s  
necessity-cannot show that there may not 
be alternative, functionally equivalent, be- 
havior patterns that would satisfy the same 
need. 

The point may be stated more formally. 
Functional arguments are  arguments about 
the movements of systems toward stable 
self-maintaining equilibria. But without 
further specification, there is no reason to 
suppose that the attained equilibria that are  
reached will be global maxima or  minima of 
some function rather than local. relative 
maxima or  minima. In fact. we know that 
the conditions that every local maximum of 
a system be a global maximum are  very 
strong (usually some kind of "convexity" 
conditions). 

Further. when the system is complex and 
its environment continually changing (that 
is. in the conditions under which biological 
and social evolution actually take place). 
there is no assurance that the system's mo- 
mentary position will lie anywhere near a 
point of equilibrium, whether local or  
global. Hence,  all that can be concluded 
from a functional argument is that certain 
characteristics ( the satisfaction of certain 
functional requirements in a particular way) 
are consistent with the survival and further 
development of the system. not that these 

same requirements could not be satisfied in 
some other way. Thus.  for example. 
societies can satisfy their functional needs 
for food by hunting or fishing activities. by 
agriculture. or by predatory exploitation of 
other societies. 

Functional analysis of exactly this kind. 
though with a different vocabulary, is com- 
monly employed by economists, especially 
when they seek to use economic tools to 
"explain" institutions and behaviors that 
lie outside the traditional domains of 
production and distribution. Moreover. it 
occurs within those domains. As an  
example. the fact is observed that indi- 
viduals frequently insure against certain 
kinds of contingencies. Attitudes are  then 
postulated (for example. risk aversion) for 
which buying insurance is a functional and 
reasonable action. If some people are  ob- 
served to  insure. and others not. then this 
difference in behavior can be explained by 
a difference between them in risk aversion. 

T o  take a second example. George 
Stigler and Becker wish to explain the fact 
(if it is a fact-their empiricism is very 
casual) that a s  people hear more music. 
they want to hear still more. They invent a 
commodity, "music appreciation" (not to 
be confused with time spent in listening to 
music). and suggest that listening to music 
might produce not only immediate enjoy- 
ment but also an  investment in c,c~pac,ityfor 
appreciating music ( i .e . .  in amount of en- 
joyment produced per listening hour). Once 
these assumptions are  granted. various 
conclusions can be drawn about the de- 
mand for music appreciation. However.  
only weak conclusions follow about listen- 
ing time unless additional strong postulates 
are introduced about the elasticity of de- 
mand for appreciation. 

A rough "sociological" translation of the 
Stigler-Becker argument would be that 
listening to music is functional both in pro- 
ducing pleasure and in enhancing the 
pleasure of subsequent listening-a typical 
functional argument. It is quite unclear 
what is gained by dressing it in the garb of 
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marginalism. We might be willing to 
grant that people would be inclined to in- 
vest more in musical appreciation early in 
life than later in life (because they would 
have a longer time in which to amortize the 
investment) without insisting that costs and 
returns were being equated at the margin. 
and without gaining any new insights into 
the situation from making the latter 
assumption. 

A sense of fairness compels me to take a 
third example from my own work. In my 
1951 paper. I defined the characteristics of 
an employment contract that distinguish it 
from an ordinary sales contract. and then 
showed why reasonable men might prefer 
the former to the latter as the basis for es- 
tablishing an employment relation. My 
argument requires a theorem and fifteen 
numbered equations. and assumes that 
both employer and employee maximize 
their utilities. Actually, the underlying 
functional argument is very simple. An em- 
ployee who didn't care very much which of 
several alternative tasks he performed 
would not require a large inducement to ac- 
cept the authority of an employer-that is, 
to permit the employer to make the choice 
among them. The employer in turn would 
be willing to provide the necessary induce- 
ment in order to acquire the right to 
postpone his decisions about the em-
ployee's agenda, and in this way to 
postpone some of his decisions whose out- 
comes are contingent on future uncertain 
events.' The rigorous economic argument. 
involving the idea of maximizing behavior 
by employer and employee. is readily trans- 
latable into a simple qualitative argument 
that an employment contract may be a 
functional ("reasonable") way of dealing 
with certain kinds of uncertainty. The argu- 

'Recently. Oliver Williamson has pointed out that I 
would have to introduce slightly stronger assumptions 
to justify the employment contract as  rational if one of 
the alternatives to it were what he calls a "contingent 
claims" contract, but the point of my example is not 
affected. To exclude the contingent claims contract a s  
a viable alternative, we need merely take account of 
the large transaction costs it aould  entail under real 
world conditions. 

~nen t  then explains why employment rela- 
tions are so widely used in our society. 

The translation of these examples of eco- 
nomic reasoning into the language of func- 
tional analysis could be paralleled by exam- 
ples of translation scholarship which run in 
the opposite direction. Political scientists. 
for example. long ago observed that under 
cer ta in  c i rcumstances institutions of 
representative democracy spawned a multi- 
plicity of political parties. while under other 
circumstances. the votes were divided in 
equilibrium between two major parties. 
These contrasting equilibria could readily 
be shown by functional arguments to result 
from rational voting decisions under dif- 
ferent rules of the electoral game. as was 
observed by Maurice Duverger, in his 
classic work on political parties. as well as 
by a number of political scientists who pre- 
ceded him. In recent years. these same 
results have been rederived more 
rigorously by economists and game 
theoris ts .  employing much s t ronger  
assumptions of utility maximization by the 
voters: it was hard to see that the 
maximization assumptions have produced 
any new predictions of b e h a ~ i o r . ~  

Perhaps these examples suffice to show 
that there is no such gap as is commonly 
supposed between the view of man 
espoused by economics and the view found 
in the other social sciences. The view of 
man as rational is not peculiar to eco-
nomics. but is endemic, and even ubiqui- 
tous, throughout the social sciences. Eco- 
nomics tends to emphasize a particular 

4For an introduction to this literature. see William 
H .  Riker and Peter C .  Ordeshook. and Riker. Anthony 
Downs' book belongs to an intermediate genre. While 
it employs the language of economics, it limits itself to 
verbal. nonrigorous reasoning which certainly does 
not make any essential use of maximizing assumptions 
(as contra\ted with rationality assumptions in the 
broader sense). and which largely translates into the 
economic vocabulary generalizations that were ;:I-
ready part of the science and folklore of politics. In thc 
next section, other examples of this kind of informal 
use of rationality principles are examined to analyze 
in\titutions and their behavior. 



form of rationality-maximizing be-
havior-as its preferred engine of explana- 
tion. but the differences are often dif-
ferences in vocabulary more than in 
substance. We shall see in a moment that in 
much economic discussion the notion of 
maximization is used in a loose sense that is 
very close to the common sense notions of 
rationality used elsewhere in the social 
sciences. 

One conclusion we may draw is that 
economists might well exercise a certain 
amolint of c ircumspect ion in their 
endeavors to export economic analysis to 
the other social sciences. 'They may dis-
cover that they are sometimes offering 
commodities that are already in generous 
supply, and which can therefore be dis- 
posed of only at a ruinously low price. On 
the other side of the trade. they may find 
that there is more of interest in the modes 
and results of inquiry of their fellow social 
scientists than they have generally been 
aware. 

11. On ippljing the Principle of Rationalit! 

What is characteristic of the examples of 
functional analysis cited in the last section. 
whether thev be dra\vn from economics or 
from the other socinl sciences, i5 that they 
are not focu5ed on. or eken much 
concerned with. h o ~  variable\ are eau'ited 
at the margin. or how equilibrium is altered 
by marginal shifts in conditions (for 
example, shifts in a supply or demand 
schedule). Rather, they are focused on 
qualitative and structural questions. typi- 
cally. on the choice among a small number 
of discrete institutional alternatives: 

Not "how much flood insurance will a 
man buy?" but "what are the structural 
conditions that make buying insurance ra- 
tional or attractive?" 

Not "at what levels will wages be 
fixed'?" but "when will work be performed 
~ ~ n d e ran employment contract rather than 
a sales contract?" 

If we M ant a natural science analogy to 
this kind of theorizing, we can find it in 
geology. A geologist notice5 deep scrntches 
in rock; he notices that certain hills of 

gravel are elongated along a north-south 
axis. and that the boulders embedded in 
them are not as smooth as those usually 
found on beaches. To explain these facts, 
he evokes a structural. and not at all quanti- 
tative. hypothesis: that these phenomena 
were produced by the process of glaciation. 

In the first instance, he does not try to  
explain the depth of the glacial till, or esti- 
mate the weight of the ice that procluced it. 
but simply to identify the basic causative 
process. He wants to explain the role of 
glaciation. of erosion. of vulcanization, of 
sedimentation in producing the land forms 
that he observes. His explanations. 
niorever. are after-the-fact, and not predic- 
tive. 

As economics expands beyond its central 
core of price theory, and its central concern 
with quantities of commodities and money. 
we observe in i t  this same shift from a 
highly quantitative analysis. in which 
equilibration at the margin plays a central 
role, to a much more q~lalitative institu- 
tional analysis, in which discrete structural 
alternatives are compared. 

In these analyses aimed at explaining in- 
stitutional structure, maximizing assump-
tions play a much less significant role than 
they typically do in the analysis of market 
equilibria. The rational man who some-
times prefers an employment contract to a 
sales contract need not be a maximizer. 
Even a satisficer will exhibit such a 
preference whenever the difference in 
rewards between the two arrangements is 
sufficiently large and evident. 

For this same reason. such analyses can 
often be carried out without elaborate 
mathematical apparatus or marginal cal-
culation. In general, much cruder and 
simpler arguments  will suffice to  
demonstrate an inequality between t n o  
quantities than are required to show the 
conditions under which these quantities are 
equated at the margin. Thus. in the recent 
works of Janos Kornai. Williamson. and 
John Montias on economic organization. 
we find only rather modest and simple ap- 
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plications of mathematical analysis. In the 
ways in which they involve principles of ra- 
tionality. the arguments of these authors re- 
semble James March and the author 's  Or-
gtrnizntioils m o r e  c lose ly  than  Paul  
Samuelson's Fo l rn t l r ~ r i o /~s .~  

What is the predominant form of reason- 
ing that we encounter in these theoretical 
treatments of social institutions? Do they 
contain arguments based on maximizing 
assumptions? Basically. they rest upon a 
very simple form of causal analysis. 
Par t icular  ins t i tu t ional  s t r u c t u r e s  o r  
practices are seen to entail certain unde- 
sirable (for example, costly) 01- desirable 
(for example. value-producing) conse-
quences. Cctc1ri.s plit ' ihlr.~,situations and 
practices will be preferred when important 
favorable conseq~lences are associated with 
them. and avoided when important unfa- 
vorable consequences are associated with 
them. A shift in the balance of conse-
quences. or  in awareness of them. may mo- 
tivate a change in institutional arrange-
ments. 

Consider the following argument from 
Montias typical of this genre of analysis. 
which relates to the balance in organiza- 
t i o n s  b e t w e e n  c e n t r a l i z a t i o n  a n d  
decentralization. 

Decentralizing measures are gener- 
ally aimed at remedying two shortcom- 

'A notable exception to this generalization about the 
economic literature on organizations is the a o r k  of 
Jacob Marschak and Roy Radner on the theory of 
teams. These authors chow the strategy of detailed. 
precise analysis of the implications of maximizing 
assumptions for the transmi\\ion of information in or- 
ganization\. The price they paid for this rigor b%as to 
find them\elves limited to the highly simplified situa- 
tions a h e r e  wlutions could be found for the 
mathematical problems they posed. We need not. of 
course. make an either-or choice betaeen these t a o  
modes of inquiry. While it may be difficult or impossi- 
ble to extend the formal analysis of the theor) of teams 
to problems of real world complexity. the rigorous 
microtheory may illuminate the workings of important 
component mechanisms in the complex macrositua- 
tions. The methodological i\\ues in choo\ing between 
analytic tractability and realism are quite parallel to 
thme involved in the choice between laboratory and 
field methods for gathering empirical information 
about social phenomena. Neither one by itself marks 
the exclusive path tob%ard truth. 

ings of a n  'overcentralized' system 
s t r u c t u r e .  ( 1 )  S u p e r o r d i n a t e s  a r e  
overburdened with responsibility for 
the detailed direction and coordination 
of their subordinates' activities. (3) 
This 'petty tutelage' deprives subor- 
dinates of the opportunity to make de- 
cisions that might increase the payoff 
of the organization of which they are a 
part. . . . Why not loosen controls 
. . . ? . . . W h e n  c o n t r o l s  a r e  
loosened, unless the incentive system 
is modified to bring about greater 
harmony between the goals of super- 
visors and supervisees. it may induce 
producers to shift their input and 
output mix in directions that . . . vi-
tiate any benefits that might be reaped 
by the organization as a whole from the 
exercise of greater initiative at lower 
tiers. [ p .  3151 

Here two costs or  disadvantages of 
centralization (burden on supervisors. 
restriction of choice-set of subordinates) 
are set off against a disadvantage of 
decentralization (goals of subordinates di- 
vergent frorn organization goals). 

What can we learn about organization 
from an at-gument like this'? Certainly little 
or nothing about the optirnal balance point 
between centralization and decentralization 
in any particular organization. Rather, we 
might derive conclusions of these kinds: 

1. That increasing awareness of one of 
the predicted consequences may cause an  
organization to move in the direction of 
centralization 01- decentralization. (For  
example. a n  egregious case of "suboptimiz- 
ing" by a subordinate may cause additional 
centralized controls to  be instituted.) 

2 .  That new technical devices may tilt 
the balance between centralization and 
decentralization. For example, invention 
and adoption of divisionalized profit and 
loss statements led toward decentralization 
of many large America11 business firms in 
the 1950's: while reduction in information 
costs through computerization led at a 
later date to centralization of inventory 
control decisions in those same firms. 

Of course Montias' conclusions could 
also be derived from a more formal 
optimization analysis-in fact he presents 



such an analysis on the t ~ v o  pages follo~ving 
the passage quoted above. But it is not 
clear that anything new is added by the for- 
malization. since the parameters imputed to 
the system are largely unmeiisured and un- 
measurable. 

There is something to be said for an 
Ockham's Razor that. escheu ing assump- 
tions of optimization. provictes an explana- 
tion of behavior that is consistent with 
oi t l~(~t .optimizing or satisficing procedures 
on the part of the human agents. Parsimony 
recommends that bve prefer the postulate 
that rnen are reasonable to the postulate 
that they are supremely rational when 
either one of the tc\o assumptions \ \ i l l  do 
our work of inference as uell as the 

The kind of qualitative analysis I have 
been describing has another virtue. I n  com-
plex situations there is likely to be a 
considerable gap bet~been the real environ- 
ment of u decision (the world as God or 
some other omniscient observer sees i t )  and 
the environment as the actors perceive i t .  
The analysis can then address itself either 
to normative questions-the whole range 
of consequences that .shoi~ltlenter into de- 
cisions in  such situations-or descriptive 
questions. including the q~~es t i ons  of which 
components of the situation are likely to be 
taken into account by the actors, and how 
the actors are likely to represent the situa- 
tion as a w hole. 

I n  the precomputer era. for example. i t  
was very difficult for managers in business 
organizations to pay attention to all the 
major variables affected by their decisions. 
Company treasurers frequently rnade deci- 

"Ockharn is usu:~ll) invoked on behalf of the par- 
simony of optimizing a\\urnption\. and against the ad-
ditional [ r t l  I~oc.postulates that \ati\ticing mvdel., are 
thought to require in order- to guariintee ~ ~ n i q u e n e \ \  of 
solution\. Rut that :lrgument only :~pplies \+hen \ \ e  are 
trying to deduce unique equilibl-ia. a ta\k quite dif- 
ferent fr-om the one rnost institution:il \triter\ \et for 
thernselves. H o ~ t e ~ e r .  h;i\e urge to enlar-ge onI no 
thi\ point. k ly  intent here i \  not polemical. on bchalf of 
satisficing po\tulates, but rather to \ho\\ ho\+ large a 
plot of comnion g r o ~ ~ n d  shzired b! nili \  optirniring  
sati\ficing analy sis. Again. compare Beckel- ( 1962).  

sions about ~vot:king capital with little 01.no 
attention to their irnpact on inventory 
levels. while production and marketing 
executives rnade decisions about inventory 
without taking into account impacts on 
liquidity. The introduction of computers 
changed the hays in which executives bvere 
able to reach decisions: they could now 
view them in terms of a much hider set of 
interrelated consequences than before. The 
perception of the environment of a decision 
is a function of-among other things-the 
information sources and computational ca- 
pabilities of the executives ~ v h o  make it. 

[,earning phenomena are also readily 
handled within this frarneuork. A number 
of the changes introduced into planning and 
control procedu~.es in eastern European 
countries during the 1960's were instituted 
uhen the governments in question learned 
by experience of some of the dysfunctional 
consequences of trying to control produc- 
tion by means of crude aggregates of 
physical quantities. An initial distrust of 
prices and market mechanisms bvas 
gradually and partially overcome after 
direct experience of the disadvantages of 
some of the alternative mechanisms. These 
learning experiences could be paralleled 
with experiences of American steel com-
panies. for example. that experimented 
with tonnage incentives for mill department 
superintendents. 

'4 general proposition that rnight be 
asserted about organizations is that the 
number of considerat ions that are  
potentially relevant to the effectiveness of 
:in organization design is so large that only 
a few of the more salient of these lie uithiti 
the circle of awareness at any given time. 
that the rnembership of this subset changes 
continually 21s new situations (produced by 
external or internal events) arise, and that 
"learning" in the form of reaction to 
perceived consequences is the dominant 
c\ay in uhich rationality exhibits itself. 

I n  a world where these kinds of adjust- 
ments are prominent. a theory of rational 
behavior must be quite as much concerned 
with the characteristics of the rational ac-
tors-the means they use to cope with un- 
certainty and cognitive complexity-as 
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with the characteristics of the objective en- 
vironment in which they make their deci- 
sions. In such a world. u e  must give an ac-
count not only of .rril?.~tcit~tit.cl rnfiotltrlity-
the extent to c\ hich appropriate courses of 
action are chosen-but also proc.c~clllrct1 rrr-
tionrrlity-the effectiveness, in light of 
human cognitive po\+,ers and limitations, of 
the proc.rt1rri.c.v used to choose actions. As 
economics moves out toward situations of 
increasing cognitive complexity, i t  be-
comes increasingly concerned with the 
ability of actors to cope ~vith the com-
plexity. and hence ~vith the procedural 
aspects of rationality. In the remainder of 
my talk. I \zould like to develop this con- 
cept of procedul-al rationality, and its im- 
plications for economic analysis. 

111. \lincl as the Scarce Resource 

Until rather recently. such limited atten- 
tion as was paid by economists to pl-oce- 
dural. us distinct from substantive. ra-
tionality \\,as mainly motivated by the prob- 
lems of uncertainty and expectations. The 
simple notion of maximizing utility or profit 
could not be applied to situations uhere the 
optitnurn action depended on uncertain en- 
vironmental events. or upon the actions of 
other rational agents (for example, im-
perfect competition). 

The former difficulty was l.emoved to 
some degree by replacing utility rnaxirniza- 
tion with the maximization of subjective ex- 
pected utility ( S E U )as the criterion of ra- 
tionality. In spite of its conceptual 
elegance. however, the SEU solution has 
some grave defects us either a normative or 
21 descriptive formulation. In general. the 
optimal solution depends upon all of the 
moments of the frequency distributions of 
uncertain events. The exceptions are a 
small but ilnportant class of cases uhere 
the utility or pt.ofit function is quadratic and 
all constraints are in the form of equations 
rather than inequalities.' The empirical 

-In thi\ c a w  the expccteci v;tlues of the en\iron- 
mental v;ir~able\ x r v e  as certainty equivalent\. so that 
SEU maximiration recluires onl! I-eplacing the un-

kno\\n tr-ue \ d u e \  by the\e expected balue\. See the 
author ( l9i7) .  
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defect of the SEU formulation is that when 
it has been subjected to test in the labora- 
tory or the real \\,orld. even in  relatively 
simple situations. the behavior of human 
subjects has generally departed ~videly 
from i t .  

Some of the evidence has been surveyed 
by Ward Ed\vnrds. and more recently by 
Daniel Kahneman and Amos Tversky. 
They describe experilnental situations in 
\\,hich estimates formed on the basis of 
initial information are not revised nearly as 
much by subsequent information as ~vould 
he required by Bayes' Theorem. In other 
situations. suhjects respond largely to the 
information received most recently. and 
take inadequate account of prior informa- 
tlon. 

Beha~ io r  that is rad~cally inconsistent 
uith the SEU frame\\ol-k occurs also in 
naturalistic settings. Ho\rard Kunreuther et 
al. have recently carried out extensive 
studies of behavior and attitudes relating to 
the purchase of flood insurance by persons 
o\+ning property in lob-lying areas They 
found that kno\+ledge of the ubailability of 
insurance. or rates. and of objective risks 
ua s  very imperfect. and that the actual de- 
ci5ions whether or not to insure \+ere re- 
lated much more to personul experience 
uith floods than to an! objective facts 
about the situation-or even to personal 
subjective beliefs about those facts. In the 
face of this evidence. kt is hard to tahe S t b  
seriously as a theory of actual human be- 
hat ior in the face of uncertainty . X  

For situations u here the rationality of an 
action depends upon hat others ( u h o  are 
also striving to be ration'll) do again. no 
consensus has been reached as to \\hat 
constitutes optimal behavior. This is one of 
the reasons I have else~bhere called im- 
perfect cornpetltion "the permanent and 
ineradicable scandal of economic theory" 
(I976b. p. 140). The most ~maginatike and 

XKunreuther et al. point out that thc theory cannot 

he "saved" by ass~~rn ing  non-utility to be radically 

linear in money. In the Hood in\urance case. that in- 
terpretation of the data mould uork  only if u e  were 
nilling to as\ume that money has strongly itlc.retrsitlr: 

marginal utility. not a Ler) plausible e\cape route for 
the theory. 



ambitious attempt to resolve the difficulty 
\\as the von Neurnanti-Morgenstern theory 
of garnes, \+,hich is embarrassing in the 
wealth of alternative solutions i t  offers. 
While the theory of garnes reveals the 
potential richness of behavior uhen ra-
tional individuals are faced ~vith conflict of 
interest. the capability of reacting to each 
other's actions (or expected actions). and 
possibilities for coalition. i t  has provided no 
unique ancl universally accepted criterion 
of rationality to generalize the SEU cri-
terion and extend i t  to this broader range of 
situations. 

The so-called "rational expectations" 
models, currently so popular (and due origi- 
nally to hluth). pass over these problems 
rather than solving thern. They ignore 
potential coalitions and attempted mutual 
outguessing behavior. and correspond to 
optitnal solutions only ~vhen the losses are 
quadratic functions of the errors of esti- 
mate.9 Hence they do not correspond to 
any classical criterion of rationality. and la- 
beling them with that term. rather than the 
more neutral "consistent expectations." 
provides them ~vith a rather unwarranted 
legitimation. 

Finally. it should be retnarkerl that the 
rnain motivation in economics for develop- 
ing theories of uncertainty and mutual ex- 
pectations has not been to replace substan- 
tive criteria of rationality with pt-ocedural 
criteria. but rather to find substantive cri- 
teria broad enough to extend the concept of 
rationality beyond the boundaries of static 
optirnizatioti under certainty. As M ith 
classical decision theory. the interest lies 
not in 1 1 0 1 1 .  tiecisions are made but in n<hc~t 

clecisions are made. (But see. contra. such 
analyses as Richarci Cyert and Morris De- 
Groot .) 

'That is. only under the coniiitions where the un- 
certalnt) equivalents of fn. 8 exist. U n ~ l c r  other cir- 
cumstance\. ;i "I-ational" person \~.ould he \veil 
advised. i f  he k n e ~  that all other\ were fc>llo\\ ing the 
"rational eupectatlons" or "con515tent expectation$" 
rule. to recalculate his oLcn optimal behav~or on that 
assumption. O f  cour\c if crthers t 'ol lo~ed the sarnc 
sourw. L\e L\OLIILIhe hack In the "outgue\singV \itua- 
tion. 

Decision procedures have been treatect 
more explicitly in the small bodies of ~vork 
that have grown LIP in econoniics on the 
theory of search arid on the theory of 
teams. Both these bodies of theory are 
specifically concerned with the litnits on the 
ability of the economic actor to discover or 
compute what behavior is optimal for him. 
Both aspire not only to take ric.c.oiii~t of 
human bounded I-ationality. but to hriilg if 

r~,itllitl tho coi~ptrss of the rational calculus. 
Let me explain M hat I mean by that distinc- 
tion. 

Problems of search arise ~vhen not all the 
alternatives of action are presented to the 
rational actor crh iizitio, but must be sought 
through some kind of costly activity. In 
general. an action will be chosen before the 
search has revealed all possible alterna-
tives. One example of this kind of problem 
is the sale of a house, or some other asset, 
&hen offers are receivecf secluentially and 
remain opeti for only a lirnitect time (see the 
author. 1955). Another example ~vhich has 
been Lvidely cited is the purchase of an au-
tomobile involving travel to ciealers' lots 
(see Stigler. 1961). In both these examples. 
the question is not how the search is carried 
out, but how it is ilecidecl uhen to terminate 
it-that is. the amount of search. The ques- 
tion is ansuered by postulating a cost that 
increases ~ i t h  the total amount of search. 
In an optimizing model. the correct point of 
termination is found by eq~lating the 
marginal cost of search ~vith the (expected) 
marginal iniprovenient in the set of alterna- 
tives. In a satisficing model, search 
terminates when the best offer exceeds an 
aspiration level that itself acGusts gradually 
to the value of the offers received so far. In 
both cases. search becomes just another 
factor of production, and investment in 
search is determined by the same marginal 
principle as investment in any other factor. 
However cavalierly these theories treat the 
actual search process. they do recognize 
explicitly that information gathering is not a 
free activity, and that unlimited amounts of 
i t  are not available. 
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The theory of teams, as developed by 
Marschak and Radner. goes a step farther 
in specifying the procedure of decision. 
That theory, as is hell known. is concerned 
with the in~proven~ent  that may be realized 
in a team's decisions by interchange of in- 
formation among the team members. But 
here the theory does not limit itself to deter- 
mining the aggregate amount of information 
that should be transmitted, but seeks to cal- 
culate uhat  messages should be exchanged, 
under bvhat conditions. and at what cost. 
The content of the communication as hell 
as the total amount of information becomes 
relevant to the theory. 

In its attitude toward rationality. the 
theory of teams is as "classical." houever.  
as is search theory. The bounds on the ra- 
tionality of the team members are 
"externalized" and represented as costs of 
communication. so that they can be folded 
into the economic calculation along uith 
the costs and benefits of outcomes. 

To find theories that compare the merits 
of alternative search procedures. we must 
look largely outside the domain of eco-
nomics. A number of such theories have 
been developed in the past thirty years. 
mainly by management scientists and re-
searchers in the field of artificial in-
telligence. An important example is the 
body of uork that has been done on integer 
programming. 

Integer programming problen~s resemble 
linear programming problems (to maximize 
some quantity, subject to constraints in the 
form of linear equations and inequalities). 
uith the added condition that certain vari- 
ables can only take whole numbers as their 
values. The integer constraint makes inap- 
plicable most of the powerful computa-
tional methods available for solving linear 
programming problems. uith the result that 
integer programming problems are far less 
tractable. computationally. than linear 
programming problen~s having comparable 
numbers of variables. 

Solution methods for integer program- 

mlng problems use various forms of hlghly 
selective search-for example branch-and- 
bound methods that establish successively 
narrobler limits for the value of the op- 
timum. and hence permit a corresponding 
narrow Ing of search to promising regions of 
the space. It becomes a matter of 
considerable practical and theoretical 
interest to evaluate the relative computa- 
tional efficiency of competing search 
procedures. and also to estimate hob+ the 
cost of search u i l l  grou I+ith the size of the 
problem posed. Until recently. most 
evaluation of search algorithms has been 
empirical: they have been tested on sample 
problems. Recently. however, a body of 
theory-called theory of computational 
complexity-has grown up that begins to 
answer some of these questions in a more 
systematic way. 

I cannot give here an account of the 
theory of computational con~plexity. or all 
of its implications for procedural ra-
tionality. A good introduction I+i l l  be found 
in Alfred Aho et al. One important set of 
results that comes out of the theory does re- 
quire at least brief mention. These results 
have to do hith the way In ~ h i c h  the 
amount of computation requlred to solve 
problems of a given class grous wlth the 
size of the problems-wlth the number of 
variables. say . I 0  

In a domain where computational re-
quirements grow rapidly with problem slze, 
b e  will be able to solve only small prob- 
lems; in domains uhere the requirements 
grou slowly. b+e ill be able to solve much 
larger problems. The problems that the real 
world presents to us are generally 
enormous compared 1+1th the problems that 
we can solve on even our largest com-
puters Hence. our computational models 
are al~bays rough approximations to the 
reality. and b e  must hope that the approxi- 
matlon b + i l l  not be too Inexact to be useful. 

"'Most of the theorems in computational complexity 
have to do ui th the "worst case." that is. with the 

maximum amount of computation required to solve 
ntl? problem of the given class. Very feu results are 
available for the expected cost. averaged over all prob- 
lems of the class. 
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We hill be particularly concerned that com- 
putational costs not increase rapidly ivith 
probletn size. 

It is customary in the theory of computa- 
tional complexity to regard problems of a 
given size as "tractable" if comp~~tat ions 
do not grow faster than at some fixed pouer  
of problem size. Such classes of problems 
are known as "polynomial complex." 
Problems that grow exponentially in corn- 
plexity with size are not polynomial com- 
plex. since the rate of grouth of computa- 
tion comes to exceed any fixed pobver of 
their size. 

A large and important class of probletns 
~vhich includes the general integer program- 
ming problem. as well as standard schedul- 
ing problems. all have been sho~vn to have 
the same level of complexity-if one is 
polynomial complex, then all are; if one is 
not polynomial complex. then none are. 
These probletns have been labeled ",YP-
complete." I t  is conjectured. but not yet 
proven. that the class of IYP-complete 
probletns is not polynotnially complex. but 
probably exponentially complex. 

The significance of these findings and 
conjectures is in sho~ving that computa-
tional difficulties. and the need to approxi- 
mate. are not just a minor annoying feature 
of our ~vorld to be dealt with by rnanu-
facturing larger computers or breeding 
smarter people. Cornplexity is deep in the 
nature of things. and discovering tolerable 
approximation procedures and heuristics 
that pertnit huge spaces to be searched very 
selectively lies at the heart of intelligence, 
uhether hurnan or artificial. A theory of ra- 
tionality that does not give an account of 
probletn solving in the face of cotnplexity is 
sadly incomplete. I t  is horse  than incom- 
plete: it can be seriously misleading by pro- 
viding "solutions" to econornic questions 
that are w i t h o ~ ~ t  operational significance. 

One interesting and important direction 
of research in cotnp~~tationalco~nplexity 
lies in sho~ving how the complexity of prob- 
lems might be decreased by lveakening the 
requirements for solution-by requiring so- 
lutions only to approximate the optimum. 
or by replacing an optitnality criterion by a 
satisficing criterion. Results are still frag- 

mentary. but i t  is already known that there 
are some cases where such modifications 
reduce exponential or NP-complete prob- 
lern classes  to  polynomial-complete 
classes. 

The theory of heuristic search. cultivated 
in artificial intelligence and information 
processing psychology, is concerned with 
devising or identifying search procedures 
that hill permit systems of limited com-
putational capacity to make complex deci- 
sions and solve difficult problems. (For  a 
general survey of the theory. see Nils 
Nilsson.) When a task environment has pat- 
terned structure. so that solutions to a 
search probletn are not scattered randornly 
throughout it. but are located in bays re- 
lated to the structure. then an intelligent 
system capable of detecting the pattern can 
exploit i t  in order to search for solutions in 
a highly selective h a y .  

One form. for example. of selective 
heuristic search. called best-first search. 
assigns to each node in the search space an 
estimate of the distance of that node frorn a 
solution. At each stage, the next increment 
of effort is expended in searching frotn the 
node. among those already reached, that 
has the smallest distance estimate (see. for 
example. the author and J . B .  Kadane). As 
another example. when the task is to find a 
good or best solution, i t  may be possible to 
assign upper and lo~ver bounds on the 
values of the solutions that can be obtained 
by searching a particular part of the space. 
If the upper bound on region A is lower 
than the lower bound on some other region. 
then region A does not need to be searched 
at all. 

I hill leave the topics of computational 
cotnplexity and heuristic search ~vith these 
sketchy remarks. What implications these 
developments in the theory of procedural 
rationality w i l l  have for econotnics defined 
as "the science ~vhich treats of the uealth- 
getting and wealth-using activities of man" 
remain to be seen. That they are an integral 
part of economics defined as "the science 
which treats of the allocation of scarce 
resources" is obvious. The scarce resource 
is cotnputational capacity-the mind. The 
ability of tnan to solve cotnplex problems, 



and the m,ignitude of the resources that 
have to be alloc'ited to  solving them, 
depend on the efficiency \\ith \\hich this 
resource. mind. is deployed. 

Finally. I uould like to turn from the 
rather highly developed approaches to 
procedural rationality that I have been dis- 
cussing back to the more qualitative kinds 
of institutional issues that were considered 
in the previous section of this paper. Many 
of the central issues of our time are ques- 
tions of hou we use limited information and 
limited computation~il capacity to deal c\ ith 
enormous problems whose shape we barely 
grasp. 

For many purposes. a modern govern- 
ment can be regarded as a parallel comput- 
ing device. While one part of its capability 
for rational problem solving is directed to 
fire protection. another is directed to pav- 
ing high~vays.  ancl another to collecting 
refi~se.  For other important purposes. u 
government. like a human being. is a serial 
processing system. capable of attending to 
only one thing at u time. When important 
new policies must be formulated. public 
and official attention must be focused on 
one or a few matters. Other concerns. no 
matter how pressing. must wait their turn 
on the agenda. When the agenda becomes 
crowded. public life begins to appeal  more 
and more as a succession of crises. When 
problems become interrelated. as energy 
and pollution problems have become. there 
is the constant danger that attention 
directed to a single facet of the c\eb \ \ i l l  
s p a u n  solutions that disregard vital conse- 
quences for the other t"icets. When oil is 
scarce, bve return to coal. but forget that we 
must then deal with vastly increased quan- 
tities of sulfur oxides in our urban ail.. O r  
we outlaw nuclear p o u e r  stations because 
of radiation hazards, but fail to make al- 
ternative provi4ion to meet our  energy 
needs. It is futile to talk of substantive ra- 
tionality in public affairs without consider- 
ing \\,hat p~ucedural  means are available to 
order issues on the public agenda in :t ra-
tional u a y .  and to in5i11-e attention to the in- 

direct consequences of actions taken to 
reach specific goals or  solve specific prob- 
lems. 

In a uot.ld u h e r e  information is relatively 
scarce. and where p~.oblems for decision 
are few and simple. information is almost 
a l~vaysa positive good. In a cjorld where 
attention is a major scarce resource. in-
formation may be an expensive luxury, for 
it may turn our  attention frorn c\ hat is im- 
portant to u h a t  is unimportant. We cannot 
afford to attend to inforrnation simply be- 
cause it is there. I a m  not aware that there 
has been any systematic development of a 
theory of inforrnation and communication 
that treats attention rather than information 
21s the scarce resource." Some of the 
pract ica l  c o n s e q u e n c e s  of a t t e n t i o n  
scarcity have already been noticed in busi- 
ness and government. where early designs 
of so-called "management information 
systems" flooded executives with trivial 
data and.  until they learned to ignore them. 
dist~.itcted their attention from more irn-
portant matters. It is probably true of 
contemporary organizations that an au-
tomated information system that does not 
consume and digest vastly more informa- 
tion than i t  produces and distributes harms 
the performance of the organization in 
cjhich it is incorporated. 

The management of attention and tracing 
indirect consequences of action are two of 
the basic issues of procedural rationality 
that confront a modern society. There are  
others of comparable importance: what de- 
cision-making procedure is rational when 
the basic quantities for making marginal 
comparisons are simply not known?  A few 
years ago. I served as chairman of a Na-
tional Academy of Sciences ( ,YAS) commit-
tee whose job i t  Ivas to advise the Congress 
on the control of automobile emissions (see 
,YAS, Coordinating Committee on Ail-
Quality Stuclies). It is easy to formulate an 
SEU model to conceptualize the problem. 
There is a production function for automo- 
biles that associates different costs with dif- 
ferent levels of emissions. The laws govern- 

"Somc u n \ ) \ t c ' m a t i c  on the s u b j e c t  \ r i l l  br.~ - e ~ n n r k \  

found i n  t h e  ; i ~ t h o ~ . (  107hu. chs .  13. 1.1). 



ing the chemistry of the atmosphere de- 
termine the concentrations of polluting 
substances in the air a s  a function of the 
levels of emissions. Biomedical science 
tells us u h a t  effects on life and health can 
be expected from various concentrations of 
pollutants. ,411 we need d o  is to attach a 
price tag to life and health. and u e  can cal- 
culate the optimum level of pollution con- 
trol. 

There is only one hitch-which will be 
apparent to all of you. None of the relevant 
parameters of the various "production 
functions" are knoun-except. within half 
an order of magnitude, the cost of reducing 
the emissions themselves. The physics and 
chemistry of the atmosphere presents a 
series of unsolved problems-particularly 
relating to the photochemical reactions af- 
fecting the oxides of nitrogen and ozone.  
Medical science is barely able to detect that 
there t r r ~health effects from pollutants, 
much less measure hou  large these effects 
are.  The committee's deliberations led im- 
mediately to one conclusion-one that 
congressmen are 'tccustomed to hearing 
from such committees: We need more re- 
search. But uhile the I-esearch is being 
done.  uh'tt provisions should be incor-
por-uted in the Clean Air Act of 1977 ( o r  the 
Acts of 1978 through 2000. for that matter)'' 
For- research won't give us  clear answers 
then either. What constitirtes procedural ra- 
tionality in such cir-cumstances? 

"Reasonable men" reach "reasonable" 
conclusions in circumstances uher-e they 
have no prospect of applying classical 
models of s~rbstnntive rationality. We know 
only imper-fectly hou  they d o  it.  We knou 
even less uhether- the ~ r o c e d u r e s  thev use 
in place of the inapplicable models have 
any merit-although most of us  would 
choose them in preference to drauing lots. 
The s t~rdy of procedural r-ationality in cir- 
cumstances u h e r e  attention is scarce.  
uher-e problems are immensely complex. 
and where crucial information is absent 
presents a host of challenging and funda- 
mental research problems to anyone u h o  is 
inter-ested in the rational allocution of 
scar-ce resources. 

IV. Conclusion 

In histories of human civilization, the 
invention of writing and the invention of 
printing are  always treated a s  key events. 
Perhaps in future histories the invention of 
electrical communication and the invention 
of the computer will receive comparable 
emphasis. What all of these developments 
have in common, and what makes them so 
important, is that they represent basic 
changes in man's equipment for making ra- 
tional choices-in his computational ca-
pabilities. Problems that are  impossible to 
handle with the head alone (multiplying 
large numbers together. for example) be- 
come trivial when they can be written down 
on paper. Interactions of energy and envi- 
ronment that almost defy conceptualization 
lend themselves to at least approximate 
modeling with modern computers.  

The advances in man's capacity for 
procedural rationality are not limited to 
these obvious examples. The invention of 
algebra. of analytic geometry, of the cal- 
culus were such advances. S o  was the 
invention. if we may call it that. of the 
m o d e r n  o r g a n i z a t i o n ,  wh ich  g rea t ly  
increased man's capacity for coordinated 
parallel activity. Changes in the production 
function for information and decisions are  
central t o  any account of changes over the 
centuries of the human condition. 

In the past, econornics has largely 
ignored the processes that rational man 
uses in reaching his resource allocation de- 
cisions. This was possibly an  acceptable 
strategy for explaining rational decision in 
static. relatively simple problem situations 
u h e r e  it might be assumed that additional 
computational time or  p o u e r  could not 
change the outcome. The strategy does not 
uosk .  however. u h e n  u e  are seeking to 
explain the decision maker's behavior in 
complex. dynamic circumstances that in- 
volve a great deal of uncertainty. and that 
make severe demands upon his attention. 

As economics acquires aspirations to 
explain behavior under these typical condi- 
tions of modern organizational and public 
life, it will have to devote major energy to 
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building a theory of procedural rationality 
to complement existing theories of substan- 
tive rationality. Some elements of such a 
theory can be borrowed from the neighbor- 
ing disciplines of operations research. 
artificial i n t e l l igence ,  a n d  cogn i t ive  
psychology; but an  enormous job remains 
to be done to extend this work and to apply 
it to specifically economic problems. 

Jacob Marschak, throughout his long 
career,  had a deep belief in and commit- 
ment to the interdependencies and comple- 
mentarity of the several social sciences. I 
have shared that belief and commitment, 
without always agreeing with him in detail 
as to the precise route for exploiting it. The 
developments I have been describing 
strengthen greatly, it seems to me,  the ra- 
tional grounds for both belief and commit- 
ment. Whether u e  accept the more 
restricted definition of economics that I 
quoted from Ely's textbook, o r  the u ide r  
definition that is widely accepted today. Lie 
have every reason to try to communicate 
with the other social sciences. both to find 
out what we have to 4ay that may be of 
interest to them. and to  discover what they 
can teach us about the nature of procedural 
rationality. 
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Why We Have Never Used the Black-Scholes-Merton Option Pricing Formula 

Espen Gaarder Haug & Nassim Nicholas Taleb 
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Abstract: Options traders use a pricing formula which they adapt by fudging 
and changing the tails and skewness by varying one parameter, the standard 
deviation of a Gaussian. Such formula is popularly called “Black-Scholes-Merton” 
owing to an attributed eponymous discovery (though changing the standard 
deviation parameter is in contradiction with it). However we have historical 
evidence that 1) Black, Scholes and Merton did not invent any formula, just 
found an argument to make a well known (and used) formula compatible with 
the economics establishment, by removing the “risk” parameter through 
“dynamic hedging”, 2) Option traders use (and evidently have used since 1902) 
heuristics and tricks more compatible with the previous versions of the formula 
of Louis Bachelier and Edward O. Thorp (that allow a broad choice of probability 
distributions) and removed the risk parameter by using put-call parity. 3) Option 
traders did not use formulas after 1973 but continued their bottom-up heuristics. 
The Bachelier-Thorp approach is more robust (among other things) to the high 
impact rare event. The paper draws on historical trading methods and 19th and 
early 20th century references ignored by the finance literature. It is time to stop 
calling the formula by the wrong name. 

 

 

BREAKING THE CHAIN OF TRANSMISSION 

For us, practitioners, theories should arise from 
practice1. This explains our concern with the “scientific” 
notion that practice should fit theory. Option hedging, 
pricing, and trading is neither philosophy nor 
mathematics. It is a rich craft with traders learning 
from traders (or traders copying other traders) and 
tricks developing under evolution pressures, in a 
bottom-up manner. It is technë, not ëpistemë. Had it 
been a science it would not have survived – for the 
empirical and scientific fitness of the pricing and 
hedging theories offered are, we will see, at best, 
defective and unscientific (and, at the worst, the 
hedging methods create more risks than they reduce). 
Our approach in this paper is to ferret out historical 
evidence of technë showing how option traders went 
about their business in the past. 

Options, we will show, have been extremely active in 
the pre-modern finance world. Tricks and heuristically 
derived methodologies in option trading and risk 
management of derivatives books have been developed 
over the past century, and used quite effectively by 
operators. In parallel, many derivations were produced 
by mathematical researchers. The economics literature, 

                                                     
1 For us, in this discussion, a practitioner is deemed to be 

someone involved in repeated decisions about option hedging, 
not a support quant who writes pricing software or an 
academic who provides “consulting” advice. 

however, did not recognize these contributions, 
substituting the rediscoveries or subsequent 
reformulations done by (some) economists. There is 
evidence of an attribution problem with Black-Scholes-
Merton option “formula”, which was developed, used, 
and adapted in a robust way by a long tradition of 
researchers and used heuristically by option book 
runners. Furthermore, in a case of scientific puzzle, the 
exact formula called “Black-Sholes-Merton” was written 
down (and used) by Edward Thorp which, 
paradoxically, while being robust and realistic, has been 
considered unrigorous. This raises the following: 1) The 
Black Scholes Merton was just a neoclassical finance 
argument, no more than a thought experiment2, 2) We 
are not aware of traders using their argument or their 
version of the formula. 

It is high time to give credit where it belongs. 

THE BLACK-SCHOLES-MERTON “FORMULA” WAS AN 

ARGUMENT 

Option traders call the formula they use the “Black-
Scholes-Merton” formula without being aware that  by 

                                                     
2  Here we question the notion of confusing thought 

experiments in a hypothetical world, of no predictive power, 
with either science or practice. The fact that the Black-Scholes-
Merton argument works in a Platonic world and appears to be 
“elegant” does not mean anything since one can always 
produce a Platonic world in which a certain equation works, or 
in which a “rigorous” proof can be provided, a process called 
reverse-engineering.  
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some irony, of all the possible options formulas that 
have been produced in the past century,  what is called 
the Black-Scholes-Merton “formula” (after Black and 
Scholes, 1973, and Merton, 1973) is the one the 
furthest away from what they are using. In fact of the 
formulas written down in a long history it is the only 
formula that is fragile to jumps and tail events. 

First, something seems to have been lost in translation: 
Black and Scholes (1973) and Merton (1973) actually 
never came up with a new option formula, but only an 
theoretical economic argument built on a new way of 
“deriving”, rather rederiving, an already existing –and 
well known –formula. The argument, we will see, is 
extremely fragile to assumptions. The foundations of 
option hedging and pricing were already far more firmly 
laid down before them. The Black-Scholes-Merton  
argument, simply, is that an option can be hedged 
using a certain methodology called “dynamic hedging” 
and then turned into a risk-free instrument, as the 
portfolio would no longer be stochastic. Indeed what 
Black, Scholes and Merton did was “marketing”, finding 
a way to make a well-known formula palatable to the 
economics establishment of the time, little else, and in 
fact distorting its essence. 

Such argument requires strange far-fetched 
assumptions: some liquidity at the level of transactions, 
knowledge of the probabilities of future events (in a 
neoclassical Arrow-Debreu style)3, and, more critically, 
a certain mathematical structure that requires “thin-
tails”, or mild randomness, on which, later. The entire 
argument is indeed, quite strange and rather 
inapplicable for someone clinically and observation-
driven standing outside conventional neoclassical 
economics. Simply, the dynamic hedging argument is 
dangerous in practice as it subjects you to blowups; it 
makes no sense unless you are concerned with 
neoclassical economic theory. The Black-Scholes-
Merton argument and equation flow a top-down 
general equilibrium theory, built upon the assumptions 
of operators working in full knowledge of the probability 
distribution of future outcomes –in addition to a 
collection of assumptions that, we will see, are highly 
invalid mathematically, the main one being the ability to 
cut the risks using continuous trading which only works 
in the very narrowly special case of thin-tailed 
distributions. But it is not just these flaws that make it 
inapplicable: option traders do not “buy theories”, 
particularly speculative general equilibrium ones, which 
they find too risky for them and extremely lacking in 

                                                     
3 Of all the misplaced assumptions of Black Scholes that 

cause it to be a mere thought experiment, though an extremely 
elegant one, a flaw shared with modern portfolio theory, is the 
certain knowledge of future delivered variance for the random 
variable (or, equivalently, all the future probabilities). This is 
what makes it clash with practice –the rectification by the 
market fattening the tails is a negation of the Black-Scholes 
thought experiment.  

 

standards of reliability. A normative theory is, simply, 
not good for decision-making under uncertainty 
(particularly if it is in chronic disagreement with 
empirical evidence). People may take decisions based 
on speculative theories, but avoid the fragility of 
theories in running their risks. 

Yet professional traders, including the authors (and, 
alas, the Swedish Academy of Science) have operated 
under the illusion that it was the Black-Scholes-Merton 
“formula” they actually used –we were told so. This 
myth has been progressively reinforced in the literature 
and in business schools, as the original sources have 
been lost or frowned upon as “anecdotal” (Merton, 
1992). 

 

Figure 1 The typical "risk reduction" performed 
by the Black-Scholes-Merton argument. These 
are the variations of a dynamically hedged 
portfolio. BSM indeed "smoothes" out risks but 
exposes the operator to massive tail events –
reminiscent of such blowups as LTCM. Other 
option formulas are robust to the rare event and 
make no such claims. 

 

This discussion will present our real-world, ecological 
understanding of option pricing and hedging based on 
what option traders actually do and did for more than a 
hundred years.  

This is a very general problem. As we said, option 
traders develop a chain of transmission of technë, like 
many professions. But the problem is that the “chain” is 
often broken as universities do not store the acquired 
skills by operators. Effectively plenty of robust 
heuristically derived implementations have been 
developed over the years, but the economics 
establishment has refused to quote them or 
acknowledge them. This makes traders need to relearn 
matters periodically. Failure of dynamic hedging in 
1987, by such firm as Leland O’Brien Rubinstein, for 
instance, does not seem to appear in the academic 
literature published after the event 4  (Merton, 1992, 

                                                     
4 For instance –how mistakes never resurface into the 

consciousness, Mark Rubinstein was awarded in 1995 the 
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Rubinstein, 1998, Ross, 2005); to the contrary dynamic 
hedging is held to be a standard operation5. 

There are central elements of the real world that can 
escape them –academic research without feedback 
from practice (in a practical and applied field) can cause 
the diversions we witness between laboratory and 
ecological frameworks.  This explains why some many 
finance academics have had the tendency to make 
smooth returns, then blow up using their own theories6. 
We started the other way around, first by years of 
option trading doing million of hedges and thousands of 
option trades. This in combination with investigating 
the forgotten and ignored ancient knowledge in option 
pricing and trading we will explain some common 
myths about option pricing and hedging. 

There are indeed two myths: 

• That we had to wait for the Black-Scholes-
Merton options formula to trade the product, 
price options, and manage option books. In 
fact the introduction of the Black, Scholes and 
Merton  argument increased our risks and set 
us back in risk management. More generally, it 
is a myth that traders rely on theories, even 
less a general equilibrium theory, to price 
options. 

• That we “use” the Black-Scholes-Merton 
options “pricing formula”. We, simply don’t. 

In our discussion of these myth we will focus on the 
bottom-up literature on option theory that has been 
hidden in the dark recesses of libraries.  And that 
addresses only recorded matters –not the actual 
practice of option trading that has been lost. 

MYTH 1: PEOPLE DID NOT PROPERLY “PRICE” OPTIONS 

BEFORE THE BLACK-SCHOLES-MERTON THEORY 

It is assumed that the Black-Scholes-Merton theory is 
what made it possible for option traders to calculate 
their delta hedge (against the underlying) and to price 
options. This argument is highly debatable, both 
historically and analytically. 

Options were actively trading at least already in the 
1600 as described by Joseph De La Vega –implying 
some form of technë, a heuristic method to price them 

                                                                                 
Financial Engineer of the Year award by the International 
Association of Financial Engineers. There was no mention of 
portfolio insurance and the failure of dynamic hedging. 
 

6 For a standard reaction to a rare event, see the following:  
"Wednesday is the type of day people will remember in quant-
land for a very long time," said Mr. Rothman, a University of 
Chicago Ph.D. who ran a quantitative fund before joining 
Lehman Brothers. "Events that models only predicted would 
happen once in 10,000 years happened every day for three 
days." One 'Quant' Sees Shakeout For the Ages -- '10,000 
Years' By Kaja Whitehouse, August 11, 2007; Page B3. 

and deal with their exposure. De La Vega describes 
option trading in the Netherlands, indicating that 
operators had some expertise in option pricing and 
hedging. He diffusely points to the put-call parity, and 
his book was not even meant to teach people about the 
technicalities in option trading. Our insistence on the 
use of Put-Call parity is critical for the following reason: 
The Black-Scholes-Merton’s claim to fame is removing 
the necessity of a risk-based drift from the underlying 
security –to make the trade “risk-neutral”. But one does 
not need dynamic hedging for that: simple put call 
parity can suffice (Derman and Taleb, 2005), as we will 
discuss later. And it is this central removal of the “risk-
premium” that apparently was behind the decision by 
the Nobel committee to grant Merton and Scholes the 
(then called) Bank of Sweden Prize in Honor of Alfred 
Nobel: “Black, Merton and Scholes made a vital 
contribution by showing that it is in fact not necessary 
to use any risk premium when valuing an option. This 
does not mean that the risk premium disappears; 
instead it is already included in the stock price.”7 It is 
for having removed the effect of the drift on the value 
of the option, using a thought experiment, that their 
work was originally cited, something that was 
mechanically present by any form of trading and 
converting using far simpler techniques. 

Options have a much richer history than shown in the 
conventional literature. Forward contracts seems to 
date all the way back to Mesopotamian clay tablets 
dating all the way back to 1750 B.C. Gelderblom and  
Jonker (2003) show that Amsterdam grain dealers had 
used options and forwards already in 1550.  

In the late 1800 and the early 1900 there were active 
option markets in London and New York as well as in 
Paris and several other European exchanges. Markets it 
seems, were active and extremely sophisticated option 
markets in 1870. Kairys and Valerio (1997) discuss the 
market for equity options in USA in the 1870s, indirectly 
showing that traders were sophisticated enough to 
price for tail events8.  

                                                     
7 see www.Nobel.se  
8 The historical description of the market is informative 

until Kairys and Valerio try to gauge whether options in the 
1870s were underpriced or overpriced (using Black-Scholes-
Merton style methods). There was one tail-event in this period, 
the great panic of September 1873. Kairys and Valerio find that 
holding puts was profitable, but deem that the market panic 
was just a one-time event :  

“However, the put contracts benefit from the “financial 
panic” that hit the market in September, 1873. Viewing 
this as a “one-time” event, we repeat the analysis for puts 
excluding any unexpired contracts written before the stock 
market panic.” 

Using references to  the economic literature that also conclude 
that options in general were overpriced in the 1950s 1960s and 
1970s they conclude:  "Our analysis shows that option 
contracts were generally overpriced and were unattractive for 
retail investors to purchase”. They add: ”Empirically we find 
that both put and call options were regularly overpriced 
relative to a theoretical valuation model." 
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There was even active option arbitrage trading taking 
place between some of these markets. There is a long 
list of missing treatises on option trading: we traced at 
least ten German treatises on options written between 
the late 1800s and the hyperinflation episode9.  

One informative extant source, Nelson (1904), speaks 
volumes: An option trader and arbitrageur, S.A. Nelson 
published a book “The A B C of Options and Arbitrage” 
based on his observations around the turn o the 
twentieth century. According to Nelson (1904) up to 
500 messages per hour and typically 2000 to 3000 
messages per day where sent between the London and 
the New York market through the cable companies. 
Each message was transmitted over the wire system in 
less than a minute. In a heuristic method that was 
repeated in Dynamic Hedging by one of the authors, 
(Taleb,1997), Nelson, describe in a theory-free way 
many rigorously clinical aspects of his arbitrage 
business: the cost of shipping shares, the cost of 
insuring shares, interest expenses, the possibilities to 
switch shares directly between someone being long 
securities in New York and short in London and in this 
way saving shipping and insurance costs, as well as 
many more tricks etc. 

The formal financial economics canon does not include 
historical sources from outside economics, a mechanism 
discussed in Taleb (2007a). The put-call parity was 
according to the formal option literature first fully 
described by Stoll (1969), but neither he not others in 
the field even mention Nelson. Not only was the put-
call parity argument fully understood and described in 
detail by Nelson (1904), but he, in turn, makes frequent 
reference to Higgins (1902). Just as an example Nelson 
(1904) referring to Higgins (1902) writes: 

“It may be worthy of remark that ‘calls’ are more 
often dealt than ‘puts’ the reason probably being 
that the majority of ‘punters’ in stocks and shares 
are more inclined to look at the bright side of things, 

                                                                                 
These results are contradicted by the practitioner Nelson 

(1904): “…the majority of the great option dealers who have 
found by experience that it is the givers, and not the takers, of 
option money who have gained the advantage in the long run”. 

9
 Here is a partial list: 

Bielschowsky, R (1892):  Ueber die rechtliche Natur der 
Prämiengeschäfte, Bresl. Genoss.-Buchdr  

Granichstaedten-Czerva, R (1917): Die Prämiengeschäfte 
an der Wiener Börse, Frankfurt am Main 

Holz, L. (1905)  Die Prämiengeschäfte, Thesis (doctoral)--
Universität Rostock 

Kitzing, C. (1925): Prämiengeschäfte : Vorprämien-, 
Rückprämien-, Stellagen- u. Nochgeschäfte ; Die solidesten 
Spekulationsgeschäfte mit Versicherg auf Kursverlust, Berlin 

Leser, E, (1875): Zur Geschichte der Prämiengeschäfte 
Szkolny, I. (1883): Theorie und praxis der 

prämiengeschäfte nach einer originalen methode dargestellt., 
Frankfurt am Main 

Author Unknown (1925): Das Wesen der 
Prämiengeschäfte, Berlin : Eugen Bab & Co., Bankgeschäft 

and therefore more often ‘see’ a rise than a fall in 
prices.  

This special inclination to buy ‘calls’ and to leave the 
‘puts’ severely alone does not, however, tend to 
make ‘calls’ dear and ‘puts’ cheap, for it can be 
shown that the adroit dealer in options can convert 
a ‘put’ into a ‘call,’ a ‘call’ into a ‘put’, a ‘call o’ more’ 
into a ‘put- and-call,’ in fact any option into another, 
by dealing against it in the stock. We may therefore 
assume, with tolerable accuracy, that the ‘call’ of a 
stock at any moment costs the same as the ‘put’ of 
that stock, and half as much as the Put-and-Call.”  

The Put-and-Call was simply a put plus a call with the 
same strike and maturity, what we today would call a 
straddle. Nelson describes the put-call parity over many 
pages in full detail. Static market neutral delta hedging 
was also known at that time, in his book Nelson for 
example writes:  

“Sellers of options in London as a result of long 
experience, if they sell a Call, straightway buy half 
the stock against which the Call is sold; or if a Put is 
sold; they sell half the stock immediately.” 

We must interpret the value of this statement in the 
light that standard options in London at that time were 
issued at-the-money (as explicitly pointed out by 
Nelson); furthermore, all standard options in London 
were European style. In London in- or out-of-the-
money options where only traded occasionally and 
where known as “fancy options”. It is quite clear from 
this and the rest of Nelson’s book that that the option 
dealers where well aware of the delta for at-the-money 
options was approximately 50%. As a matter of fact at-
the-money options trading in London at that time were 
adjusted to be struck to be at-the-money forward, in 
order to make puts and calls of the same price. We 
know today know that options that are at-the-money 
forward and not have very long time to maturity have a 
delta very close to 50% (naturally minus 50% for puts). 
The options in London at that time typically had one 
month to maturity when issued. 

Nelson also diffusely points to dynamic delta hedging, 
and that it worked better in theory than practice (see 
Haug, 2007). It is clearly from all the details described 
by Nelson that options in the early 1900 traded actively 
and that option traders at that time in no way felt 
helpless in either pricing or in hedging them.  

Herbert Filer was another option trader that was 
involved in option trading from 1919 to the 1960s. 
Filler(1959) describes what must be consider a 
reasonable active option market in New York and 
Europe in the early 1920s and 1930s. Filer mention 
however that due to World War II there was no trading 
on the European Exchanges, for they were closed. 
Further, he mentions that London option trading did not 
resume before 1958. In the early 1900, option traders 
in London were considered to be the most 
sophisticated, according to Nelson. It could well be that 
World War II and the subsequent shutdown of option 
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trading for many years was the reason known robust 
arbitrage principles about options were forgotten and 
almost lost, to be partly re-discovered by finance 
professors such as Stoll (1969). 

Earlier, in 1908, Vinzenz Bronzin published a book 
deriving several option pricing formulas, and a formula 
very similar to what today is known as the Black-
Scholes-Merton formula. Bronzin based his risk-neutral 
option valuation on robust arbitrage principles such as 
the put-call parity and the link between the forward 
price and call and put options –in a way that was 
rediscovered by Derman and Taleb (2005)10. Indeed, 
the put-call parity restriction is sufficient to remove the 
need to incorporate a future return in the underlying 
security –it forces the lining up of options to the 
forward price11. 

Again, 1910 Henry Deutsch describes put-call parity but 
in less detail than Higgins and Nelson. In 1961 Reinach 
again described the put-call parity in quite some detail 
(another text typically ignored by academics). Traders 
at New York stock exchange specializing in using the 
put-call parity to convert puts into calls or calls into 
puts was at that time known as Converters. Reinach 
(1961): 

“Although I have no figures to substantiate my 
claim, I estimate that over 60 per cent of all 
Calls are made possible by the existence of 
Converters.” 

In other words the converters (dealers) who basically 
operated as market makers were able to operate and 
hedge most of their risk by “statically” hedging options 
with options. Reinach wrote that he was an option 
trader (Converter) and gave examples on how he and 
his colleagues tended to hedge and arbitrage options 
against options by taking advantage of options 
embedded in convertible bonds:  

“Writers and traders have figured out other 
procedures for making profits writing Puts & 

                                                     
10  The argument Derman Taleb(2005) was present in 

Taleb (1997) but remained unnoticed. 
11 Ruffino and Treussard (2006) accept that one could 

have solved the risk-premium by happenstance, not realizing 
that put-call parity was so extensively used in history.  But they 
find it insufficient. Indeed the argument may not be sufficient 
for someone who subsequently complicated the representation 
of the world with some implements of modern finance such as 
“stochastic discount rates” –while simplifying it at the same 
time to make it limited to the Gaussian and allowing dynamic 
hedging. They write that “the use of a non-stochastic discount 
rate common to both the call and the put options is 
inconsistent with modern equilibrium capital asset pricing 
theory.” Given that we have never seen a practitioner use 
“stochastic discount rate”, we, like our option trading 
predecessors, feel that put-call parity is sufficient & does the 
job. 

The situation is akin to that of scientists lecturing birds on 
how to fly, and taking credit for their subsequent performance 
–except that here it would be lecturing them the wrong way. 

Calls. Most are too specialized for all but the 
seasoned professional. One such procedure is 
the ownership of a convertible bonds and then 
writing of Calls against the stock into which the 
bonds are convertible. If the stock is called 
converted and the stock is delivered.”  

Higgins, Nelson and Reinach all describe the great 
importance of the put-call parity and to hedge options 
with options. Option traders where in no way helpless 
in hedging or pricing before the Black-Scholes-Merton 
formula. Based on simple arbitrage principles they 
where able to hedge options more robustly than with 
Black- Scholes-Merton. As already mentioned static 
market-neutral delta hedging was described by Higgins 
and Nelson in 1902 and 1904.  Also, W. D. Gann (1937) 
discusses market neutral delta hedging for at-the-
money options, but in much less details than Nelson 
(1904). Gann also indicates some forms of auxiliary 
dynamic hedging. 

Mills (1927) illustrates how jumps and fat tails were 
present in the literature in the pre-Modern Portfolio 
Theory days. He writes: ”A distribution may depart 
widely from the Gaussian type because the influence of 
one or two extreme price change.” 

Option Formulas and Delta Hedging 

Which brings us to option pricing formulas. The first 
identifiable one was Bachelier (1900). Sprenkle (1962) 
extended Bacheliers work to assume lognormal rather 
than normal distributed asset price. It also avoids 
discounting (to no significant effect since many 
markets, particularly the U.S., option premia were paid 
at expiration).  

James Boness (1964) also assumed a lognormal asset 
price.  He derives a  formula for the price of a call 
option that  is actually identical to the Black-Scholes-
Merton 1973 formula, but the way Black, Scholes and 
Merton derived their formula based on continuous 
dynamic delta hedging or alternatively based on CAPM 
they were able to get independent of the expected rate 
of return. It is in other words not the formula itself that 
is considered the great discovery done by Black, 
Scholes and Merton, but how they derived it. This is 
among several others also pointed out by Rubinstein 
(2006):  

“The real significance of the formula to the 
financial theory of investment lies not in itself, 
but rather in how it was derived. Ten years 
earlier the same formula had been derived by 
Case M. Sprenkle (1962) and A. James Boness 
(1964).” 

Samuelson (1969) and Thorp (1969) published 
somewhat similar option pricing formulas to Boness and 
Sprenkle. Thorp (2007) claims that he actually had an 
identical formula to the Black-Scholes-Merton formula 
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programmed into his computer years before Black, 
Scholes and Merton published their theory. 

Now, delta hedging. As already mentioned static 
market-neutral delta hedging was clearly described by 
Higgins and Nelson 1902 and 1904. Thorp and Kassouf 
(1967) presented market neutral static delta hedging in 
more details, not only for at-the-money options, but for 
options with any delta. In his 1969 paper Thorp is 
shortly describing market neutral static delta hedging, 
also briefly pointed in the direction of some dynamic 
delta hedging, not as a central pricing device, but a 
risk-management tool. Filer also points to dynamic 
hedging of options, but without showing much 
knowledge about how to calculate the delta. Another 
“ignored” and “forgotten” text is a book/booklet 
published in 1970 by Arnold Bernhard & Co. The 
authors are clearly aware of market neutral static delta 
hedging or what they name “balanced hedge” for any 
level in the strike or asset price. This book has multiple 
examples of how to buy warrants or convertible bonds 
and construct a market neutral delta hedge by shorting 
the right amount of common shares. Arnold Bernhard & 
Co also published deltas for a large number of warrants 
and convertible bonds that they distributed to investors 
on Wall Street. 

Referring to Thorp and Kassouf (1967), Black, Scholes 
and Merton took the idea of delta hedging one step 
further, Black and Scholes (1973):  

“If the hedge is maintained continuously, then the 
approximations mentioned above become exact, and 
the return on the hedged position is completely 
independent of the change in the value of the stock. In 
fact, the return on the hedged position becomes 
certain. This was pointed out to us by Robert Merton.”  

This may be a brilliant mathematical idea, but option 
trading is not mathematical theory. It is not enough to 
have a theoretical idea so far removed from reality that 
is far from robust in practice. What is surprising is that 
the only principle option traders do not use and cannot 
use is the approach named after the formula, which is a 
point we discuss next.   

MYTH 2: OPTION TRADERS TODAY “USE” THE BLACK-
SCHOLES-MERTON FORMULA 

Traders don’t  do “Valuation” 

First, operationally, a price is not quite “valuation”. 
Valuation requires a strong theoretical framework with 
its corresponding fragility to both assumptions and the 
structure of a model. For traders, a “price” produced to 
buy an option when one has no knowledge of the 
probability distribution of the future is not “valuation”, 
but an expedient. Such price could change. Their 
beliefs do not enter such price. It can also be 
determined by his inventory.  

This distinction is critical: traders are engineers, 
whether boundedly rational (or even non interested in 
any form of probabilistic rationality), they are not privy 
to informational transparency about the future states of 
the world and their probabilities.  So they do not need a 
general theory to produce a price –merely the 
avoidance of Dutch-book style arbitrages against them, 
and the compatibility with some standard restriction: In 
addition to put-call parity, a call of a certain strike K 
cannot trade at a lower price than a call K+!K 
(avoidance of negative call and put spreads), a call 
struck at K and a call struck at K+2 !K cannot be more 
expensive that twice the price of a call struck at K+!K 
(negative butterflies), horizontal calendar spreads 
cannot be negative (when interest rates are low), and 
so forth. The degrees of freedom for traders are thus 
reduced: they need to abide by put-call parity and 
compatibility with other options in the market. 

In that sense, traders do not perform “valuation” with 
some “pricing kernel” until the expiration of the 
security, but, rather, produce a price of an option 
compatible with other instruments in the markets, with 
a holding time that is stochastic. They do not need top-
down “science”. 

When do we value? 

If you find traders operated solo, in a desert island, 
having for some to produce an option price and hold it 
to expiration, in a market in which the forward is 
absent, then some valuation would be necessary –but 
then their book would be minuscule. And this thought 
experiment is a distortion: people would not trade 
options unless they are in the business of trading 
options, in which case they would need to have a book 
with offsetting trades. For without offsetting trades, we 
doubt traders would be able to produce a position 
beyond a minimum (and negligible) size as dynamic 
hedging not possible. (Again we are not aware of many 
non-blownup option traders and institutions who have 
managed to operate in the vacuum of the Black 
Scholes-Merton argument). It is to the impossibility of 
such hedging that we turn next.  

On the Mathematical Impossibility of 

Dynamic Hedging  

Finally, we discuss the severe flaw in the dynamic 
hedging concept. It assumes, nay, requires all moments 
of the probability distribution to exist12.  

                                                     
12 Merton (1992) seemed to accept the inapplicability of 

dynamic hedging  but he perhaps thought that these ills would 
be cured thanks to his prediction of the financial world 
“spiraling towards dynamic completeness”. Fifteen years later, 
we have, if anything, spiraled away from it. 
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Assume that the distribution of returns has a scale-free 
or fractal property that we can simplify as follows: for x 
large enough, (i.e. “in the tails”),  P[X>n x]/P[X>x] 
depends on n, not on x. In financial securities, say, 
where X is a daily return, there is no reason for 
P[X>20%]/P[X>10%] to be different from 
P[X>15%]/P[X>7.5%]. This self-similarity at all scales 
generates power-law, or Paretian, tails, i.e.,  above a 
crossover point, P[X>x]=K x-!.  It happens, looking at 

millions of pieces of data, that such property holds in 
markets –all markets, baring sample error. For 
overwhelming empirical evidence, see Mandelbrot 
(1963), which predates Black-Scholes-Merton (1973) 
and the jump-diffusion of Merton (1976); see also 
Stanley et al. (2000), and Gabaix et al. (2003).  The 
argument to assume the scale-free is as follows: the 
distribution might have thin tails at some point (say 
above some value of X). But we do not know where 
such point is –we are epistemologically in the dark as to 
where to put the boundary, which forces us to use 
infinity. 

Some criticism of these “true fat-tails” accept that such 
property might apply for daily returns, but, owing to the 
Central Limit Theorem, the distribution is held to 
become Gaussian under aggregation for cases in which 
! is deemed higher than 2. Such argument does not 

hold owing to the preasymptotics of scalable 
distributions: Bouchaud and Potters (2003) and 
Mandelbrot and Taleb (2007) argue that the 
presasymptotics of fractal distributions are such that 
the effect of the Central Limit Theorem are exceedingly 
slow in the tails –in fact irrelevant. Furthermore, there 
is sampling error as we have less data for longer 
periods, hence fewer tail episodes, which give an in-
sample illusion of thinner tails. In addition, the point 
that aggregation thins out the tails does not hold for 
dynamic hedging –in which the operator depends 
necessarily on high frequency data and their statistical 
properties. So long as it is scale-free at the time period 
of dynamic hedge, higher moments become explosive, 
“infinite” to disallow the formation of a dynamically 
hedge portfolio. Simply a Taylor expansion is impossible 
as moments of higher order that 2 matter critically –
one of the moments is going to be infinite.  

The mechanics of dynamic hedging are as follows.  
Assume the risk-free interest rate of 0 with no loss of 
generality. The canonical Black-Scholes-Merton package 
consists in selling a call and purchasing shares of stock 
that provide a hedge against instantaneous moves in 
the security. Thus the portfolio " locally "hedged" 

against exposure to the first moment of the distribution 
is the following:  

 

where C is the call price, and S the underlying security.  

Take the discrete time change in the values of the 
portfolio  

 

By expanding around the initial values of S, we have 
the changes in the portfolio in discrete time. 
Conventional option theory applies to the Gaussian in 
which all orders higher than !S2 and disappears rapidly.  

  
 

Taking expectations on both sides,  we can see here 
very strict requirements on moment finiteness: all 
moments need to converge. If we include another term, 
of order !S3

, such term may be of significance in a 
probability distribution with significant cubic or quartic 
terms.  Indeed, although the nth  derivative with respect 
to S can decline very sharply, for options that have a 
strike K away from the center of the distribution, it 
remains that the delivered higher orders of !S are 
rising disproportionately fast for that to carry a 
mitigating effect on the hedges.  

So here we mean all moments--no approximation. The 
logic of the Black-Scholes-Merton so-called solution 
thanks to Ito's lemma was that the portfolio collapses 
into a deterministic payoff.  But let us see how quickly 
or effectively this works in practice.  

The Actual Replication process is as follows: The payoff 
of a call should be replicated with the following stream 
of dynamic hedges, the limit of which can be seen here, 
between t and T  

 

Such policy does not match the call value: the 
difference remains stochastic (while  according to Black 
Scholes it should shrink).  Unless one lives in a fantasy 
world in which such risk reduction is possible13. 

Further, there is an inconsistency in the works of 
Merton making us confused as to what theory finds 
acceptable: in Merton (1976) he agrees that we can 
use Bachelier-style option derivation in the presence of 
jumps and discontinuities –no dynamic hedging– but 
only when the underlying stock price is uncorrelated to 

                                                     
13 We often hear the misplaced comparison to Newtonian 

mechanics. It supposedly provided a good approximation until 
we had relativity. The problem with the comparison is that the 
thin-tailed distributions are not approximations for fat-tailed 
ones: there is a deep qualitative difference.  
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the market. This seems to be an admission that 
dynamic hedging argument applies only to some 
securities: those that do not jump and are correlated to 
the market. 

 

Figure 2 A 25% Gap in Ericsson, one of the Most 
Liquid Stocks in the World. Such move can 
dominate hundreds of weeks of dynamic 
hedging. 

The Robustness of the Gaussian 

The success of the “formula” last developed by Thorp, 
and called “Black-Scholes-Merton” was due to a simple 
attribute of the Gaussian: you can express any 
probability distribution in terms of Gaussian, even if it 
has fat tails, by varying the standard deviation # at the 

level of the density of the random variable. It does not 
mean that you are using a Gaussian, nor does it mean 
that the Gaussian is particularly parsimonious (since 
you have to attach a # for every level of the price). It 

simply mean that the Gaussian can express anything 
you want if you add a function for the parameter #, 

making it function of strike price and time to expiration.  

This “volatility smile”, i.e., varying one parameter to 
produce  #(K), or “volatility surface”, varying two 

parameter, #(S,t) is effectively what was done in 

different ways by Dupire(1994, 2005) and Derman 
(1994,1998), see Gatheral(2006).   They assume a 
volatility process not because there is necessarily such 
a thing –only as a method of fitting option prices to a 
Gaussian. Furthermore, although the Gaussian has 
finite second moment (and finite all higher moments as 
well), you can express a scalable with infinite variance 
using Gaussian “volatility surface”. One strong constrain 
on the # parameter is that it must be the same for a 

put and call with same strike (if both are European-
style), and the drift should be that of the forward14. 

Indeed, ironically, the volatility smile is inconsistent 
with the Black-Scholes-Merton theory. This has lead to 
hundreds if not thousands of papers trying extend 
(what was perceived to be) the Black-Scholes-Merton 
model to incorporate stochastic volatility and jump-
diffusion. Several of these researchers have been 
surprised that so few traders actually use stochastic 

                                                     
14  See Breeden and Litzenberberger (1978), Gatheral 

(2006). See also Bouchaud and Potters (2001) for hedging 
errors in the real world. 

volatility models. It is not a model that says how the 
volatility smile should look like, or evolves over time; it 
is a hedging method that is robust and consistent with 
an arbitrage free volatility surface that evolves over 
time. 

In other words, you can use a volatility surface as a 
map, not a territory. However it is foolish to justify 
Black-Scholes-Merton on grounds of its use: we repeat 
that the Gaussian bans the use of probability 
distributions that are not Gaussian –whereas non-
dynamic hedging derivations (Bachelier, Thorp) are not 
grounded in the Gaussian.  

Order Flow and Options 

It is clear that option traders are not necessarily 
interested in probability distribution at expiration time –
given that this is abstract, even metaphysical for them. 
In addition to the put-call parity constrains that 
according to evidence was fully developed already in 
1904, we can hedge away inventory risk in options with 
other options. One very important implication of this 
method is that if you hedge options with options then 
option pricing will be largely demand and supply 
based15. This in strong contrast to the Black-Scholes-
Merton (1973) theory that based on the idealized world 
of geometric Brownian motion with continuous-time 
delta hedging then demand and supply for options 
simply not should affect the price of options. If 
someone wants to buy more options the market makers 
can simply manufacture them by dynamic delta hedging 
that will be a perfect substitute for the option itself.  

This raises a critical point: option traders do not 
“estimate” the odds of rare events by pricing out-of-
the-money options. They just respond to supply and 
demand. The notion of “implied probability distribution” 
is merely a Dutch-book compatibility type of 
proposition. 

Bachelier-Thorp 

The argument often casually propounded attributing 
the success of option volume to the quality of the Black 
Scholes formula is rather weak. It is particularly 
weakened by the fact that options had been so 
successful at different time periods and places.  

Furthermore, there is evidence that while both the 
Chicago Board Options Exchange and the Black-
Scholes-Merton formula came about in 1973, the model 
was "rarely used by traders" before the 1980s 
(O'Connell, 2001). When one of the authors (Taleb) 
became a pit trader in 1992, almost two decades after 
Black-Scholes-Merton, he was surprised to find that 
many traders still priced options “sheets free”, “pricing 

                                                     
15See Gârleanu, Pedersen, and Poteshman (2006). 
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off the butterfly”, and “off the conversion”, without 
recourse to any formula.  

Even a book written in 1975 by a finance academic 
appears to credit Thorpe and Kassouf (1967) -- rather 
than Black-Scholes (1973), although the latter was 
present in its bibliography. Auster (1975):  

Sidney Fried wrote on warrant hedges before 1950, 
but it was not until 1967 that the book Beat the 
Market by Edward O. Thorp and Sheen T. Kassouf 
rigorously, but simply, explained the “short 
warrant/long common” hedge to a wide audience.  

We conclude with the following remark. Sadly, all the 
equations, from the first (Bachelier), to the last pre-
Black-Scholes-Merton (Thorp)  accommodate a scale-
free distribution. The notion of explicitly removing the 
expectation from the forward was present in Keynes 
(1924) and later by Blau (1944) –and long a Call short 
a put of the same strike equals a forward.  These 
arbitrage relationships appeared to be well known in 
1904.  

One could easily attribute the explosion in option 
volume to the computer age and the ease of processing 
transactions, added to the long stretch of peaceful 
economic growth and absence of hyperinflation. From 
the evidence (once one removes the propaganda), the 
development of scholastic finance appears to be an 
epiphenomenon rather than a cause of option trading. 
Once again, lecturing birds how to fly does not allow 
one to take subsequent credit.  

This is why we call the equation Bachelier-Thorp. We 
were using it all along and gave it the wrong name, 
after the wrong method and with attribution to the 
wrong persons. It does not mean that dynamic hedging 
is out of the question; it is just not a central part of the 
pricing paradigm. It led to the writing down of a certain 
stochastic process that may have its uses, some day, 
should markets “spiral towards dynamic completeness”. 
But not in the present. 
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