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Figure 3. The asset allocation problem in finance.

markets and in determining how to design efficient port-
folios of investments in the real world for real investors.
To understand risk aversion in the financial tradition, it
is therefore helpful to begin thinking about investments.
Here, we begin with stock markets and government bonds.
Let us define two assets. The first is a risk-free investment
that yields an annual rate of return of 5%. One can think
of this as something like a United States Treasury Bill.
The second is, for the purposes of this example, a single
stock. Let us simplify by asserting that this stock has a
known average annual rate of return of 15%, with an an-
nual standard deviation ( A of 20%. Figure 3 shows the
options for an investor deciding how to divide her money
between these two assets. At the far left of the line, she
invests all her assets in the bond. At the midpoint of the
line, she invests half her money in each. At the far right,
she invests all of her money in the stock. What is observed
in financial situations is that human choosers place them-
selves somewhere on this line by picking a proportion of
their assets and placing them in the stock and placing the
remainder in the bond. Those more tolerant of risks will
naturally place a larger proportion in the stock; those more
averse to risk will place them in the bond.* What a chooser
selects therefore reveals the degree of risk aversion he or
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she possesses, from a financial perspective. Point X in the
figure gives an example of this kind of choice.

To understand this behavior in more economic terms,
let us recast the line of Figure 3, which describes the op-
tions available to our chooser, as a set of choices between
conventional economic lotteries. To make the math easy,
let us further assume that the investor has $100 in hand.
On the far left is a certain gain of $5. On the far right, the
stock describes a set of possible outcomes, with a Gauss-
ian distribution centered at §15, shown in Figure 4. The
stock thus offers all of the values on the lower axis at all
of the probabilities on the left axis. The EV of the set of
lotteries offered by the stock here is $15. So one can think
of a risk-neutral chooser as someone who would pick to
invest entirely in the stock and an infinitely risk-averse
chooser as one who would pick to invest only in the bond.
Of course, the line that connects these two extreme op-
tions thus describes a family of “lottery sets” that are all
offered to the chooser simultaneously, and the point that
the chooser selects suggests a degree of risk aversion.

Now, consider a situation in which the stock has the
same standard deviation but yields a higher rate of return.
The lottery it presents (and thus the intermediate points
connecting it with the bond) have higher values for the
same standard deviation. Under these conditions, our
chooser would naturally be expected to shift her choice
to the right, because she is in essence being paid more for
taking on these risks. In a similar way, if the risky invest-
ment yielded lower gains (relative to the risk-free invest-
ment), her choice would shift to the left. Theoretical work
by Markowitz (1991) and Sharpe (1964) established that
for a particular kind of efficient chooser, the way this point
moves as the value of the stock changes can be computed
analytically. Once you know the chooser’s degree of risk
aversion (and make some assumptions about the shape of
the chooser’s utility function) from a single such choice,
you can fully specify the efficient portfolio allocation for
any line of this kind, at any slope, for this individual.

The key to understanding this fact is to reconceptualize
risk aversion as a “risk premium.” The idea here is that the
infinitely risk-averse subject, the one who buys only the
bond, will not take any risk at all, no matter how much
more it pays. The chooser at Point X, however, was will-
ing to accept an increase in the standard deviation of her
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Figure 4. A lottery-style representation of the possible gains and losses as-

sociated with a stock.
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payoff of 10% as long as she was compensated with an
increase in the expected value of $5. To put that in more
traditional financial terms: In order to accept an increase
in the percent variance (which is equal to the square of the
standard deviation) of .01, she had to be compensated by
an increase in mean payoff of 4.8%. If she had been less
risk averse, she would have required less mean compen-
sation to accept the additional variance. Of course, this
explains why less risk-averse investors move to the right
on the line in Figure 3; the compensation offered at a stan-
dard deviation of 10 is more than enough for them, so they
move their choice point farther to the right than Point X.

To return to our canonical investor, she has a degree
of risk aversion (in the neoclassical economic sense) that
caused her to pick the lottery with an expected value of $10
as the most preferred (from among all of the stock—bond
combinations she could have chosen). In financial theory,
this means she placed a risk premium of 4.8% on a percent
variance of .01. What Markowitz (1991) and Sharpe (1964)
showed was that this is enough information for us to predict
all of her variance-associated behavior if (and again, this is
a big if) she is an efficient investor with a particular kind
of utility function. In fact, what they showed was that, for a
chooser of this type, the risk premium as a function of per-
cent variance should be a straight line (Markowitz, 1991;
Sharpe, 1964). Figure 5 shows this in a very simplified
graphical format. The darkest (blue) line plots the risk pre-
mium required by this chooser for any degree of variance.
The line connects the premium she would require to accept
a variance of .01—in this case, 4.7%—with the premium
she would require to accept a sure thing—of necessity, a
risk premium of $0. The straight line that connects these
two points thus captures all possible risk premiums, given
the assumption that her risk premium can be described as
a straight line in this space.

To relate this back to the neoclassical tradition, let us
redescribe Figure 5. The lower axis of Figure 5 plots the
variance of all Gaussian distributed lottery sets that one
could possibly offer to the chooser. The dark (blue) line
tells about this chooser’s indifference point when com-
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Figure 5. A representation of risk aversion in the financial
domain.

paring these lottery sets with certain gains. If one offers
this subject a lottery set with a variance of .01 (a standard
deviation of 10%) versus a certain gain worth 4% less than
the EV of the lottery set, she will prefer the certain gain. If
one offers her the same lottery versus a certain gain worth
6% less than the EV of the lottery set, she will prefer the
lottery set. The slope of an individual’s risk premium line
is thus a measure of aversion to risk. Since the risk pre-
mium line is straight and has an intercept at 0, we can rep-
resent it, and thus capture the preferences of the chooser
(given our assumption of linearity in this space), with a
single number: the slope of that line.

Relating the Economic and Financial Traditions

What should be immediately obvious is that the objects
of choice differ significantly in these two traditions. The
financial tradition has focused on representing stocks and
stock-like objects that are well described and tractably ana-
lyzed by mean and variance.’ In contrast, the economic tra-
dition has focused on goods and lotteries. The differences
between these classes of objects are one of the things that
differentiate these two approaches most clearly.

A larger difference when it comes to understanding
risk, however, is the philosophically different way eco-
nomics and finance approach the causes of risk-averse
behavior. At an almost algorithmic level, expected utility
theory (as stated by von Neumann & Morgenstern, 1944)
argues that humans understand and are largely objective
in their assessment of probabilities. In utility theory, the
subjective value of a good grows more slowly than ob-
jective value; this is the curvature of the utility function.
When combined lawfully with probabilities, this yields
an aversion to risk. In contrast, finance theory argues that
choosers have an objective representation of both value
and probability, but that they require a subjectively de-
fined inducement to accept risks; this is captured in the
slope of the risk premium line.

These philosophical differences lead quite naturally to
terminological differences that can be quite confusing.
In the economic tradition, saying that a subject is “risk
averse” means that he has a concave utility function. In
the finance tradition, saying that someone is “risk averse”
means that he has a nonzero slope to his risk premium
line. These are similar, although not completely identical,
concepts. In the economic tradition, when one speaks of
risk, one refers to lotteries (or events) with probabilistic
outcomes. The risk associated with a lottery that yields
$15 with a probability of .5 is greater than the risk associ-
ated with a sure payoff of $7.50. In finance, risk is typi-
cally used to refer to variance or standard deviation. The
risk associated with the stock in the example above is .04.
Of course, one can translate between these two notions of
risk, and under some limited circumstances, they can be
shown to be equivalent. One can compute the variance of
the single lottery described above. It has an EV of $7.50
and a variance of 28. One can represent a stock as a lottery
set, as [ have done in Figure 4. But it is important to keep
in mind that there are subtle differences here that must be
considered, and under many conditions, these statements
are not equivalent.
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As a final note, it is probably also important to point
out that these traditions are also related mathematically.
As we have seen, a chooser who obeys GARP can be
described as having a utility function. A chooser who
obeys expected utility theory can be described as having
a continuous monotone utility function. In a similar way,
a chooser who always shows a straight risk premium line
can be described even more restrictively as having a con-
tinuous monotone utility function drawn from the class of
quadratic equations. In this sense, financial theory speci-
fies a more restrictive description of the decision maker
than does expected utility theory.

‘Which Model for Neuroeconomics?

A healthy debate is going on today over which of these
two models will prove to be more useful in studies of the
brain. One advantage of the utility representation is that
it is very closely related to classical psychophysics. We
know that both the psychological and neural representa-
tions of qualities such as brightness or sweetness are con-
cave and monotonic with regard to objective properties
such as number of photons or sugar concentration (see,
e.g., Stevens & Stevens, 1961). This may suggest that
utility-like representations are abundant in the brain and
that concave representations of this type are an essential
property of most neural encoders (Glimcher, 2009). One
advantage of the financial representation is that it allows
for the explicit representation variance and even perhaps
for the explicit representation of higher order features
of complex distributions. In fact, recent neurobiological
studies have begun to suggest that higher order features
of complex distributions may be represented in the cortex
(Preuschoff, Bossaerts, & Quartz, 2006).

In any case, it is critical that neurobiologists studying
risk and valuation be clear about the points that they make.
Notions of risk, risk aversion, utility, and variance are
well-defined and important concepts that must be treated
with care if scholars from other disciplines are to under-
stand the measurements neurobiologists make.
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NOTES

1. In fairness, the logarithmic function does have many elegant features
that make it desirable for a mathematician and hugely useful in finance.

2. Risky options are here defined as choices that lead to outcomes
that are not certain or, more precisely, outcomes that are described by
nondegenerate probability distributions.

3. More formally, this is the claim that Y is riskier than X if the dis-
tribution of outcomes associated with Option Y can be described as the
distribution of outcomes associated with X plus some random variable.
It turns out that this is equivalent to saying that if an expected utility-
compliant chooser with a concave utility function prefers X to Y, and
X and Y have the same expected value, then Y can be defined as riskier
than X. Interestingly, neither of these notions of risk are equivalent to
the statement “Y has greater variance than X,” a point developed by
Rothschild and Stiglitz (1970).

4. In fact, highly risk-tolerant individuals can borrow money to place
themselves even farther out along this line, but that is a detail beyond
our discussion here.

5. However, in fairness, there is now significant evidence that real-
world fluctuations in stock prices are not well described as Gaussian,
under some conditions.
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