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can account for this low traded price, while the temporal resolution of payoff uncertainty plays a 

crucial role. We show that an Epstein and Zin (1989) recursive preference specification together 

with probability weighting can rationalize the low traded prices observed in our indefinite-

horizon asset markets, while risk attitudes do not play such an important role. 
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1 Introduction

Many economic models employ an infinite horizon with discounting in order to examine
agents’ behavior under the shadow of future. Such environments are quite natural for study-
ing the pricing of assets because many assets, e.g., equities, are long-lived and have no
definite maturity date. Nevertheless, experimental economists have typically studied asset
pricing and trading behavior in finite-horizon settings with no discounting. In these settings,
the standard fundamental value (FV) of the asset at any moment in time is taken to be the
expected sum of the asset’s remaining dividend payments, that is, the standard fundamental
value is the risk neutral present value of the asset. Since the horizon is finite, the FV of the
asset decreases over time, as in the canonical experimental design of Smith et al. (1988).

In this paper, we study the trade of assets in an experimental market with indefinite horizons,
consisting of an unknown number of periods. The first period begins with trade in the asset.
Following trade, each unit of the asset pays its holder a fixed dividend. Thereafter, with a
constant probability δ, traders’ holdings of the asset carry over to the next period, and in
each new period, trade in the asset takes place and asset holders earn dividends per unit
held. With probability 1− δ, the asset ceases to exist; the asset market shuts down and the
asset has a zero continuation value. This indefinite-horizon or random-termination design,
initially proposed by Roth and Murnighan (1978), is the most commonly used approach to
implementing infinite horizons with discounting in the laboratory.

Unlike most finite horizon asset markets where the FV of the asset is decreasing over time,
the stationarity associated with indefinite horizons implies that the FV of the indefinitely-
lived asset is constant over time.1 The stationarity associated with indefinite horizons may
be a more natural setting for understanding asset pricing decisions.2

In our baseline treatment, subjects trade in indefinite-horizon asset markets implemented
by random termination (more precisely, a modified version of the block random termination
scheme of Frechette and Yuksel (2017)). In each period the market is open, subjects first

1While it is possible to generate constant values for the FV in finite-horizon settings, this is typically
done by having some known constant terminal period payoff value for the asset as in Smith et al. (2000),
possibly also accompanied by a dividend process where the expected dividend payment is 0 as in Noussair
et al. (2001). In the indefinite-horizon design, the value of the asset is constant over time with positive
dividend payments and zero terminal value.

2Kirchler et al. (2012) have shown that the trend of the FV process (i.e., whether it is constant, increasing,
or decreasing over time) has a large impact on the formation of non-rational asset price “bubbles” (which
we define as sustained departures from the FV). Giusti et al. (2016) show that in addition to the trend of
the FV process, the sign of the expected dividend payment (positive, zero, or negative) also affects traded
prices. Our experimental setting, which features a constant FV and a positive dividend payment in each
period, serves as a more natural setting for understanding asset pricing.
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trade, then receive dividend payments for each asset share they hold, and finally a random
number determines whether the asset market will continue to a new period. In each session,
subjects participate in three indefinite horizon markets (with different pre-drawn market
lengths) to reveal the effect of experience as in Smith et al. (1988). We find that traded
prices are quite low, averaging around 40% of the standard FV, and they remain low even
as traders gain experience. This result is rather surprising given that the vast majority of
experimental asset market studies, following the Smith et al. (1988) design find asset price
bubbles, or prices greatly in excess of the standard FV, in the first market played, with
approximate convergence to the standard FV within three market repetitions.

To better understand the low traded prices of our indefinitely lived asset (relative to the stan-
dard FV), we design two auxiliary treatments, noting that indefinite-horizon asset markets
involve two types of intertwined risks: payoff uncertainty and trading horizon uncertainty.
Payoff uncertainty refers to the uncertain sequence of dividend realizations an investor earns
from adopting a buy and hold strategy. In terms of the sum of dividend payments, the asset
can be viewed as a lottery, as described in Table 1, involving an infinite number of states,
t = 1, 2, ...,∞. State t is the event that the asset lasts until period t yielding a payoff of td,
which occurs with probability δt−1(1− δ). By contrast, trading horizon uncertainty refers to
uncertainty about the length of time over which agents can expect to buy or sell the asset, or
the asset’s liquidity. While payoff uncertainty affects the holding value of the asset, trading
horizon uncertainty may affect a traders’ strategy, especially for speculators. If the horizon
over which the asset has value is perfectly known, then speculators might time their asset
purchases and sales with this information in mind as in the asset pricing literature using the
Smith et al. (1988) design. In that design, speculators buy early and sell when they sense
the bubble to be peaking. By contrast, in an indefinite horizon, such speculative timing is
more difficult. Thus, there is reason to believe that an indefinite horizon for asset markets
might depress prices and trade volume relative to asset markets with known, finite horizons.

Table 1: Total Dividend Payments of an Asset with an Indefinite Horizon
Market Duration 1 2 3 ... t ...
Probability 1− δ δ(1− δ) δ2(1− δ) ... δt−1(1− δ) ...
Total dividend payments d 2d 3d ... td ...

Our second experimental treatment aims to single out the effect of trading horizon uncer-
tainty from payoff uncertainty by separating the asset market into two separate stages. Stage
one consists of a fixed number of trading periods and subjects do not observe nor receive
dividend payments in this stage. Stage two reveals dividend realizations and subjects re-
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ceive the realized dividend payments for each share held at the end of the trading stage. The
dividend realization process in stage two mimics the distribution of the sum of remaining
dividend payments as in the baseline treatment (characterized by Table 1). We find that the
traded price in the second treatment is fairly close to the standard FV.

The notable difference in traded prices between these two treatments might be attributed
to trading horizon uncertainty. However, given the robust finding from the experimental
asset pricing literature that traded prices tend to converge to the FV after three market
repetitions, we suspect that the difference we find in traded prices in later markets may not
be fully attributable to trading horizon uncertainty. The two-stage design of our second
treatment allows us to fix the trading horizon and control for the distribution of the sum of
dividend payoffs, but it also induces a difference in the timing of those dividend realizations.
In the baseline treatment, dividend payments for each trading period are revealed and paid
out at the end of the period. In the second treatment, all dividend payments are revealed
and paid altogether at once, only after all trading activities have ended. In other words, the
payoff uncertainty involved in an asset market with an indefinite horizon has two dimen-
sions: (1) uncertainty in the sum of dividend payments and (2) the temporal resolution of
that uncertainty. The second treatment coincides with the baseline treatment along the first
dimension (uncertainty in the sum of dividend payments) but differs from the baseline treat-
ment along the second dimension (the temporal resolution of uncertainty). To separate the
effects of trading horizon uncertainty and the timing of dividend realizations, we conducted
a third treatment. This treatment involves two separate stages as in the second treatment,
but keeps the uncertain trading horizon of the baseline treatment. Thus, our third treatment
serves as a bridge between the first two treatments. The difference between the second and
third treatments reveals the effect of trading horizon uncertainty. The difference between
the first and third treatments reveals the effect of the timing of dividend realizations. We
find that the traded price in the third treatment is also fairly close to the standard FV and
not significantly different from the second treatment.

Considering the evidence from all three treatments, we come to the conclusion that our results
are not due to uncertainty about the value of total dividend payments nor horizon uncertainty
as we initially suspected. Instead, what matters more is the timing of dividend realizations,
or the temporal resolution of payoff uncertainty. Our remaining task is to explain these
experimental results. In particular, we investigate whether the significantly lower traded
price in the baseline treatment relative to the other two treatments can be rationalized as a
lower FV due to considerations of the temporal resolution of payoff uncertainty.

One way to capture the difference in the temporal resolution of payoff uncertainty in treat-
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ment A relative to the other two treatments is to represent the asset as a dynamic lottery
where payoff uncertainty is realized over time instead of the static lottery shown in Table
1. In particular, the asset in treatment A can be viewed as the combination of the fixed
dividend payment in the current period with a binary lottery in the next period that yields a
zero payoff with probability 1− δ and a replica of the asset with probability δ. By contrast,
in treatments B and C where payoff uncertainty is resolved completely only after the trading
stage, it is more reasonable to represent the asset using the static lottery shown in Table 1.

We first note that under the assumption of risk neutrality, the holding value of the dynamic
lottery and the static lottery is the same. A natural next step is to investigate whether
incorporating subjects’ (heterogeneous) risk attitudes into the dynamic and static lotteries
can explain the low traded prices in treatment A versus treatments B and C. For this purpose,
we develop a new methodology for calculating the FV of the asset that incorporates the
market participants’ risk attitudes toward payoff uncertainty. Specifically, we infer subjects’
risk parameter using the individual choice task of Holt and Laury (2002) by assuming relative
risk aversion (CRRA) preference. We then derive each individual’s demand curve for asset
as the solution to a portfolio choice problem, combining individual’s asset and cash profile
and the estimated risk parameter. Finally, we estimate the risk-adjusted FV of the asset as
the market price that clears the market. The computed dynamic risk-adjusted market FV
(following the Epstein and Zin (1989) recursive preference specification to aggregate payoffs
across periods) is about two thirds of the standard FV, and the static risk-adjusted market
FV is about 90% of the standard FV. For treatment A, the computed dynamic risk-adjusted
FV can therefore partially account for the low traded prices. For treatments B and C, the
static risk-adjusted FV tends to underestimate the traded price.

Given the limited success of risk attitudes in explaining the traded price in the three treat-
ments, we continue to explore other factors. The second factor we examine is probability
weighting, an important factor in several non-expected utility theories. In our baseline treat-
ment, the market ends and the asset becomes worthless with a small probability (0.1), and
it seems likely that probability weighting could potentially affect traded prices. Similar to
our analysis involving risk attitudes, it is important to distinguish whether subjects view the
asset as a static or dynamic lottery even under the assumption of risk neutrality. Apply-
ing probability weighting to the dynamic lottery implies a market FV that is about 46% of
the standard FV. Applying probability weighting to the static lottery raises the FV slightly
above the standard FV. The probability-weighted dynamic FV is very close to the traded
market price in treatment A both quantitatively and statistically. At the same time, the
static probability-weighted FV is also reasonably close to the traded price in treatments B
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and C, both quantitatively and statistically. We therefore conclude that the recursive pref-
erence specification together with probability weighting can rationalize the low traded prices
that we find in our main treatment A, while risk attitudes do not play such an important
role.

There is a large literature involving experimental asset markets with known, finite horizons
following Smith et al. (1988). Surveys can be found in Palan (2009, 2013) and Noussair and
Tucker (2013). In this set-up, the asset traded yields dividends up to some known terminal
date, beyond which the asset pays no further dividends (it either ceases to have value or pays
some final buyout value). By comparison, there are relatively fewer experimental studies
of asset markets with indefinite horizons. The studies we are aware of include Camerer
and Weigelt (1993), Ball and Holt (1998), Hens and Steude (2009), Kose (2015), Fenig et
al.(2018), Asparouhova et al. (2016), Crockett et al. (2019), Halim et al. (2020), Weber et
al. (2018) and Kopányi-Peuker and Weber (2021). Camerer and Weigelt (1993), Ball and
Holt (1998), Kose (2015) and Kopányi-Peuker and Weber (2021) study environments where
subjects only engage in asset-trading activities. Hens and Steude (2009), Fenig et al. (2018),
Asparouhova et al. (2016), Weber et al. (2018), Crockett et al. (2019) and Halim et al.
(2020) consider experimental economies where subjects also participate in other activities
such as consumption, employment, production decisions, or IPOs of new assets.

Relative to the above papers on experimental asset markets with indefinite horizons, our
study makes three contributions. First, we quantitatively evaluate the effects of payoff un-
certainty and horizon uncertainty that are embedded in indefinite-horizon markets. Second,
our study suggests that the temporal resolution of payoff uncertainty plays an important
role in the determination of asset prices in indefinite-horizon asset markets, a new finding
that has not been discussed in previous studies. Third, our paper makes a methodological
contribution in the development of a new procedure to determine the market FV for an asset
that incorporates traders’ heterogeneity, here with respect to risk attitudes as we collected
data on such attitudes from our subjects. Still, our methodology could also be used to in-
corporate other attributes about market participants, for instance heterogeneity in agents’
time preferences or the parameter that governs probability weighting, etc.3

3Related to our work, some recent papers methodologically examine the effect of random termination pro-
cedures in the context of the repeated Prisoner’s Dilemma game (Frechette and Yuksel, 2017) and the effects
of different payment schemes in indefinite-horizon experimental games (Sherstyuk et al. 2013). Experimental
asset markets have several distinct features as compared to repeated games. First, in most repeated games,
subjects make discrete choices and risk considerations may or may not result in a change/switch in choices.
In asset market experiments, traded price and quantity are continuous variables, and risk considerations
can be captured incrementally. Second, in repeated games, discount factors mainly matter for whether or
not they support the play of certain strategies. By contrast, in asset pricing experiments, discount factors
figure directly into the determination of the market price of the asset. Third, in repeated games, subjects
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The remainder of the paper is organized as follows. Section 2 presents the experimental
design and procedures. Sections 3 to 5 report on the experimental results across treatments
and estimate the market FV. Section 6 concludes.

2 Experimental Design

In this section, we describe the main characteristics of our baseline treatment with an in-
definite horizon. We then describe two auxiliary treatments designed to understand traded
prices in our baseline treatment. Finally, we describe the experimental procedures that we
follow in running all three treatments.

2.1 Baseline Treatment

The baseline treatment (treatment A) implements asset markets with an indefinite horizon.
Each experimental session consists of two parts. In the first part, subjects complete a Holt
and Laury (2002) risk preference elicitation task that involves choosing between 10 pairs of
lotteries with different expected payoffs. This task allows us to obtain a measure of each
subject’s risk attitude, which we later use to investigate whether subjects’ risk attitudes can
help to explain the traded price of the asset. In the second part, subjects trade assets in
three consecutive and ex-ante identical asset markets. The repetition of three markets allows
for subject learning and to examine the possibility of price convergence in indefinite-horizon
markets. Repetition is motivated by the observation in Smith et al. (1988) and follow-
up studies that when the same group of traders interact in consecutive fixed-horizon asset
markets, prices converge toward the standard FV by the third market having an identical
market structure.

Each asset market lasts for an indefinite number of periods. The indefinite horizon is im-
plemented through a modified version of the block random termination scheme of Frechette
and Yuksel (2017); therefore we also label this treatment BRT.4

At the beginning of each of the three asset markets, subjects are endowed with shares and
cash (in units of experimental money or EM). They then trade shares for an indefinite

typically have no choice but to participate in the game. Differently, in many asset market experiments,
subjects can choose whether to participate in the asset market or not (An exception is the literature on
“learning-to-forecast” asset pricing experiments, where subjects are typically required to participate in every
period via the elicitation of their forecast for future asset prices. See, e.g., Hommes et al. (2005, 2008)).

4Camerer and Weigelt (1993) and treatment T2 in Kose (2015) generate indefinite-horizon markets using
the original random termination method.

6



number of periods. In each period, subjects first trade shares through a double-auction
trading interface subject to budget and asset supply constraints (subjects cannot borrow
cash or shares). Following the completion of asset trading, subjects receive a dividend of
d = 5 EM for each share of the asset that they hold post trading. The dividend payments are
placed in a separate account and cannot be used to purchase shares in the future.5 Finally,
a randomly drawn number determines whether or not the market will continue with another
period. If the market continues, then each trader’s asset position carries over to the next
period; if it does not continue, then the asset shares have a zero value and the market is
declared over. The probability of continuation is δ = 0.9, and so the probability that a
market ends is (1 − δ) = 0.1. In practice, a random number between 1 and 100 is drawn
and if the random number is less than or equal to 90, the market continues with another
period; if it is greater than 90, the market ends and the asset ceases to have value. Subjects’
earnings in EM from the asset market consists of their cash balance at the end of the market
and all dividends earned over the course of that market; this amount was converted into
dollars at a fixed and known exchange rate.

Unlike the standard random termination scheme, where subjects are informed about the
random draw realization at the end of each period, with our BRT implementation scheme,
in the first “block” of 10 periods, subjects receive no feedback on the random draws and
participate in the market anyway. At the end of period 10, subjects are told whether or not
the market has actually ended and, if so, in which period this occurred within that block of 10
periods. If the market did not end within the 10-period block, then subjects will continue to
participate in the market as in regular indefinite-horizon markets with random termination,
that is, at the end of each period the realization of the random draw will be revealed. If the
market ends within the first 10 periods, then all trading activities and dividend payments
in the subsequent periods after the market has actually ended are void. Subjects are made
well aware of this block random termination procedure before they participate in the asset
market. The BRT allows us to obtain, at a minimum, a 10-period data series to analyze
asset (mis-)pricing; without it, we may have sessions where markets are too short to have any
meaningful discussion of whether assets are correctly priced in an indefinite-horizon setting.

In Frechette and Yuksel (2017), subjects play the game in fixed-length blocks and a full-length
new block is played if the game has not ended in the previous block. We modify their design
in that beyond the first block, the market continues with the regular random termination

5Caginalp et al. (1998, 2001), Haruvy and Noussair (2006) and Kirchler et al. (2012) report that high
initial or increasing cash-to-asset (C/A) ratios can drive bubble formation in experimental asset markets.
In our experiment, the supply of assets is held constant and dividend payments are placed in a separate
account so that the subject cannot use dividend income for asset purchases in later periods of the market.
This restriction prevents the dividend payments from increasing the C/A ratio and affecting market outcomes.
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design, so that from period 11 on, subjects receive live information about whether the current
period has ended or not. The main purpose of this modification is to save on time and
guarantee that we run three markets of at least 10 periods to examine the possibility of
price convergence in indefinite-horizon markets. Repeating 10-period blocks would make
each market longer and it would be difficult to complete three markets in one session.

The expected horizon of each asset market is T = 1/(1 − δ) = 10 periods from the start of
the market or from any period reached. The standard FV of the asset, which measures the
expected value of total dividend payments, is constant in all periods at

U0 = d
∞∑
τ=t

δτ−t =
d

1− δ
= 50.

The realized life span of the asset, however, can be any number of periods, t = 1, 2, 3, · · · .
Since random termination can result in a large variance in the lengths of asset markets and
we are restricted in the length of time that we can keep subjects in the laboratory, we pre-
drew a set of three sequences of random numbers and used the same set of draws to control
the lengths of the three asset markets in all experimental sessions to reduce uncertainty and
facilitate a comparison across different sessions.6 These sequences of random numbers imply
market lengths of 6, 20, and 9 periods, respectively (for an average of 11.67 periods per
market). Note that under the BRT scheme, in asset markets 1 and 3, subjects are prompted
to trade for 10 periods, but their actions and dividend payments after period 6 (9) are void.
In market 2, all 20 periods count.

Previous studies on definite-horizon experimental asset markets suggest that traded prices
converge to the standard FV, the expected value of total dividend payments, after subjects
repeat the same trading market three times. We will check whether that convergence result
also holds in our asset markets with indefinite horizons, i.e., whether the traded price in
market 3 converges to the standard FV of 50 EM.

2.2 Auxiliary Treatments

To our surprise, the mean traded price of the asset in market 3 of the baseline treatment is
about 40% of the standard FV. In order to understand this surprising result, we design two
auxiliary treatments, where the asset market part differs from the baseline treatment (while
the first, risk elicitation part remains the same).

6The first two sequences of random numbers were obtained from a pilot session that consisted of just two
asset markets and the last sequence of random numbers was produced using a random number generator.
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While designing the second treatment (treatment B), we note that the asset market in
the baseline treatment involves two types of intertwined risks: (1) payoff uncertainty, and
(2) trading horizon uncertainty. Payoff uncertainty refers to uncertainty about the asset’s
dividend payments. Note that if a trader buys a share of the asset in any period and holds
it until the end of the market, in terms of total dividend payments, it is similar to buying
a lottery as in Table 1. Trading horizon uncertainty refers to the length of time that agents
can expect to trade the asset, which affects the asset’s liquidity. While payoff uncertainty
affects the holding value of the asset, trading horizon uncertainty may affect traders’ strategy,
especially for speculators. If the horizon over which the asset has value is perfectly known,
then speculators might time their asset purchases and sales with this information in mind.
By contrast, in an indefinite horizon, timing such speculation is more difficult. Thus, an
indefinite horizon for asset markets might depress prices and the volume of trade relative to
a known, finite horizon markets.

Treatment B (D-2) is designed to disentangle the effect of trading-horizon uncertainty and
payoff uncertainty. It replicates treatment BRT regarding payoff uncertainty by having the
same distribution of total dividend payments, while fixing the trading horizon and therefore
eliminating the trading horizon uncertainty. To achieve this, we divide the asset market into
two phases: the trading phase and the dividend realization phase. In the first phase, subjects
trade assets for a definite duration of T = 10 periods (as in much of the experimental asset
pricing literature beginning with Smith et al. (1988)). We chose T = 10, as that is the
expected number of periods from the beginning of an indefinitely repeated asset market with
a continuation probability of δ = 0.9, i.e., T = 1/(1 − δ) = 10. During these T trading
periods, there are no dividend realizations. In each trading period, subjects can choose to
buy or sell assets as they wish, subject only to budget and (asset) supply constraints.

Following the final trading period T , all asset positions are considered final and subjects move
on to the second phase of the market where they experience/observe a random sequence of
dividend payments. Specifically, each share of the asset that a subject holds at the end of the
trading phase yields at least one dividend payment of d = 5EM . Following each dividend
payment, a random number between 1 and 100 is drawn to determine whether or not there
will be further dividend payments. If the random number is greater than 90, then there will
be no further dividend payments. Otherwise, each share yields another dividend payment,
d, followed by another independent random draw to determine further dividend payments.
Using this procedure, the asset in treatment B not only has the same standard FV of 50,
but the same distribution of total dividend payments as in treatment A (represented by the
lottery in Table 1). In fact, we use the same three sequences of random numbers used to
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determine market durations in treatment A to determine the realized number of dividend
payments in the second stage of treatment D-2; i.e., for each share held at the end of the
trading stage, subjects receive 6 dividend payments in market 1, 20 dividend payments in
market 2, and 9 dividend payments in market 3. We label this treatment “D-2,” with “D”
standing for definite horizon, and “2” for two phases.

We find that the mean traded price of the asset is close to the standard FV in treatment
B. At first sight, the low traded price in treatment A relative to treatment B could be
attributed to trading horizon uncertainty. However, given the finding in the literature that
traded prices tend to converge to the FV after three market repetitions, it is possible that
the persistent difference in traded prices that we observe between treatments A and B in
the later markets cannot be fully attributable to trading horizon uncertainty. The two-stage
design of our second treatment allows us to fix the trading horizon while controlling for the
distribution of total dividend payoffs, but it also induces an unavoidable difference in the
timing of dividend realizations. In treatment A, dividend payments are revealed and paid
period-by-period as subjects trade. In treatment B, all dividend payments are revealed and
paid altogether, after trading activities have ended. To separate the effects of the trading
horizon and the timing of dividend realizations, we conducted a third treatment.

Treatment C (BRT-2) combines the uncertain trading horizon of the baseline treatment
with the two-stage design of treatment D-2, while keeping the distribution of total dividend
payments identical to the first two treatments. We label this treatment “BRT-2” to reflect
the block random termination of the trading horizon and the two-stage design. Similar to
treatment D-2, no dividends are realized during the trading phase and there is no trading
during the dividend realization phase. This new treatment serves as a bridge between the
first two treatments. The difference between treatments B and C serves as a clearer indicator
of whether trading horizon uncertainty matters than does the difference between treatments
A and B. The effect of the timing of dividend realizations, or the temporal resolution of
payoff uncertainty, is also more cleanly captured by comparing treatments A and C.

The number of dividend realizations remains 6, 20 and 9 for the three markets of treatment
C. We independently draw another three sequences of random numbers with the same con-
tinuation probability δ = 0.9 to determine the actual lengths of the trading phases of the
three markets of treatment C. These turned out to be 11, 5 and 16 periods, respectively.7

As in Treatment A, subjects did not know the number of trading periods for each market

7The realizations of the random variable that determine trading duration and dividend realizations are
independently drawn to ensure that the distribution of total dividend payments remains the same across
time. If we used the same realizations for the two stages, then the distribution would have a lower bound of
d multiplied by the current trading period, and the holding value of the asset would increase across time.
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and as in Treatments B and C, they did not know the number of dividend realizations for
each market.

Table 2 summarizes the differences in the design of the three treatments.8 Table 3 provides
a summary of the number of trading periods and dividend realizations in the three markets
of our three treatments.

Table 2: Treatments
Treatment Trading Uncertain Dividends Realized

Horizon FVt? after Trading Phase?
A (BRT) Random Yes No
B (D-2) Definite Yes Yes
C (BRT-2) Random Yes Yes

Table 3: Number of Trading Periods and Dividend Payments
No. Trading Periods No. Dividend Payments

Treatment Mkt 1 Mkt 2 Mkt 3 Mkt 1 Mkt 2 Mkt 3
A (BRT) 6 20 9 6 20 9
B (D-2) 10 10 10 6 20 9
C (BRT-2) 11 5 16 6 20 9

2.3 Experimental Procedures

The experiment was conducted at the Bell economics lab at CIRANO in Montreal. Subjects
were recruited for the experiment using ORSEE (Greiner, 2004). Most subjects were students
from McGill and Concordia Universities in Montreal. We conducted five sessions each of our
three treatments. Each session had 10 participants (except for two sessions where nine and
eight subjects showed up, respectively) with no prior experience in any treatment of our
experiment. Each subject participated in one session of one treatment only.

Each session had two parts. In the first part, subjects completed a Holt and Laury (2002)
risk preference elicitation task - details are provided in Appendix D. For this individual
choice task, subjects were instructed to make 10 choices between pairs of lotteries and were

8Another difference between treatment A and treatments B and C is that in treatment A the dividend
payment depends on the quantity of shares held at the end of each trading period, while in treatments B
and C it depends on each trader’s final share position at the end of the entire trading phase. However, given
that all three treatments have the same, stationary dividend generating process, the standard FV remains
the same at 50 EM, and the distribution of the value of total dividend payments is identical across periods
and treatments.
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Table 4: Session Characteristics
Session Duration No. of Subjects Avg. Payment
A1 2.5 hr 10 $34.98
A2 2.5 hr 10 $35.87
A3 2.5 hr 10 $35.34
A4 2.5 hr 9 $34.17
A5 2.5 hr 10 $34.45
B1 2 hr 10 $42.29
B2 2 hr 10 $35.26
B3 2 hr 10 $36.00
B4 2 hr 10 $35.64
B5 2 hr 10 $34.58
C1 2.5 hr 10 $41.99
C2 2.5 hr 8 $35.83
C3 2.5 hr 10 $35.86
C4 2.5 hr 10 $36.61
C5 2.5 hr 10 $35.12

paid based on their choice from one randomly chosen lottery out of the 10 pairs.9 This part
of the experiment took about 10 minutes.

The second part of a session consisted of the three asset markets. Following the risk elicitation
procedure, subjects were given written instructions for the asset market corresponding to
either Treatment A, B or C. The experimenter read aloud these instructions (in an effort to
make them common knowledge) and subjects were asked to answer a set of quiz questions.
After reviewing the answers to these questions with the experimenter, subjects practiced
using the computerized trading interface before the formal asset market was officially opened.
The trading interface uses a double auction mechanism programmed in z -Tree (Fischbacher,
2007).10 It took about 45 minutes to go through the instructions and practice periods using
the trading interface. Subjects then participated in the three consecutive asset markets.11

Each asset market took between 20-40 minutes to complete, depending on the treatment and
the realized market length. At the beginning of asset market, one-half of participants were
endowed with 20 shares of the asset and 3,000 EM units, while the other half were endowed
with 60 shares of the asset and 1,000 EM units; at the standard FV of 50 EM, the values
of these endowments are identical.12 In each trading period of the asset market, the trading

9Payments from this task were made only at the end of the experiment and the average earning from this
part is $4.

10The z -Tree program we used was modified from a program published by Kirchler et al. (2012).
11In the instructions, subjects were told that after one asset market, depending on the time remaining,

another market might open, so they did not know in advance that there would be only 3 asset markets.
12In session A4, we had nine subjects. Since odd-numbered subjects have endowment profile 1, the value
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interface is open for two minutes. Subjects’ earnings from all three markets consisted of their
end of market cash balance and all dividends earned over the course of each market. This
amount, denominated in EM, was converted into Canadian dollars at a fixed and known
exchange rate of 500 EM = 1 Canadian dollar at the end of the experiment.13 Given that
there are 6, 20, and 9 dividend payments in markets one, two, and three, respectively, the
average earnings from the asset markets was $26.

The sessions of treatments A and C last for two and a half hours, while the sessions of
treatment B last for two hours. The average total payment per subject is about $35 ($26
from the asset markets, plus $4 from the Holt-Laury risk elicitation task, plus a $5 show-up
fee). Participants were paid in cash and in private at the end of each session. Table 4
summarizes the characteristics of the 15 experimental sessions.

3 Experimental Results: Comparison across Treatments

We analyze the experimental data from two perspectives. In this section, we compare market
outcomes among the three treatments and infer the effect of horizon uncertainty and the
different timing of dividend payments. In the next section, we will focus on whether we can
explain traded prices in the final market 3 with a market FV that incorporates risk aversion
and the effects of the different timing of dividend realizations.

Figure 1 shows the average prices of the asset over time in each treatment. The three vertical
bars in this figure indicate the first period of each new market. The average price in the
first market starts at about 50 (the standard FV) in treatments A and C and at about 60 in
treatment B; as we will see later, the average prices in the first market are not significantly
different from one another. However, the average price in treatment A in the second and
third markets steadily declines, falling to around 20 by the end of market 2 and remaining
there in market 3, while the average price in treatments B and C remains at or above 50
in the last two markets. Importantly, the pattern holds at the disaggregated session level as
well, which is shown in Figure A.1 in Appendix A.14

of cash relative to shares is slightly higher in this session. This does not seem to significantly affect the
market outcome (see Table 5). In addition, the cash and asset supplies are incorporated into the calculation
of FV in Table C.2.

13In sessions B1 and C1 only, the exchange rate was 400 EM=$1, which results in a higher payment in
the asset markets as shown later in Table 4. All other sessions had an exchange rate of 500 EM=$1.

14Given that the price pattern across our three different treatments is quite clear, we choose not to report
the bubble (mis-pricing) measures (as deviations from the standard FV) as in most of the experimental
papers on asset markets. The statistical tests on bubbles measures, RAD and RD, developed in Stockl et al
(2010), are consistent with the test results we do report for price differences from the standard FV.
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Figure 1: Average Traded Prices Over Time for Each Treatment.
Note: The red horizontal line is the standard FV, which is equal to 50.
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Table 5: Average traded Price and Volume by Session and Market
Session Average Price Average Volume

Mkt1 Mkt2 Mkt3 Mkt1 Mkt2 Mkt3
A1 30.9 18.9 17.9 60.7 45.2 67.3
A2 34.3 24.0 11.5 54.3 64.7 62.6
A3 84.9 40.9 33.3 58.7 58.5 64.3
A4 18.3 15.7 16.5 52.5 72.7 101.0
A5 41.3 20.6 22.1 122.8 146.9 221.6

Treatment A 41.9 24.0 20.3 69.8 77.6 103.4
B1 77.9 52.8 45.0 32.0 22.7 10.8
B2 73.6 70.9 67.7 71.1 85.3 67.9
B3 39.5 48.8 49.5 65.2 64.6 66.4
B4 52.7 50.3 50.2 57.4 48.9 48.5
B5 59.8 49.0 45.3 125.3 90.2 65.8

Treatment B 60.7 54.3 51.5 70.2 62.3 51.9
C1 49.1 45.6 47.7 37.2 40.7 24.6
C2 42.6 46.5 46.8 54.8 52.5 75.5
C3 58.6 60.6 62.1 32.5 43.6 29.6
C4 55.6 48.4 49.5 55.9 54.1 22.9
C5 36.6 40.0 70.6 84.4 88.3 60.4

Treatment C 48.5 48.2 55.3 52.9 55.8 42.6
Notes : Average Price is the mean of the period price over all trading periods in a market.
For treatments A and C, it includes 10 periods if the market ends within the block. The
period price is the volume-weighted average traded price in the period. Average volume is
the mean of trading volume (number of assets traded) over all trading periods in a market.

Table 6: p-values from Mann-Whitney Tests of Treatment Differences in Average Market
Price and Trading Volume
Treatment Average Price Trading Volume
Comparison Mkt1 Mkt2 Mkt3 Mkt1 Mkt2 Mkt3
A vs. B 0.175 0.009 0.009 0.602 0.754 0.251
A vs. C 0.175 0.016 0.009 0.347 0.175 0.047
B vs. C 0.175 0.076 0.465 0.347 0.602 0.602

No. of Obs. 10 10 10 10 10 10

Table 5 shows the average price and the trading volume in each market of each session. We
conduct two-tailed Mann-Whitney tests on session-level average prices and trading volume
to assess whether there are any treatment differences in these market measures. There are
9 tests (3 markets x 3 treatments) each for traded price and for volume. We present the
p-values from the Mann-Whitney tests in Table 6. The results reported in that table provide
support for the following three findings.
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Finding 1 There is no systematic significant difference in the average trading volume across
the three treatments.

The experimental data suggest that the treatment variables, horizon uncertainty and the
timing of dividend payments, have no significant effect on average trading volume. Among
eight out of the nine pairwise tests, we cannot reject the hypothesis that it is equally likely
that the observation is drawn from the two alternative treatments. The p-value is < 0.05

only for market 3 between treatments A and C (where trading volume is higher in treatment
A).

Finding 2 In market 1 the average traded price is not significantly different between any
two treatments.

Again, support for this finding comes from Table 6. Note that while prices are not signifi-
cantly different in market 1, they are on average higher in treatment B, where the horizon
is known to be finite. As we noted earlier, definite horizon asset markets have been shown
to be prone to speculative trading behavior.

Finding 3 In markets 2 and 3, the average market price is significantly lower in treatment
A (BRT) than for the other two treatments in markets 2 and 3. Relative to treatment C, the
average market price in treatment B is marginally higher in market 2, and not significantly
different in market 3.

In treatment A, the average traded price in markets 2 and 3 are 24.0 and 20.3, respectively.
By contrast, in treatment B, the prices in markets 2 and 3 are 54.3 and 51.5, respectively and
in treatment C, they are 48.2 and 55.3, respectively. The average traded price in markets 2
and 3 is therefore significantly lower in treatment A than in the other two treatments. The
p-value is < 0.01 for a Mann-Whitney test between treatments A and B, and < 0.02 for
the comparison between treatments A and C. Comparing treatments B and C, the average
price is marginally lower in market 2 of treatment C (p-value< 0.1 and the magnitude of
the difference is 6.1), but this difference disappears when subjects gain further experience in
market 3 (p-value> 0.4 and the magnitude of the difference is 3.8).

Based on these statistical results, we conclude that market outcomes in treatment A, specif-
ically prices, are significantly different from the other two treatments. The insignificant
difference in traded price between treatments B and C in the final market 3 indicates that
the uncertain trading horizon itself does not significantly affect the market price. In addition,
given that all three treatments share the same distribution of the value of total dividend pay-
ments, the experimental results suggest that the uncertainty in the value of total dividend
payments cannot account for the low trading price in treatment A relative to the other two
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treatments. Instead, it appears that the timing of the dividend realizations is what matters
for the significant difference we observe in traded prices.

Next, we try to rationalize the differences in traded prices observed in the third market of our
three treatments. The approach we take is to calculate the market FV based on the actual
risk preferences of the market participants, and test whether it is significantly different from
the traded price in market 3. The rationale is that since the same subjects repeat the same
market game three times, the market price in the third market can be reasonably expected
to approximate what we refer to as the market FV of the asset.15

One way to capture the consideration of the temporal resolution of payoff uncertainty in
treatment A is to represent the asset as a dynamic lottery where the payoff uncertainty is
realized across time instead of a static lottery as shown in table 1. In particular, the asset in
treatment A can be viewed as the combination of the fixed dividend payment in the current
period with a binary lottery in the next period that entails zero payoff with probability 1− δ
and the replica of the asset with probability δ. By contrast, in treatments B and C, because
the payoff uncertainty is resolved completely after the trading stage, it is more reasonable
to represent the asset in these two treatments as the static lottery in table 1.

We first note that under the assumption of risk neutrality, the holding value of both the
dynamic lottery and the static lottery coincide with the standard FV (denoted by V0, which
is equal to U0 = 50 for all three treatments). The standard FV cannot capture the low
traded price of the asset in treatment A: the average traded price in market 3 is 20.3, which
is about 40% of the standard FV. Statistically, this result is also confirmed by a two-tailed,
Wilcoxon signed rank test that compares this traded price with the standard FV of 50: the
p-value is 0.043. By contract, the traded price in market 3 of the other two treatments is
close to the standard FV of 50 (p-value=0.5).

4 Risk Attitudes and Market FVs

Noting that the risk-neutral, standard FV cannot explain the low traded price in treatment
A, a natural next step is to investigate whether incorporating subjects’ (heterogeneous) risk
attitudes into the static and dynamic lotteries can explain the low traded prices in treatment
A versus treatments B and C. For this purpose, we construct a three-step procedure to
compute the market FV that accounts for subjects’ risk attitudes. In Step 1, we estimate

15As shown in Tables 5 and 6, the traded price changes little from market 2 to market 3, so it seems that
convergence is achieved in market 2 and strengthened in market 3. We focus on the comparison between the
traded price in market 3 and the FV to save on unnecessary repetition.
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each individual’s risk parameter by using individual data from the Holt-Laury risk preference
elicitation task. In step 2, we derive each individual’s net demand curve for asset as a function
of the share price. We derive the demand curve as the solution to a portfolio choice problem,
combining each individual’s asset and cash profile assigned in the experiment and their risk
parameter estimated in the first step. In step 3, we aggregate the individual demand curve
for each session and calculate the market equilibrium price, where net demand equals zero,
which we refer to as the market FV of the asset.

As we will show below, the imputed risk-adjusted market FV depends on subjects’ percep-
tions about the underlying asset, i.e., whether they view the asset as a static lottery in
table 1, or as a dynamic lottery where payoff uncertainty is revealed across time. Since the
asset in treatment A shares the same distribution of the sum of total dividend payments as
the other two treatments, it is unlikely that the static risk-adjusted FV could account for
the low traded price in treatment A, while the dynamic risk-adjusted FV is more promis-
ing. Nonetheless we will calculate the static risk-adjusted FV for treatment A as well. We
will then calculate the dynamic risk-adjusted FV for treatment A and discuss its marginal
contribution in explaining the traded FV relative to the static FV.

4.1 Risk Parameter

We first estimate the risk parameter for each subject from their Holt-Laury tasks. This is
step 1 of the three-step procedure to calculate risk-adjusted market FV, and it is the same
for computing static and dynamic market FVs. We assume that subjects’ utility functions
take the form u(x, α) = xα/α, where α is a risk preference parameter, with α = 1, α < 1 and
α > 1 corresponding to risk neutrality, risk aversion and risk loving behavior, respectively.
Using this functional form, we first calculate the value of α such that an individual with
risk parameter α is exactly indifferent between Option A, the safe choice, and Option B,
the risky choice, for each of the 10 paired lottery choices in the Holt-Laury procedure. The
10 choices can be found in Appendix D (experimental instructions). For example, in choice
i, the payoff from Option A is x̄A = $4.0 with probability pi = i/10 and xA = $3.2 with
probability 1 − pi, while Option B offers x̄B = $7.5 with probability pi and xB = $0.2 with
probability 1 − pi.16 An agent who is indifferent between the two options in choice i has

16The payoffs we used in the lottery are twice the payoffs used in the low stakes treatment of Holt and
Laury (2002). Given the CRRA assumption, the two sets of payoffs should lead to the same estimation of α
given the same switch point.
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preferences u(x, α̂i), with α̂i solving EuA(x, α̂i) = EuB(x, α̂i) or

pix̄
α̂i
A + (1− pi)xα̂iA = pix̄

α̂i
B + (1− pi)xα̂iB .

In the Holt-Laury data elicited from the experiment, we observe the number of safe (A)
choices that each subject made (denoted by nA). We now describe how we estimate α(nA),
the risk parameter as a function of the number of safe choices.

Figure 2: Distribution of the Number of Safe Choices (Lottery A) in Holt-Laury Task

Table 7: Estimation of the CRRA Parameter from the Holt-Laury Task
Choice i nA pi α̂i α(nA)

0 2.7128
1 1 0.1 2.7128 2.3298
2 2 0.2 1.9468 1.7167
3 3 0.3 1.4866 1.3146
4 4 0.4 1.1426 0.9981
5 5 0.5 0.8536 0.7211
6 6 0.6 0.5885 0.4562
7 7 0.7 0.3288 0.1766
8 8 0.8 0.0294 −0.1695
9 9 0.9 −0.3684 −0.3684
10 10 1 −∞ −0.3684

Notes. We assume subjects have CRRA utility functions, u(x) = xα/α.

If we observe that a subject switched from the safe Option A to the risky Option B at the
ith choice (or equivalently, with nA = i), then we infer that the subject is indifferent between
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option A and option B at a choice with a p value lying between pi and pi+1, and his/her
risk parameter lies on the interval [α̂i+1, α̂i]. We estimate the subject’s risk parameter as
the midpoint of this interval.17 For instance, if a subject chooses Option A for the first four
choices (nA = 4) and switches to option B beginning with choice 5, that implies the subject
is indifferent between Option A and Option B when p takes a value between 0.4 and 0.5.
Therefore, the risk parameter of this subject lies between α̂5 and α̂4, i.e., in the interval
(0.8536, 1.1426). We estimate this subject’s risk parameter as 0.9981, the midpoint between
α̂4 and α̂5.

If a subject always chose the risky option B, then the interval for the estimate of his/her
risk parameter is open and we use the lower bound of 2.7128. If the subject chooses the safe
option A nine or ten times, then the interval for the estimate of his/her risk parameter is
again open, and we use the upper bound of −0.3684.

Table 7 provides a summary of α(nA), the estimated value of the risk parameter as a function
of the number of safe choices, nA, made by individual subjects. Table 7 suggests that risk
neutral subjects (those whose true α = 1) would switch from option A to option B after the
fourth choice (nA = 4), and risk averse (loving) agents would switch later (earlier). Out of
the 147 participants, 13, or 9% (who chose 4 safe choices), can be classified as risk-neutral,
117 or 80% (who chose more than 4 safe choices) are classified as risk-averse and 17 or 11%
(who chose 0-3 safe choices) are classified as risk-loving. Figure 2 shows a histogram of the
number of safe choices across all sessions. The results are consistent with previous findings
in the literature.18

4.2 Static Risk-adjusted FV

In this subsection, we use the estimated risk parameter to calculate the static risk-adjusted
market FV (steps 2 and 3 of the three-step procedure), and we examine whether it can
capture the traded price in our experiment.

First, we derive each subject’s demand for assets. Let m0 and s0 be the subject’s endowment
of money and shares, p be the market price, and s be the holding of shares after trading. An

17Our robustness checks show that the estimation of the market FV does not change significantly when
the estimated risk parameter takes on values other than the midpoint of the interval (e.g., either endpoint).

18Also consistent with previous findings in the literature, around 27% of subjects had multiple switch
points in the Holt-Laury task. For those cases, we count the number of times that each individual chose
option A and we use that as an approximation for nA, as if the subject had chosen Option A for the first
nA choices and Option B for the remaining choices.
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individual with risk parameter α solves the following portfolio choice problem

max
s

Σ∞t=1(1− δ)δt−1[tds+m0 + (s0 − s)p]α/α (1)

subject to: s ≥ 0;m0 + (s0 − s)p ≥ 0

where the two constraints imply there are no short sales of shares and subjects cannot
borrow money to buy shares. Let s(p) be the solution to (1), then the subject’s individual
net demand for shares is q(p) = s(p)− s0. We then construct the aggregate demand Q(p) as
the sum of individual demands. The market FV, V , solves Q(V ) = 0. In Table 8, we report
the estimated static risk-adjusted market FV which we denote by V1.19

Given that most (80%) of our subjects are risk averse, this risk-adjusted FV, V1, is always
found to be lower than the standard FV, V0 = 50, but V1 lies in a relatively small range
between 40.2 and 47.2 across all treatments. Incorporating risk attitudes toward uncertainty
in the value of total dividend payments brings the market FV closer to the traded prices in
market 3 of treatment A, which are repeated in the second column of Table 8 for comparison
purposes. However, for treatment A there is still a large gap between V1 and the market 3
traded prices. As Table 8 reveals, V1 averages 44.1 across all five sessions of Treatment A
while the actual average market traded price for the five sessions of Treatment A is lower at
20.3.

Table 9 reports on signed rank tests of the null hypothesis that the market traded prices are
equal to V1 or V0 = 50 in market 3 of our three treatments. There we see that for Treatment
A, market 3 our method of adjusting the static FV for market risk aversion still leads us
to reject the null of no difference in favor of the alternative that traded prices in market 3
of treatment A are significantly lower than V1 (p = 0.043). By contrast, for treatments B
and C, we see in Table 8 that market 3 average traded prices are higher than V1 (p = 0.043,
although the difference is modest in terms of magnitude at about 15% for treatment B and
20% for treatment C).

We conclude that the static risk-adjusted FV, V1, is unable to capture the actual mean
traded price in our experiment, especially in treatment A. We next ask whether a dynamic
risk-adjusted FV could account for the lower traded prices found in treatment A relative to
the other two treatments.

19We find the market-clearing price numerically, following the steps below. (1) Set the interval for possible
prices, for instance, from 1 to 100, with a fine grid, 0.1. Index these prices by j. (2) For each price pj in the
interval, use subjects’ individual risk parameter α measured in step 1 to solve the maximization problem (1)
and find the individual’s desired asset holding s(pj). The net demand for the individual is s(pj) − s0. (3)
Sum up the net demands across all subjects to get the net total demand Q(pj). (4) The equilibrium price is
the pj that minimizes |Q|.
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Table 8: Estimated Fundamental Value by Treatment and Session
Session Avg Mkt3 Price V0 V1 V2
A1 17.9 50 44.7 36.7
A2 11.5 50 44.5 36.7
A3 33.3 50 40.2 24.3
A4 16.5 50 46.2 36.8
A5 22.1 50 45.0 30.0

Treatment A 20.3 50 44.1 32.9
B1 45.0 50 44.9
B2 67.7 50 40.7
B3 49.5 50 44.6
B4 50.2 50 44.3
B5 45.3 50 43.9

Treatment B 51.5 50 43.7
C1 47.7 50 44.4
C2 46.8 50 44.5
C3 62.1 50 47.2
C4 49.5 50 44.3
C5 70.6 50 42.3

Treatment C 55.3 50 44.5
Notes. V0 is the standard (risk-neutral) FV; V1 is the static risk-adjusted FV; and V2 is the
dynamic risk-adjusted FV.

Table 9: p-values fromWilcoxon Signed Rank Tests: Average Market 3 Prices against Market
FVs
Treatment V0 V1 V2

A 0.043 0.043 0.138
B 0.686 0.043
C 0.686 0.043

Notes. V0 is the standard (risk neutral) FV, V1 is the static risk-adjusted FV, and V2 is the
dynamic risk-adjusted FV.

4.3 Dynamic Risk-adjusted FV

In this subsection we calculate the dynamic risk-adjusted FV for treatment A (for the other
two treatments, the static FV remains an appropriate benchmark). To incorporate the time
dimension of the resolution of payoff uncertainty into the analysis of the FV for treatment
A, we resort to a recursive preference specification due to Kreps and Porteus (1978) and
Epstein and Zin (1989). This specification involves two components: a risk aggregator that
aggregates risky payoffs within the same period, and a time aggregator that aggregates the
certainty equivalence of risky payoffs across periods. We adopt the popular specification,
due to Epstein and Zin (1989), that uses a constant elasticity of substitution (CES) time
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aggregator to combine the current payoff, in our case, the dividend d, with the certainty
equivalence value of all future payoffs.20 To calculate the FV of the asset in treatment A,
we consider a special case of the CES time aggregator where subjects treat the payoff in the
current trading period and the certainty equivalence of future payoffs as perfect substitutes.
This is a reasonable assumption (and perhaps the only assumption that can be made) for
time aggregation in the context of treatment A, because each trading period lasts for only two
minutes and it is hard to imagine subjects would have any motive to smooth payoffs across
different trading periods (or discount payoffs in later periods). For the risk aggregator, we
continue using the CRRA specification to aggregate the risk associated with future payoffs.
With these assumptions, each subject solves the following portfolio choice problem:

max
s
ds+m0 + p(s0 − s) + δ1/αps (2)

subject to: s ≥ 0;m0 + (s0 − s)p ≥ 0

where the last term is the certainty equivalence of the lottery that pays ps with prob δ and 0

with prob 1− δ. Note it is assumed that the economy is in its stationary equilibrium where
the price of the asset is constant across time. The solution to (2) gives the individual’s
demand for the asset:

q =

{
m0

p
if p < d

1−δ
1
α

−s0 otherwise
,

We then construct the aggregate demand curves to calculate the dynamic market FV (V2)
following the same procedures as in the estimation of the static FV (V1). The estimated
V2 for treatment A is shown in Table 8. The p-values from Wilcoxon signed rank tests
comparing the market 2 and 3 traded prices with the estimated V2 values are shown in Table
9.

20Epstein-Zin preferences are commonly used in the finance literature to rationalize the equity premium
and risk-free rate puzzles (see, e.g., Campbell (2018)). These preferences relax the restriction that the
elasticity of inter-temporal substitution equals the reciprocal of the coefficient of relative risk aversion by
allowing different parameters for each, so that agents can treat current consumption values and the certainty
equivalence of future values in a nonlinear way that violates the independence axiom of expected utility
theory. Brown and Kim (2014) report experimental results from a choice menu elicitation (such as the
Holt-Laury risk elicitation as well as time and uncertainty resolution preferences) which reveal that most
subjects have an estimated coefficient of relative risk aversion that differs from their estimated inter-temporal
elasticity of substitution, consistent with the Epstein-Zin specification. Meissner and Pfeiffer (2018) conduct
an experiment that also uses the MPL method to test the recursive preference. Instead of monetary payments
the lotteries in their paper are defined over real consumption, represented by a real effort task and YouTube
watching time. They find that recursive utility has no predictive power in explaining preferences over the
temporal resolution of consumption uncertainty. We show that this non-expected utility approach can help
to account for differences that we observe in market traded prices when we change the timing of dividend
realizations under random termination.
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For treatment A, Table 8 reveals that the static and dynamic FVs are very different from
one another. The dynamic FV is always lower than the static FV, with the former being
in a range between 24.3 and 36.8, with a treatment average of 32.9. Compared with the
static FV, which averages 44.1, the dynamic FV is significantly closer to the average traded
price in market 3 of Treatment A, 20.3. A signed rank test reported in Table 9 suggests
that average traded prices in market 3 of treatment A are not significantly different from
the estimated dynamic FV at the 10% significance level (p-value = 0.138).

As shown above, the dynamic risk-adjusted FV, V2, greatly improves upon the static risk-
adjusted FV, V1, in terms of capturing the low traded price in the baseline indefinite-horizon
asset market (treatment A). However, there is still a noticeable gap between the estimated
market FV and the actual market price: the dynamic FV, V2, remains higher than the
average market 3 price by about 50% in treatment A (although not statically different from
the market price), and V1 is lower than the market price by about 15% in treatment B and
20% in treatment C (and statistically different from the market price). We summarize the
result in the following finding.

Finding 4 Market Price and Risk-adjusted FV.

1. For treatment A, the traded price in market 3 is significantly lower than the standard
FV or the static risk-adjusted FV. The dynamic risk-adjusted FV overestimates the
traded price by about 50%, but is not statistically significantly different (at the 10%
significant level) from the traded price.

2. For treatments B and C, the traded price in market 3 is significantly higher than the
static risk-adjusted FV predictions by about 15% and 20%, respectively, and are not
significantly different from the standard FV prediction.

5 Probability Weighting

Given the limited success of risk-adjusted FV in accounting for the experimental results, we
continue to search for additional/alternative explanations for the final market 3 traded prices,
especially for the low traded prices in treatment A. The second factor that we explore is the
possibility from cumulative prospect theory (Tversky and Kahneman, 1992) that subjects
employ probability weighting (PW) in evaluating the lotteries that characterize the asset.21

21Probability weighting, together with loss aversion and reference dependence, are fundamental principles
of prospect theory, an alternative to expected utility theory. Given that it is not clear what the appropriate
reference point is in the context of the market game that we study, we focus only on the probability weighting
aspect of Prospect Theory.
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In treatment A, the market ends and the asset becomes worthless with a small probability 0.1.
It may be that subjects overweight this small probability, thereby lowering their valuation
of the asset.22

In view of the limited success of risk attitude in explaining the traded price, in this section
we will calculate the market FV assuming risk neutrality. For treatment A, similar to the
consideration of risk attitudes, it is important to distinguish whether subjects perceive the
asset as a static or dynamic lottery. For the other two treatments, it is more appropriate to
consider the static FV.

Probability weighting works as follows. Suppose agents face a risky prospect with n (ordered)
outcomes x1 < x2 < xi < ... < xn, each with probability p1, p2, ..., pi, ..., pn. Probability
weighting transforms each of the original probabilities, pi, through two functions πi(·) and

w(·), with commonly used functional forms πi = w

(
n∑
j=i

pj

)
− w

(
n∑

j=i+1

pj

)
and w(q) =

qγ

[qγ+(1−q)γ ]1/γ . The effect is that small probabilities are over-weighted while large probabilities
are under-weighted relative to their true values. We set γ = 0.71 following Wu and Gonzalez
(1996).23

The estimation of risk-neutral FV under probability weighting follows a two-step procedure.
The first step is to transform the probabilities of the lottery outcomes. In the second step,
we use the transformed probabilities to calculate the expected value of the lottery. Note that
under the assumption of risk neutrality, the expected value of the lottery is also the market
FV.

In the case of the static lottery, the weighted probability of receiving t dividends is given by
the following equation (refer to Appendix B for more details):

π(td) = w(δt−1)− w(δt).

As a result, the extreme outcomes (i.e., receiving t dividends when t ≥ 22 or when t ≤ 2)

22Ackert et al. (2009) report direct evidence of probability judgment errors on low-probability, high-payoff
events in a SSW type of experimental asset market, and find the probability judgment error is correlated
with the occurrence of asset price bubbles measured relative to the standard FV. Although our experimental
design was not intended to directly measure the effect of biased probability judgments, we find that, consistent
with Ackert et al. (2009), probability weighting helps to explain the traded price in our experimental asset
markets. Different from Ackert et al. (2009), we also investigate the contribution of risk preferences and
dynamic considerations, and formally model the three components in our calculation of the new market FV
measure.

23As we did not elicit subjects’ probability weighting parameters, we rely on values suggested in the
literature. Other values of γ suggested are 0.56 in Camerer and Ho (1994) and 0.61 in Tversky and Kahneman
(1992). We use the highest value of γ among the three, 0.71, as it involves the least distortion of the objective
probabilities. We will also discuss the implications of different γ values later.
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are overweighted and other outcomes are underweighted, given the functional form of w(),
our choice of δ = 0.9 and the value γ = 0.71. The risk-neutral, probability-weighted market
FV is the expected value of dividend payments using the weighted probabilities, π(td) =

w(δt−1)− w(δt), in place of the original probabilities, (1− δ)δt−1:

V PW
1 =

∞∑
t=1

[w(δt−1)− w(δt)](td) = 57.3.

To derive probability-weighted dynamic FV, we first transform the probabilities of the two-
outcome lottery: the share maintains its value with probability π2 = w(0.9) − w(0) =

w(0.9) < δ = 0.9 and loses all of its value with probability π1 = w (1) − w (0.9) = 1 −
w(0.9) > 1 − δ = 0.1. As a result, the bad outcome is overweighted and the good outcome
is underweighted. The risk-neutral probability-weighted dynamic FV is

V PW
2 =

d

1− π2
= 23.6.

The (risk-neutral) probability-weighted FV seems to capture the traded price in all three
treatments reasonably well. For treatment A, the dynamic probability-weighted FV is 23.6,
which is only slightly above the average price in market three, 20.3. The signed rank test
suggests that the average traded prices in market three of treatment A are not significantly
different from the probability weighted dynamic FV. Table 10 lists the p-value of the signed
rank tests. The p-value for the test between probability-weighted dynamic FV and aver-
age market 3 price in treatment A is 0.345. For treatments B and C, the p-value for the
test between probability-weighted static FV and average market 3 price is 0.225 and 0.686,
respectively. We summarize the analysis in this section as the finding below.

Finding 5 Market Price and Risk-Neutral Probability-weighted FV.

1. For treatment A, the traded price in market 3 is not significantly different from the
probability-weighted dynamic FV.

2. For treatments B and C, the traded prices in market 3 of treatment B and C are not
significantly different from the standard FV or the static probability-weighted FV.

Before concluding, we would like to make two remarks. First, we have also tried combin-
ing risk attitudes and probability weighting for the calculation of market FV (the detailed
procedure can be found in Appendix D). Although risk adjustment is neither sufficient nor
necessary to rationalize the traded prices in our data, the risk-adjusted probability-weighted
FV is not significantly different from the traded prices in all three treatments (again we use
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Table 10: p-values from Wilcoxon Signed Rank Tests: Average Market 3 Prices against Risk
Neutral Probability-Weighted Market FVs
Treatment V PW

1 V PW
2

A 0.043 0.345
B 0.225
C 0.686

Notes. V PW
1 is the risk-neutral probability-weighted static FV, and V PW

2 is the risk-neutral
probability-weighted dynamic FV.

the dynamic FV for treatment A and the static FV for treatments B and C). In addition,
risk adjustment results in a wider range of values for γ that can rationalize the prices we
observe in treatment A and the other two treatments as well relative to the absence of risk
adjustment (the risk neutral) case.24 Therefore, although the effect of risk preferences is not
crucial, we cannot exclude its potential marginal contribution to the experimental results
either.

The second remark is that the probability-weighted dynamic FV is also consistent with the
convergent traded prices in SSW-type markets. For example, in one configuration used in
SSW the asset lasts for a finite number of periods, and in each period, the dividend follows
an iid distribution with four possible outcomes {0 4 8 20} with equal probabilities. The
standard FV is = 8× the number of remaining periods. The weighted probabilities assuming
γ = 0.71 as above are {0.3611, 0.1783, 0.1677, 0.2929}. The probability-weighted dynamic
FV is = 7.9122× the number of remaining periods, which is very close to (98.9% of) the
standard FV.

6 Conclusion

Most asset pricing models employ infinite horizons, as the duration of assets, such as equities,
is typically unknown. By contrast, experimental asset markets typically have finite horizons
making it difficult to test the predictions of infinite horizon models. While strictly speak-
ing infinite horizons cannot be studied in the laboratory, one can mimic the environment
with indefinite horizons, where in each period the asset continues to yield future dividend
payments with a known probability. If agents are risk-neutral expected utility maximizers,
then the probability that the asset continues to yield payoffs plays the role of the discount
factor and the price predictions under the infinite horizon economy extend to the indefinitely

24For the risk-adjusted FV, the range of γ that is consistent with the traded price in all three treatments
(in the sense that a Wilcoxon signed rank test comparing the risk-adjusted FV with traded prices has a
p-value higher than 0.1) is [0.54,0.85], while it shrinks to [0.65,0.76] for the risk neutral FV.

27



repeated environment. In both environments, the fundamental price of the asset is constant
over time and equal to the expected value of total dividend payments, a standard measure
of FV found in asset pricing models.

In this paper, we study the empirical relevance of the indefinite horizon model for understand-
ing the predictions of deterministic infinite horizon asset pricing models with discounting.
In our baseline treatment A, which implements a random termination design, we find that
experienced subjects consistently price the asset below the standard FV a finding that is new
to the literature.

Compared with the infinite horizon model with discounting, the indefinite horizon model
introduces two types of risks, risk in dividend payoffs (payoff uncertainty) and risk in the
duration of trading (trading horizon uncertainty). In order to understand whether the low
trading price can be attributed to these risks, we consider two additional treatments with a
two-stage design. In the first stage, subjects trade assets without receiving or observing the
dividend payments on those assets. In the second stage, they observe dividend realizations,
and the total dividend payoff replicates the distribution in the baseline treatment. The
two auxiliary treatments differ in that the number of trading periods is fixed in one, and
uncertain in the other. In these two auxiliary treatments the asset is priced close to the
standard FV and to each other.

As a result, we conclude that neither uncertainty about the trading horizon nor uncertainty
regarding total dividend payoffs can account for the low traded prices observed in the baseline
treatment A relative to the other two treatments. Instead, the experimental results suggest
that the temporal resolution of payoffs plays a critical role in accounting for the low traded
price in treatment A relative to the other two treatments. While this was initially a surprise
to us, it is intuitively quite reasonable. As the baseline treatment features temporal resolution
of payoff uncertainty, subjects in that treatment are more likely to view the asset as a
dynamic lottery. In each period, the asset consists of two parts: certain dividend payments
in the current period and an uncertain continuation value in the future. In the other two
treatments, as dividend realizations are realized quickly together following the trading stage,
subjects are more likely to view the asset as a static lottery and care about the total dividend
payments.

Under the assumption of risk neutrality, the valuation of the dynamic lottery coincides with
the valuation of the static lottery over the distribution of total dividend payments. However,
once we deviate from risk neutrality, the valuation of the static and dynamic lotteries deviate
from each other. To investigate whether risk attitudes together with dynamic considerations
could account for the low traded prices in treatment A, we introduce a new procedure to
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adjust the estimated FV for observed heterogeneity in subjects’ risk attitudes (and departures
from risk neutrality). For moderately risk averse subjects (as we have in our experiment and
which are typically found in asset pricing experiments), the risk-adjusted dynamic FV can
account for a significant fraction of the low traded price that we observe in our baseline
treatment A. However, it still overshoots the traded price in treatment A by a noticeable
margin. In addition, the (static) risk-adjusted FV tends to undershoot the traded price
in the other two treatments. Therefore, the risk-adjusted FV has only limited success in
accounting for the experimental results.

Finally, we combined probability weighting (according to which subjects overreact to the
small probability of market termination) with the recursive preference specification that
accounts for the temporal resolution of payoff uncertainty. We find that with this approach
we are able to fully rationalize the low traded prices observed in our baseline treatment.
Incorporating probability weighting can also fully rationalize the observation that the traded
price in these two treatments is close to the standard FV.

Our findings are of relevance to both finance and experimental researchers. For finance
researchers, our results suggests that in the presence of risk non-neutrality or probability
weighting, modelling the asset as a static lottery over total dividend payments could be
misleading in calculations of the FV of the asset. We have also provided some empirical
support for probability weighting in the context of asset markets where subjects both trade
and receive dividends from their asset holdings.

An important take-away for experimental economists is that the mis-pricing behavior found
in experimental asset markets may be quite different under random termination, as com-
pared with the more typically studied finite horizon case which follows the lead of Smith et
al. (1988). Rather than finding over-pricing relative to the standard FV (“bubbles”) among
inexperienced subjects and close tracking of the standard FV among experienced subjects as
in the literature initiated by Smith et al. (1988), we find substantial under-pricing relative
to the standard FV in our baseline random termination treatment with experienced sub-
jects. We can rationalize this departure from the standard FV by incorporating probability
weighting to the valuation of the asset as a dynamic lottery.

Finally, while our experiment was not designed to directly test whether subjects engage in
probability weighting, we find that incorporating it helps to explain our experimental results,
while risk aversion plays a less important role. In future research involving asset markets
with indefinite horizons it would be of interest to directly elicit the parameter that biases the
probabilities, in a manner similar to the way in which we elicited individual risk preferences.
Note that the procedure that we developed to incorporate individual subjects’ risk into the
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estimation of market FV is quite general and can easily incorporate this additional individual
characteristic. We leave this exercise to future research.

30



References

[1] Ackert, L.F., N. Charupat, R. Deaves and B.D. Kluger (2009), "Probability Judgment
Error and Speculation in Laboratory Asset Market Bubbles," Journal of Financial and
Quantitative Analysis 44(3), 719-744.

[2] Asparouhova, E., P. Bossaerts, N. Roy, and W. Zame (2016), "Lucas in the Laboratory,"
Journal of Finance 71(6), 2727-2779.

[3] Ball, S.B. and C.A. Holt (1998), "Classroom Games: Speculation and Bubbles in an
Asset Market," Journal of Economic Perspectives, 12(1), 207-218.

[4] Brown, A. and H. Kim. (2014), "Do Individuals Have Preferences Used in Macro-Finance
Models? An Experimental Investigation," Management Science 60, 939-958.

[5] Camerer, C. F., and T. H. Ho (1994), Violations of the betweenness axiom and nonlin-
earity in probability. Journal of Risk and Uncertainty 8, 167-196.

[6] Camerer, C.F. and K. Weigelt (1993), "Convergence in Experimental Double Auctions
for Stochastically Lived Assets," in: The Double Auction Market: Institutions, Theories,
and Evidence, Proceedings Volume in the Santa Fe Institute Studies in the Sciences of
Complexity (14). Addison-Wesley, Reading, MA, pp. 355-396.

[7] Campbell, J.Y. (2018), "Financial Decisions and Markets: A Course in Asset Pricing,"
Princeton: Princeton University Press.

[8] Crockett, S., J. Duffy and Y. Izhakian (2019), "An Experimental Test of the Lucas
Asset Pricing Model," Review of Economic Studies, 86(2), 627-667.

[9] Epstein, L.G.; and S.E. Zin (1989), "Substitution, Risk Aversion, and the Temporal
Behavior of Consumption and Asset Returns: A Theoretical Framework," Econometrica
57(4), 937-969.

[10] Fenig, G., M. Mileva, and L. Peterson (2018), "Deflating asset price bubbles with lever-
age constraints and monetary policy," Journal of Economic Behavior and Organization
155, 1-27.

[11] Fischbacher, U. (2007), "z-Tree: Zurich toolbox for ready-made economic experiments,"
Experimental Economics 10(2), 171-178.

[12] Frechette G. and S. Yuksel (2017), "Infinitely Repeated Games in the Laboratory: Four
Perspectives on Discounting and Random Termination," Experimental Economics 20,
279-308.

[13] Giusti, G., J. H. Jiang and Y. Xu (2016), "Interest on Cash, Fundamental Value Process,

31



and Bubble Formation on Experimental Asset Markets," Journal of Behavioral and
Experimental Finance 11, 44-51.

[14] Greiner, B. (2004), "An Online Recruitment System for Economic Experiments."
Forschung und wissenschaftliches Rechnen GWDG Bericht 63, K. Kremer and V. Macho
(Eds.), pp. 79-93.

[15] Halim, E., Y. E. Riyanto and N. Roy (2020), "Sharing Idiosyncratic Risk Even Though
Prices are ‘Wrong’ ", working paper.

[16] Hens, T. and S.C. Steude (2009), "The Leverage Effect Without Leverage," Finance
Research Letters 6, 83-94.

[17] Holt, C.A., and S.K. Laury (2002), "Risk Aversion and Incentive Effects," American
Economic Review 92(5), 1644-1655.

[18] Hommes, C.H., J. Sonnemans J. Tuinstra and H. van de Velden (2005), "Coordination
of Expectations in Asset Pricing Experiments," Review of Financial Studies 18(3), 955-
980.

[19] Hommes, C.H., J. Sonnemans J. Tuinstra and H. van de Velden (2008), "Expectations
and Bubbles in Asset Pricing Experiments," Journal of Economic Behavior and Orga-
nization 67, 116-133.

[20] Kirchler, M., J. Huber and T. Stockl (2012), "Thar she bursts–Reducing confusion
reduces bubbles," American Economic Review 102, 865-83.

[21] Kopányi-Peuker, A. and M. Weber (2021), "Experience Does Not Eliminate Bubbles:
Experimental Evidence," Review of Financial Studies 34, 4450-4485.

[22] Kose, T. (2015), "Price Convergence and Fundamentals in Asset Markets with
Bankruptcy Risk: An Experiment," International Journal of Behavioural Accounting
and Finance, 5(3/4), 242-278.

[23] Kreps, D., and E. Porteus (1978), "Temporal Resolution of Uncertainty and Dynamic
Choice Theory," Econometrica 46(1), 185-200.

[24] Meissner, T. and P. Pfeiffer (2018), "Measuring Preferences Over the
Temporal Resolution of Consumption Uncertainty," SSRN Working paper,
https://ssrn.com/abstract=2654668 or http://dx.doi.org/10.2139/ssrn.2654668.

[25] Noussair, C.N., S. Robin, and B. Ruffieux (2001), "Price Bubbles in Laboratory Asset
Markets with Constant Fundamental Values," Experimental Economics 4, 87-105.

[26] Noussair, C.N. and S. Tucker (2013), "Experimental Research on Asset Pricing," Journal

32



of Economic Surveys 27, 554-569.

[27] Palan, S. (2009), "Bubbles and Crashes in Experimental Asset Markets," Berlin:
Springer-Verlag.

[28] Palan, S. (2013), "A Review of Bubbles and Crashes in Experimental Asset Markets,"
Journal of Economic Surveys 27, 570-588.

[29] Roth, A.E., and Murnighan, J.K. (1978), "Equilibrium Behavior and Repeated Play of
the Prisoners’ Dilemma," Journal of Mathematical Psychology 17, 189-198.

[30] Sherstyuk, K., N. Tarui, and T. Saijo (2013), "Payment Schemes in Infinite-Horizon
Experimental Games," Experimental Economics 16, 125-153.

[31] Smith, V.L., G.L. Suchanek, and A.W. Williams (1988), "Bubbles, Crashes, and En-
dogenous Expectations in Experimental Spot Asset Markets." Econometrica 56, 1119-
1151.

[32] Stockl, T., J. Huber, and M. Kirchler (2010). "Bubble measures in experimental asset
markets." Experimental Economics 13, 284–298.

[33] Weber, M., J. Duffy and A. Schram (2018), "An Experimental Study of Bond Market
Pricing," Journal of Finance, 73, 1857-1892.

[34] Wu, G., and R. Gonzalez (1996), "Curvature of the probability weighting function,"
Management Science 42, 1676-1690.

33



Appendix A Average Traded Prices by Session (for On-

line Publication)

Figure A.1: Average Traded Prices Over Time for Each Session, Grouped by Treatment

Notes : The green horizontal line is the standard FV, which is euqal to 50.
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Appendix B Probability Weighting (for Online Publica-

tion)

In this appendix, we explain how probability weighting is conducted in our analysis. We
first provide a short description about probability weighting. Suppose agents face a risky
prospect with n outcomes x1 < x2 < xi < ... < xn, with probability p1, p2, ..., pi, ..., pn.
Probability weighting transforms the original probability pi to wi through

πi = w

(
n∑
j=i

pj

)
− w

(
n∑

j=i+1

pj

)
= w (qi)− w (qt+1) ,

and one often-used functional form for w(·) is

w(q) =
qγ

[qγ + (1− q)γ]1/γ
.

Note the following:

1. The function w(·) is applied to the cumulative density function, where qi =
n∑
j=i

pj is

the cumulative probability of getting an outcome weakly better than xi, i.e., Pr(x ≥
xi), and qi+1 =

n∑
j=i+1

pj is the the probability of outcomes strictly better than xi.

The transformed density probability πi is derived from the transformed cumulative
probabilities.

2. The transformed probabilities πi satisfy
n∑
i=1

πi = 1.

3. We say event i is overweighted if πi > pi, and underweighted if πi < pi. Note that since

πi
pi

=
w (qi)− w (qi+1)

pi
,

whether event i is over/under weighted depends on the slope of the line that connects
the two points (qi, w(qi)) and (qi+1, w(qi+1)). If there are many events, then the slope
of this line can be approximated by the slope of the function w at point qi. Note
that qi is cumulative probability counting events better than event i (not counting
downward as in convention). Roughly speaking, event i is overweighted if w′(qi) > 1

and underweighted if w′(qi) < 1.

Next we describe how to apply probability weighting to our experimental treatments. In
treatment A, at the end of each period after the dividend payment of 5 points, there is a
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random draw that determines whether the market will continue. With probability δ = 0.9,
the market continues, and with probability 1−δ = 0.1, the market ends. So from a subject’s
point of view, there are two outcomes, the bad outcome has a small probability of 0.1.

outcome i prob (pi)

1: market ends (bad) p1 = 1− δ = 0.1

2: market continues (good) p2 = δ = 0.9

We can calculate transformed probabilities πi as follows:

π1 = w (1)− w (0.9) = 1− w(0.9) > 0.1

π2 = w(0.9)− w(0) = w(0.9) < 0.1

so that the bad outcome is overweighted and the good outcome is underweighted.

In treatments B and C, subjects trade the asset first (for a fixed 10 periods in treatment
B and a random number of periods in treatment C), and then learn about the dividend
realizations of the underlying asset in a separate stage. In the dividend realization stage,
subjects get one dividend for sure, after that, there is a random draw, with probability
0.1, dividend payment stops, and with probability 0.9, dividend payment continues. The
asset can be viewed as the following lottery: outcome i (i.e., i dividends) with probability
pi = δi−1(1− δ) for i = 1, 2, ...∞.

outcome i
d

2d

...
id

...

prob (pi)
1− δ = 0.1

δ(1− δ) = 0.09

...
δt−1(1− δ)
...

Define D as the random variable of accumulated dividends. According to the probability
weighting function, the weighted probability of receiving i dividends is

πi = π(id)

= w(Pr(D ≥ id))− w(Pr(D > id))

= w(qi)− w(qi+1)

= w(δi−1)− w(δi)
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For examples,

π1 = π(d) = w (1)− w (0.9) = 1− w(0.9),

π2 = w(0.9)− w(0.81).

Note that π(d) for treatments B and C is the same as π(bad) in treatment A.

As mentioned earlier, for a prospect involving many outcomes, whether an event i is over/under
weighted can be approximated by whether w′(qi) > 1. In figure B.1, we draw the function
w(q) using γ = 0.71 and the 450 line (which corresponds to γ = 1 and leads to the objective
probabilities per se). We solve w′(q) = 1 which has two solutions q= 0.11 and q̄ = 0.835.
Roughly speaking, events with qi lying within the interval [q,q̄] are underweighted, while
those with qi lying outside the interval are overweighted. In the case of treatments B and C,
extremely good and bad outcomes are overweighted, while the outcomes in the middle are
underweighted. With γ = 0.71, we know d and 2d are overweighted, and events with more
than 22 dividends are also overweighted. The rest are underweighted. The solution 22 is
acquired from solving the equation qi = δi−1 =q or ı̄ =

log q

log δ
+ 1.

Figure B.2 shows the effect of probability weighting using γ = 0.71, plotting the transformed
probabilities π against the original probabilities (the dotted line is the 45 degree line). For
treatment A, after probability weighting, the bad outcome is overweighted, and the good
outcome is underweighted. For treatments B and C, the worst two outcomes and very good
outcomes are overweighted, and the rest outcomes are underweighted.
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Figure B.1: Transformed Probabilities

Figure B.2: Transformed Probabilities in Treatments
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Appendix C Risk-adjusted FV with Probability Weight-

ing

In this appendix, we illustrate how to calculate the market FV incorporating both individual
subjects’ risk attitudes and probability weighting. We will follow the same three-step pro-
cedure to estimate the risk-adjusted FV without probability weighting as in section 4. The
only difference is that we will use the transformed probabilities, πi, in place of the original
probabilities, pi, in both the Holt-Laury task and in the lotteries characterizing the asset
being traded (as in section 5).

In step 1, the estimation of the risk parameter, α(nA), uses the transformed probabilities
πi in place of the original probabilities pi. We update Table C.1 to include the transformed
probabilities and the estimated risk parameter with probability weighting, denoted by αPW .
Probability weighting increases small probabilities (for pi < 0.4) and decreases large prob-
abilities (for pi > 0.4). In both estimations with and without probability weighting, risk
neutral agents would switch from option A to option B after the fourth choice. Probability
weighting makes the estimated CRRA parameter as a function of the number of safe choices
pivot at the risk neutral value for nA, i.e., 4, and become flatter. The estimated αPW (nA) is
smaller than α(nA) for risk-seeking individuals and αPW (nA) is larger than α(nA) for risk-
averse individuals. The distribution of αPW (nA) is therefore more condensed in the direction
of the risk-neutral case (α = 1).

Table C.1: Calculation of the CRRA Parameter from the Holt-Laury Task
w/o Prob. Weighting (γ = 1) with Prob. Weighting (γ = 0.71)

Choice i nA pi α̂i α(nA) πi α̂i αPW (nA)
0 2.7128 2.1566

1 1 0.1 2.7128 2.3298 0.17 2.1566 1.9151
2 2 0.2 1.9468 1.7167 0.25 1.6736 1.5272
3 3 0.3 1.4866 1.3146 0.33 1.3807 1.2688
4 4 0.4 1.1426 0.9981 0.40 1.1569 1.0601
5 5 0.5 0.8536 0.7211 0.46 0.9633 0.8716
6 6 0.6 0.5885 0.4562 0.53 0.7798 0.6851
7 7 0.7 0.3288 0.1766 0.60 0.5903 0.4812
8 8 0.8 0.0294 −0.1695 0.68 0.3721 0.2198
9 9 0.9 −0.3684 −0.3684 0.79 0.0674 0.0674
10 10 1 −∞ −0.3684 1 −∞ 0.0674

Notes. We assume subjects have CRRA utility functions, u(x) = xα/α.

In step 2, we derive the individual demand for the asset by solving (1), using the risk pa-
rameter estimated in step 1, and the transformed probabilities for the lotteries characterizing
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Table C.2: Estimated Fundamental Value by Treatment and Session
w/o Prob. Weighting with Prob. Weighting

(γ = 1) (γ = 0.71)
Session Avg Mkt3 Price V0 V1 V2 V0 V1 V2
A1 17.9 50 44.7 36.7 57.3 51.9 21.0
A2 11.5 50 44.5 36.7 57.3 52.2 21.0
A3 33.3 50 40.0 24.3 57.3 45.7 17.1
A4 16.5 50 46.2 36.8 57.3 52.7 24.8
A5 22.1 50 45.0 30.0 57.3 51.8 21.0

Treatment A 20.3 50 44.1 32.9 57.3 50.9 21.0
B1 45.0 50 44.9 57.3 51.9
B2 67.7 50 40.7 57.3 46.3
B3 49.5 50 44.6 57.3 52.0
B4 50.2 50 44.3 57.3 50.9
B5 45.3 50 43.9 57.3 51.3

Treatment B 51.5 50 43.7 57.3 50.5
C1 47.7 50 44.4 57.3 51.6
C2 46.8 50 44.5 57.3 52.0
C3 62.1 50 47.2 57.3 54.1
C4 49.5 50 44.3 57.3 51.4
C5 70.6 50 42.3 57.3 49.4

Treatment C 55.3 50 44.5 57.3 51.7
Notes. V0 is the standard (risk-neutral) FV; V1 is the static risk-adjusted FV; and V2 is the
dynamic risk-adjusted FV.

the asset described in Appendix B. Step 3 remains the same as before, while we find the
price that clears the market.

Table C.2 shows the estimated market FV with probability weighting (for comparison, the
estimated market FV without probability weighting is also listed). As the rightmost columns
of Table C.2 reveal, probability weighting increases the treatment average static FV, V1,
moderately, from 43.7 to 50.5 for treatment B, and from 44.5 to 51.7 for treatment C,
bringing the static FV closer to the average market 3 traded prices in treatments B and C
(51.5 in treatment B and 55.3 in treatment C). Further, we see that probability weighting
reduces the treatment average dynamic FV, V2 for treatment A from 32.9 to 21.0, which is
very close to the average market 3 traded price of 20.3 in treatment A.

With probability weighting, using a Wilcoxon signed rank test (see table C.3), we cannot
reject the null that the average price in the third market of treatment A differs from the
dynamic FV, V2, while it is significantly different from the standard FV, V0, and the static
risk-adjusted FV, V1. For the other two treatments, the traded price is not significantly
different from all three FVs. These results suggest that the market FV under recursive
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Table C.3: p-values from Wilcoxon Signed Rank Tests: Average Market 3 Prices against
Risk-adjusted Probability-Weighted Market FVs
Treatment V PW

1 V PW
2

A 0.043 0.686
B 0.500
C 0.686

Notes. V PW
1 is the risk-neutral probability-weighted static FV, and V PW

2 is the risk-neutral
probability-weighted dynamic FV.

utility with probability weighting can account for the traded price in all three treatments.

We have discussed how to estimate different market-based measures of the FV and evaluate
their ability to account for the traded price in market 3. It is useful to summarize this
discussion in the following findings.

Finding C.1 Market Price and FV: Treatment A (BRT).

1. For treatment A, the traded price in market 3 is significantly lower than the standard
FV or the static risk-adjusted FV, regardless of whether or not probability weighting is
considered.

2. The average traded prices are not statistically significantly different (at the 10% signif-
icant level) from the dynamic risk-adjusted FV, regardless of whether or not probability
weighting is considered. Probability weighting brings the dynamic FV closer (from 32.9
to 21.0) to the average traded price in the final market of Treatment A (20.3).

3. The average traded prices are not statistically significantly different (at the 10% signif-
icant level) from the dynamic FV with probability weighting, regardless of whether risk
attitudes are considered.

Finding C.2 Market Price and FV: Treatments B (D-2) and C(BRT-2).

1. Without probability weighting, the traded prices in market 3 of treatments B and C are
significantly higher than the static risk-adjusted FV predictions, and are not signifi-
cantly different from the standard FV prediction.

2. With probability weighting, the traded prices in market 3 of treatment B and C are not
significantly different from the standard FV or the static risk-adjusted FV.
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