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Taking Stock

Last class:
m Prospect Theory
Today:
m Applications of Prospect Theory
Logistics:
m Problem Set 1 was due last class — detailed solutions are posted
m Please read them carefully — treat this as part of the assignment

m Problem Set 2 is due Thursday, September 24 — you can do several problems
already

m Exam 1 is Tuesday, September 29 (in class)
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Prospect Theory: A Quick Reminder

A person evaluates a prospect (x1, p1; - - .; Xn, Pn) according to:

Notable features:
Value comes from changes in wealth, not absolute wealth

m(p) # p implies people “mess up” probabilities
Otherwise similar to expected utility. Not a radical change!
A commonly assumed form of v(-) is

V(x) = x* ifx>0
Tl Ax)P ifx<0
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Visualizing the Probability Weighting Functio

Q

Kahneman and Tversky suggest the weighting function could look like:
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Visualizing the Probability Weighting Functio

Research began refining this function with focused lab evidence:
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Probability-Weighting Function

Recal: V(x,p;y,q) = wP)v(x) + wm(q)v(y)
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Helpful Tip

Take Refuge in Simplicity

m We often get lost in mathematics or in what seem like complex ideas. | provide
mathematical definitions for precision, but this can become overwhelming

m Break the ideas down to their components, then work through the idea bit-by-bit
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Helpful Tip

Take Refuge in Simplicity

m We often get lost in mathematics or in what seem like complex ideas. | provide
mathematical definitions for precision, but this can become overwhelming

m Break the ideas down to their components, then work through the idea bit-by-bit

E.g., the prospect theory mathematics can be confusing, but the “diminishing
sensitivity" property of the value function has a simple implication worth
remembering:

Risk averse toward lotteries with only gains
Risk loving toward lotteries with only losses

Typically need more info to classify risk attitude toward lotteries with both
gains/losses

And you should remember these definitions!
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Example (Similar to PS2 #5)

m Suppose a person faces a $10k loss with 1% chance
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Example (Similar to PS2 #5)

m Suppose a person faces a $10k loss with 1% chance

m Full insurance costs $100

m Would she buy the insurance?

m Lottery corresponding to buying: (=100, 1)

m Lottery corresponding to not buying: (—10,000,.01)
m Note that they have identical expected value

m First consider case where 1r(p) = p...can reach answer just using fact from
previous slide

m With probability weighting, she buys if and only if
v(—100) > mr(.01)v(—10,000)
m What happens if she over-estimates small probabilities?
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m Suppose Johnny is EU maximizer with u(x) = —e~0991X and wealth w
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Example (Similar to PS2 #7)

m Suppose Johnny is EU maximizer with u(x) = —e~0991X and wealth w
m When will he accept a 50-50 bet of losing Y vs. gaining X?

% (_6—0.001(W—Y)> 4 % <_e—o.oo1(w+X)> ~ _g0.001w

m The condition above holds if and only if

B |n(2 _ e0.001 Y)

X> 0.001

m Suppose Y = —100. What value must X exceed for him to accept?
m Now suppose he follows PT with v(x) = x if x > 0 and v(x) = Axif x < 0
m For what X does he accept gamble (—100,0.5; X,0.5)? Answer: X > A100
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Applications of Prospect Theory
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Our Outline

The Samuelson Bet

Risk Aversion

The Equity Premium Puzzle
Non-Linear Probabilities in Gambling
The Disposition Effect

A Price Targeting in Housing

Is Tiger Woods Loss Averse?

B The Endowment Effect

B Homeowner’s Insurance
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Applications of Prospect Theory

For many years, expected utility has been used by economists to capture risk
preferences — indeed, it is still used in almost all applications.
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Applications of Prospect Theory

For many years, expected utility has been used by economists to capture risk
preferences — indeed, it is still used in almost all applications.

But economists are starting to recognize that some behaviors are hard to interpret
in terms of expected utility

m For many such behaviors, prospect theory provides a natural interpretation.

To illustrate, we’ll consider nine examples (spread across two classes)

m Only one example addresses probability weighting — but | suspect it is running
around in tons of seemingly-strange behaviors.
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Application #1: The Samuelson Bet

Example due to Samuelson (1963)

Consider the following bet:

win $200 with prob 1/2
lose $100 with prob 1/2

Samuelson’s colleague turned down this bet, but announced that he would accept
100 plays of the same bet.

Samuelson proved that his colleague was “irrational” — by proving that it is
inconsistent with expected-utility theory to turn down the single bet but accept 100
such bets.

But was his colleague “irrational”?
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Application #1: The Samuelson Bet

Intuition for inconsistency with EU: Consider an individual who has said that he
is unwilling to take one bet but is willing to play 100 such bets. Suppose this person
has played 99 bets.
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Consider an alternative “model”:
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m Suppose that a person evaluates bets according to the value function

v(x) = x ifx>0
| 25x ifx<0
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Application #1: The Samuelson Bet

Consider an alternative “model”:

m Suppose that a person evaluates bets according to the value function

v(x) = x ifx>0
| 25x ifx<0

Consider the single bet y = (200, .5; —100, .5).

Consider taking two such bets. This means you face aggregate gamble
z = (400,.25;100,.5; —200, .25).

Point: Unlike EU, loss aversion can lead a person to reject one play of the bet but to
accept multiple plays of the bet.
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An Important Issue: Mental Accounting

Mental accounting: the process a person uses to interpret a choice situation.
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An Important Issue: Mental Accounting

Mental accounting: the process a person uses to interpret a choice situation.
Any application of prospect theory requires a mental-accounting assumption.
m Sometimes, what'’s required is an assumption about how people decide what

are the objects for evaluation.

m E.g., Kahneman & Tversky interpret the isolation effect as people ignoring
seemingly extraneous parts of the problem.

m E.g., to explain the behavior of Samuelson’s colleague, we assumed that the
person collapses the aggregate bet into a single lottery and decides whether to
accept that lottery.

m Sometimes, what'’s required is an assumption about when and how people
code outcomes as gains and losses.

m E.g., we'll do this in Applications 3-5.
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Application #2: Risk Aversion

From Rabin & Thaler (JEP 2001):
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Application #2: Risk Aversion

From Rabin & Thaler (JEP 2001):
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Application #2: Risk Aversion

From Rabin & Thaler (JEP 2001):

“Risk Aversion”:
m People tend to dislike risky prospects even when they involve an expected gain.

m E.g.: A50-50 gamble of losing $100 vs. gaining $110.
Economists’ explanation: EU with a concave utility function.

Rabin & Thaler’s point, which should feel very repetitive by now:

m Calibrationwise, this explanation doesn’t work, because according to EU,
“anything but virtual risk neutrality over modest stakes implies manifestly
unrealistic risk aversion over large stakes.”

m Furthermore, loss aversion is a useful alternative.
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Application #2: Risk Aversion

Suppose you have wealth $20,000, and you turn down a 50-50 bet
to win $110 vs. lose $100.
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Application #2: Risk Aversion

Suppose you have wealth $20,000, and you turn down a 50-50 bet
to win $110 vs. lose $100.

Suppose you have a CRRA utility function

(x)'*
1-p°

u(x) =

What values of p are consistent with you rejecting this bet?
Reject if

1 (20,110)'-° 1 (19,900)' -~ (20,000)'-°
e T T e e
2 1-p 2 1-p 1-p

With a little work, one can show that rejecting the bet implies that p > 18.17026.
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bet to lose Y vs. win X?

For Y = $100, accept if and only if X > 111.1
For Y = $200, accept if and only if X > 250.2
For Y = $500, accept if and only if X > 1038.4
For Y = $750, accept if and only if X > 3053.8
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Application #2: Risk Aversion

Suppose you have p = 19.

Again suppose you have wealth $20,000, and consider how you'd feel about a 50-50
bet to lose Y vs. win X?

For Y = $100, accept if and only if X > 111.1
For Y = $200, accept if and only if X > 250.2
For Y = $500, accept if and only if X > 1038.4
For Y = $750, accept if and only if X > 3053.8

For Y = $1000, accept if and only if X > ... any guesses?

Point: The degree of risk aversion required to explain your rejection of the
moderate-stakes gamble implies ridiculous behavior for larger-stakes gambles.
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Application #2: Risk Aversion

In fact, need not assume anything about the functional form for u. Here’s another
example:
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Application #2: Risk Aversion

Two plausible features of preferences consistent with loss aversion:

1. How you feel about absolute gambles is somewhat insensitive to your wealth —
e.g., you might reject (101,.5; —100, .5) for all w.

2. At the same time, scaling outcomes proportionally need not change your
preferences much — e.g., you might have

(12,.5,-10,.5) ~ (0,1)
(120, .5, -100,.5) ~ (0,1)
(1200, .5; —1000,.5) ~ (0,1)
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Application #3: The Equity-Premium Puzzie

Equity-Premium Puzzle (Mehra & Prescott, 1985)
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Application #3: The Equity-Premium Puzzle

Equity-Premium Puzzle (Mehra & Prescott, 1985)

m Equity premium: The difference between the returns on stocks and the returns
on fixed-income securities.

m The equity premium is quite large: For instance, since 1926, the real return on
stocks has been about 7%, and the real return on T-Bills has been about 1%.

m The puzzle: The equity premium is “too large” — they estimate that investors
would need to have absurd levels of risk aversion to explain the historical equity
premium.
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Standard Economics/Finance View of Financi

m You have wealth w, and you use this wealth for your lifetime consumption
profile (¢y, Co, ..., CT).
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Standard Economics/Finance View of Financi

m You have wealth w, and you use this wealth for your lifetime consumption
profile (¢y, Co, ..., CT).

m Your lifetime consumption profile yields lifetime utility
u(er) + 8u(cp) + 82u(cs) + ... + 87 u(er).

m Wealth that’s targeted for future consumption is invested in financial assets
(stocks and bonds).

m Hence, any risk in your financial portfolio gets translated into risk in future
consumption.

m And therefore any risk aversion with regard to future consumption gets
translated into risk aversion with regard to your financial portfolio.
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The Puzzle

m Assume a CRRA utility function (over consumption): u(c) = (ﬁ)i:.

m Note: The larger is p, the less risk one takes on in one’s financial portfolio (fewer
stocks, more bonds).

m Mehra & Prescott show that to explain the observed equity premium, we need
to assume that people have p > 30. But empirical estimates and theoretical
arguments suggest p =~ 1 (log utility) and definitely not more than 5.
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The Puzzle

m Assume a CRRA utility function (over consumption): u(c) = (ﬁ)i:.

m Note: The larger is p, the less risk one takes on in one’s financial portfolio (fewer
stocks, more bonds).

m Mehra & Prescott show that to explain the observed equity premium, we need
to assume that people have p > 30. But empirical estimates and theoretical
arguments suggest p =~ 1 (log utility) and definitely not more than 5.

m Two interpretations of this statement:

Given the historical equity premium, under EU (and CRRA utility) people’s
observed willingness to hold a mix of stocks and bonds can be explained only by
a p > 30, which is clearly absurd (i.e., it would imply absurd behavior in other
domains).

Given EU and reasonable levels of risk aversion (o = 1 or perhaps even p = 5),
under the historical equity premium, we should observe people investing
exclusively in stocks.
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“Myopic Loss Aversion”

Benartzi & Thaler’s explanation: “Myopic Loss Aversion”
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“Myopic Loss Aversion”

Benartzi & Thaler’s explanation: “Myopic Loss Aversion”
m Two components: loss aversion and a specific mental-accounting assumption.

m Basic hypothesis: From time to time, a person evaluates her portfolio and
experiences joy/pain from watching it grow/shrink.

m This is akin to changing the “Samuelson Colleague” example so the person
feels the gain/loss from each individual coin flip instead of integrating the 100
coin flips together
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Benartzi & Thaler’s Model: Objects for Evaluat

m Suppose a person evaluates her portfolio at dates

Lt+ A t+2A, ...
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Benartzi & Thaler’s Model: Objects for Evalua

m Suppose a person evaluates her portfolio at dates
tE+ A t42A, ..

m Let Y; be the value of her portfolio at date .

mletx,on=Yrn— Yr.

m At date T, person chooses between lotteries over X .

m Key idea: The person’s portfolio allocation chosen at date T generates a lottery
over x.+a — that is, a lottery over how her portfolio will change in value
between now (1) and the next evaluation period (7 + A).

= Picking portfolio to optimize how you’ll feel when you check it next, not how you'll
feel at retirement
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Benartzi & Thaler’s Model: Objects for Evalua

m Much simplified example: Suppose there are two assets, stocks and bonds,
and that between T and T + A the returns are:

m For bonds: (+1%,1)
m For stocks: (+10%, 3; —5%., 3)
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m Much simplified example: Suppose there are two assets, stocks and bonds,
and that between T and T + A the returns are:

m For bonds: (+1%,1)
m For stocks: (+10%, 3; —5%., 3)

m Suppose further that the person must choose a proportion a of her wealth to
invest in stocks, with the remainder invested in bonds. As a function of a, the
resulting lottery over x;a is

(orw(.10) + (1 —a)w(.01), % ; aw(—.05) + (1 — a)w(.01), % )
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Benartzi & Thaler’s Model: Objects for Evaluat

m Much simplified example: Suppose there are two assets, stocks and bonds,
and that between T and T + A the returns are:

m For bonds: (+1%,1)
m For stocks: (+10%, 3; —5%., 3)

m Suppose further that the person must choose a proportion a of her wealth to
invest in stocks, with the remainder invested in bonds. As a function of a, the
resulting lottery over x;a is

(orw(.10) + (1 — o)w(.01), % ; aw(—.05) + (1 — a)w(.01), % )

m Again, at date 7, person chooses between lotteries over x;; a.
m Note: Major deviation from the standard approach!
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Benartzi & Thaler’s Model: Evaluating Lotteries

m At date t, person chooses her portfolio to maximize her
“prospective utility”

> (X a)V(Xera)-

Xt

m Value function is
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m At date t, person chooses her portfolio to maximize her
“prospective utility”

> (X a)V(Xera)-

Xt+A
m Value function is
V(x) = X& if x>0
T —A(—x)P ifx<0

Assume a = B = .88 and A = 2.25 (Tversky & Kahneman, 1992).

Professor Bushong Behavioral Economics September 17, 2026 29/33



Benartzi & Thaler’s Model: Evaluating Lotteries

m At date t, person chooses her portfolio to maximize her
“prospective utility”

> (X a)V(Xera)-

Xt+A
m Value function is
V(x) = X& if x>0
T —A(—x)P ifx<0
Assume a = B = .88 and A = 2.25 (Tversky & Kahneman, 1992).

m 7(x¢ ) reflects probability weighting
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Benartzi & Thaler’s Analysis: Simulations

General approach:

m First, draw samples from historical (1926-1990) monthly returns on stocks, 5-yr
bonds, and T-Bills.
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Benartzi & Thaler’s Analysis: Simulations

General approach:

m First, draw samples from historical (1926-1990) monthly returns on stocks, 5-yr
bonds, and T-Bills.

m E.g., if 10 observations of actual monthly returns on an asset were

—2%,1%,0%, 1%, —1%,1%, 2%, 0%, 1%, 0%
then for that asset they'd set Pr(1%) = 0.4, Pr(0%) = 0.3, etc.

m Then, consider n-month evaluation periods, for n=1,2,3, ..., where the
distribution of returns for an n-month evaluation period is constructed from n 11D
draws from the distribution of monthly returns.

m E.g., if the monthly return distribution is (20%, 1/2; 0%, 1/2), then the 2-month
return distribution is (44%,1/4,20%,1/2;0%, 1/4).
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Benartzi & Thaler’s Analysis: Simulations

First simulation:

m What evaluation period n would make investors indifferent between holding all
stocks vs. holding all bonds?
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Benartzi & Thaler’s Analysis: Simulations

First simulation:

m What evaluation period n would make investors indifferent between holding all
stocks vs. holding all bonds?

m Conclusion: The historical data are consistent with their model and people
evaluating their portfolios about once a year.
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Benartzi & Thaler’s Analysis: Simulations

Second simulation:

m Assume yearly evaluations — what is the optimal mix of stocks and bonds?
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Benartzi & Thaler’s Analysis: Simulations

Second simulation:

m Assume yearly evaluations — what is the optimal mix of stocks and bonds?

m Conclusion: The historical data and yearly evaluations are consistent with
people investing roughly equally in stocks and bonds (as we observe in the
world).
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Next Class

Today: Applications of Prospect Theory — the Samuelson bet, risk aversion, and
the equity premium puzzle

Next class: More applications of Prospect Theory

Remember:

m Problem Set 2 is due Thursday, September 24 — keep chipping away at it
m Exam 1 is Tuesday, September 29 (in class)
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