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Allais’ Paradoxes: the Common Consequence Effect

Which would you prefer?

• Lottery A: 1 million dollars with certainty

• Lottery B:

� 5 million dollars with probability 0.1

� 1 million dollars with probability 0.89

� 0 with probability 0.01

Which would you prefer?

• Lottery C: 1 million dollars with probability 0.11

• Lottery D: 5 million dollars with probability 0.1
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Allais’ Paradoxes: the Common Consequence Effect

It is apparent that EU implies that those who prefer A also prefer C :

A � B

⇔ 0.89u(1, 000, 000) + 0.11u(1, 000, 000)
︸ ︷︷ ︸

=u(1,000,000)

≥ 0.10u(5, 000, 000) + 0.89u(1, 000, 000) + 0.01u(0)

⇔ 0.11u(1, 000, 000) ≥ 0.10u(5, 000, 000) + 0.01u(0)

⇔ 0.89u(0) + 0.11u(1, 000, 000) ≥ 0.89u(0) + 0.10u(5, 000, 000) + 0.01u(0)

⇔ C � D
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Allais’ Paradoxes: the Common Ratio Effect

Which would you prefer?

• Lottery A′: 1 million dollars with certainty

• Lottery B′: 5 million dollars with probability 0.98

Which would you prefer?

• Lottery C′: 1 million dollars with probability 0.01

• Lottery D′: 5 million dollars with probability 0.0098
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Allais’ Paradoxes: the Common Consequence Effect

It is apparent that EU implies that those who prefer A′ also prefer C ′:

A′ � B′

⇔ u(1, 000, 000) ≥ 0.98u(5, 000, 000)

⇔ [u(1, 000, 000)] /100 ≥ [0.98u(5, 000, 000)] /100

⇔ 0.01u(1, 000, 000) ≥ 0.0098u(5, 000, 000)

⇔ C ′ � D′

Importantly, both violations involve certain outcomes
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The Reflection Effect

Gains and losses are treated differently:

• Preferences appear risk-loving in the loss domain

• Choices near probabilities near 0, 1 are different
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Reference Points Matter
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The Fallacy of Large Numbers

Nobel laureate Paul Samuelson asks a colleague:

“Would you accept a 50/50 bet in which you either gained $200 or lost $100?”

His colleague responds:

“I won’t bet because I would feel the $100 loss more than the $200 gain. But
I’ll take you on if you promise to let me make 100 such bets.”

“One toss is not enough to make it reasonably sure to come out in my favor.
But in 100 tosses of a coin, the law of large numbers will make it a darn good
bet. I am, so to speak, virtually sure to come out ahead in such a sequence,

and that is why I accept the sequence while rejecting the single bet.”
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The Fallacy of Large Numbers
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Market Experiments: the Endowment Effect

Research suggests disparities between WTP for X and WTA to give up
X , even when goods are not “owned” in the conventional sense
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Market Experiments: the Endowment Effect

Induced-value tokens: experimental tickets which individuals can
redeem post-experiment for pre-specified amount, vi

• Tokens have no innate value

• Their value is exactly the amount they can be traded in for

Experimental markets:

• Subjects randomly assigned to buyer, seller roles

• Each subject assigned random redemption value: vi ∈ [vmin, vmax ]

• Distributions of vi identical for buyers, sellers

• Experimenter creates market in which tokens are bought, sold

• Transactions occur at market-clearing price
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Experimental Markets for Tokens

Individual Decisions:

At a price of $8.75: I will sell I will not sell

At a price of $8.25: I will sell I will not sell

At a price of $7.75: I will sell I will not sell

• At high prices, sellers want to sell, but buyers don’t want to buy

• At low prices, buyers want to buy, but sellers don’t want to sell

• Experimenter determines market-clearing price such that supply
equals demand (or gets as close to that price as possible)

On average, what fraction of buyers (or sellers) should end up trading
their tokens for money (or money for tokens) at the market-clearing price?
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Experimental Markets for Tokens

Experimental markets for tokens “work” as theory predicts:
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Experimental Markets for Mugs, Pens

What about similar experimental markets for mugs and pens?

• Half of all subjects are randomly chosen to be sellers, given a Cornell
coffee mug or fancy ballpoint pen which is theirs to keep or sell

• Valuations are no longer induced; WTP/WTA will depend on how
much each subject likes the coffee mugs and/or pens

• Since buyers are chosen at random, the average (expected) value of
vmug or vpen should be the same among the buyers and sellers

• Prediction: on average, approximately half of the buyers should end
up buying, and about half of the sellers should end up selling
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Experimental Markets for Mugs, Pens
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Experimental Markets for Mugs, Pens
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Variations: Buyers vs. Sellers vs. Choosers

Could wealth effects explain the pattern?

• New experiment randomly assigns subjects to one of three
categories: buyers, sellers, and “choosers”

� For every possible market-clearing price, choosers were asked
whether they’d prefer a mug or that amount of money in cash

• Median prices for the three groups in two related experiments:

Sellers Choosers Buyers
$7.12 $3.12 $2.87
$7.00 $3.50 $2.00
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Variations: Mugs vs. Chocolate

• Subjects are given a gift as compensation for completing a survey

• Gift was either a mug, a Swiss chocolate bar, or a choice between a
mug and a Swiss chocolate bar (treatments conducted separately)

• Gifts awarded prior to survey, subjects allowed to “switch” gifts
(mugs for chocolate) at close of experiment

• What fraction of subjects chose mugs in the end?

Chocolates Choosers Mugs
0.10 0.56 0.89
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The Endowment Effect

The endowment effect: “people often demand much more to give up
an object than they would be willing to pay to acquire it”

• Losses loom larger than gains — as in the case of Samuelson’s
colleague — but not because the marginal utility of wealth declines

� Loss aversion

• In the lab, people do not own things because they value them

� Subjects rapidly adapt to “owning” an object, making it seem like a
loss to sell it in the experimental market
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Prospect Theory



Prospect Theory

Big issues with expected utility models:

• Preference for certainty

• Endowment effect

• Fourfold pattern (?): gains vs. losses, diminishing sensitivity

“Anomalies” accommodated in model of prospect theory

• Value function is carrier of risk aversion, loss aversion

• Value defined over departures from reference point

• Probability-weighting function overweights small probabilities,
allows for certainty premium above and beyond risk premium
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Prospect Theory

Utility of prospect L: π (p) v (y − r) + π (1− p) v (z − r)

• L is a lottery: (p, 1− p; y , z)

• r is a reference point, for example the status quo

• Value defined over departures from reference point, r

� Value function kinked at r

� Looks like a consumption utility function above r , steeper below

• Non-linear probability weighting function π(p)

� Over-weighting of low probabilities

� Under-weighting of high probabilities
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Prospect Theory
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Prospect Theory: “Recent” Advances

Cumulative prospect theory:

• Tversky & Kahneman (1992) propose revised weighting function

• For prospects involving gains relative to the reference point:

w+(p) =
pγ

[pγ + (1− p)γ ]1/γ

• For prospects involving losses relative to the reference point:

w−(p) =
pδ

[pδ + (1− p)δ]
1/δ
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Prospect Theory: “Recent” Advances
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Prospect Theory: “Recent” Advances

Prelec (1998) derives a probability-weighting function from preference
axioms motivated by a range of experimental results

Weighting function:

w(p) = e [−(− ln p)α]
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Prospect Theory: Summary

Kahneman and Tversky’s model of prospect theory explains:

• Risk aversion over small stakes

• The endowment effect (and the preference for certainty)

• Diminishing sensitivity, the fourfold pattern of risk preferences
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The Endowment Effect: Field Evidence



Endowment Effects Outside the Lab?

Endowment effects well-documented in lab environments

Can we observe the endowment effects in typical non-lab markets?

Two examples of completely typical markets:

Sports memorabilia Commemorative pins
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Endowment Effects Outside the Lab?
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Endowment Effects Outside the Lab?
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Endowment Effects Outside the Lab?
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Endowment Effects Outside the Lab?
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Endowment Effects Outside the Lab?
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Endowment Effects Outside the Lab?
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Reference Dependent Expected Utility



Reference Dependent Expected Utility

In the RD EU model (Kőszegi and Rabin, QJE, 2006):

• Bundle c ∈ RK is evaluated relative to reference level r ∈ RK

• In risky contexts, F denotes the distribution of c

• The reference point is also stochastic, with distribution G

• RD EU is given by:

U (F |G ) =

∫ ∫
u (c |r) dG (r)dF (c)
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Reference Dependent Expected Utility

Consider a riskless outcome c ∈ RK

• Utility is the sum of consumption utility, gain/loss utility

u (c |r) = m (c) + n (c |r)

=
K∑

k=1

mk (ck) +
K∑

k=1

nk (ck |rk)

• m (c) is classical consumption utility

• n (c |r) is additively separable gain/loss utility
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Reference Dependent Expected Utility

Gain/loss utility can be written as

nk (ck |rk) = μ (mk (ck)−mk (rk))

where μ(·) is a universal gain/loss function

Assumptions about μ(x):

A0. Continuous, twice differentiable except at x = 0, μ(0) = 0

A1. Strictly increasing

A2. If y > x > 0, then μ(y) + μ(−y) < μ(x) + μ(−x)

A3. μ′′(x) ≤ 0 for x > 0, and μ′′(x) ≥ 0 for x < 0

A4. limx→0 μ
′(−x)

lim|x|→0 μ′(−|x|) = λ > 1
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Reference Dependent Expected Utility

Given the above assumptions:

• For a given outcome, agents prefer a lower reference point

• If A is weakly preferred to B when B is the reference point,
then A is strictly preferred to B when A is the reference point

It is often reasonable to assume that m(·) is locally linear

⇒ Utility function exhibits same properties as μ(·)

⇒ Not true when changes are large relative to absolute consumption,
or when the marginal consumption utility is changing rapidly
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RD EU Example: Two Lotteries

RD EU implies risk aversion, even when consumption utility is linear

• Example: u(c |r) = m(c) + μ(c |r)
� m(c) = c

� μ(c|r) is piecewise linear

� r = w0

Consider 50/50 lottery in which you either gain x > 0 or lose y > x

• What is the reference dependent expected utility of this lottery?

AREC 815: Experimental and Behavioral Economics Prospect Theory & Loss Aversion, Slide 43

RD EU Example: Two Lotteries

Define μ(·) as follows:

μ(c|r) =
{
η(c − r) if c ≥ r

ηλ(c − r) if c < r

Consider two cases:

• A surprise lottery: reference point is pre-lottery wealth/income

• An expected lottery: wealth+lottery serves as the reference point
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RD EU Example: a Surprise Lottery

E [U (L|R)] = w0 +
1

2
x − 1

2
y

+
1

2
η (w0 + x − w0)︸ ︷︷ ︸

gain utility

+
1

2
ηλ (w0 − y − w0)︸ ︷︷ ︸

gain utility

= w0 +
1

2
x − 1

2
y +

1

2
ηx − 1

2
ηλy

= w0 +
1

2
(1 + η) x − 1

2
(1 + ηλ) y
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RD EU Example: an Expected Lottery

E [U (L|R)] = w0 +
1

2
x − 1

2
y

+
1

2

{
1

2
η [w0 + x − (w0 + x)] +

1

2
η [w0 + x − (w0 − y)]

}
︸ ︷︷ ︸

gain utility

+
1

2

{
1

2
ηλ [w0 − y − (w0 + x)] +

1

2
ηλ [w0 − y − (w0 − y)]

}
︸ ︷︷ ︸

loss utility

= w0 +
1

2
x − 1

2
y +

1

2

[
1

2
η (x + y)

]
+

1

2

[
1

2
ηλ (−y − x)

]

= w0 +
1

2
x − 1

2
y +

1

4
[η (1− λ) (x + y)]
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What Is the Reference Point?

• Status quo vs. rational expectations

• Examples:

� Mug, etc. experiments → status quo, expectations align

� Salary increases, decreases

� Consumption of non-durables

• Rational expectations also reduce number of degrees of freedom
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Personal Equilibrium

Rational expectations:

“Reference point is probabilistic beliefs about the relevant consumption
outcome held between the time she first focused on the decision
determining the outcome and shortly before consumption occurs”

Personal equilibrium:

Expectations are consistent with chosen actions,
chosen action is the preferred given expectations

u (a|r = a) ≥ u
(
a′|r = a

)
for all a′ in choice set A
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Personal Equilibrium: An Example

Consider Lyle, who is a sports memorabilia trader who owns
a unique 2004 World Series baseball autographed by Manny Ramirez

Lyle’s utility depends on autographed baseballs, b, and dollars, d

u (c |r) = ub (b|rb) + ud (d |rd)

= mb(b) + μb(b|rb) +md(d) + μd(d |rd)

= vbb + vbμ(b − rb) + d + μ(d − rd)

where μ(x) again takes the simple form

AREC 815: Experimental and Behavioral Economics Prospect Theory & Loss Aversion, Slide 49

Personal Equilibrium: An Example

Lyle is considering selling his autographed baseball at price p

• Possible pure strategies: sell, don’t sell

• Possible beliefs: expect to sell, expect not to sell

• Possible personal equilibria?

1. Expect to sell, actually sell

2. Expect not to sell, don’t sell
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Personal Equilibrium: An Example

How do we identify personal equilibria?

• Work out RD EU of possible actions given possible beliefs

• Which actions are optimal given expectations?

Expects to Sell Expects Not to Sell

Sells p (1 + η)p − ηλvb

Does Not Sell (1 + η)vb − ηλp vb
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Preferred Personal Equilibrium

• Preferred personal equilibrium: the (usually unique) personal
equilibrium which generates highest expected utility

E [u (a|r = a)] ≥ E [u (a′|r = a′)] for all a′ ∈ PE

• Sell/Expect to sell is PPE ⇔ p > vb

• (Verifiable) claim: given piece-wise linear gain/loss utility, the unique
PPE in deterministic environments maximizes consumption utility

• So, what explains the mug experiments?
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Personal Equilibrium Under Risk

• Risk-free environments: RE RD EU makes same predictions as EU

• Mug experiments: “surprise” opportunities to trade

• How do we deal with risk, stochastic reference points?

U(F |G ) =

∫ ∫
u(c |r)dG (r)dF (c)
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Personal Equilibrium Under Risk

Choosing a lottery ⇒ stochastic reference point

• Example: suppose you expected to have to play Samuelson’s lottery,
but instead someone simply gave you the expected value ($50)

u (c |r) = c + μ(c |r)

= w + 50

+
1

2
η(w + 50− (w − 100)︸ ︷︷ ︸

gain relative to losing $100

) +
1

2
ηλ(w + 50− (w + 200)︸ ︷︷ ︸

loss relative to winning $200

)

= w + 50 +
1

2
η150− 1

2
ηλ150

= w + 50 + 75η(1− λ)
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Example: Shopping

• Consider Botond, who is considering buying shoes

u(c , d) = c + d

where c ∈ {0, 1} is shoes and d is dollars

• Normalize endowment to (0, 0)

• Claims about the deterministic p case:

� Botond more likely to buy if he expects to

� Exists pmin (pmax) such that Botond will always (never) buy
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Testing the RE RD Model: Effort Provision

Abeler et al (AER, 2011) test the RE RD EU model

• Subjects complete tedious effort task, paid piece rate

� Receive piece rate earnings with probability 0.5

� Otherwise, receive fixed payment regardless of effort

• Size of fixed payment varies across treatments

� LO treatment: fixed payment is 3 euros

� HI treatment: fixed payment is 7 euros
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Testing the RE RD Model: Effort Provision
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Theoretical Predictions: Standard Model

Assume utility depends on payout, effort:

E [U(y , e)] = E [u(y)]− E [c(e)]

=
1

2
u(we) +

1

2
u(f )− c(e)

where f denotes fixed payment, w denotes piece rate

• Interior solution independent of f

� Prediction: no difference in effort across treatments

• Same is true in RD case if reference point is status quo

• What if reference point is rational expectations?
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Theoretical Predictions: RE RD EU

Assumptions:

• Linear consumption utility

• Piecewise linear gain-loss utility

μ (ck − rk) =

{
η (ck − rk) if ck − rk ≥ 0

ηλ (ck − rk) if ck − rk < 0

• Reference lottery (over payouts): L = {0.5, 0.5;we, f }
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Theoretical Predictions: RE RD EU

For we ≤ f , utility function is given by:

U(e) =
we + f

2
− c(e) +

1

2

[
1

2
η(0) +

1

2
ηλ(we − f )

]
+

1

2

[
1

2
η(f − we) +

1

2
ηλ(0)

]

⇒ FOC:
w

2
− c ′(e) +

1

4
ηλw − 1

4
ηw = 0

⇔ c ′(e) =
w

2
+

w

4
η(λ− 1)

For we > f , utility function is given by:

u(y , e) =
we + f

2
− c(e) +

1

2

[
1

2
η(0) +

1

2
η(we − f )

]
+

1

2

[
1

2
ηλ(f − we) +

1

2
η(0)

]

⇒ FOC:
w

2
− c ′(e) +

1

4
ηw − 1

4
ηλw = 0

⇔ c ′(e) =
w

2
− w

4
η(λ− 1)

Implication: the marginal utility of effort drops off at level of fixed
payment
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Main Results
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Main Results
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Main Results
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Interpretation

Model predicts that proximity to f related to loss aversion

• Measure loss aversion at individual level using lotteries

� Lotteries which pay six euros with probability 0.5, −Z otherwise

� Z ranges from 2 to 7

� How many are accepted is a measure of loss aversion

• Relate loss aversion to absolute distance between e and f
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Interpretation
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