
Stock loan lotteries and individual 
investor performance

Jordan M. Moore 

DP 01/2018-014 



Stock loan lotteries and
individual investor performance

Jordan Moore1

January 4, 2018

Abstract

Individual investors trade excessively, sell winners too soon, and own stocks with lottery
features and low expected returns. I propose and model a financial innovation, called stock
loan lotteries, that improves individual investor performance. An investor signs a contract
with an exchange promising to hold his shares of stock for multiple periods. The exchange
operates a stock loan marketplace. Instead of paying each investor the lending fees on his
individual shares, the exchange periodically holds a lottery for the entire pool of lending
fees. I extend the Barberis and Xiong (2009) two-period model of realization utility to
include stock loan lotteries. Investors demand high fixed stock loan fees to hold shares for
two periods. Because prospect theory investors value low probability payoffs, they demand
significantly lower fees denominated in stock loan lottery tickets. Structuring lending fees as
lottery tickets can reduce the investor’s required risky-asset return by at least 2-3%. Stock
loan lotteries provide investors with greater expected utility and greater expected wealth.
Stock loan lotteries provide the largest benefits to the poorest investors, who typically
exhibit the strongest lottery preferences. Introducing trading costs, leverage constraints,
and taxes to the model enhances the benefits of stock loan lotteries. I propose a mechanism
for exchanges to structure stock loan lottery tickets as derivative securities.
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1. Introduction

Individual investors trade frequently, hold undiversified portfolios, and earn low returns

after controlling for risk and trading costs. What would motivate individual investors to

modify their costly behavior? This paper proposes and models a financial innovation, called

stock loan lotteries, with the potential to improve individual investor performance. This

innovation applies insights from prospect theory to encourage individuals to follow more

passive investment strategies.

Barber and Odean (2000) find that individual investors turn over portfolios frequently.2

In the cross section, higher trading frequency predicts lower average returns net of trading

costs. French (2008) estimates that active trading costs US equity investors 67 basis points

annually. Odean (1998) shows that the low average returns of individual investors are

due to the disposition effect, the tendency to sell winning positions and realize a gain.

Weber and Camerer (1998) identify a strong disposition effect in an experimental setting,

suggesting that the behavior is not unique to the Odean (1998) sample. The tendency of

individuals to trade frequently has substantial economic costs. Odean (1999) shows that

the stocks that individuals sell outperform the stocks that individuals buy by more than

3% in the following year.3 Several studies show that trading activity for investors with less

experience and education exhibits a more pronounced disposition effect.4

Individual investors tend to hold portfolios with a small number of individual stocks, hoping

to earn extraordinary returns. Kumar (2009) finds that individual investors hold large

2In data from a large discount broker between 1991 and 1996, the average household turns over more
than 75% of its portfolio annually.

3Likewise, Barber et al. (2009) analyze the complete record of Taiwanese equity trading activity over
four years and find that stocks individual investors sell outperform stocks individual investors purchase by
3.8% over the next year.

4These include Feng and Seasholes (2005), Dhar and Zhu (2006), Frazzini (2006), Nicolosi et al. (2009),
and Seru et al. (2010).
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positions in stocks with “lottery features” including low share prices, high volatility and

high skew. However, these lottery stocks earn poor returns relative to the market. Investors

who are poor, inexperienced, and uneducated are especially likely to hold lottery stocks.

Dorn et al. (2014) provide evidence that when lottery jackpots in a particular state or

country increase, trading activity by individual investors in the same state or country

falls. Likewise, Barber et al. (2009) document a substantial reduction in the trading

of Taiwanese equities following the introduction of legalized gambling. If investors treat

lotteries and financial gambling as substitutes, then investors might accept lottery tickets

as compensation for not gambling in the financial markets. I test this idea within the

Barberis and Xiong (2009) discrete-time model of realization utility.5

Shefrin and Statman (1993) note that understanding the principles of prospect theory is

necessary to designing successful financial products. Fernandes et al. (2014) analyze over

100 efforts at “financial interventions” and show that educating investors is rarely successful

in improving financial behavior. Rather than rely on education, my innovation introduces

a product that targets investor preferences and improves financial outcomes. Investors are

paid, in the form of lottery tickets, to hold positions for multiple periods. Kearney et

al. (2010) document a strong demand for “prize-linked” savings accounts and fixed income

investments that incorporate lottery payoffs. Much like those financial products, stock loan

lotteries rely on gambling preferences to motivate investors to improve financial decision

making.

In the Barberis and Xiong (2009) model, investors only experience utility from realizing

gains and losses. Investors have Tversky and Kahneman (1992) preferences, so they value

gains and losses instead of total wealth, react asymmetrically to gains and losses, and

5The model of realization utility is not the primary model in Barberis and Xiong (2009). However, it is
fully specified, and serves as the benchmark model in this paper.
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evaluate prospects using subjective “decision weights” rather than objective probabilities.

Barberis and Xiong (2009) find that these investors aspire to realize gains over multiple

episodes, resulting in a disposition effect. However, this tendency to reduce positions in

assets with positive excess returns leads to lower expected wealth.

Stock loan lotteries provide a potential solution. An individual investor and a centralized

exchange enter into a contract. The investor agrees to hold stocks in his portfolio for

multiple periods, and selling stocks early results in a severe penalty.6 This contract is

analogous to a Certificate of Deposit (CD) or a Guaranteed Investment Certificate (GIC).

The exchange operates a competitive marketplace in securities lending. When the exchange

lends shares, it allocates the fees, net of expenses and profits, to the lottery account of the

individual investor. Periodically, the exchange holds a lottery and pays the winner the

entire pool of stock lending fees.

There is potential demand by institutions to borrow shares that are “locked up” for an

extended period. Otherwise, they have to consider adverse selection costs. The lender

may be most likely to recall shares before the stock declines in price. Chuprinin and Ruf

(2016) find that recalls predict stock price declines between 2007 and 2013. Christoffersen

et al. (2007) identify a spike in recall activity around the firm’s voting record date. This

is problematic for institutions who borrow stock to bet on a price decline following a

shareholder vote.

I find that investors with Tversky and Kahneman (1992) preferences are reluctant to forgo

frequent trading for stock loan fees. In practice, many investors choose this option un-

knowingly. Exchange Traded Funds (ETFs) lend out shares and use the rebates to reduce

their expense ratios, increase average returns, and reduce tracking error relative to a bench-

6Throughout this paper, I assume that selling stocks early is impossible under the terms of the contract.
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mark.7 However, these investors are willing to forgo something they overvalue, frequent

trading, for something else they overvalue, lottery tickets. Structuring lending fees as lot-

tery tickets can reduce the investor’s required risky-asset return by at least 2-3%. In the

data, poor investors have especially strong lottery preferences. Since stock loan lotteries

provide poorer investors a smaller probability of winning a larger payoff, they effectively

target heterogeneous preferences among individual investors. Jones and Lamont (2002)

show that stocks that are expensive to short earn low average returns. In an economy with

many stocks, investors who own stocks with lower expected returns will earn higher average

lottery payoffs. Furthermore, stock loan lotteries are more valuable after introducing real

market frictions such as trading costs, leverage constraints, and taxes.

2. Models of Realization Utility with Objective Probabilities

This section evaluates investor allocations and outcomes in three models of realization

utility, using objective probabilities to calculate expected utility. First, I describe the two-

period model in Barberis and Xiong (2009) and replicate their results. Next, I construct

a model where investors receive fixed stock loan fees if they commit to holding shares for

two periods. Finally, I construct a model where investors receive stock loan lottery tickets

if they commit to holding shares for two periods.

2.1. Baseline Two-Period Model of Realization Utility

There are three dates in the model: t = 0, t = 1, and t = 2. The duration of two periods

is calibrated to span one year. Benartzi and Thaler (1995) suggest that the magnitude

of the equity premium is consistent with investors who evaluate their performance at an

annual frequency. There is a representative investor who allocates his portfolio among two

securities. The risk-free asset has an annual gross return of Rf = 1. The risky asset has an

7Funds that organize as Unit Investment Trusts (UITs) do not lend their shares.
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expected annual gross return of µ and annual standard deviation of σ. If one year consists

of two periods, I assume the gross one-period return of the risky asset follows an i.i.d.

binomial distribution:


Rt = Ru = µ0.5 + ((µ2 + σ2)0.5 − µ)0.5 π = 0.5

Rt = Rd = µ0.5 − ((µ2 + σ2)0.5 − µ)0.5 1− π = 0.5

Ru and Rd are gross risky-asset returns in the two states and π is the probability of realizing

the up state in a particular period.

The investor maximizes expected utility where the value function, defined over gains and

losses, follows the Tversky and Kahneman (1992) cumulative prospect theory functional

form:


v(x) = xα x ≥ 0

v(x) = −λ(−x)β x < 0

The investor with prospect theory preferences is risk averse over gains and risk seeking over

losses, so α and β are restricted to the interval (0, 1). Also, the investor is more sensitive

to losses, so λ > 1.

The investor initially owns wealth W0. At t = 0, the investor chooses to purchase x0 shares

of the risky asset at a price of P0 per share. The investor is not allowed to have negative

wealth at t = 1, so x0 is restricted to the interval: [0, W0
P0∗(1−Rd) ].

8 The remainder of the

investor’s wealth is allocated to the risk-free asset. Therefore, at t = 1, the investor’s

8Because the expected return of the risky asset is higher than the risk-free rate, it is never optimal for
the investor to hold a short position in the risky asset.
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wealth is distributed:


Wu = W0 + P0x0(Ru − 1) π = 0.5

Wd = W0 + P0x0(Rd − 1) 1− π = 0.5

Table 1 summarizes the parameters for the Barberis and Xiong (2009) two-period model of

realization utility. At t = 1, the investor chooses xu and xd, state-contingent positions in

the risky asset. If xu < x0 or xd < x0, the investor sells some or all of his initial position at

t = 1, realizing a gain or loss. The investor experiences a burst of prospect theory utility,

its magnitude defined by the value function applied to the realized gain or loss. Because

of limited liability, the broker will not allow the investor to have negative wealth at t = 2.

This implies two state-specific nonnegativity constraints: xu is restricted to the interval:

[0, Wu
P0∗Ru∗(1−Rd) ] and xd is restricted to the interval: [0, Wd

P0∗Rd∗(1−Rd) ]. These maximum

allocations depend on both the current stock price and, through the investor’s wealth, his

t = 0 allocation to the risky asset. At t = 2, the investor liquidates his position in the

risky asset and experiences a second burst of prospect theory utility.

The investor chooses x0, xu, and xd to maximize expected prospect theory utility:

max
x0,xu,xd

E0[v((x0 − x1)(P1 − P0)) ∗ 1x1<x0 + v(x1 ∗ (P2 − Pb)) ∗ 1x1>0]

The first term measures the investor’s realization utility at t = 1, while the second term

measures the investor’s realization utility at t = 2. Pb is the investor’s cost basis, the

reference price for evaluating gains and losses at t = 2. The cost basis depends on whether

the investor purchases shares at t = 1 and whether the purchase follows an up state or

down state:
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Pbu = Pbd = P0 x1 ≤ x0

Pbu = x0∗P0+(x1−x0)∗P0∗Ru
x1

x1 > x0

Pbd = x0∗P0+(x1−x0)∗P0∗Rd
x1

x1 > x0

The value function at each of the four possible t = 2 outcomes (uu, ud, du, dd) can be

written in terms of the choice variables:

vuu(x0, xu, xd) = v((x0 − xu)(Pu − P0)) ∗ 1xu<x0 + v(xu ∗ (Puu − Pbu)) ∗ 1xu>0

vud(x0, xu, xd) = v((x0 − xu)(Pu − P0)) ∗ 1xu<x0 + v(xu ∗ (Pud − Pbu)) ∗ 1xu>0

vdu(x0, xu, xd) = v((x0 − xd)(Pd − P0)) ∗ 1xd<x0 + v(xd ∗ (Pdu − Pbd)) ∗ 1xd>0

vdd(x0, xu, xd) = v((x0 − xd)(Pd − P0)) ∗ 1xd<x0 + v(xd ∗ (Pdd − Pbd)) ∗ 1xd>0

Because π = 0.5, each node of the binomial tree is equally likely, and the investor maximizes

the average value associated with each outcome:

max
x0,xu,xd

0.25 ∗ (vuu + vud + vdu + vdd)

I solve the model numerically by calculating E0(v) for all feasible values of (x0, xu, xd)

and choosing arguments that maximize the value function. Table 2 summarizes the model

solutions for different values of µ, holding all other parameter values constant. When the

expected gross annual return of the risky asset is below 1.08, the investor’s optimal decision

is to invest all his wealth in the risk-free asset. Because the gross return of the risk-free

asset is calibrated to Rf = 1, this conservative investment strategy guarantees E0(v) = 0.9

Because prospect theory investors are more sensitive to losses than gains, they require a

substantial risk premium to invest in the risky asset.

9Setting Rf = 1 assumes investors evaluate the performance of the risky investment relative to the
risk-free rate instead of relative to 0.
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When the expected return of the risky asset is between 1.09 and 1.11, the investor exhibits

a disposition effect. He chooses to invest some of his wealth in the risky asset at t = 0 and

takes some profits at t = 1 when the up state occurs. Because the investor has concave

realization utility over gains, he prefers to experience gains over multiple bursts. Once the

expected return exceeds 12%, the investor prefers to increase his initial investment following

the realization of the up state. Because the investor’s portfolio appreciates in the first

period, he is able to take more risk before exhausting the nonnegative wealth constraint.

For assets with sufficiently high expected returns, the marginal expected prospect theory

utility of increasing expected gains in the second period exceeds the marginal utility of

realizing gains at t = 1.

2.2. Two-Period Model of Realization Utility with Fixed Stock Loan Fees

In this model, if the investor purchases shares of the risky asset at t = 0, he holds the

position until t = 2. This commitment allows the centralized exchange to lend shares to

institutions who want to short sell the stock. The exchange retains some proportion of the

proceeds from lending the shares as a commission and pays the remainder to the investor

at t = 2. In practice, many investors choose this option unknowingly. Exchange Traded

Funds (ETFs) lend out shares and use the rebates to reduce their expense ratios, increase

average returns, and reduce tracking error relative to a benchmark.

Since the investor cannot execute closing trades at t = 1, there are two new constraints:

xu ≥ x0 and xd ≥ x0. The only new parameter in this model is f , the fee rate. If the

investor holds x0 shares of the risky asset at t = 0, he receives f ∗P0∗x0 at t = 2. I consider

two values for f : five basis points (0.0005), a realistic fee for US large-cap equities, and

50 basis points (0.005), a realistic fee for US small-cap equities or foreign equities. These

parameter estimates are within the range of stock lending fees in the D’Avolio (2002) and
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Cohen et al. (2003) data.

Because the investor is guaranteed to receive fees at t = 2, x0 is restricted to the interval:

[0, W0

P0∗(1−R2
d−f)

]. This constraint ensures that if the down state occurs in both periods,

then the investor would lose 100% of his initial wealth accounting for the stock loan fees

he receives at t = 2. Since the investor does not receive fees for any t = 1 purchases, the

restrictions on xu and xd are unchanged from the baseline model.

In the fees model, the investor maximizes:

max
x0

E0(v) = 0.25 ∗ (vuu + vud + vdu + vdd)

The value at each possible t = 2 outcome is:

vuu(x0) = v((P0 ∗ x0 ∗ f + x0 ∗ (Puu − P0))

vud(x0) = v((P0 ∗ x0 ∗ f + x0 ∗ (Pud − P0))

vdu(x0) = v((P0 ∗ x0 ∗ f + x0 ∗ (Pdu − P0))

vdd(x0) = v((P0 ∗ x0 ∗ f + x0 ∗ (Pdd − P0))

Table 3 summarizes the investor’s optimal allocations and outcomes in the two-period

model with fixed stock loan fees. The investor’s t = 0 allocation is always a corner solu-

tion. If the prospective two-period gamble has positive expected utility for some positive

allocation, then the gamble has strictly greater expected utility for a larger positive al-

location.10 Therefore, the investor either invests fully in the risky asset, exhausting the

nonnegative wealth constraint, or invests fully in the risk-free asset. If the investor has a

full position in the risky asset at t = 0, he holds the position at t = 1 following the real-

ization of a down state. He is prohibited from selling shares and unable to purchase any

more because the nonnegative wealth constraint still binds. When the up state is realized

10This follows from the functional form of the value function. See Appendix A for details.
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at t = 1, the nonnegative wealth constraint no longer binds. The investor always chooses

to purchase more shares, but never exhausts the new constraint. Eventually the marginal

utility of highly weighted losses exceeds the marginal utility over gains.

For very small values of f , there is a small range of moderate µ in which the investor is

better off in the baseline model. In general, the investor is better off in the fees model.

The investor forgoes the utility advantage of spreading out gains over time. However, he

gains utility from the greater expected gains from larger risky-asset positions as well as the

guaranteed fees.

2.3. Two-Period Model of Realization Utility with Stock Loan Lotteries

In this model, the investor still promises to hold any shares he purchases at t = 0 until

t = 2. However, instead of receiving a stock loan fee, the investor receives stock loan

lottery tickets. At t = 2, the exchange holds a lottery and each investor has a 10% chance

of winning a jackpot of ten times the stock loan fees.11 The stock loan fees are net of the

institution’s expenses and profits, so the lottery itself is actuarially fair. In Kahneman and

Tversky (1979) notation, the lottery at t = 2 is considered a gamble of (f∗P0∗x0
p , p; 0, 1−p),

where p is the probability of winning the lottery.12 In this model, as in section 2.2, the

stock loan fee (f) is either five basis points or 50 basis points. The probability of winning

the lottery, p, is 0.1.

Incorporating the lottery payoff at t = 2, the investor maximizes:

max
x0

E0(v) = 0.25∗ [p∗(vuuw+vudw+vduw+vddw)+(1−p)∗(vuul+vudl+vdul+vddl)]

In this notation, w is the state where the investor wins the lottery and l is the state where

the investor loses the lottery. The investors utility in the outcomes following the realization

11In the model, there is only a single risky asset. In practice, an investor’s loan fees for all of his stocks
would accumulate in his lottery account.

12I assume the investor’s reference point for the gamble is the baseline model.
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of two up states are:

vuuw(x0) = v((f∗p0∗x0p + x0 ∗ (Puu − P0))

vuul(x0) = v((x0 ∗ (Puu − P0))

In the contingent value formulas for the six other outcomes (udw, udl, duw, dul, ddw, ddl),

the only difference is the share price after two periods, which is either Pud, Pdu, or Pdd.

The non-negative wealth constraint requires that x0 is restricted to the interval: [0, W0

P0∗(1−R2
d)

].

The worst case scenario is that both periods are down states and the investor doesn’t win

the lottery. If this scenario plays out, the investor loses 100% of his initial wealth. The

optimal strategy for the investor is the same in the fees model and the lottery model. If the

expected return is below some threshold, the investor keeps all his wealth in the risk-free

asset. If the expected return is above the threshold, the investor exhausts the nonnegative

wealth constraint at t = 0. If the risky asset earns a positive return in the first period,

the investor buys more shares at t = 1, but not enough to exhaust the new constraint.

If the risky asset earns a negative return in the second period, the t = 0 constraint still

binds.

Table 4 summarizes the investor’s best outcomes in each version of the model with stock

loan lotteries. The investor always prefers earning a fixed stock loan fee to participating in

a single risky lottery at t = 2 with the same expected value. This result follows from the

concavity of the prospect theory value function over gains. However, the model assumes

that the investor calculates expected utility using objective probabilities. Prospect theory

investors overweight low-probability payoffs. This increases the value of implementing stock

loan lotteries tremendously.

3. Model Extensions
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In this section, I consider important extensions to the two-period models of realization util-

ity. Tversky and Kahneman (1992) show that prospect theory investors calculate expected

utility using subjective “decision weights,” not probabilities. Investors are willing to pay

more than the actuarially fair price for low-probability payoffs, suggesting the potential of

introducing lotteries to improve utility. Investors who buy stock loan lottery contracts do

not realize gains prematurely and earn higher returns. In an economy with many agents,

investors with different levels of wealth will have different Kahneman and Tversky (1979)

gambles in the lottery. Poor investors will have greater exposure to lottery features. This

regressive feature is appealing because poor investors hold larger proportions of lottery

stocks in the data. Finally, lotteries are even more appealing in an economy with market

frictions because it is more costly for investors to trade excessively.

3.1. Decision Weights

Tversky and Kahneman (1992) use experimental data to estimate a functional form for

w(p), the “weighting function” that converts an objective probability (p) into a decision

weight. Wakker et al. (1997) show that these decision weights are necessary to explain

the limited willingness to pay for insurance with a nonzero default probability. A lottery

is a gamble of the form (1,p;0,1-p).13 For nonnegative gambles, Tversky and Kahneman

(1992) estimate the weighting function as a two-part power function:

w+(p) = pγ

(pγ+(1−p)γ)1/γ

Likewise, for nonpositive gambles, the weighting function is:

w−(p) = pδ

(pδ+(1−p)δ)1/δ

Using experimental data, Tversky and Kahneman (1992) estimate γ = 0.61 and δ = 0.69.

These values imply that investors are willing to overpay for both positive and negative

13The investor’s reference point is receiving a free lottery ticket.
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gambles with low probabilities of success. The experimental evidence in Tversky and Kah-

neman (1992) relies on small wagers. To assuage questions of external validity, Kachelmeier

and Shehata (1992) show that for economically large wagers, individuals overpay for both

positive and negative payoffs with low probabilities.14

Figure 1 shows the potential for stock loan lotteries to increase the investor’s maximum

expected utility. If an investor with Tversky and Kahneman (1992) preferences receives

a certain gain of one dollar, his utility is v(1) = 10.88 = 1. Suppose the investor instead

receives a free lottery ticket with an expected payoff of one dollar. This lottery ticket

is equivalent to a Kahneman and Tversky (1979) gamble (1/p, p; 0, 1 − p) with expected

utility E0(v|p) = w+(p) ∗ v(1/p). The dotted line shows the expected utility from the

lottery payoff as a function of p. For values of p such that E0(v|p) > 1, the investor prefers

the lottery payout to a sure gain. When p ≤ 0.24, w(p) > p, meaning that prospect theory

investors are willing to overpay to play these lotteries. For these values of p, the expected

utility from the lottery payoff is strictly decreasing in p. This relation holds because the

curvature of w+(p) function is stronger than the concavity of the value function over gains

in this region. Consistent with this functional form, Cook and Clotfelter (1993) show that

lottery ticket sales are positively related to jackpot size.15 In the context of this model,

the optimal lottery is not necessarily the one with the smallest odds of winning the biggest

prize. Prospect theory investors place an emphasis on reducing losses. Lotteries that pay

off more frequently have more potential to reduce the negative utility from losses in the

risky-asset investments.

Table 5 summarizes the investor’s best outcomes in two-period models of realization utility,

14The authors offer lotteries in China, where the value of the wager comprises a substantial portion of
the subject’s income.

15A Washington Post article on August 22, 2017 discusses how Powerball changes lottery rules to encour-
age lower win probabilities and increase demand. The article’s title is “How Powerball Manipulated the
Odds to Make Another Massive Jackpot.”
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calculating expected value using both objective probabilities and decision weights. I solve

the five model specifications from Section 2. In specification 1, the Barberis and Xiong

(2009) baseline model (B), the investor chooses t = 0 and t = 1 risky asset positions

subject to wealth constraints. In the remaining models, the investor cannot liquidate

positions at t = 1. Specifications 2 and 3 are models with fixed loan fees (F). The investor

receives a fee (f) for allowing the exchange to lend shares between t = 0 and t = 2. In

specifications 4 and 5, there is a single lottery at t = 2 and the investor has probability

p of winning f ∗ P0 ∗ x0/p. For each specification, the top panel presents the investor’s

maximum expected prospect theory utility using objective probabilities. The bottom panel

presents the investor’s maximum expected prospect theory utility calculated using decision

weights.

In the baseline model, using decision weights has little effect on optimal allocations because

w−(0.25) is only about 1% larger than w+(0.25). The dd outcome always corresponds to

a loss and the uu outcome always corresponds to a gain. For the range of µ values, the ud

and du outcomes correspond to gains because Ru∗Rd > 1. In the lottery specifications, the

investor’s maximum expected utility is greater when prospect theory utility is calculated

with decision weights. The investor strongly prefers stock loan lotteries to stock loan fees

when utility is calculated with decision weights. On the other hand, the investor slightly

prefers fees to lotteries when utility is calculated with objective probabilities. The fixed

stock loan fees increase gains or decrease losses by a marginal amount with certainty. On

the other hand, investors substantially overvalue the small probability that stock loan

lotteries increase gains or decrease losses dramatically.

Relative to the Barberis and Xiong (2009) two-period model, it is much easier to increase

expected utility through stock loan lotteries than through stock loan fees. As a result,

investors are willing to hold positions in risky assets with lower expected returns. For
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instance, investors in the baseline model only hold a risky-asset position when the risk

premium is at least 10%. When the lending fee is 50 basis points, investors in the fees

model only require a risk premium of 9% in the fees model and only 8% in the lotteries

model. In section 3.5, I show that it is possible to structure stock loan lotteries to reduce

the minimum required risk premium even further. Benartzi and Thaler (1995) argue that

the large equity risk premium is due to equity investors reevaluating their portfolios too

frequently. Using stock loan lottery tickets to compensate investors to hold risky assets

for long horizons has the potential to reduce the equity risk premium and raise stock

prices.

3.2. Conditions for Welfare Gains

Barberis (2013) argues that prospect theory complements traditional economic theory. In-

dividuals care mean and variance of wealth as well as gains or losses relative to a reference

point. In this section, I argue that introducing stock loan lotteries yields unconditional

welfare gains when two conditions hold. First, the investor must experience greater ex-

pected prospect theory utility in a model with stock loan lotteries than he experiences in

the baseline model. The expected prospect theory utility calculation should use decision

weights instead of objective probabilities because utility is a subjective measure of the

investor’s happiness:

E∗0(vL) > E∗0(vB)

Second, if the investor maximizes E[U(W2)] and has risk-neutral preferences, he must have

higher expected wealth at t = 2 in the model with stock loan lotteries than he has in the

baseline model:16

16Prospect theory investors are risk averse over gains and risk seeking over losses. The assumption of
risk neutrality splits the difference.
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E∗0 [(W2,L)] > E∗0 [(W2,B)]

It is imperative to consider the investor’s expected wealth. If prospect theory investors only

considered expected utility, they prefer to “invest” their entire wealth in lottery tickets!

I use objective probabilities to measure the investor’s expected wealth at t = 2. In the

baseline model, the only source of wealth is the terminal portfolio value:

E0[(W2,B)] = 0.25 ∗ [Wuu +Wud +Wdu +Wdd]

In the models with fees or lotteries, the investor earns additional guaranteed or expected

wealth on his initial risky-asset allocation:

E0[(W2,L/F )] = [P0 ∗ x0 ∗ f ] + 0.25 ∗ [Wuu +Wud +Wdu +Wdd]

The terminal wealth at each of the possible t = 2 nodes depends on the t = 0 and condi-

tional t = 1 allocations:

Wuu(x0, xu, xd) = W0 + P0 ∗ x0 ∗ (R2
u − 1) + Pu ∗ (xu − x0) ∗ (Ru − 1)

Wud(x0, xu, xd) = W0 + P0 ∗ x0 ∗ (Ru ∗Rd − 1) + Pu ∗ (xu − x0) ∗ (Rd − 1)

Wdu(x0, xu, xd) = W0 + P0 ∗ x0 ∗ (Rd ∗Ru − 1) + Pd ∗ (xd − x0) ∗ (Ru − 1)

Wdd(x0, xu, xd) = W0 + P0 ∗ x0 ∗ (R2
d − 1) + Pd ∗ (xd − x0) ∗ (Rd − 1)

Because Ru +Rd = 2
√
µ, the expected wealth calculations simplify to:

E0[(W2,B)] = W0 + P0x0(µ− 1) + 0.5[Pu(xu − x0) + Pd(xd − x0)](
√
µ− 1)

E0[(W2,L/F )] = [P0x0f ] +W0 +P0x0(µ−1) + 0.5[Pu(xu−x0) +Pd(xd−x0)](
√
µ−1)

Figure 2 presents conditions in which introducing stock loan lotteries or fees delivers pro-

vides welfare gains. For all points above the solid curve, investors in the model with stock

loan lotteries have strictly higher welfare than investors in the baseline model. For these
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points in (µ, f) space, the utility-maximizing allocation in the model with lotteries pro-

duces greater expected utility and greater expected wealth than the utility-maximizing

allocation in the baseline model. The solid curve is kinked, first decreasing in µ to some

threshold value of µ. For risky-asset returns above this threshold, the investor already

wants to maximize risky-asset holdings and any positive f is sufficient to produce greater

welfare.

For points above the dotted curve, investors in the model with stock loan fees have strictly

higher welfare than investors in the baseline model. The dotted curve is also kinked, but for

a wide range of parameter values, introducing stock loan lotteries produces welfare gains,

while introducing stock loan fees does not. Graphically, this region is the area between the

curves. For moderate values of µ, this range of fees could include a significant proportion

of all stocks. For example, investors require a flat fee of 143 basis points to hold stocks with

µ = 1.08, but an expected fee of only 30 basis points denominated in lottery tickets. 17

Table 6 suggests that increasing the frequency or lowering the win probability of lotteries

would further widen the region of potential welfare gains.

3.3. Implications for Equilibrium with Heterogeneous Agents

Investors benefit from stock loan lotteries as long as the probability of winning the lottery

is in the range where the decision weight exceeds the objective probability. Consider a

stock loan marketplace with many individual investors. Each investor, i, owns x0,i shares

of the risky asset at t = 0. An investor’s probability of winning the lottery is the ratio of

his allocation to the total allocation of all investors, x0,A. Since investors in the lottery

model who buy the risky asset always exhaust their non-negative wealth constraints, each

investor’s win probability equals his wealth share:

17This range widens for lower values of µ, however the wider range is likely to include fewer stocks since
it is rare for US stocks to command high lending fees.
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p =
x0,i
x0,A

=
W0,i

W0,A

I examine the relative value of stock loan lotteries to different investors by calculating a

standardized measure of utility. Define Π as this standardized measure of utility per unit

of wealth:

Πi =
E0[U(W2,i)|p,v(),w+(p)]

W0,i

Figure 3 shows how standardized utility varies according to wealth share in the fees and

lotteries models. The solid curves show standardized utility for models with a single stock

loan lottery at t = 2 and stock loan fees of five and 50 basis points. The dotted curves show

standardized utility for models with stock loan fees of five and 50 basis points. 18 In all

four models, standardized utility is strictly downward sloping with respect to wealth share.

All these models are regressive in the sense that poor investors benefit disproportionately

in utility terms.

Models with stock loan fees are regressive because the prospect theory value function is

concave over gains, so the marginal utility of wealth is strictly decreasing with increasing

wealth. The lotteries model is even more regressive because of the functional form of the

decision weighting function. The ratio w+(p)/p is strictly decreasing with increasing p.

The poorest investors have the lowest probabilities of winning the lotteries and place the

highest value on the lottery payoffs relative to the value implied by objective probabilities.

For this reason, increasing f provides a larger regressive boost in the lotteries model than

in the fees model.

Since the available investments include only a single risky asset, the lottery payoffs are the

only source of idiosyncratic returns. The idiosyncratic volatility and idiosyncratic skew of

the returns from lottery payoffs are both strictly decreasing with increasing wealth. In the

18In all models, the annualized expected gross return of the risky asset (µ), is 1.12.
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lotteries model, each investor has probability p of winning a jackpot of f ∗W0,A. Winning

the lottery provides a gross return of:

RL =
f∗W0,A

W0,i
= f

p .

Losing the lottery provides a gross return of 0. The idiosyncratic volatility and skew

are:

E(R2
L) = p ∗ (fp )2 = f2

p

E(R3
L) = p ∗ (fp )3 = f3

p2

Kumar (2009) shows that poor investors have especially strong preferences for stocks with

positive idiosyncratic volatility and idiosyncratic skew. Since idiosyncratic volatility and

idiosyncratic skew of the lotteries are both strictly decreasing in wealth share, introducing

the lotteries effectively targets heterogeneous preferences.

3.4. Market Frictions: Trading Costs, Leverage, and Taxes

The three models of realization utility assume that markets are frictionless. However,

excessive trading by individual investors is a problem, in part, because trading is costly.

French (2008) estimates that the total cost of active trading ranges from 61 to 74 basis

points between 1990 and 2006. Trading costs are relatively constant over time because of

two opposing trends. Novy-Marx and Velikov (2016) document a significant decrease in

the cost of trading a share of stock over time. On the other hand, French (2008) documents

a significant increase in share turnover over time. I model market frictions by introducing

a new parameter, ρ, representing round-trip trading costs. Since the two periods in the

model correspond to a year, and all positions are closed at t = 2, I use the estimates in

French (2008) and set ρ = 0.013.

Another important market friction is the cost and availability of leverage. In the Bar-
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beris and Xiong (2009) model, investors can borrow or lend at the risk-free rate, and the

non-negative wealth constraint determines the maximum leverage. In fact, Frazzini and

Pedersen (2014) show that leverage constraints lead to high demand and low expected

returns for high-beta assets. Barberis and Xiong (2009) acknowledge that while optimal

allocations imply the use of substantial leverage, individual investors rarely use leverage.

Since the US Federal Reserve Board set a 50% initial margin requirement since 1974, I

model leverage constraints by limiting the investor’s risky asset investment to twice his

wealth.19 In all three models, this restricts the t = 0 allocation to x0 ≤ 2∗W0
P0

, and the

state-contingent investments at t = 1 to xu ≤ 2∗Wu
Pu

and xd ≤ 2∗Wd
Pd

.

Figure 4 shows the implications of these market frictions on the welfare benefits from

stock loan lotteries. For different values of µ, I solve all three models in a perfect market

as well as a market with trading costs and leverage constraints. For each value of µ,

in each environment, I calculate the minimum fee that produces welfare gains in the fee

(fF ) and lottery (fL) models. For each µ, a proxy for the potential welfare benefits of

introducing stock loan lotteries is max[fF (µ)−fL(µ), 0]. The solid line shows the potential

for welfare improvement with market frictions. The dotted line shows the potential for

welfare improvement with perfect markets.

Market frictions increase the potential for lotteries to improve welfare for two reasons.

First, trading costs reduce the effective risky-asset return. As Figure 2 shows, it is far

easier to persuade investors to buy risky assets with low expected returns by using stock

loan lotteries than by using stock loan fees. Second, in the baseline model, investors

often choose allocations with xu < x0 to spread out the realization of gains over multiple

episodes. Market frictions make this strategy more costly. This example only considered

19Regulation T allows the Federal Reserve to change the margin requirement, but the Federal Reserve
has never changed it.
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some trading costs. Adding capital gains taxes to the model increases the value of stock

loan lotteries even more.

3.5 Determining the Optimal Lottery Structure

The analysis thus far compares the baseline model and fees model to a particular model

with stock loan lottery tickets. Specifically, the investor participates in a single lottery

with a 10% chance of winning a jackpot that is ten times larger than the fixed stock loan

fees. In this section, I consider three alternative lottery structures. In the first alternative,

there is a single lottery with a 1% chance of winning a jackpot that is 100 times larger

than the fixed stock loan fees. In the two other alternatives, the investor participates in

lotteries at both t = 1 and t = 2. Either the lotteries each have a 10% chance of winning

jackpots of five times the fixed fees or each have a 1% chance of winning jackpots of 50

times the fixed fees.

In the model with lotteries at t = 1 and t = 2, there are 16 possible outcomes. The

outcomes depend on whether the up or down state is realized in each period, and whether

the investor wins or loses the two lotteries. The investor maximizes:

max
x0

0.25∗ [p2 ∗ (vuuww + vudww + vduww + vddww) +p(1−p)∗ (vuuwl + vudwl + vduwl + vddwl +

vuulw + vudlw + vdulw + vddlw) + (1− p)2 ∗ (vuull + vudll + vdull + vddll)]

Because the investor savors each burst of prospect theory utility distinctly, a lone lottery

win at t = 1 by itself has a different value than a lone lottery win at t = 2 accompanied

by realized gains or losses. The four representative value formulas are:

vuuww(x0) = v(0.5f∗p0∗x0p ) + v(0.5f∗p0∗x0p + x0 ∗ (Puu − P0))

vuuwl(x0) = v(0.5f∗p0∗x0p ) + v(x0 ∗ (Puu − P0))

vuulw(x0) = v(0.5f∗p0∗x0p + x0 ∗ (Puu − P0))
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vuull(x0) = v(x0 ∗ (Puu − P0))

Table 6 presents the investor’s best outcomes in eight specifications of models with stock

loan lotteries. These specifications differ along three dimensions. The fee is either five or

50 basis points, lotteries have either a 1% or 10% win probability, and there is either a

lottery at t = 2 only or at both t = 1 and t = 2. Although the Tversky and Kahneman

(1992) decision weighting function suggests that investors prefer low-probability lotteries,

the concavity of the value function favors higher-probability lotteries.

When the fee is five basis points, investors prefer the 10% lottery. Because the potential

lottery payoffs are not very large, investors prefer to win more frequently. When the fee is

50 basis points and the risky asset has a low return, investors prefer a 1% lottery. Investors

only hold risky assets with low returns because of how much they value the low-probability

lottery payoffs. When the risky asset has a high return, investors prefer the 10% lottery

because their marginal utility of winning large lottery payoffs is lower.

Regardless of the stock loan fees and lottery win probability, investors always prefer to

participate in two small lotteries at t = 1 and t = 2. The only way investors can realize

gains at t = 1 if they can’t sell stock is by winning lotteries. Designing a lotteries model

with a more optimal lottery structure can significantly change investor behavior. When

fixed fees are five basis points, investors require an expected return of 10% to invest in the

risky asset, but under the optimal lottery structure, this drops to 8%. When fixed fees

are 50 basis points, the required risky asset return is 9%, but this drops to 6% under the

optimal lottery structure. These results suggest that regulators could substantially improve

individual investor outcomes by optimizing the structure of stock loan lotteries.

4. Implementing Stock Loan Lotteries in Practice

This section addresses practical questions about how to implement stock loan lotteries.
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What type of laboratory experiment could test whether there is a demand among individual

investors for stock loan lotteries? What are the relevant lottery laws and regulations in

countries with developed equity markets? Is it possible for exchanges to offer financial

securities that replicate lottery payouts?

4.1. Survey Evidence

The Tversky and Kahneman (1992) decision weighting function specifies that prospect

theory investors prefer fair lotteries with low win probabilities to certain gains. In the Bar-

beris and Xiong (2009) model of realization utility, providing lottery payoffs to investors

as compensation to hold long-term positions leads to better outcomes. In practice, would

individuals have demand for stock loan lottery tickets? This section proposes a random-

ized controlled trial (RCT) experiment to test this question.20 In this research design,

each participant allocates a portfolio among a risky investment and a risk-free investment.

Participants are randomly assigned to either the control group or the treatment group.

Participants in the control group allocate their portfolios after learning the risk-free rate

and distribution of risky-asset returns. Participants in the control group are also told that

risky assets earn an additional 1% guaranteed return. Participants in the treatment group

are also told that risky assets earn an additional 10% return with 10% probability.

I select survey participants using Amazon’s Mechanical Turk (MTurk) platform. Casler et

al. (2013) find that the MTurk community is more demographically diverse than samples

recruited on college campuses or via social media. Survey participants will receive $1 for

a task which takes an average of 15 minutes to complete. Camerer and Hogarth (1999)

review the literature on field experiments with varying levels of financial incentives. The

20I received Institutional Review Board (IRB) approval for a pilot version of the study in November 2017
and administered it in December 2017. I modified the research design and am seeking IRB approval to
administer the new version.
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authors find that in similar types of experiments, increasing incentives does not have a

significant impact on average behavior. Cryder et al. (2012) show that MTurk participants

exhibit standard behavioral biases and their average responses are similar to other survey

populations. However, some MTurk participants do not pay attention to or understand

the instructions, introducing noise into the responses. The survey includes some questions

that I use to remove participants who likely did not pay attention to or understand the

instructions.

The dependent variable is the percentage of the portfolio allocated to the risky investment.

The coefficient of interest is the lottery treatment dummy. Other independent variables

include demographic information and proxies for financial sophistication. The demographic

controls are age, income, education, marital status, gender, and state of residence. Barber

and Odean (2001) show that men turn over their portfolios more frequently than women.

Kumar (2009) provides evidence that socioeconomic factors explain investment in stocks

with lottery features. Dorn et al. (2014) provide evidence that the state of residence could

impact financial gambling through differences in major lottery jackpots. Variables that

proxy for financial sophistication include home ownership status, employment status, and

employment experience in the financial industry. Feng and Seasholes (2005), Dhar and Zhu

(2006), and Frazzini (2006) document a more pronounced disposition effect in the trading

activity of less experienced investors. Alevy et al. (2007) show that professional traders

outperform students in experimental tasks.

Other control variables include proxies for risk aversion. In a preliminary task, subjects

participate in a test developed by Eckel and Grossman (2002) in which they select from

among several alternative lotteries. Furthermore, participants will complete a survey devel-

oped by Weber et al. (2002) to measure financial risk tolerance.21 Subjects will complete

21Weber et al. (2002) ask respondents to indicate their willingness to participate in several investment
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their control or treatment allocation task five times. This facilitates a model specification

that includes individual fixed effects. If the coefficient estimate does not change much in

the specification with individual fixed effects, then individuals in the treatment and control

groups are unlikely to be systematically different.

Appendix B includes the survey questions for the control and both treatment groups.

4.2. Stock Loan Lottery Tickets as Derivative Securities

How could stock loan lotteries be implemented in practice? The exchange could register

to operate the lottery or partner with a private firm that already operates lotteries. Then

the exchange could use the stock loan fees to purchase tickets for individual investors.

Since individuals are willing to overpay for lottery tickets, lotteries are a form of voluntary

taxation. As a result, national governments set laws and regulations for operating any

lotteries within its borders. In the United States, the country with the largest developed

equity markets, lotteries are subject to the laws of individual states and territories.22 Other

developed countries have more manageable regulatory structures. For instance, there are

only five regional organizations that regulate Canadian lotteries. The United Kingdom has

a single national commission that issues a single license.

Alternatively, the exchange could structure the lottery tickets as derivative securities. Stock

loan lottery tickets can be structured as derivatives with payoffs linked to the daily closing

price of a portfolio of securities. For example, a “Pennies Series X” derivative has a payoff

of 1 if X is the pennies (hundredths) digit of the closing price of an equity index on a

particular day. Because major equity indices are portfolios of a large number of individual

or gambling activities using a Likert scale. One activity in the investment risk taking questionnaire is:
“Investing 5% of your annual income in a very speculative stock.” One activity in the gambling risk taking
questionnaire is: “Betting a day’s income at a high stake poker game.”

22Six states (Alabama, Alaska, Hawaii, Mississippi, Nevada, and Utah) prohibit lotteries completely. On
the other hand, all the other states coordinate to offer Mega Millions and Powerball.
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stocks in specified proportions, it is not feasible to manipulate the pennies digit of the index

price by buying or selling the component securities. Although Harris (1991) and others

identify “round number clustering” in individual stock prices, this is unlikely to translate

to clustering in a diversified stock portfolio.

Figure 5 provides evidence suggesting there is no clustering in the daily closing prices of

major diversified equity indices. The black bars show the penny digit frequencies in the

closing prices of the S&P 500 index between December 30, 1927 and April 21, 2017. The

S&P 500 is a capitalization-weighted index of 500 diversified large US public equities. The

gray bars show the penny digit frequencies in the closing prices of the Nikkei 225 index

between January 5, 1970 and April 21, 2017. The Nikkei 225 is a price-weighted index of

225 diversified large Japanese public equities. There is no evidence of clustering at zero

pennies or any other value. This suggests that a centralized exchange could issue stock

loan lottery tickets by buying and issuing financial derivatives instead of holding traditional

lottery drawings, potentially bypassing regulations.

5. Conclusion

The tendency for individual investors to trade excessively has large economic consequences.

Private firms are motivated to exploit the psychological biases that encourage costly be-

havior. For instance, brokerage firms encourage investors to use mobile apps in order to

trade more frequently. Stock loan lotteries have the potential to reduce excessive trading by

individual investors. Investors with realization utility need to be compensated to forgo the

extra trading necessary to realize gains. It is cheaper to compensate individual investors

with stock loan lottery tickets than with stock loan fees because individual investors with

prospect theory preferences overvalue lottery payoffs.

Investors participating in stock loan lotteries can experience greater expected utility and
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earn higher expected returns, while allowing other market participants to earn profits from

securities lending and administering the lottery itself. Two promising features of stock loan

lotteries are that they provide the greatest utility to the poorest investors and that their

value increases in a model with market frictions. These results suggest the potential for

stock loan lotteries to improve individual investor performance. The degree of improvement

may be even larger than the theoretical results if, as in Dorn et al. (2014), investors who

participate in stock loan lotteries reduce their gambling activity outside of the financial

markets.

The Barberis and Xiong (2009) model estimates expected utility in one year. In reality,

many investors have financial goals that span a much longer horizon. To the extent that

investors care about their children or heirs, a recursive argument suggests investors optimize

over an infinite time horizon. Barberis and Xiong (2012) and Henderson (2012) consider

the implications of realization utility in an infinite-horizon model framework. Evaluating

the implications of introducing stock loan lotteries in one of these models has the potential

to yield new insights about the potential for this financial innovation.

28



References

Alevy, Jonathan E., Michael S. Haigh, and John A. List. “Information cascades: Evidence
from a field experiment with financial market professionals.” The Journal of Finance 62.1
(2007): 151-180.

Barber, Brad M., et al. “Just how much do individual investors lose by trading?.” Review
of Financial Studies 22.2 (2009): 609-632.

Barber, Brad M., and Terrance Odean. “Trading is hazardous to your wealth: The common
stock investment performance of individual investors.” The Journal of Finance 55.2 (2000):
773-806.

Barber, Brad M., and Terrance Odean. “Boys will be boys: Gender, overconfidence,
and common stock investment.” The Quarterly Journal of Economics 116.1 (2001): 261-
292.

Barberis, Nicholas C. “Thirty years of prospect theory in economics: A review and assess-
ment.” The Journal of Economic Perspectives 27.1 (2013): 173-195.

Barberis, Nicholas, and Wei Xiong. “What Drives the Disposition Effect? An Analysis
of a Long-Standing Preference-Based Explanation.” the Journal of Finance 64.2 (2009):
751-784.

Barberis, Nicholas, and Wei Xiong. “Realization utility.” Journal of Financial Economics
104.2 (2012): 251-271.

Benartzi, Shlomo, and Richard H. Thaler. “Myopic loss aversion and the equity premium
puzzle.” The Quarterly Journal of Economics 110.1 (1995): 73-92.

Camerer, Colin F., and Robin M. Hogarth. “The Effects of Financial Incentives in Ex-
periments: A Review and Capital-Labor-Production Framework.” Journal of Risk and
Uncertainty 19.1 (1999): 7-42.

Casler, Krista, Lydia Bickel, and Elizabeth Hackett. “Separate but equal? A comparison
of participants and data gathered via Amazons MTurk, social media, and face-to-face
behavioral testing.” Computers in Human Behavior 29.6 (2013): 2156-2160.

Christoffersen, Susan E.K. et al. “Vote Trading and Information Aggregation.” The Jour-
nal of Finance 62.6 (2007): 28972929.

Chuprinin, Oleg and Ruf, Thomas, Let The Bear Beware: The Inopportune Timing of
Stock Recalls (August 28, 2016). Available at SSRN: https://ssrn.com/abstract=2831261
or http://dx.doi.org/10.2139/ssrn.2831261

Cohen, Lauren, Karl B. Diether, and Christopher J. Malloy. “Supply and demand shifts
in the shorting market.” The Journal of Finance 62.5 (2007): 2061-2096.

29



Cook, Philip J., and Charles T. Clotfelter. “The peculiar scale economies of lotto.” The
American Economic Review 83.3 (1993): 634-643.

DAvolio, Gene. “The market for borrowing stock.” Journal of Financial Economics 66.2
(2002): 271-306.

Dhar, Ravi, and Ning Zhu. “Up close and personal: Investor sophistication and the dispo-
sition effect.” Management Science 52.5 (2006): 726-740.

Dorn, Anne Jones, Daniel Dorn, and Paul Sengmueller. “Trading as gambling.” Manage-
ment Science 61.10 (2014): 2376-2393.

Eckel, Catherine C., and Philip J. Grossman. “Sex differences and statistical stereotyping
in attitudes toward financial risk.” Evolution and Human Behavior 23.4 (2002): 281-
295.

Feng, Lei, and Mark S. Seasholes. “Do investor sophistication and trading experience
eliminate behavioral biases in financial markets?.” Review of Finance 9.3 (2005): 305-
351.

Fernandes, Daniel, John G. Lynch Jr., and Richard G. Netemeyer. “Financial Literacy,
Financial Education, and Downstream Financial Behaviors.” Management Science 60.8
(2014): 1861-1883.

Frazzini, Andrea. “The disposition effect and underreaction to news.” The Journal of
Finance 61.4 (2006): 2017-2046.

Frazzini, Andrea, and Lasse Heje Pedersen. “Betting against beta.” Journal of Financial
Economics 111.1 (2014): 1-25.

French, Kenneth R. “Presidential address: The cost of active investing.” The Journal of
Finance 63.4 (2008): 1537-1573.

Goodman, Joseph K., Cynthia E. Cryder, and Amar Cheema. “Data collection in a flat
world: The strengths and weaknesses of Mechanical Turk samples.” Journal of Behavioral
Decision Making 26.3 (2013): 213-224.

Harris, Lawrence. “Stock price clustering and discreteness.” Review of Financial Studies
4.3 (1991): 389-415.

Henderson, Vicky. “Prospect theory, liquidation, and the disposition effect.” Management
Science 58.2 (2012): 445-460.

Jones, Charles M., and Owen A. Lamont. “Short-sale constraints and stock returns.”
Journal of Financial Economics 66.1 (2002): 207-239.

Kachelmeier, Steven J., and Mohamed Shehata. “Examining risk preferences under high
monetary incentives: Experimental evidence from the People’s Republic of China.” The

30



American Economic Review (1992): 1120-1141.

Kahneman, Daniel, and Amos Tversky. “Prospect theory: An analysis of decision under
risk.” Econometrica 47 (1979), 263-291.

Kearney, Melissa Schettini, et al. Making savers winners: An overview of prize-linked
savings products. No. w16433. National Bureau of Economic Research, 2010.

Kumar, Alok. “Who gambles in the stock market?.” The Journal of Finance 64.4 (2009):
1889-1933.

Nicolosi, Gina, Liang Peng, and Ning Zhu. “Do individual investors learn from their trading
experience?” Journal of Financial Markets 12.2 (2009): 317-336.

Novy-Marx, Robert, and Mihail Velikov. “A taxonomy of anomalies and their trading
costs.” Review of Financial Studies 29.1 (2016): 104-147.

Odean, Terrance. “Are investors reluctant to realize their losses?.” The Journal of Finance
53.5 (1998): 1775-1798.

Odean, Terrance. “Do Investors Trade Too Much?.” The American Economic Review 89.5
(1999): 1279-1298.

Seru, Amit, Tyler Shumway, and Noah Stoffman. “Learning by trading.” Review of
Financial Studies 23.2 (2010): 705-739.

Shefrin, Hersh, and Meir Statman. “Behavioral aspects of the design and marketing of
financial products.” Financial Management (1993): 123-134.

Tversky, Amos, and Daniel Kahneman. “Advances in prospect theory: Cumulative repre-
sentation of uncertainty.” Journal of Risk and Uncertainty 5 (1992): 297-323.

Wakker, Peter, Richard Thaler, and Amos Tversky. “Probabilistic insurance.” Journal of
Risk and Uncertainty 15.1 (1997): 7-28.

Weber, Elke U., Ann-Renee Blais, and Nancy E. Betz. “A domain-specific risk-attitude
scale: Measuring risk perceptions and risk behaviors.” Journal of Behavioral Decision
Making 15.4 (2002): 263-290.

Weber, Martin, and Colin F. Camerer. “The disposition effect in securities trading: An
experimental analysis.” Journal of Economic Behavior & Organization 33.2 (1998): 167-
184.

31



Table 1: Baseline Model Parameters This table lists the important parameters, symbols, and
calibrated values for the Barberis and Xiong (2009) two-period model of realization utility. The
investor has W0 in wealth at t = 0. He allocates his wealth between the risk-free asset, which has a
normalized gross return, Rf = 1, and a risky asset, with annualized mean return µ and annualized
standard deviation σ. The risky asset return in each period has an i.i.d. binomial distribution with
an equal probability of Ru return in the up state and Rd return in the down state, where Ru and
Rd are chosen to match µ and σ. The investor chooses x0, the t = 0 risky asset allocation, xu, the
t = 1 risky asset allocation following the up state, and xd, the risky asset allocation following the
down state. The investor maximizes E0(v), the total expected value at t = 1 and t = 2, and v() is
the Tversky and Kahneman (1992) value function applied to realized gains and losses.

Parameter Symbol Value(s)
Initial Wealth W0 40
Risk-Free Asset: Annualized Gross Return Rf 1
Risky Asset: Initial Price P0 40
Risky Asset: Annualized Mean Return µ 1.05-1.15
Risky Asset: Annualized SD Return σ 0.3
Value Function: Concavity α 0.88
Value Function: Convexity β 0.88
Value Function: Sensitivity λ 2.25
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Table 2: Optimal Allocations and Best Outcomes in the Baseline Model For different
values of µ, the annualized expected gross return of the risky asset, this table lists the investor’s
optimal allocation and best outcome in the baseline Barberis and Xiong (2009) two-period model
of realization utility. In all cases, σ, the annualized standard deviation of risky asset returns, is
0.3. Table 1 lists and describes the other important model parameters. The model assumes that
there are two periods in a year, and the gross one-period return of the risky asset follows an i.i.d.
binomial distribution with equal probabilities of realizing a return of Ru in the up state and Rd in
the down state. The choice variables are the risky asset allocations at t = 0 (x0) and the risky asset
allocations at t = 1 following the realization of the up (xu) or down (xd) states. E0(v) is expected
t = 0 cumulative prospect theory utility. The investor experiences utility at t = 1 and t = 2 if
he realizes gains or losses, and the bursts of future prospect theory utility are not discounted by
time. The value function for prospect theory utility uses the functional form and parameter values
in Tversky and Kahneman (1992).

µ Ru Rd x∗0 x∗u x∗d E∗
0 (v)

1.05 1.230 0.820 0 0 0 0
1.06 1.234 0.826 0 0 0 0
1.07 1.238 0.831 0 0 0 0
1.08 1.241 0.837 0 0 0 0
1.09 1.245 0.843 3.4 2.6 3.4 0.01
1.10 1.249 0.848 3.6 2.8 3.6 1.09
1.11 1.253 0.854 3.7 3.0 3.7 2.22
1.12 1.257 0.860 3.8 5.4 3.8 3.66
1.13 1.261 0.865 4.0 6.0 4.0 5.29
1.14 1.265 0.871 4.1 6.6 4.1 7.01
1.15 1.269 0.876 4.2 7.2 4.4 8.95
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Table 3: Optimal Allocations and Best Outcomes in the Stock Loan Fees Model For
different values of µ, the annualized expected gross return of the risky asset, this table lists the
investor’s optimal allocation and best outcome in various two-period models of realization utility.
The left panel shows results from the baseline (B) model. The choice variables are the risky asset
allocations at t = 0 (x0) and the risky asset allocations at t = 1 following the realization of the up
(xu) or down (xd) states. E0(v) is the expected t = 0 cumulative prospect theory utility the investor
experiences at t = 1 and t = 2 if he realizes gains or losses, and the bursts of prospect theory utility
are not discounted by time. The value function for prospect theory utility uses the functional form
and parameter values in Tversky and Kahneman (1992). The center and right panels show results
from models with stock loan fees (F). The investor is not allowed to execute closing trades at t = 1.
The investor receives a lending fee of f at t = 2 for allowing the exchange to lend shares between
t = 0 and t = 2. The center panel shows the investor’s optimal allocation and best outcome when f
is five basis points. The right panel shows the investor’s optimal allocation and best outcome when
f is 50 basis points. The asterisks denote cases in which the investor’s maximum expected utility
in the model with stock loan fees is greater than the investor’s maximum utility in the baseline
model.

Model B F(5) F(50)
µ x∗0 x∗u x∗d E∗

0 (v) x∗0 x∗u x∗d E∗
0 (v) x∗0 x∗u x∗d E∗

0 (v)
1.05 0 0 0 0 0 0 0 0 0 0 0 0
1.06 0 0 0 0 0 0 0 0 0 0 0 0
1.07 0 0 0 0 0 0 0 0 0 0 0 0
1.08 0 0 0 0 0 0 0 0 0 0 0 0
1.09 3.4 2.6 3.4 0.01 0 0 0 0 3.5 4.2 3.5 *0.22
1.10 3.6 2.8 3.6 1.09 3.6 4.6 3.6 0.93 3.6 4.7 3.6 *1.48
1.11 3.7 3.0 3.7 2.22 3.7 5.0 3.7 *2.27 3.8 5.2 3.8 *2.87
1.12 3.8 5.4 3.8 3.66 3.8 5.5 3.8 *3.75 3.9 5.7 3.9 *4.39
1.13 4.0 6.0 4.0 5.29 4.0 6.0 4.0 *5.37 4.1 6.2 4.1 *6.07
1.14 4.1 6.6 4.1 7.01 4.1 6.6 4.1 *7.16 4.2 6.9 4.2 *7.92
1.15 4.2 7.2 4.4 8.95 4.3 7.4 4.3 *9.16 4.4 7.6 4.4 *9.99
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Table 4: Best Outcomes in the Stock Loan Lotteries Model For different values of µ, the
annualized expected gross return of the risky asset, this table lists the investor’s best outcome in
two models of realization utility with stock loan lotteries. The choice variables are the risky asset
allocations at t = 0 (x0) and the risky asset allocations at t = 1 following the realization of the up
(xu) or down (xd) states. The investor is not allowed to sell any risky-asset holdings at t = 1. The
values in the table are E∗

0 (v), the investor’s optimal expected t = 0 cumulative prospect theory
utility at t = 1 and t = 2 if he realizes gains or losses. Prospect theory utility is determined by
realized gains and losses at t = 1 and t = 2 and not discounted by time. The value function for
prospect theory utility uses the functional form and parameter values in Tversky and Kahneman
(1992). The investor receives a fee of f for allowing the exchange to lend shares between t = 0
and t = 2. The fee is structured as a single lottery at t = 2 and the investor has probability p of
winning f ∗P0 ∗x0/p. The asterisks denote cases in which the investor’s maximum expected utility
in the model with stock loan lotteries is greater than the investor’s maximum utility in the baseline
model.

p 0.1 0.1
f (BPs) 5 50
Model L(2) L(2)
µ = 1.05 0 0
µ = 1.06 0 0
µ = 1.07 0 0
µ = 1.08 0 0
µ = 1.09 0 *0.13
µ = 1.10 0.93 *1.44
µ = 1.11 *2.27 *2.80
µ = 1.12 *3.74 *4.28
µ = 1.13 *5.36 *5.92
µ = 1.14 *7.15 *7.73
µ = 1.15 *9.14 *9.74
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Table 5: Best Outcomes in Models with Decision Weights For different values of µ, the
annualized expected gross return of the risky asset, this table lists the investor’s best outcome in
various two-period models of realization utility. Specification 1 is the baseline model in Barberis
and Xiong (2009). The choice variables are the risky asset allocations at t = 0 (x0) and the risky
asset allocations at t = 1 following an up (xu) or down (xd) return in the first period. Specifications
2 and 3 are models where the investor chooses a single risky asset allocation at t = 0 (x0) and is
not allowed to trade shares at t = 1. The investor receives a fee of f for allowing the exchange to
lend shares between t = 0 and t = 2. Specifications 4 and 5 are models where the stock loan fee is
pooled into a lottery, and the investor has probability p of winning the lottery. There is a single
lottery (L) at t = 2 where the investor has probability p of winning f ∗ P0 ∗ x0/p. The values in
the table are E0(v), the expected t = 0 cumulative prospect theory utility the investor experiences
at t = 1 and t = 2 if he realizes gains or losses, and the bursts of prospect theory utility are not
discounted by time. In the top panel, the investor maximizes expected prospect theory utility using
objective probabilities. In the bottom panel, the investor maximizes prospect theory utility using
decision weights. The value function and decision weighting function use the functional form and
parameter values in Tversky and Kahneman (1992).

1 2 3 4 5
p 0.1 0.1
f (BPs) 5 50 5 50
Model B F(5) F(50) L(2) L(2)
µ = 1.05 0 0 0 0 0
µ = 1.06 0 0 0 0 0
µ = 1.07 0 0 0 0 0
µ = 1.08 0 0 0 0 0
µ = 1.09 0.01 0 0.22 0 0.20
µ = 1.10 1.09 0.93 1.48 0.93 1.44
µ = 1.11 2.22 2.27 2.87 2.27 2.80
µ = 1.12 3.66 3.75 4.39 3.74 4.28
µ = 1.13 5.29 5.37 6.07 5.36 5.92
µ = 1.14 7.01 7.16 7.92 7.15 7.73
µ = 1.15 8.95 9.16 9.99 9.14 9.74
µ = 1.05 0 0 0 0 0
µ = 1.06 0 0 0 0 0
µ = 1.07 0 0 0 0 0
µ = 1.08 0 0 0 0 0.77
µ = 1.09 0 0 0.09 0.82 2.48
µ = 1.10 1.11 0.92 1.56 2.63 4.34
µ = 1.11 2.43 2.48 3.17 4.61 6.36
µ = 1.12 4.08 4.20 4.94 6.77 8.59
µ = 1.13 5.92 6.08 6.90 9.16 11.03
µ = 1.14 8.01 8.17 9.06 11.82 13.74
µ = 1.15 10.34 10.50 11.50 14.71 16.74

36



Table 6: Optimal Lottery Structure in the Stock Loan Lotteries Model For different
values of µ, the annualized expected gross return of the risky asset, this table lists the investor’s
best outcome in various two-period models of realization utility. The investor chooses a risky asset
allocation (x0) at t = 0 and must hold this allocation until t = 2. The investor can also add to his
risky asset allocation at t = 1. The investor receives a fee (f) on his t = 0 risky asset allocation
for holding the risky asset for two periods. In some specifications, there is a single lottery at t = 2
[L(2)] and the investor has probability p of winning f ∗P0∗x0/p. Alternatively, there are lotteries at
both t = 1 and t = 2 [L(1,2)] and the investor has probability p of winning 0.5∗f ∗P0 ∗x0/p in each
lottery. The values in the table are E∗

0 (v), the investor’s maximum total expected t = 0 cumulative
prospect theory utility at t = 1 and t = 2. Utility is measured over realized gains or losses, and
the bursts of prospect theory utility are not discounted by time. The value function and decision
weighting function use the functional form and parameter values in Tversky and Kahneman (1992).

1 2 3 4 5 6 7 8
p 0.01 0.1 0.01 0.1 0.01 0.1 0.01 0.1
f (BPs) 5 5 5 5 50 50 50 50
Model L(2) L(2) L(1,2) L(1,2) L(2) L(2) L(1,2) L(1,2)
µ = 1.05 0 0 0 0 0 0 0 0
µ = 1.06 0 0 0 0 0 0 0.40 0
µ = 1.07 0 0 0 0 1.11 0 1.84 0.55
µ = 1.08 0 0 0 0.49 2.50 0.77 3.36 2.51
µ = 1.09 0.41 0.82 1.04 2.57 4.01 2.48 5.01 4.65
µ = 1.10 1.96 2.63 2.71 4.83 5.65 4.34 6.81 6.97
µ = 1.11 3.66 4.61 4.54 7.30 7.44 6.36 8.77 9.51
µ = 1.12 5.52 6.77 6.55 10.02 9.40 8.59 10.93 12.32
µ = 1.13 7.57 9.16 8.76 13.00 11.56 11.03 13.30 15.41
µ = 1.14 9.84 11.82 11.21 16.30 13.89 13.74 15.89 18.67
µ = 1.15 12.34 14.71 13.92 19.97 16.56 16.74 18.76 22.45
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Figure 1: Utility Gains from Lottery Payoffs This figure presents potential utility gains
from compensating prospect theory investors with lottery payoffs. The weighting function for
nonnegative gambles in Tversky and Kahneman (1992) is a two-part power function: w+(p) =

pγ

(pγ+(1−p)γ)1/γ
, γ = 0.61. A certain gain of one dollar provides utility of v(1) = 10.88 = 1, where v()

indicates the Tversky and Kahneman (1992) value function. A free lottery ticket with an expected
payoff of one dollar is a Kahneman and Tversky (1979) gamble (1/p, p; 0, 1−p) with expected utility
E0(v|p) = w+(p) ∗ v(1/p). The dotted line shows the expected utility as a function of p. For values
of p such that E0(v|p) > 1, the investor prefers the lottery payout to a sure gain.
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Figure 2: Conditions for Welfare Gains This figure shows conditions in which introducing
stock loan fees or stock loan lotteries produces welfare gains. In any model, an investor chooses
allocations to maximize prospect theory utility. An investor has unconditionally greater welfare if
his allocations in one model produce higher expected utility and higher expected wealth than his
allocations in another model. For all points above the dotted curve, the investor has unconditionally
greater welfare in the model with stock loan fees than in the baseline model of realization utility.
For all points above the solid line, the investor has unconditionally greater welfare in the model
with stock loan lotteries than in the baseline model of realization utility. In the model with stock
loan lotteries, there is a single lottery at t = 2 with a probability p = 0.1 of winning the lottery.
The area between the curves are points in (µ, f) space in which introducing stock loan lotteries
leads to welfare gains and introducing stock loan fees does not.
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Figure 3: Regressive Features of Stock Loan Lotteries This figure shows how introducing
stock loan lotteries is regressive in that it provides disproportionate benefits to poor investors. In a
model with stock loan lotteries, the probability of winning the lottery is identical to the investor’s
wealth share. This figure shows how a standardized measure of utility, E[U(Wi)]/Wi, varies with
the investor’s wealth share. The solid lines show standardized utility for models with a single stock
loan lottery at t = 2 and expected lottery payoffs of five and 50 basis points. The dotted lines show
standardized utility for models with guaranteed stock loan fees of five and 50 basis points. For all
models, the annualized expected gross return of the risky asset (µ), is 1.12.
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Figure 4: Stock Loan Lotteries with Trading Costs and Leverage Constraints This
figure shows changes in the conditions for welfare gains after introducing trading costs and leverage
constraints. An investor has unconditionally greater welfare if the utility-maximizing allocation
provides strictly higher expected utility and strictly higher expected wealth. There are three two-
period models of realization utility: the baseline Barberis and Xiong (2009) model, a model with
fixed stock loan fees, and a model with a single stock loan lottery at t = 2 with probability p = 0.1
of winning the lottery. For different values of µ, the annualized expected gross return of the risky
asset, I solve all three models in a perfect market as well as a market with frictions. The market
frictions include 1.3% round-trip trading costs and a maximum leverage ratio of 2. For each value
of µ, in each environment, I calculate fF and fL, the minimum fee required to provide investors in
the fee and lottery models unconditionally greater welfare than in the baseline model. For each µ,
the potential for welfare improvement by introducing stock loan lotteries is max[fF (µ)− fL(µ), 0].
The solid line shows the potential for welfare improvement with market frictions, while the dotted
line shows the potential for welfare improvement with perfect markets.
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Figure 5: Stock Loan Lotteries as Derivative Securities This figure shows how lottery tickets
could be structured as derivative securities. A “Pennies Series X” derivative has a payoff of 1 if the
pennies digit of the daily closing price of a diversified index on a particular day is X. This histogram
shows that there is no evidence of clustering in equity index daily closing prices. The black bars
show the frequency of each of the pennies digits in the daily closing prices of the S&P 500 index
between December 30, 1927 and April 21, 2017. The S&P 500 index is a capitalization-weighted
index of 500 diversified large US public equities. The gray bars show the frequency of each of the
pennies digits in the daily closing prices of the Nikkei 225 index between January 5, 1970 and April
21, 2017. The Nikkei 225 index is a price-weighted index of 225 diversified large Japanese public
equities. Daily closing prices are from Bloomberg.
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Appendix A: Mathematical Properties of the Value Function

The investor maximizes E0v(x), where v(x) has the functional form:

{
v(x) = xα x ≥ 0, 0 < α < 1

v(x) = −λ(−x)α x < 0, 0 < α < 1, λ > 1

Suppose the investor accepts some gamble (G) with potential gains (g1, g2 . . . gm) and
potential losses (l1, l2 . . . lm). This implies:

E0v(x;G) =
∑m

i=1 p(gi)v(gi) +
∑n

j=1 p(lj)v(lj) > 0

Applying the functional form of the value function:

E0v(x;G) =
∑m

i=1 p(gi)(gi)
α − λ

∑n
j=1 p(lj)(−lj)α > 0

Consider a proportionately larger gamble (kG, k > 1). This gamble has expected value:

E0v(x; kG) =
∑m

i=1 p(gi)v(kgi) +
∑n

j=1 p(lj)v(klj)

Applying the functional form of the value equation to the larger gamble:

E0v(x; kG) = kα
∑m

i=1 p(gi)(gi)
α − λkα

∑n
j=1 p(lj)(−lj)α

E0v(x; kG) = kα[
∑m

i=1 p(gi)(gi)
α − λ

∑n
j=1 p(lj)(−lj)α] = kαE0v(x;G)

Since k > 1, 0 < α < 1, and E0v(x;G) > 0,

E0v(x;Kg) > E0v(x; g) > 0

So given that the investor accepts G, he always prefers kG. Therefore, an investor who
chooses a positive risky asset allocation always chooses to exhaust the nonnegative wealth
constraint.

QED
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Appendix B: Survey Text

Survey Participation Consent

I am asking you to take part in a research study because I am trying to learn more about
how people make decisions. You will be asked to make several economic and financial
decisions. The task is expected to take approximately 10 minutes. I do not foresee any
risks, discomforts, or inconveniences to be associated with participation in this study. No
direct benefits are promised to you for your participation in this study. Participation in
this study has no cost to you. You will receive $1.00 following the completion of the task.
You may also receive a $0.50 bonus depending on your survey responses.

All of your answers will be coded by a random identifying number rather than your name.
All of the papers pertaining to the study will be kept in a locked file cabinet, and all
electronic data will be stored in password protected computer files. Only people who are
directly involved with the project will have access to those records. When the project is
finished and results are reported, no individual will be identified in any way.

Your participation is voluntary. You can decline to participate, and you can stop your
participation at any time, if you wish to do so, without any negative consequences to
you.

If you have any questions or concerns about the research, please feel free to contact the
principal investigator, Jordan Moore (moorejs@rowan.edu).

If you have questions regarding your rights as a research participant, contact the Rowan
University Institutional Review Board at 856-256-4078.

Voluntary Consent by Participant

I have read the information provided and I fully understand the contents of this informed
consent letter. By clicking on the ”Agree” button below, I agree to participate in this
study.

Instructions

Thank you for participating in this survey!

The following pages will ask you to make simple economic decisions. Please answer the
questions as if you were making these decisions with your own money.

Risk Aversion Test [From Eckel and Grossman (2002)]

Which lottery would you most prefer to participate in?
50% chance of $2; 50% chance of $70
50% chance of $20; 50% chance of $44
50% chance of $16; 50% chance of $52
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50% chance of $24; 50% chance of $36
50% chance of $12; 50% chance of $60
50% chance of $28; 50% chance of $28

Allocation Task: Control Group (Fees)

You have $100 to allocate among two investment options:

1. A risk-free government investment which will return 3% guaranteed.
2. A stock investment which may return between -10% and (20,25,30,35,40)% with equal
probability. If you invest in the stock, you will receive a guaranteed additional 1% re-
turn.

Please allocate your funds to the investments as you desire (must total to 100%)

Allocation Task: Treatment Group (Lotteries)

You have $100 to allocate among two investment options:

1. A risk-free government investment which will return 3% guaranteed.
2. A stock investment which may return between -10% and (20,25,30,35,40)% with equal
probability. If you invest in the stock, you will have a 10% chance of earning an additional
10% return.

Please allocate your funds to the investments as you desire (must total to 100%)

Demographic Questions

Thank you for completing the survey.

Following, you will find a few questions regarding your demographic details. All information
will be kept anonymous and not used for purposes outside our study.

Highest Level of Education Attained? (Less than high school, High school graduate, Some
college, 2 year degree, 4 year degree, Professional degree, Graduate/Master’s degree, Doc-
torate, Prefer not to answer)

Do you currently invest in the stock market either directly or through retirement accounts
(401k, IRA, etc.)? (Yes, No, Prefer not to answer)

Do you currently invest in mutual funds? (Yes, No, Not sure, Prefer not to answer)

Do you rent or own your current residence? (Own, Rent, Live with family and friends,
Prefer not to answer)

In what state do you live? (All 50 states, Other, Prefer not to answer)

45



What is your employment status? (Employed full time, Employed part time, Unemployed
looking for work, Unemployed not looking for work, Retired, Student, Disabled, Home-
maker, Prefer not to answer)

Please select Asia from the items below. (Africa, Asia, Australia, North America, South
America, Europe, Other)

What is your annual income (in thousands of $)? (¡50K, 50K-100K, 100K-250K, ¿50K,
Prefer not to answer)

What is your current age? (¡18, 18-20, 21-25, 26-30, 31-35, 36-40, 41-45, 46-50, 51-55,
56-60, 61-65, ¿65, Prefer not to answer)

What is your marital status? (Married, Widowed, Divorced, Separated, Never married,
Co-habitating, Prefer not to answer)

What is your gender identity? (Male, Female, Other, Prefer not to answer)

What race do you identify with? (White, Black or African American, American Indian
or Alaska Native, Asian, Native Hawaiian or Pacific Islander, Latino or Hispanic, Other,
Prefer not to answer)

Did you notice anything unusual about this survey? (Yes, No)

Risk Aversion Questionnaire [from Weber et al. (2002)]

Please indicate your likelihood of engaging in the below activity or behavior:
Betting a day’s income at the horse races. (Likert scale)
Investing 10% of your annual income in a moderate growth mutual fund. (Likert scale)
Betting a day’s income at a high stakes poker game. (Likert scale)
Investing 5% of your annual income in a very speculative stock. (Likert scale)
Betting a day’s income on the outcome of a sporting event. (Likert scale)
Investing 5% of your annual income in a conservative stock. (Likert scale)
Investing 10% of your annual income in government bonds. (Likert scale)
Gambling a week’s income at a casino. (Likert scale)
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