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The sample space

When dice are rolled, we say that the set

Ω = {1, 2, 3, 4, 5, 6}

of all possible outcomes is a sample space.
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Events

The events that can result from rolling the dice are identified with the
subsets of Ω. Thus the event that the dice shows an even number is the
set E = {2, 4, 6}

1. Uncertainty 4 / 50



Probability measures

A probability measure is a function defined on the set S of all possible
events.
The number prob(E ) is said to be the probability of the event E .
To qualify as a probability measure, the function prob : S → [0, 1] must
satisfy three properties.
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First property

The first property is that prob(∅) = 0. Since ∅ is the set with no
elements, this means that the probability of the impossible event that
nothing at all will happen is zero.
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Second property

The second property is that prob(Ω) = 1, which means that the
probability of the certain event that something will happen is 1.
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Third property

The third property says that the probability that one or the other of two
events will occur is equal to the sum of their separate probabilities –
provided that the two events can’t both occur simultaneously.
The set E ∩ F represents the event that both events E and F occur at
the same time. So E ∩ F = 0 means that E and F can’t occur
simultaneously, as in the Figure:

prob(E) ¼ prob(2)þprob(4)þprob(6) ¼ 1
6 þ

1
6 þ

1
6 ¼

1
2 :

The proper interpretation of probabilities is a subject endlessly debated by phi-
losophers. For the purposes of game theory, it is usually enough to say that a
statement like prob(f4g) ¼ 1

6 means that there is one chance in six of 4 being rolled.
Gamblers express the fact that prob(f4g) ¼ 1

6 by saying that the odds are 5 : 1
against rolling a 4. If the odds against an event occurring are a : b, then the proba-
bility that the event will occur is b=(aþ b).

For each dollar that you bet on a horse at odds of 5 : 1 against its winning, you get
back five dollars if the horse wins (plus the dollar you bet). Of course, bookies
wouldn’t cover their costs in the long run if they quoted the true odds against horses
winning. They therefore shade the odds in their favor. You might find a bookie who
offers odds of 4 : 1 against rolling a 4 with a fair die, but hell will freeze over before
you are offered odds of 6 : 1!

3.2.1 Independent Events

If A and B are sets, then A#B is the set of all pairs (a, b) with a [ A and b [ B.2

Figure 3.4(a) shows the sample space O2 ¼O#O obtained when two independent
rolls of the dice are observed. In this diagram, (6, 1) represents the event that 6 is
rolled with the first dice, and 1 with the second. This isn’t the same event as (1, 6),
which means that 1 is rolled with the first dice, and 6 with the second. The event
E#F has been shaded. It is the event that 3 or more is thrown with the first dice, and
3 or less with the second dice.

There are 36¼ 6# 6 possible outcomes in the square representing O#O. If the
two dice are rolled independently, each outcome is equally likely. The probability of
each is therefore 1

36. So the probability of E#F must be

prob(E#F) ¼ 12
36 ¼

1
3 :

Notice that prob(E) ¼ 2
3 and prob(F) ¼ 1

2. Thus,

prob(E#F) ¼ prob(E)#prob(F):

E

E ∩ F

E ∪ F
Ω

F

E

E ∩ F ! ∅

E ∪ F
Ω

F

Figure 3.3 Venn diagrams of E[F.

2In this context, the notation (a, b) means the pair of real numbers a and b, with a taken first. If the order

of the numbers were irrelevant, one would simply use the notation {a, b} for the set containing a and b.

80 Chapter 3. Taking Chances
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Third property

The set E ∪ F represents the event that at least one of E or F occurs.
So the third property can be expressed formally by writing

E ∩ F = 0 → prob(E ∪ F ) = prob(E ) + prob(F )
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Third property

A fair dice is equally likely to show any of its faces when rolled, and so
prob(1) = prob(2) = . . . = prob(6) = 1/6. The probability of the event
E = {2, 4, 6} that an even number will appear is therefore:

prob(E ) = prob(2) + prob(4) + prob(6) = 1/6 + 1/6 + 1/6 = 1/2
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Independent rolls

If A and B are sets, then A× B is the set of all pairs (a, b) with a ∈ A
and b ∈ B. Next slide shows the sample space Ω2 = Ω× Ω obtained
when two independent rolls of the dice are observed.
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Independent rolls

This equation holds whenever E and F are independent events. The conclusion is
usually expressed as

prob(E \ F) ¼ prob(E) prob(F),

which says that the probability that two independent events will both occur is the
product of their separate probabilities.

Strictly speaking, writing prob (E\F)¼ prob (E) prob(F) requires reinterpreting
E and F as events in O"O as indicated in Figure 3.4(b). In this diagram, E is no
longer the subset of O that represents the event that the first die will show 3, 4, 5, or
6. It is instead the subset of O"O corresponding to the event in which the first dice
shows 3, 4, 5, or 6, and the second die shows anything whatever. Similarly F becomes
the subset of O"O corresponding to the event that the first die shows anything
whatever, and the second die shows 1, 2, or 3.

3.2.2 Paying Off a Loan Shark

To avoid getting his legs broken, Bob needs to come up with $1,000 tomorrow to
pay off a loan shark. With the $2 remaining in his wallet, he therefore buys two
lottery tickets for $1 each in two independent lotteries. The winner in each lottery
gets a prize of $1,000 (and there are no second prizes). If the probability of winning
in each lottery is q¼ 0.0001, what is the probability that Bob will still be walking
around next week?

LetW1 andL1 be the events that Bob wins or loses the first lottery. LetW2 and
L2 be the events that he wins or loses the second lottery. Then prob(W1) ¼
prob(W2) ¼ q, and prob(L1) ¼ prob(L2) ¼ 1# q.

We need prob(W1 [W2). This isn’t prob(W1)þprob(W2) because W1 and
W2 can occur simultaneously. However, none of the events W1 \W2, W1 \L2,
or L1 \W2 can occur simultaneously, and so

(6,1)

! " ! ! " !E " F

E

F

First
throw

Second throw

(5,1)

(4,1)

(3,1)

(2,1)

(1,1)

6

5

4

3

2

1

1 2 3 4 5 E and F reinterpreted

F

E

6

(6,2)

(5,2)

(4,2)

(3,2)

(2,2)

(1,2)

(6,3)

(5,3)

(4,3)

(3,3)

(2,3)

(1,3)

(6,4)

(a) (b)

(5,4)

(4,4)

(3,4)

(2,4)

(1,4)

(6,5)

(5,5)

(4,5)

(3,5)

(2,5)

(1,5)

(6,6)

(5,6)

(4,6)

(3,6)

(2,6)

(1,6)

E ∩ F

Figure 3.4 The sample space O"O for two independent rolls of a die.
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Independent rolls
There are 36 = 6× 6 possible outcomes in Ω× Ω. If the two dice are
rolled independently, each outcome is equally likely. The probability of
each is therefore 1/36 So the probability of E × F must be:

prob(E × F ) = 12/36 = 1/3

Notice that prob(E ) = 2/3 and prob(F ) = 1/2. Thus,

prob(E × F ) = prob(E )× prob(F )

This equation holds whenever E and F are independent events. The conclusion is
usually expressed as

prob(E \ F) ¼ prob(E) prob(F),

which says that the probability that two independent events will both occur is the
product of their separate probabilities.

Strictly speaking, writing prob (E\F)¼ prob (E) prob(F) requires reinterpreting
E and F as events in O"O as indicated in Figure 3.4(b). In this diagram, E is no
longer the subset of O that represents the event that the first die will show 3, 4, 5, or
6. It is instead the subset of O"O corresponding to the event in which the first dice
shows 3, 4, 5, or 6, and the second die shows anything whatever. Similarly F becomes
the subset of O"O corresponding to the event that the first die shows anything
whatever, and the second die shows 1, 2, or 3.

3.2.2 Paying Off a Loan Shark

To avoid getting his legs broken, Bob needs to come up with $1,000 tomorrow to
pay off a loan shark. With the $2 remaining in his wallet, he therefore buys two
lottery tickets for $1 each in two independent lotteries. The winner in each lottery
gets a prize of $1,000 (and there are no second prizes). If the probability of winning
in each lottery is q¼ 0.0001, what is the probability that Bob will still be walking
around next week?

LetW1 andL1 be the events that Bob wins or loses the first lottery. LetW2 and
L2 be the events that he wins or loses the second lottery. Then prob(W1) ¼
prob(W2) ¼ q, and prob(L1) ¼ prob(L2) ¼ 1# q.

We need prob(W1 [W2). This isn’t prob(W1)þprob(W2) because W1 and
W2 can occur simultaneously. However, none of the events W1 \W2, W1 \L2,
or L1 \W2 can occur simultaneously, and so

(6,1)

! " ! ! " !E " F

E
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First
throw

Second throw

(5,1)

(4,1)

(3,1)

(2,1)

(1,1)
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Figure 3.4 The sample space O"O for two independent rolls of a die.
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Independent rolls

The equation
prob(E × F ) = prob(E )× prob(F )

holds whenever E and F are independent events. The conclusion is
usually expressed as:

prob(E ∩ F ) = prob(E )prob(F )

which says that the probability that two independent events will both
occur is the product of their separate probabilities.
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Conditional probability

After you observe that an event F has happened, your knowledge base
changes. The only states of the world that are now possible lie in the set
F .

You must therefore replace Ω by F , which is the new world in which your
future decision problems will be set.

The new probability prob(E |F ) you assign to an event E after learning
that F has occurred is called the conditional probability of E given F .
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Conditional probability

For example, we know that prob(4) = 1
6 when a fair dice is rolled. If we

learn that the outcome was even, this probability must be adjusted.

The event F = {2, 4, 6} that the outcome is even contains three equally
likely states. The probability of rolling a 4, given that F has occurred, is
therefore 1

3 . Thus,

prob(4|F ) = 1
3

The principle on which this calculation is based is embodied in the
formula:

prob(E |F ) = prob(E ∩ F )/probF
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Lotteries

A bookie may offer you odds of 3:4 against an even number being rolled
with a fair dice.

If you take the bet, you win $3 if an even number appears and lose $4 if
an odd number appears.

Accepting this bet is equivalent to choosing or accepting to participate in
a lottery.

1. Uncertainty 17 / 50



Lotteries

Accepting this bet is equivalent to choosing the lottery L.

The top row shows the possible final outcomes or prizes, and the bottom
row shows the respective probabilities with which each prize is awarded.

The lottery M of Figure 3 has three prizes. You have five chances in
every twelve of winning the big prize of $24.

If you take the bet represented by the random variable X, your probability of
winning $3 is prob(X ¼ 3) ¼ prob(f2,4,6g) ¼ 1

2. Your probability of losing $4 is
prob(X ¼ "4) ¼ prob(f1,3,5g) ¼ 1

2.

3.4.2 Compound Lotteries

One of the prizes in a raffle at an Irish county fair is sometimes a ticket for the Irish
National Sweepstake. If you buy a raffle ticket, you are then participating in a com-
pound lottery, in which the prizes may themselves be lotteries. It is important to
remember that we always assume that all the lotteries involved in a compound
lottery are independent of each other.

Figure 3.8 illustrates the compound lottery pLþ (1" p)M. The notation means
that you get the lottery L with probability p and the lotteryM with probability 1" p.

A compound lottery can always be reduced to a simple lottery by computing the
total probability with which you get each prize. In the case of Figure 3.8:

q1 ¼ p$ 1
2 þ (1" p)$ 1

4 ¼
1
4 "

1
4 p;

q2 ¼ (1" p)$ 5
12 ¼

5
12 "

5
12 p;

q3 ¼ p$ 1
2 þ (1" p)$ 1

3 ¼
1
3 þ

1
6 p:

To find q3, begin by noting that the probability of winning the prize L in the com-
pound lottery is p. The probability of winning $3 in the lotteryL is 1

2. These events are
independent, and so the probability of the event E that they both occur is p$ 1

2.
Similarly, the event F thatM is won in the compound lottery and that $3 is won in the
lottery M has probability (1" p)$ 1

3. Since E and F can’t both happen, the event
E[F that you win $3 has probability q3 ¼ prob(E)þprob(F) ¼ p$ 1

2 þ (1" p)$ 1
3.

3.5 Expectation

The expectation or expected value EX of a random variable X is defined by

EX ¼
X

k prob(X ¼ k),

$3

L !

"$4
1
2

(a)

$3
1
3

1
2

$24

M !

"$4
1
4

(b)

5
12

Figure 3.7 Two lotteries.

review
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1
2

$3
1
3

1
2
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p

q1 q2 q3

1 " p

!

"$4
1
4

5
12

$3$24"$4

Figure 3.8 The compound lottery pLþ (1" p)M.
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Random variables

Lotteries are nothing but random variables. A random variable is a
function:

X : Ω 7→ R
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Random variables

The lottery L is equivalent to the random variable X : Ω 7→ R defined by:

X (Ω) =

{
3 if ω = 0 2, 4, 6

−4 if ω = 1,3, 5
(1)

If you take the bet represented by the random variable X , your
probability of winning $3 is prob(X = 3) = prob(2, 4, 6) = 1

2 Your
probability of losing $4 is prob(X = −4) = prob(1, 3, 5) = 1

2

1. Uncertainty 20 / 50



Expected value

The expectation or expected value EX of a random variable X is defined
by:

EX =
∑

k prob(X = k) (2)

where the summation extends over all values of k for which prob(X = k)
isn’t zero.
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Expected value

Your expected dollar winnings in the lottery L are

E(a) = 3× 1

2
+ (−4)× 1

2
= −1

2
(3)

If you take the bet represented by the random variable X, your probability of
winning $3 is prob(X ¼ 3) ¼ prob(f2,4,6g) ¼ 1

2. Your probability of losing $4 is
prob(X ¼ "4) ¼ prob(f1,3,5g) ¼ 1

2.

3.4.2 Compound Lotteries

One of the prizes in a raffle at an Irish county fair is sometimes a ticket for the Irish
National Sweepstake. If you buy a raffle ticket, you are then participating in a com-
pound lottery, in which the prizes may themselves be lotteries. It is important to
remember that we always assume that all the lotteries involved in a compound
lottery are independent of each other.

Figure 3.8 illustrates the compound lottery pLþ (1" p)M. The notation means
that you get the lottery L with probability p and the lotteryM with probability 1" p.

A compound lottery can always be reduced to a simple lottery by computing the
total probability with which you get each prize. In the case of Figure 3.8:

q1 ¼ p$ 1
2 þ (1" p)$ 1

4 ¼
1
4 "

1
4 p;

q2 ¼ (1" p)$ 5
12 ¼

5
12 "

5
12 p;

q3 ¼ p$ 1
2 þ (1" p)$ 1

3 ¼
1
3 þ

1
6 p:

To find q3, begin by noting that the probability of winning the prize L in the com-
pound lottery is p. The probability of winning $3 in the lotteryL is 1

2. These events are
independent, and so the probability of the event E that they both occur is p$ 1

2.
Similarly, the event F thatM is won in the compound lottery and that $3 is won in the
lottery M has probability (1" p)$ 1

3. Since E and F can’t both happen, the event
E[F that you win $3 has probability q3 ¼ prob(E)þprob(F) ¼ p$ 1

2 þ (1" p)$ 1
3.

3.5 Expectation

The expectation or expected value EX of a random variable X is defined by

EX ¼
X

k prob(X ¼ k),

$3

L !

"$4
1
2

(a)

$3
1
3

1
2

$24

M !

"$4
1
4

(b)

5
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Figure 3.7 Two lotteries.
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If you bet over and over again on the roll of a fair die, winning $3 when
the outcome is even and losing $4 when the outcome is odd, you are
therefore likely to lose an average of about 50 cents per bet in the long
run.
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Expected value

The expected dollar value of lottery M is:

E(b) = (−4)× 1

4
+ 24× 5

12
+ 3× 1

3
= 10 (4)

If you repeatedly paid $3 for a ticket in this lottery, you would be likely to
win an average of about $7 per trial in the long run.

If you take the bet represented by the random variable X, your probability of
winning $3 is prob(X ¼ 3) ¼ prob(f2,4,6g) ¼ 1

2. Your probability of losing $4 is
prob(X ¼ "4) ¼ prob(f1,3,5g) ¼ 1

2.

3.4.2 Compound Lotteries

One of the prizes in a raffle at an Irish county fair is sometimes a ticket for the Irish
National Sweepstake. If you buy a raffle ticket, you are then participating in a com-
pound lottery, in which the prizes may themselves be lotteries. It is important to
remember that we always assume that all the lotteries involved in a compound
lottery are independent of each other.

Figure 3.8 illustrates the compound lottery pLþ (1" p)M. The notation means
that you get the lottery L with probability p and the lotteryM with probability 1" p.

A compound lottery can always be reduced to a simple lottery by computing the
total probability with which you get each prize. In the case of Figure 3.8:

q1 ¼ p$ 1
2 þ (1" p)$ 1

4 ¼
1
4 "

1
4 p;

q2 ¼ (1" p)$ 5
12 ¼

5
12 "

5
12 p;

q3 ¼ p$ 1
2 þ (1" p)$ 1

3 ¼
1
3 þ

1
6 p:

To find q3, begin by noting that the probability of winning the prize L in the com-
pound lottery is p. The probability of winning $3 in the lotteryL is 1

2. These events are
independent, and so the probability of the event E that they both occur is p$ 1

2.
Similarly, the event F thatM is won in the compound lottery and that $3 is won in the
lottery M has probability (1" p)$ 1

3. Since E and F can’t both happen, the event
E[F that you win $3 has probability q3 ¼ prob(E)þprob(F) ¼ p$ 1

2 þ (1" p)$ 1
3.

3.5 Expectation

The expectation or expected value EX of a random variable X is defined by

EX ¼
X

k prob(X ¼ k),

$3
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2
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Risky choices

How do we describe a player’s preferences over lotteries that involve more
than two prizes?

A naive approach would be to replace all the prizes in the lotteries by
their worth to the player in money.

Wouldn’t a rational person then simply prefer whichever of two lotteries
has the larger dollar expectation?

. . . meet the St.Petersburg paradox!
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St. Petersburg paradox

A fair coin is tossed until it shows heads for the first time. If the first
head appears on the k th trial, you win $2k . How much should you be
willing to pay in order to participate in this lottery?

which implies that its expected dollar value is ‘‘infinite.’’ Should Olga therefore be
willing to sell off all she owns and borrow as much as she can in order to buy a
lottery ticket? Since the probability is 7

8 that she will end up with no more than $8,
she is unlikely to find the odds attractive.

The moral isn’t that the policy of always choosing the lottery with the largest
expectation in dollars is necessarily irrational. The St. Petersburg story merely casts
doubt on the claim that no other policy can be rational.

The same goes for any theory that claims that there is only one rational way to
respond to risk. An adequate theory needs to recognize that the extent to which Olga
is willing to bear risk is as much a part of her preference profile as her relative liking
for the songs that Boris and Vladimir sing when they play their balalaikas late at
night beneath her bedroom window.

4.5.2 Von Neumann and Morgenstern Utility

Rationality doesn’t require that Olga try to maximize her expected dollar value when
choosing between lotteries. However, Von Neumann and Morgenstern gave a list of
consistency postulates about preferences in risky situations that imply that Olga will
behave as though maximizing the expected value of something when acting ratio-
nally. We call this something the Von Neumann and Morgenstern utility of a lottery.

The first postulate repeats the rationality assumption of Chapter 3:

Postulate 1 A rational player prefers whichever of two win-or-lose lotteries offers
the larger probability of winning.

Postulate 1 is about win-or-lose lotteries, in which the only prizes are drawn from
the set O ¼ fL,Wg. A utility function u :O ! R that represents the preference
W " L must have a ¼ u(L)< u(W) ¼ b.

The set of lotteries with prizes drawn from the setOwill be denoted by lott(O).
The win-or-lose lottery p in which Olga wins with probability p therefore belongs to
lott (fW,Lg). The expected utility of p is

Eu(p) ¼ p u(W)þ (1$ p) u(L) ¼ aþp(b$a): (4:1)

Since b$ a> 0, Eu(p) is largest when the probability p of winning is largest.
Equation (4.1) tells us that Eu is a utility function for Olga’s preferences over

lott(O) when O ¼ fW,Lg. Postulate 1 therefore implies that Olga necessarily acts
as though maximizing expected utility when making decisions involving only lot-
teries whose prizes are L or W.

1
2

prize

coin sequence

probability

$2

H

1
4

$4

TH

1
2

1
8

$8

TTH

1
16

$16 . . .

. . .

. . .

TTTH

$2k

k( )

TT. . .TH

. . .

. . .

. . .

Figure 4.6 The St. Petersburg lottery.
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St. Petersburg paradox

Since each toss of the coin is independent, the probability of winning $2k

is calculated as shown below for the case k = 4:

prob(TTTH) = prob(T )×prob(T )×prob(T )×prob(H) =

(
1

2

)4

=
1

16
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St. Petersburg paradox

The expectation in dollars of the St. Petersburg lottery L is therefore:

L = 2prob(H) + 4prob(TH) + 8prob(TTH) + . . .

2× 1

2
+ 4× 1

4
+ 8× 1

8
. . .

1 + 1 + 1 . . .

which implies that the expected dollar value is infinite.

So: should we go sell off all that we own to participate in the lottery?
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Expected utility theory

An adequate theory needs to recognize that the extent to which one is
willing to bear risk is as much a part of her preference profile.

This is exactly the core of Von Neumann and Morgenstern expected
utility theory.
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Olga’s utility

Suppose that Olga’s utility for money is given by the Von Neumann and
Morgenstern utility function u : R+ 7→ R defined by:

u(x) = 4
√
x

then, her expected utility for the St. Petersburg lottery L of Figure 6 is
given by:

Eu(L) = 1
2u(2) +

(
1
2

)2
u(22) +

(
1
2

)3
u(23) + . . .

= 4
{

1
2

√
2 +

(
1
2

)2 √
22 +

(
1
2

)3 √
23 + . . .

}
= 4√

2

{
1 + 1√

2
+
(

1√
2

)2

+ . . .

}
= 4√

2−1
≈ 4× 3.42
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Olga is thus indifferent between the lottery L and $X iff their utilities are
the same.

So, X is the dollar equivalent of the lottery L iff

u(X ) = Eu(L)

4
√
X ≈ 4× 3.42

X ≈ (3.242)2 = 11.70

Remember: the “dollar equivalent” is the smallest amount in dollars for
which the agent would be willing to forego enjoying the prize.
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Risk attitude

Thus Olga won’t pay more than $ 11.70 to participate in the St.
Petersburg lottery - which is a lot less than the infinite amount she would
pay if her Von Neumann and Morgenstern utility function were u(x) = x .

We will see that the reason we get such a different result is that Olga’s
new Von Neumann and Morgenstern utility function makes her risk
averse instead of risk neutral.
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Risk attitude

Consider now lottery M:

would indeed be prepared to liquidate all her assets to buy a ticket for the St.
Petersburg lottery. But most people are risk averse when faced with similar choices.
As we have seen, if Olga has the square-root utility function of equation (4.3), then
she will pay no more than $5.86 for a ticket.

4.5.5 Taste for Gambling?

The shape of Olga’s Von Neumann and Morgenstern utility function u determines
her attitude toward taking risks. Critics sometimes imagine that this turn of phrase
means that u measures the thrill that Olga derives from the act of gambling. They
then ask why u(a)> u(b) should be thought to have any relevance to how Olga
chooses between a and b in riskless situations.

However, Von Neumann and Morgenstern’s fourth postulate takes for granted
that Olga is entirely neutral about the actual act of gambling. She doesn’t bet
because she enjoys betting—she bets only when she judges that the odds are in her
favor. If she liked or disliked the act of gambling itself, we would have no reason to

utility$1 $9

0 1 9
money

3 !

u(1) ! 4

u(9) ! 12M !

u(3) ! 6.93
P

Qu(9) ! 6u(1) "

3
4 # 9# 1 " 1

4

3
4

1
4

3
4

1
4

Figure 4.8 A lottery whose dollar expectation is $3. Olga prefers to have $eM ¼ $3 for certain to
participating in the lottery M. The fact that uðEMÞ > euðMÞ is equivalent to Plying above Q in the

figure.

Concave ! risk-averse Affine ! risk-neutral Convex ! risk-loving

Figure 4.9 The shape of Olga’s utility function reveals her attitude to risk.
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Risk attitude

The dollar expectation of M is:

EM =
3

4
× 1 +

1

4
× 9 = 3

If Olga’s Von Neumann and Morgenstern utility for $x continues to be
u(x) = 4

√
x , then her expected utility for M is:

Eu(M) =
3

4
u(1) +

1

4
u(9) =

3

4
× 4

√
1 +

1

4
× 4

√
9 = 6
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It follows that:
u(EM) = u(3) = 4

√
3 ≈ 6.93

and so Olga would rather not participate in the lottery if she can have its
expected dollar value for certain instead.
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If Olga would always sell a ticket for a lottery with money prizes for an
amount equal to its expected dollar value, she is risk averse over money.

If she would always buy a ticket for a lottery for an amount equal to its
expected dollar value, then she is risk loving. If she is always indifferent
between buying and selling, she is risk neutral.
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