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Abstract
We perform two types of lab experiments to assess the normative and positive appeal
of preference models exhibiting ambiguity aversion. Our first experiment is a simple
extension of the Ellsberg [1961] two-color urn experiment in which there is an option
that hedges ambiguity away completely and that dominates the options that correspond
to Ellsberg behavior. 63% of subjects choose the dominated Ellsberg options, which
compares similarly to the proportion of subjects choosing the risky urn in the standard
two-color experiment. While subjective expected utility cannot explain this choice, also
none of the classical models of ambiguity aversion can explain this choice. Our second
experiment is also based on the Ellsberg two-color urn experiment. In this experiment,
in various treatments, we provide advice in the form of short video clips in favor of, as
well as against, the Ellsberg choice. We find suggestive, but not conclusive, evidence that
subjects’ choices are influenced by advice and, in these cases, mostly in the direction of
abandoning the Ellsberg option.
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Introduction

There is currently substantial interest in how one should understand the role of Knightian uncertainty in economic decision making. As famously pointed out by Ellsberg (1961), there exist
environments in which many people’s behavior cannot be reconciled with subjective expected
utility (SEU).
Let us begin by recalling one such environment, introducing labels that we utilize throughout
the paper. There are two urns. Urn 1 contains 49 White and 51 Red balls. Urn 2 contains
100 total balls, each of which is either Green or Yellow, but nothing more is known about the
composition of Urn 2. A decision maker (DM) is presented with a choice among 3 bets, which
we shall call bets on White, Green and Yellow, with payoffs that depend on the color of a single
ball to be drawn from each urn, as summarized in the table below.
Urn
White
Bet White
$10
Bet Green
n/a
Bet Yellow
n/a

1
Urn 2
Red Green Yellow
0
n/a
n/a
n/a
$10
0
n/a
0
$10

Table 1: Payoffs from two-urn experiment
Since there are only two possible prizes, risk attitudes do not influence behavior. In this
problem, the choice of Bet White cannot be accommodated by SEU. Recall, if White is weakly
preferred to Green, it must be that the DM expects that there are at most 49 Green balls
in Urn 2. Similarly, if White is weakly preferred to Yellow, it must be that the DM expects
that there are at most 49 Yellow balls in Urn 2, for a contradiction. Yet quite robustly, about
50 − 60% of experimental subjects choose White.1
This empirical observation has been interpreted, within a large and active literature, as the
consequence of preferences that embody an aversion to ambiguity. Our goal in this paper is to
identify two issues that, we think, the theoretical literature studying models that accommodate
non-neutral ambiguity attitudes would benefit from addressing more explicitly. We base our
comments on the design of two sets of lab experiments.
At the heart of our experimental design is the Raiffa [1961] hedge against ambiguity, which
works as follows. The DM flips a fair (objective) coin and bets Green if the coin lands on heads
and bets Yellow if the coin lands on tails. This mixed action, one can easily verify, provides
a state-independent winning probability of 50% in both states, i.e., regardless of whether the
draw from Urn 2 is green or yellow. As this is higher than the 49% winning probability from
1
See e.g., Oechssler and Roomets [2015] Section 2 for a survey on the experimental literature; see also Table
3.4 in Trautmann and Van De Kuilen [2015].
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betting White, this action indeed strictly dominates the Ellsberg choice.2
In light of this argument, we would like to focus on the question of how to best understand
and interpret Ellsbergian behavior, i.e., a bet on White, which is dominated by a mixed action
that bets on either Green or Yellow. There are (at least) two possibilities. First, it could
indeed be that DMs making Ellsberg choices are averse to ambiguity in the sense of one of
the various classical non-SEU models, that they realize that they could randomize and that
such a randomization is beneficial, but they do not have access to a randomization device or
cannot commit to the outcome of such randomization or for some other reason do not find it
beneficial. See e.g., [Seo, 2009, page 10], [Saito, 2015, pages 3-4], [Kuzmics, 2017, Section 4.2],
and [Ke and Zhang, 2017, Section 1.1] for a discussion of this issue. Second, it could also be
that the decision maker has simply not considered the possibility of using a random action, or
has not been able to perform the required calculations in her mind to convince herself of the
Raiffa [1961] argument, or has not been able to understand the argument. We assert that it
is important to distinguish these possibilities, as they have quite different interpretations and
implications for how to understand behavior.
Our experiments are designed to speak to all models of ambiguity aversion that satisfy
a monotonicity (or dominance) axiom and that evaluate objective lotteries in a way that is
consistent with first order stochastic dominance.3 As we accept the previously demonstrated
empirical robustness of Ellsbergian choices in lab experiments, our own experiments are not
designed to test a null hypothesis of subjective expected utility against the alternative of ambiguity aversion. Rather, we are interested in the null hypothesis of ambiguity aversion against
the alternative that subjects are confused and avoiding choices whose consequences they do not
fully comprehend.
Before describing the experiments in detail, we shall preview our findings. First, we identify
an experimental design with a decision problem that shares its main features in common with
the original two-color Ellsberg problem described above, but in which the “attractive” and
seemingly ambiguity-safe choice is strictly dominated by another (non-randomized) choice. We
find that the proportion of subjects who choose this “attractive” option in our design, 63%,
is just about the same as the proportion of subjects who choose the non-ambiguous choice
2

Kuzmics [2017], appealing to results in classical statistical decision theory – in particular the complete class
theorem of Wald [1947], has shown that this argument extends to all decision problems with ambiguity. Note
also that some researchers, such as Epstein and Schneider [2010], consider ambiguity averse preferences exactly
as a preference for randomization. See also Eichberger and Kelsey [1996].
3
These include most preference models reviewed in the recent survey of Machina and Siniscalchi [2014], such
as the maxmin expected utility model of Gilboa and Schmeidler [1989], the Choquet expected utility model
of Schmeidler [1989], the smooth ambiguity model of Klibanoff et al. [2005], the variational and multiplier
preference models of Maccheroni et al. [2006] and Hansen and Sargent [2001], confidence function preferences of
Chateauneuf and Faro [2009], uncertainty aversion preferences of Cerreia-Vioglio et al. [2011], and the incomplete
preference model of Bewley [2002]. One exception to this is the more behaviorally flavored model by Seo [2009],
although he also refers to “preferences”.
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(W ) in the baseline Ellsberg problem.4 This implies that all models of ambiguity aversion that
satisfy a dominance (often referred to as monotonicity) axiom are no better able to explain
these choices than is SEU. Moreover, based on the similarity of our experimental design to the
original Ellsberg problem, we venture to suggest that the behavior in both decision problems
is likely to be driven by the same forces, and that, therefore, these forces are mostly not an
aversion to ambiguity, at least not as it is frequently modeled, but rather a general confusion on
the part of subjects and an “aversion” to choosing something that they do not fully understand.
To explore the idea that subject confusion is the principal driving force behind Ellsberg
behavior, we propose a second experimental design. In this design we return to the original
two-color urn Ellsberg experiment where, again (but using a different mechanism), there is an
explicit choice that dominates the Ellsberg choice. But here, we focus on the effect of providing
subjects advice in the form of pre-recorded videos. We provide (different groups of) subjects
with (different selections of) two videos, one explaining the hedging argument in the spirit of
Raiffa [1961] and one explaining that conditional on the outcome of a coin flip the winning
probability of betting on Green or Yellow is still uncertain. Our results here suffer from a small
sample problem – induced by our initial belief that we would observe stronger treatment effects
– and we do not have many significant results. However, one result does clearly emerge: the
videos do change people’s choices. Inasmuch as this happens, we can conclude that subjects’
behavior depends not only on their preferences, whatever they may be, but also on how they
understand the decision making environment. In the case of Ellsberg-like experiments, this
understanding seems to be less than perfect.

2

Experiment 1

The design of the first experiment is as follows. The control case is the standard two-urn Ellsberg
environment described above. Denote the set of bets by B = {G, Y, W }. The treatment uses
the same urns, but before a subject makes her choice, she is shown two independent draws
(with replacement) from Urn 2. We refer to these two draws as the “informational draws”
because they do not directly affect payoffs. The possible results of the informational draws are
{GG, GY, Y G, Y Y }, letting G stand for Green and Y stand for Yellow. In this treatment, each
subject is asked to place a set of four conditional bets, i.e., to specify which bet (on White,
Green or Yellow) she would like to execute following each of the four possible realizations of the
informational draws. We call this set of conditional bets a decision rule. The elicitation of the
decision rule is done before the informational draws are conducted (but after this description
4

Surveying 39 Ellsberg-type experiments, in addition to running their own, Oechssler and Roomets [2015]
“find that, on average, slightly more than half of subjects are classified as ambiguity averse,” a figure which
includes a range of designs including both two- and three-urn environments.
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has been provided).5 We denote the decision rule that assigns (GG → a, GY → b, Y G →
c, Y Y → d) by (a, b, c, d) with a, b, c, d ∈ B. After the elicitation, the informational draws are
physically conducted and revealed to subjects, which then determine the bet from the decision
rule that is placed, after which we draw one ball from each urn to determine the payment
according to the chosen bet.6
The key observation about this treatment is that it offers subjects the opportunity to explicitly commit to a Raiffa [1961] hedge. Why is this so? Notice that for any composition (or
state) of Urn 2, conditional on the informational draws being “mixed”, i.e., realizing one of
each color, the two outcomes GY and Y G are equiprobable. Explicitly, when the realization of
the two informational draws are of different colors, the probability of “first Green then Yellow”,
and “first Yellow then Green”, are equal, i.e., P (GY |GY or Y G) = P (Y G|GY or Y G) = 1/2,
regardless of the composition of Urn 2, i.e., the state. Thus, by betting on Green for one of
the mixed outcomes and Yellow on the other, as in the decision rule (a, G, Y, d) or (a, Y, G, d),
the ex ante (i.e., at the time when the decision rule is chosen) probability of winning is 50%
conditional on a mixed realization of informational draws. In other words, in the case of a
mixed informational draw, the two outcomes serve precisely the role of Raiffa’s fair coin and
thus offer a hedge against the ambiguity of Urn 2.
It follows that every decision rule that bets on White following the mixed informational
draws, (a, W, W, d) is strictly dominated by another (pure) decision rule, e.g., by (a, G, Y, d). As
such, any non-SEU model that retains a dominance axiom precludes the choice of (a, W, W, d).
Most models, including the most widely applied models, that permit ambiguity aversion, such
as Gilboa and Schmeidler [1989] MEU, Schmeidler [1989] Choquet EU, Hansen and Sargent
[2001] multiplier preferences, Klibanoff et al. [2005] Smooth ambiguity, and others, deliberately
satisfy dominance and, consequently, are inconsistent with a preference for (a, W, W, d) over
(a, Y, G, d).
More generally, the Anscombe and Aumann [1963] representation of this experimental
environment is as follows. Given that Urn 2 contains exactly 100 balls, The state space,
Ω = {k/100|k ∈ {0, 1, ..., 100}}, is the set of all possible frequencies of green balls in Urn
2. The state describes all non-objective uncertainty in the experiment. A decision rule is a
function δ : {GG, GY, Y G, Y Y } → B from the set of possible informational draws to the set of
possible bets.
We first observe that, in state ω ∈ Ω, the ex ante probabilities of the four possible informational draws are ω 2 for informational draws GG, ω(1 − ω) for informational draws GY , (1 − ω)ω
for informational draws Y G, and (1 − ω)2 for informational draws Y Y . To evaluate the decision
5

In a game theoretic experiment, such a procedure is commonly referred to as the “strategy method”.
Detailed experimental protocols and instructions are provided in full in the appendices. We confine the
description in the main text to the basic procedures necessary to understand the experiments.
6
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rule δ = (a, b, c, d) in state ω ∈ Ω, we thus have
π(δ|ω) = ω 2 P (a|ω) + ω(1 − ω)P (b|ω) + (1 − ω)ωP (c|ω) + (1 − ω)2 P (d|ω),
where P (W |ω) = 49%, P (G|ω) = ω and P (Y |ω) = 1 − ω.
A Bayesian (or SEU) DM (can be modeled as one who) holds a belief µ ∈ ∆(Ω), where ∆(Ω)
denotes the set of probability distributions over Ω, and chooses a decision rule according to
P
max Eµ [π(δ|ω)] = max ω∈Ω π(δ|ω)µ(ω). In other words, the set of Bayesian decision rules is
the set of rules for which there exists a belief µ ∈ ∆(Ω) under which the decision rule yields the
highest probability of winning among all rules. It is straightforward to characterize Bayesian
decision rules in our setting.7
Observation
1. The
set
of
Bayesian
decision
rules
is
{(G, G, G, G), (G, G, G, Y ), (G, G, Y, Y ), (G, Y, G, Y ), (G, Y, Y, Y ), (Y, Y, Y, Y )}.

S

=

To understand why this is so, let us first point out that no Bayesian decision rule can include
a bet for White. The Bayesian DM holds a prior µ0 which, following the realization of any
pair of informational draws, is updated to some proper posterior belief µ1 ∈ ∆(Ω). But then,
following exactly the same argument as in the canonical two-color Ellsberg environment (as
also explained above) it must be that either betting on G or Y is best under beliefs µ1 . Thus a
Bayesian DM can never bet on W after any informational draws in our setup. Note next that
Bayesian decision rules must satisfy the following monotonicity property: if a Bayesian DM bets
on Y for some informational draw then this DM must also bet on Y for any informational draws
in which there are strictly more Y s, which follows immediately from Bayesian updating on the
informational draws. Finally, note that if the prior µ0 is symmetric around ω = 1/2 then the
posterior beliefs following either GY or Y G are also symmetric around 1/2, and consequently
(G, G, Y, Y ) and (G, Y, G, Y ) are (not uniquely) optimal in this case.
We are also interested in the set of decision rules that are undominated (by another pure
decision rule), as these are the rules that can potentially be obtained by a model that relaxes
SEU but preserves the dominance axiom. We have the following.
Observation 2. The set of undominated decision rules is N
=
{(G, G, G, W ), (G, G, W, Y ), (G, Y, W, Y ), (G, W, G, Y ), (G, W, Y, Y ), (W, Y, Y, Y )}.

S ∪

Notice that, for essentially the same reason, the undominated rules must obey a similar
monotonicity property to the Bayesian rules. The second aspect of undominated rules is that
they have at most a single bet for White. This is because a simple extension of Raiffa’s hedging
7

As will be clear from the subsequent argument, this characterization assumes a non-degenerate prior. One
can easily extend the analysis to allow for degenerate priors, in which case the set of Bayesian rules expands
since some observational draws are zero-probability events. While we did not (but in retrospect should have)
explicitly rule out such beliefs in our design, we feel they are of limited practical importance.
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argument verifies that a decision rule with two (or more) bets for White would be dominated
by the rule that replaced the first White with Green and the second White with Yellow. One
way to view the distinction between the Bayesian rules and the undominated rules, following
Kuzmics [2017], is that the former must be undominated by any mixture of decision rules,
whereas the latter need only be undominated by any pure rule. A mixed rule that dominates
the elements of N \S can be obtained by taking a 50/50 mixture between the two rules that
bet the same on the non-White bets, where one rule replaces the White with Green and the
other rule replaces the White with Yellow.8
Let us finally define the dominated rules as D as the complement of the undominated rules
N.
As we have already explained every rule (a, W, W, d), for any a, d ∈ {G, Y, W } is strictly
dominated by the rule (a, Y, G, d) (and also by (a, G, Y, d)) and hence is incompatible not only
with SEU (or a Bayesian DM) but also with all models of ambiguity aversion that satisfy the
dominance (or monotonicity) axiom.
N=27
W
G
Y
GG
4(14.8%) 23(85.2%)
0(0%)
GY 17(63.0%) 8(29.6%)
2(7.4%)
YG 18(66.7%) 7(25.9%)
2(7.4%)
YY
4(14.8%)
1(3.7%) 22(81.5%)
Decision Rule
GWWY
GGGY
WWWW
GGYY
WWWY
GGGG
GYWW
GYGY

Category Observation (percentage)
D
13(48.1%)
S
5(18.5%)
D
3(11.1%)
S
2(7.4%)
D
1(3.7%)
S
1(3.7%)
D
1(3.7%)
S
1(3.7%)

aWWd
17(63%)
aGYd(aYGd) 3(11.1%)
D
18(66.7%)
S
9(33.3%)
N \S
0

Table 2: Result of the first experiment
The main finding from our first experiment (see Table 2) is that 63% of subjects (17 of
27) choose a decision rule of the form (a, W, W, d) in this treatment. By comparison, only
11% choose decision rules that are compatible with the dominance requirement of the classical
ambiguity-sensitive models such as MEU. To be more specific, one third of our subjects adopted
a Bayesian decision Rule (S), two thirds adopted dominated a decision rule (D), and none
of them used an undominated but non-Bayesian decision rule (N \S). That is, we did not
8

Even though, it is of little relevance to the experiment, it is worth noting that under a denser state space,
there are an additional 12 undominated rules. All of these additional rules contain exactly one W , so that
(a, W, W, d) remains dominated.
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find evidence to support the flexibility beyond SEU provided by classical ambiguity aversion
models. Halevy [2007] motivates the study of non-neutral ambiguity preference models by
stating that “Ellsberg suggested several ingenious experiments that demonstrated that Savage’s
(1954) normative approach, which allows a modeler to derive subjective probabilities from the
decision maker’s preferences, faces severe descriptive difficulties.” One way to view our finding
here is the exhibition of a decision making environment – one quite close, in fact, to the very
environment that motivated the development of the models to which Halevy refers – in which
also the ambiguity-sensitive models have serious empirical difficulties.9
Yet we would certainly not go so far as to claim that our experiments refute the classical
ambiguity-sensitive models. First, even though our environment is similar to the canonical
Ellsberg environment, it is not clear to what extent the nature of our findings may generalize.
If it were to turn out that our environment was exceptional among the environments where
ambiguity-sensitive models have been fruitfully employed, then this would of course limit the
force of our observations. At present, we would like merely to encourage a more careful consideration of the positive, descriptive usefulness of the classical ambiguity-sensitive models.
Second, we should point out that the design of our experiment requires subjects to accept
the standard implications of statistical independence (or exchangeability), in particular, that
the independence of the informational draws implies that the two mixed cases are equally likely.
If a subject were to refuse this implication, she would not necessarily agree that (a, W, W, d) is
dominated by (a, G, Y, d). While we do not observe these beliefs in the experiment, our view is
that such beliefs are rather strange and we are aware of no argument that would advance such
beliefs as elements of any coherent model of decision making.10
Third, we observe that our experiment has a sequential aspect to it, giving rise to the
consideration of intertemporal preferences. The sequentiality in the experiment is trivial in the
sense that there is only one moment at which a single decision is made, and so there is no issue of
commitment or considerations of any possible time inconsistency or preference reversal. Yet at
that ex ante moment, when the choice is elicited, the decision maker anticipates that there will
later be an interim stage after which she has observed the informational draws, and then finally
an ex post stage at which point the bet has been resolved and a certain payoff realized. As far
as we know, the classical models of ambiguity sensitivity are not explicit about how to model
preferences in such an environment.11 In particular, consider a decision maker who thinks
9

Of course, SEU also fails to capture this data; as mentioned above, we are not concerned with testing the
performance of SEU in any particular environment.
10
Three subjects out of 27 chose (aGY d) or (aY Gd). In a non-incentivized questionnaire immediately following
the experiment, each of these subjects suggested they were choosing randomly in the mixed case. One of these
subjects even emphasized that this was “because the expected win percentage would be .5 there as opposed to
.49”.
11
Of note, if our experiment is considered to be non-trivially dynamic, then probably most experiments should
be considered as dynamic. In a dynamic environment with the possibility of preference reversals it is typically
assumed that early selves are trying to discipline future selves by committing to choices that future selves cannot
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as follows. She knows that at the interim stage she will have ambiguity averse preferences,
suppose those represented by MEU. Thus at the interim stage, given any realization of the
informational draws, she may (know that she will) prefer to bet White (the risky option from
Urn 1). If the decision maker takes the perspective that, notwithstanding her ex ante ability
to hedge, she would like to defer to her interim self’s preferences, then she may argue that
she should presently choose some (a, W, W, d), in order to satisfy her anticipated desires at the
interim stage. In other words, she may agree that the informational draws present a hedging
opportunity, yet not accept that she should take advantage of that opportunity. This is related
to some recent work in ambiguity aversion, in particular Saito [2015] and Seo [2009].
In light of the preceding assessment, our preferred interpretation of the experimental result
is that subjects are confused, by which we mean that they lack a complete understanding of the
environment and, in particular, how their choices map into outcomes. The hedging argument is
perhaps subtle, and its application to the mixed informational draws is likely not transparent
to the layperson. It could thus be reasonable for a subject to interpret the mixed informational
draws as not learning much about the composition of Urn 2, and so behaving similarly to how
she would behave in the canonical two-urn environment.
We therefore view the choice of (GW W Y ) as likely to be governed by essentially the same
considerations that motivate a subject to bet White in the baseline case. To the extent this is
true, and if the classical models of ambiguity sensitivity cannot explain the treatment data, then
they may not offer the ideal explanation for conventional Ellsbergian behavior either. It may
be that, instead of having a genuine preference to avoid ambiguous acts, subjects are confused
about their options or the consequences thereof, even in the classical Ellsberg experiments. Even
if these models are granted an “as if” interpretation, it seems important to distinguish between
these hypotheses, since the predictions will generally differ. This observation motivates, in part,
our second experiment, which we turn to presently.

3

Experiment 2

We advance the previous experiment as a cautionary comment on the descriptive appeal of
classical ambiguity-sensitive models. We now take up the issue of the normative interpretation
of Ellsbergian behavior. In particular, we urge a careful consideration of the question of how
best to understand such behavior: to what extent is it the consequence of thoroughly considered
preferences versus a manifestation of an imperfect assessment of a decision making environment?
The answer to this question bears considerable weight in assessing the theoretical literature that
characterizes such preferences, either axiomatically or through utility representations.
undo. This would speak for our interpretation of our experiment. See also Siniscalchi [2011] for an approach to
consistent planning in dynamic decision problems under ambiguity. On this issue see also Epstein and Le Breton
[1993] and Gilboa and Schmeidler [1993].

9

To begin, we assert that behavior is dictated not by preferences alone, but rather by the
combination of preferences and the decision maker’s understanding of a particular environment.
Our next experiments operate by imposing treatments that are meant to affect the DM’s
understanding of the world, leaving fixed, by definition, her underlying preferences. As such, if
differential behavior is observed, we shall interpret it as evidence that the DM’s understanding
was affected by the treatment. To the extent this understanding is easily influenced, it provides
evidence that it may not be proper to immediately apply the toolkit of revealed preference to
experimental data in Ellsbergian environments.
Specifically, the design works as follows. The canonical two-urn Ellsberg experiment, described in Table 1, again serves as the baseline. In these experiments, there are no informational
draws; instead, we vary the information that subjects receive about the decision-making environment. Our treatments, of which there are several variations, differ from the baseline along
two dimensions. First, in addition to the standard options of betting on White, Yellow, or
Green, subjects are presented with an additional fourth option, which executes a bet on either
Green or Yellow according to the outcome of a fair coin to be tossed. This option is described
in neutral and factual terms, along with the standard options. Of course, this fourth option
is motivated by Raiffa’s hedging argument. Second, after the experimenters describe the experiment in the standard way, subjects watch a short video further describing the environment
before making their (single) choice. The videos, while also all factually correct, emphasize
different aspects of the consequences of using the randomization device, in ways that we think
will change subjects’ understanding of the merits of betting according to the outcome of the
coin flip.
In our main treatment, the video essentially describes the Raiffa hedging argument. The
video can be viewed here. It essentially explains the following.12 The ball drawn from Urn 2
will be either Green or Yellow. If it is Green, then betting based on the coin yields an objective
50% winning probability. Similarly, if the ball happens to be Yellow, the coin again yields a
50% winning probability. Thus, in either state, a 50% winning probability is assured, and so
it does not really matter how many Green or Yellow balls are in Urn 2 when betting based
on the coin. The video concludes by reminding the subject that betting on White wins with
probability 49%.
We thus expect it to be apparent that, if the argument of the video is accepted, the coin offers
an objectively better bet than White. But we deliberately did not make an explicit comparison
between the options, nor did we advocate for any particular choice. Our interpretation is that,
to the extent that subjects in this main treatment bet based on the coin rather than betting on
White, it is evidence that the choices of White in the baseline experiment are driven by a less
than perfect understanding of the environment. Indeed, it is probably not too controversial to
12

The script for this video, and our other videos, is included in the appendices.
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claim that a failure to randomize in this setting is essentially a mistake.
Table 3 summarizes our main findings. Data from the baseline treatment is listed in the first
row of the left panel in Table 3. The main treatment is listed in the second row of right panel
in Table 3. The percentage of choosing White drops from 49% to 35%, and the percentage of
choosing Green or Yellow drops from 51% to 5%.
W
G
Y
Baseline 49% 40% 11%
V1
22% 67% 11%
V2
V1+V2 60% 40% 0%
a

Baseline
V1
V2
V1+V2

W
G
Y
C
39% 28% 14% 19%
35% 0% 5% 60%
47% 5% 5% 42%
31% 14% 9% 46%
b

Table 3: Summary of data from Experiment 2
Let us proceed to describe the rest of the experimental design, beyond the main treatment.
It is possible that subjects may simply follow the implicit suggestion of the video, without
necessarily considering carefully or understanding its argument. To control for this possibility,
we designed a second video, in which the structure of the argument and the language is as
nearly symmetric to the first video as feasible. The second video can be viewed here. In this
video, we point out that the coin will resolve either Heads or Tails, and essentially condition
the analysis on that outcome. Thus we observe that, if the coin lands Heads, the bet will
be for Green, and remind the subject that betting on Green does not have a known winning
probability. Similarly, if the coin lands Tails, the bet will be for Yellow which also has an
unknown winning probability. We then point out that, therefore, however the coin lands, the
executed bet is a bet with unknown odds, before finally reminding the subject, as we do in the
first video, that betting White offers a known 49% winning probability.
We run treatments utilizing exclusively this second video, as well as treatments that show
subjects both videos before eliciting the choice.13
When subjects only watch the second video, 47% of the subjects chose White, which is still
lower than that in the baseline treatment. When we show both videos, 31% chose White, which
is even lower than the main treatment. To make the comparison more concrete, we also conduct
a treatment where subjects are provided with all four options, including the coin flip, but they
were not provided with any videos commenting on the properties of the coin flip beyond the
basic description of the option. These are summarized in the right panel of Table 3. There
are several points that we want to emphasize from this set of treatments: (1) Providing the
13

In the case of showing both videos, we showed one video first, and the other video next. We did this in
both orders. Then after both videos were shown, the subjects were provided with additional time to revisit any
portions of either of the two videos before proceeding to enter their bet. During this time subjects could pause,
rewind, and switch between videos as they liked. We thus tried to minimize possible order effects and, indeed,
there is no evidence that the order of the videos has any effect, and so we have pooled that data in our analysis.
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videos has the effect of decreasing the frequency of White, but not significantly so (a χ2 test
results in p = 0.3 compared to baseline), and (2) providing the videos significantly increases
the frequency of choosing the coin flip.
Our remaining treatments are meant to isolate the relevance of the commitment problem.
Notice in particular that the treatments described thus far do two things simultaneously: they
describe the properties of the hedging argument, and they also provide the subject with a
tool to produce the random event and then commit to betting according to its outcome. We
would like to understand the extent to which the change in behavior relies on us solving the
commitment problem for subjects. Perhaps in the field, a decision maker would like to hedge,
but she has trouble committing to the outcome of a random event. After all, at the interim
stage, where she is betting on, e.g., Green, she may no longer adhere to the ex ante judgment
that flipping the coin was useful. We therefore ran a set of parallel sessions to those described
above, arguing both for and against the hedge, but where the coin was described as a virtual
coin that the subject could imagine flipping, rather than a physical coin that would be flipped
by a third party. In these sessions, the subjects had only the three standard options of betting
on White, Green or Yellow; if a subject wanted to hedge, she needed to create the random
event on her own and bet according to its outcome. To run these experiments, we first created
a video that described the notion of a virtual coin and how to bet on its outcome, which can
be viewed here. We then created counterparts to the videos described above, making minimal
changes to describe the coin as a virtual coin as opposed to a physical coin; these can be viewed
hereand here.
From rows 2 and 4 in the left panel of Table 3, we can see that the frequency of White
decreases from 49% to 22% when we show only the first (pro-hedging) video, and increases to
60% when we show both videos together.14

4

Additional Related Literature

Several additional papers are relevant to the argument we make here as they provide further
evidence against ambiguity averse preference models.15 For instance, Halevy [2007] finds that
the people that display ambiguity aversion are, to a very strong degree, the same people who fail
to correctly reduce (objective) compound lotteries. As most models of ambiguity aversion are
14

Both of these treatments suffer from the problem of small sample size, where we only have 9 subjects in
the first treatment and 10 in the second treatment.
15
A variety of theoretical arguments, other than those in Savage [1954], against the normative appeal of
models of ambiguity aversion are provided in Al-Najjar and Weinstein [2011] and Kuzmics [2017]. There is also
a literature on how specific experimental designs are theoretically not suitable for the elicitation of ambiguity
aversion preferences as they offer subjects, if they are smart, implicit and unwanted hedges against ambiguity.
See e.g., Baillon et al. [2014], Bade [2015], Oechssler and Roomets [2015], and Kuzmics [2017, Sections 3 and
4.3]. This builds on earlier work on eliciting non-expected utility preferences under objective uncertainty by
e.g., Karni and Safra [1987].
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consistent with expected utility when there is only objective risk, the finding of Halevy [2007]
can thus be interpreted as evidence against such models.16 Stahl [2014], as nicely summarized in
the survey by Trautmann and Van De Kuilen [2015], “considers the within person consistency in
ambiguity attitudes. Estimating various models that account for decision errors, he concludes
that roughly 26% of the subjects behave in a manner consistent with SEU. More than 60% are
best described as what he calls " level-0," choosing almost randomly. Only 12% are categorized
as ambiguity averse.”17 Yang and Yao [2017] introduce a clever experimental design based on
the original Ellsberg two-color urn problem in which the “risky” urn has an equal number of
balls of each color. In their design subjects can choose to bet on either the risky urn or the
ambiguous urn. In either case, two balls will be drawn with replacement from the urn indicated
by the subject. Then the DM is paid one prize x if the first drawn ball is white (and nothing
if red) and another prize x if the second drawn ball is red (and nothing if white). Thus the
DM can be paid 0, x or 2x. Given this design both urns yield the same expected payoff with
the “risky” urn yielding the highest possible variance. Thus, any risk averse person, ambiguity
averse or not, will pick the “ambiguous” urn. Yang and Yao [2017] find, however, that “in
a conservative estimation by treating all risk-neutral DMs as nonviolation cases, 27-52% [of]
subjects in different treatments violated the predictions of SEU [and all models of ambiguity
aversion with a monotonicity axiom].” The authors conclude that “the ambiguity premium
is partially paid to avoid the ambiguity issue per se, which is distinct from notions of second
order risk.” In common with our design, Oechssler et al. [2016] also run experiments in which
subjects are offered a hedging opportunity, which unlike our case, is implemented by eliciting
two bets on an ambiguous urn, with one of the bets being chosen to be executed on the
basis of a coin flip. Oechssler et al. [2016] also find relatively low levels of hedging. Taking
up the interpretation of ambiguity aversion as a preference for randomization, Dominiak and
Schnedler [2011] run experiments that show that, actually, most ambiguity averse subjects
are randomization-neutral, and some are even randomization-loving. Also, Dwenger et al.
[2013] provide both experimental and field evidence of a preference for randomization. On the
other hand, Spears [2009] finds through a set of experiments that, while many subjects are
inconsistent with SEU, there is very little evidence of a preference for randomization; instead,
most subjects strictly prefer a simple objective lottery to an equivalent lottery that randomizes
over ambiguous bets.
Giving people advice in an experimental design close to Ellsberg’s is also not new. Slovic
and Tversky [1974], reacting to some earlier and less even-handed designs, give subjects written
advice for and against Allais [1953] and Ellsberg [1961] choices. See also Incekara-Hafalir
16

Abdellaoui et al. [2015] provide experiments in which this association between ambiguity aversion and a
failure to reduce compound lotteries is much weaker.
17
In variations on the Ellsberg three-color urn experiment, Binmore et al. [2012] and Charness et al. [2013]
also find that behavior for only a small proportion (if any) of subjects is consistent with ambiguity aversion.
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and Stecher [2012]. A key difference from our design is that their advice is built around the
independence axiom, whereas ours is built around a dominance argument.
There is a literature on how choices under ambiguity are affected by letting people choose or
at least discuss their choices in groups. While Keller et al. [2007] find no substantial difference
in behavior in single person decisions and decisions by groups of two individuals, Keck et al.
[2014] find that “[g]roups are more likely to make ambiguity neutral decisions than individuals”
and “[i]ndividuals make more ambiguity neutral decisions after a group discussion”. Similarly,
Charness et al. [2013] in a group study with incentives to persuade find that arguments in favor
of ambiguity neutral were somewhat more persuasive than arguments for ambiguity aversion and
ambiguity seeking. Also somewhat similarly, Trautmann et al. [2008] show that in environments
without any perceived fear of a negative evaluation through others ambiguity aversion behavior
disappears.

5

Discussion

We would like to point out several limitations of this second set of experiments. First, as can
be seen in Table 3, our sample sizes are small.18 We thus have statistical significance for some
comparisons but not others.19
Next, our treatments consist of showing subjects short (about 150 second) videos. The
extent to which they will be effective is constrained by how alert subjects are, how closely
they pay attention, and how well they comprehend the provided descriptions. In particular,
subjects are given no opportunity to reflect, take notes, ask questions, or think at length. A
more comprehensive treatment could presumably elicit stronger effects.
Third, our incentives are rather flat. We wanted to ask each subject only a single incentivized
question, and the marginal payment for that question was $10, which is substantial.20 Yet the
effective choice, often, is between a 49% chance and a 50% chance of winning $10, so that the
marginal incentive is on the order of ten cents. There are two ways to strengthen incentives.
First, the prize could be increased, but that is expensive. Second, the objective probability of
White could be reduced below 49%, but this problem comes at the expense of reducing Ellsberg
18
We anticipated treatment effects for which these sample sizes would have been just sufficient to demonstrate
significance. The realized effects are generally smaller.
19
There are many kinds of tests one could consider, including individual paired comparison and pooled
comparisons. While we have run most of these tests, our view is that, with samples this small, they are not
more informative than observing that the direction of the effects, and noting that conclusive evidence would
require substantially more data.
20
Baillon et al. [2014] and Bade [2015] point out that random incentive system of paying a subject for a
random one of several elicited decisions is not generally incentive compatible for ambiguity averse decision
makers. Oechssler et al. [2016] show, experimentally, that most subjects seem to adhere to the reversal of order
axiom, implying, in particular, that the random incentive system would indeed serve as an effective hedge for
ambiguity averse subjects. In order to avoid such incentive problems, as it is central to our design, we asked
each subject only a single incentivized question.
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behavior in all treatments, including the baseline case, making all our effects of interest harder
to detect.
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6.1

Appendix
Experiment details

The experimental sessions took place in April and May of 2018. The first experiment was
conducted at Missouri Social Science Experimental Laboratory (MISSEL) at Washington University in St. Louis. 31 students participated in the experiments and the average session length
was 45 minutes. The second experiment was conducted at the Experimental and Behavioral
Economics Laboratory (EBEL) at University of California, Santa Barbara. 176 students participated in 10 sessions and the average session length was 60 minutes. In all sessions, subjects
answered exactly one incentivized question, which was related to guessing the color of a ball.
If the guess was correct, the subject received 10 USD, and 0 otherwise. The show-up fee for
all sessions was 5 dollars. At the end of each session we conducted a short questionnaire. The
questions were not incentivized, but we emphasized that answering these questions would be
helpful for our research. The experiment was programmed using z-Tree [Fischbacher, 2007].
Please see Figure 2, 3, and 4 for screen shots.

6.2

Physical environment

In all sessions, the urns and states were implemented using two cardboard boxes and colored
ping-pong balls. During the experiment (and in what follows), we refer to the two containers
as Box A and Box B. A photo of the boxes can be found in Figure 1 (a). The protocols we
used were guided by the desire to be as clear and transparent as possible. Box A contained
49 white and 51 red balls. The balls were displayed in clear plastic tubes at the beginning
of the experiment so that subjects could easily see that there were two more red than white
balls. Photos of the boxes and tubes are included as Figure 1 (a) and (b) in the appendix.
After showing the balls to subjects, they were poured into Box A. On the other hand, it was
important that the exact contents of Box B were unknown. We therefore informed subjects that
Box B contained 100 balls, each of which was either green or yellow, but we were intentionally
not telling them anything further about the contents. Box B was shaken so that it was credible
that it contained the same number of balls as Box A. After this presentation, subjects were
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told that they could inspect all the boxes and balls at the conclusion of the experiment if they
so desired.
In each session, one subject was randomly selected to act as a monitor. The monitor was
the person who physically conducted all draws of balls and displayed their colors to the other
subjects, as well as coin flips, as relevant.

a

b
Figure 1: Boxes

6.3

Screen Shots

Figure 2: First experiment: strategy method
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Figure 3: First experiment: Payoff screen

Figure 4: Second experiment: Video review. After seeing videos and before making their
choices, subjects had the chance to re-visit all videos they watched before.

6.4

Questionnaire

The following is the list of questions that we asked in Experiment 1.
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1. Gender (Male, Female, Prefer not to tell)
2. Major
3. How many Green balls do you think there are in Box B?
4. How many Yellow balls do you think there are in Box B?
5. What choice would you have made if we had instead run the experiment without any
informational draws?
6. Please tell us how you made your choice for informational draws “Green & Yellow” and
“Yellow & Green”.
7. Please tell us how you made your choice for informational draws “Green & Green” and
“Yellow & Yellow”.
8. Was there any part of the experiment that was unclear?
Table 4 shows the questions that we asked in the second experiment.
Questions asked in all groups
Gender (Male, Female, Prefer not to tell)
Major
How many Green balls do you think there are in Box B?
How many Yellow balls do you think there are in Box B?
Was there any part of the experiment that was unclear?
After watching the videos, my preference over choices was:
(More clear, Less clear, Unchanged, I don’t know)
Questions asked when V1 and V2 are both presented
Which video do you think is more compelling? (V1, V2, Equal)
Questions asked in when option Coin is not available
Do you find it difficult to simulate a coin toss in you head? (Yes, No)
Questions asked when subjects chose White ball in Box A
Why did you choose White?
Questions asked when subjects chose Green or Yellow ball in Box B
Why did you choose Green or Yellow?
Questions asked in N3 and N4
Why did you recommend this to your friend?
Table 4: List of questions asked in the questionnaire of the second experiment
In the battery of sessions for the second experiment, different treatments required different
questions. The first block lists the questions that we asked in all treatments. The second block
lists questions that are asked when both videos are presented. We denote by V1 the video in
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favor of the hedging argument and by V2 the video with the counter-argument. The third block
lists questions that are asked when subjects are offered only three options and must implement
the randomization with a virtual coin on their own. The fourth and fifth blocks list questions
contingent on subjects’ choices. In the treatments in which videos are not shown to the subjects
before their incentivized choices, we showed the video before the questionnaire and asked for
their “recommendation” in the questionnaire. We further asked for their reasoning. This is
listed in the last block.

6.5

Instructions

6.5.1

Experiment 1

Instructions
Welcome to the experiment! Please take a seat as directed. Please wait for instructions
and do not touch the computer until you are instructed to do so. Please put away and silence
all personal belongings, especially your phone. We need your full attention for the entire
experiment. Adjust your chair so that you can see the screen in the front of the room. The
experiment you will be participating in today is an experiment in decision making. At the
end of the experiment you will be paid for your participation in cash. Each of you may earn
different amounts. The amount you earn depends on your decisions and on chance. You will be
using the computer for the experiment, and all decisions will be made through the computer.
DO NOT socialize or talk during the experiment. All instructions and descriptions that you
will be given in this experiment are factually accurate. According to the policy of this lab, at
no point will we attempt to deceive you in any way. Your payment today will include a $5 show
up fee. One of you will be randomly selected to act as a monitor. The monitor will be paid
a fixed amount for the experiment. The monitor will assist us in running the experiment and
verifying the procedures. If you have any questions about the description of the experiment,
raise your hand and your question will be answered out loud so everyone can hear. We will not
answer any questions about how you “should” make your choices. As I said before, do not use
the computer until you are asked to do so. When it is time to use the computer, please follow
the instructions precisely.
We will now explain the experiment. There are two containers on the table that we will refer
to as Box A and Box B. This is Box A. The Box is empty. Box A will contain 100 ping pong
balls. Each of the balls in Box A will be either White, like this, or Red, like this. Specifically,
Box A will contain exactly 49 White balls and 51 Red balls, for a total of 100 balls. You don’t
have to remember these numbers. When it is time to make a decision, we will remind you of
these numbers. We have counted and displayed the balls in these tubes to make it easier to
show the contents of Box A. There are 25 white balls in this tube and 24 in this tube, for a total
22

of 49 white balls. There are 25 red balls in this tube and 26 red balls in this tube, for a total of
51. We will now pour these balls into Box A and shake it to mix the balls together. This is Box
B. We have already filled Box B with 100 ping pong balls. Each ball is either Green, like this,
or Yellow, like this. We will not reveal the exact numbers of Green and Yellow balls. Instead,
you know only that there are 100 balls in total, consisting of some combination of Green and
Yellow balls. We will now shake Box B to mix the balls up. At the end of the experiment,
you will have an opportunity to inspect the Boxes and ping pong balls if you wish. In a few
moments we will ask the Monitor to draw one ball from each Box for everyone to observe. You
will be asked to choose from several options that correspond to guessing the color of a ball that
the Monitor draws. If your guess matches the result, you will receive 10 dollars in additional
to the show up fee. If your guess does not match, you will receive 0 dollars in addition to the
show up fee.
We will now start the experiment. On the computer desktop you will find a green icon
named zleaf. Double click it now. Now there should be a welcome screen. Type your name
and click the OK button in the welcome screen. One of you has been randomly selected by
the software to serve as the monitor. Please raise your hand if you are the monitor. Could you
please click the OK button on your screen and come to the front? Now your screen should have
changed to “Please listen to the instructions”. Please leave it like that and do not click OK.
In a few moments the Monitor is going to draw one ball from Box A and one ball from Box B.
We are going to ask you to bet on the outcome of those draws.
Now, recall that Box A contains 49 white balls out of 100 balls. Box B contains an unknown
combination of Green and Yellow balls. Before we ask you to place your bet, we are going to
show you two draws from Box B. We call these the “informational draws”, since they are just
for your information. To do this, the Monitor will first draw a ball and show it to everyone. We
will then return the ball, shake Box B and have the monitor draw and display a second ball.
The second ball will then be returned to Box B so that it still has the same 100 balls. So, these
informational draws have four possible outcomes: Green and Green, Green and Yellow, Yellow
and Green, Yellow and Yellow. In a few minutes you will see a screen like this. We are going
to ask you to consider which bet you want to choose in each of those four cases. Even though
only one of your bets will be implemented, you need to answer all four of these questions.
For example, the first question asks: “If the information draws are Green and Green, which
bet do you want to choose?” What this means is the following. Suppose that when the Monitor
conducts the informational draws from Box B, s/he draws first a Green Ball, the replaces it,
and then draws another Green ball. Now you have to choose a bet. Which bet do you want
to make if the informational draws turn out to be Green and Green? The other questions are
similar, and ask you to choose which bet you want to place for the other possible informational
draws. The second question asks you which bet you want to place if the informational draws
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are first Green and then Yellow. The third question asks you which bet you want to place if the
informational draws are first Yellow and then Green. The fourth question asks you which bet
you want to place if the informational draws are first Yellow and then Yellow. After you have
made all four choices, we will then have the monitor actually conduct the informational draws.
Once the informational draws are revealed, this will determine which one of your four choices
will be implemented. So, even though you answered all four questions, we will implement
only your bet that corresponds to the actual informational draws. Once your bet has been
determined according to the informational draws, the monitor will then conduct the betting
draws by drawing a single ball from Box A and a single ball Box B to determine if your bet
wins or loses. To summarize, you choose a bet for all four possible cases, then the monitor
will conduct the two informational draws from Box B. This determines your bet. Finally, the
monitor will conduct the betting draws by drawing one ball from Box A and one ball from Box
B. The betting draws will determine whether your bet wins or loses. Please make your choices
on the computer now. Then click the OK button and wait for others.
The monitor is now going to draw the balls. We will now conduct the informational draws.
Please look away and draw a ball from Box B and show it to everyone. The color is [REALIZED
COLOR]. Please put the ball back. We will write down the result on the blackboard. Now please
look away and draw a second ball from Box B and show it to everyone. The color is XXX. Please
put the ball back. We will write down the result on the blackboard. The informational draws
are [REALIZED COLOR] and [REALIZED COLOR]. So the bet we will implement is your
choice corresponding to information draws [REALIZED COLOR] and [REALIZED COLOR].
Now it is time for betting draws. Please look away and draw a ball from Box A and show it
to everyone. The color is [REALIZED COLOR]. Please put the ball back. We will write down
the result on the blackboard. Now please look away and draw a ball from Box B and show it
to everyone. The color is [REALIZED COLOR]. Please put the ball back. We will write down
the result on the blackboard. Now please return to your seat and enter these results into your
computer screen, accompanied by an Experimenter. You can now see the outcome and your
earnings on the screen. If you have questions about your payoff, please raise your hand.
We will now conduct a short questionnaire. Please wait for the questionnaire to start. The
monitor doesn’t have to fill the questionnaire. Please complete the questionnaire. Please be as
specific as you can in your responses. Answering the question is helpful to our research, but
your responses are entirely voluntary. After you finish, please wait for others. We will call you
to the front by your participant ID to be paid before leaving. Thank you very much for your
participation. This concludes the experiment. We will now begin calling you to the front to be
paid before leaving.
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6.5.2

Experiment 2

For experiment 2, we attached the instruction of the most comprehensive treatment. In this
treatment, we provided the subjects with 4 options and both videos. Instructions for all the
other treatments are written in a similar fashion.

Instructions
Welcome to the experiment! Please take a seat as directed. Please wait for instructions
and do not touch the computer until you are instructed to do so. Please put away and silence
all personal belongings, especially your phone. We need your full attention for the entire
experiment. Adjust your chair so that you can see the screen in the front of the room. The
experiment you will be participating in today is an experiment in decision making. At the
end of the experiment you will be paid for your participation in cash. Each of you may earn
different amounts. The amount you earn depends on your decisions and on chance. You will be
using the computer for the experiment, and all decisions will be made through the computer.
DO NOT socialize or talk during the experiment. All instructions and descriptions that you
will be given in this experiment are factually accurate. According to the policy of this lab, at
no point will we attempt to deceive you in any way. Your payment today will include a $5 show
up fee. One of you will be randomly selected to act as a monitor. The monitor will be paid
a fixed amount for the experiment. The monitor will assist us in running the experiment and
verifying the procedures. If you have any questions about the description of the experiment,
raise your hand and your question will be answered out loud so everyone can hear. We will not
answer any questions about how you “should” make your choices. As I said before, do not use
the computer until you are asked to do so. When it is time to use the computer, please follow
the instructions precisely.
We will now explain the experiment. There are two containers on the table that we will refer
to as Box A and Box B. This is Box A. The Box is empty. Box A will contain 100 ping pong
balls. Each of the balls in Box A will be either White, like this, or Red, like this. Specifically,
Box A will contain exactly 49 White balls and 51 Red balls, for a total of 100 balls. You don’t
have to remember these numbers. When it is time to make a decision, we will remind you of
these numbers. We have counted and displayed the balls in these tubes to make it easier to
show the contents of Box A. There are 25 white balls in this tube and 24 in this tube, for a total
of 49 white balls. There are 25 red balls in this tube and 26 red balls in this tube, for a total of
51. We will now pour these balls into Box A and shake it to mix the balls together. This is Box
B. We have already filled Box B with 100 ping pong balls. Each ball is either Green, like this,
or Yellow, like this. We will not reveal the exact numbers of Green and Yellow balls. Instead,
you know only that there are 100 balls in total, consisting of some combination of Green and
Yellow balls. We will now shake Box B to mix the balls up. At the end of the experiment,
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you will have an opportunity to inspect the Boxes and ping pong balls if you wish. In a few
moments we will ask the Monitor to draw one ball from each Box for everyone to observe. You
will be asked to choose from several options that correspond to guessing the color of a ball that
the Monitor draws. If your guess matches the result, you will receive 10 dollars in additional
to the show up fee. If your guess does not match, you will receive 0 dollars in addition to the
show up fee.
We will now start the experiment. On the computer desktop you will find a green icon
named zleaf. Double click it now. Now there should be a welcome screen. Type your name
and click the OK button in the welcome screen. One of you has been randomly selected by
the software to serve as the monitor. Please raise your hand if you are the monitor. Could you
please click the OK button on your screen and come to the front? Now your screen should have
changed to “Please listen to the instructions”. Please leave it like that and do not click OK.
In a few moments the Monitor is going to draw one ball from Box A and one ball from Box B.
We are going to ask you to bet on the outcome of those draws.
Specifically, you will be able to place one of 4 bets. Let me explain three of these options
first. You can bet on White (from Box A), Green (from Box B) or Yellow (from Box B). Notice
that you cannot bet on Red. If you bet on the White ball from Box A, then your payoff is not
related to the draw from Box B. In other words, if the monitor draws a White ball from Box A,
you win. If the monitor draws a Red ball, you lose. Similarly, if you choose Green or Yellow,
your payoff only depends on the draw from Box B. For the fourth option, your bet will depend
on the outcome of a coin flip. The monitor will flip a coin like this. If the coin lands on Heads,
then we will set your bet to Green . If the coin lands on tails, we will set your bet to Yellow.
To repeat, we will set your bet to either Green or Yellow, depending on the coin flip result.
Again, you don’t have to write this down, since we will remind you about all the options when
it is time to make your choice.
Before you make you decision, we are going to provide you with some comments on the
experiment contained in 2 short videos. The videos are in total about 5 minutes long. After
the videos, you will make your choice by selecting one of the four options. We will proceed like
this: You will first watch the two videos. Then, you will have a chance to review the videos if
you like. During the review session, you can pause or rewind the videos. There will be enough
time to watch both videos more than two times in the review session. After the review session,
we are going to ask for your choice. After you enter your decision, please wait for others to
finish. There will not be any further instructions until all of you make your decisions. Please
follow the instructions on the screen and focus on the videos as much as possible. If you finish
early, please remain quiet since others may still be watching. Now please put on the headphones
provided at your desk and watch the videos. Once you are ready, please click OK.
The monitor is now going to draw the balls. Please look away and draw a ball from Box
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A and show it to everyone. The color is [REALIZED COLOR]. Please put the ball back. We
will write down the result on the blackboard. Now please look away and draw a ball from Box
B and show it to everyone. The color is [REALIZED COLOR]. Please put the ball back. We
will write down the result on the blackboard. Please toss the coin and announce the result.
The result is [REALIZED SIDE]. Please put the coin down. We will write down the result
on the blackboard. Now please return to your seat and enter these results into your computer
screen, accompanied by an Experimenter. You can now see the outcome and your earnings on
the screen. If you have questions about your payoff, please raise your hand.
We will now conduct a short questionnaire. Please wait for the questionnaire to start. The
monitor doesn’t have to fill the questionnaire. Please complete the questionnaire. Please be as
specific as you can in your responses. Answering the question is helpful to our research, but
your responses are entirely voluntary. After you finish, please wait for others. We will call you
to the front by your participant ID to be paid before leaving. Thank you very much for your
participation. This concludes the experiment. We will now begin calling you to the front to be
paid before leaving.

6.6
6.6.1

Video scripts
Names and notations

Recall that we denote the video that explains the Raiffa hedging argument, used in our main
treatment, by V1 and its counter argument by V2. In the treatments without an explicit coin
flip option, the instructions do not describe a coin. Instead, we show a short video introducing
the hedging idea through the use of an “imaginary coin”. We call this video V0. V0 is neither
in favor of hedging nor against hedging. It merely states the idea of conditioning one’s bet on
the outcome of a virtual coin flip. We then slightly modified V1 and V2 by changing “the coin
flip option” to “the imaginary coin”. For more details, please see the script below.
To summarize, we have in total five distinct videos, listed in the table below, where “p”
stands for “physical coin” and “v” for “virtual coin”.
V1p V2p V0 V1v V2v
In favor of hedging?
Yes No n/a Yes No
Against hedging?
No Yes n/a No Yes
Describe hedging using a real coin?
Yes Yes n/a No
No
Describe hedging using a virtual coin? No
No n/a Yes Yes
Description of a virtual coin?
n/a n/a Yes n/a n/a
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6.6.2

V0 Script

Recall that your three options are to choose: a White Ball from Box A, a Green Ball from
Box B, or a Yellow Ball from Box B. Let me suggest a new method for choosing how to bet.
To use this method, you need to create a random event. So, imagine you have a coin and you
can flip it. The coin lands on Heads with probability 50% and on Tails with probability 50%.
Before the toss, you plan to bet on a Green Ball from Box B if the coin lands on Heads, and
on a Yellow Ball from Box B if the coin lands on Tails. Using this rule, you will not bet on a
White Ball from Box A. To summarize, you first imagine the outcome of the coin flip. Then
you choose Green Ball from Box B if the coin lands on Heads and you choose Yellow Ball from
Box B if the coin lands on Tails. Click to view
6.6.3

V1p Script

Recall that Box A contains 49 white balls and 51 red balls. So, you will win with probability
49% if you choose the “White Ball from Box A”. Let me describe the outcome when you choose
the “Coin flip for green/yellow ball”. Recall that Box B contains an unknown combination
of 100 Green and Yellow balls. So when the Monitor draws a ball from Box B there are two
possible cases: the ball can either be Green, or it can be Yellow. Suppose the ball happens to
be Green. Now, when the monitor flips the coin, it will land either on Heads or on Tails. Each
case is equally likely: the probability of Heads is 50% and the probability of Tails is 50%. If the
coin lands on Heads, you would bet on Green and win. If the coin lands on Tails, you would
bet on Yellow and lose. So, what we have observed is that if the ball from Box B happens to be
Green, you would win with probability 50%. Now suppose that the ball from Box B happens to
be Yellow. As before, when the monitor flips the coin, it will land either on Heads or on Tails.
Each case is equally likely: the probability of Heads is 50% and the probability of Tails is 50%.
If the coin lands on Heads, you would bet on Green and lose. If the coin lands on Tails, you
would bet on Yellow and win. So, what we have observed now is that if the ball from Box B
happens to be Yellow, you would again win with probability 50%. To summarize, if you choose
the option “Coin flip for green/yellow ball” you will win with probability 50% whether the ball
from Box B is green or yellow. Therefore, it does not matter how many of the balls are green
and how many are yellow, since you will win with probability 50% in either case. By betting
instead on a White Ball from Box A, you will win with probability 49%. Click to view
6.6.4

V2p Script

Recall that Box A contains 49 white balls and 51 red balls. So, you will win with probability
49% if you choose the “White Ball from Box A”. Let me describe the outcome when you choose
the “Coin flip for green/yellow ball”. If you choose this option, there are two possibilities: when
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the monitor flips the coin, it will land either on Heads or on Tails. Each case is equally likely:
the probability of Heads is 50% and the probability of Tails is 50%. Suppose the coin happens
to land on Heads. In this case, you would be betting on a Green Ball from Box B. The chance
that betting on a Green Ball from Box B wins depends on how many green balls are in Box
B. Since you are not told how many green balls are in Box B, your probability of winning is
uncertain. So, what we have observed is that if the coin lands on Heads, your probability of
winning is uncertain. Now suppose the coin happens to land on Tails. In this case, you would
be betting on a Yellow Ball from Box B. The chance that betting on a Yellow Ball from Box B
wins depends on how many yellow balls are in Box B. Since you are not told how many yellow
balls are in Box B, your probability of winning is again uncertain. Click to view
6.6.5

V1v Script

Recall that Box A contains 49 white balls and 51 red balls. So, you will win with probability
49% if you choose the “White Ball from Box A”. Let me describe the outcome when you choose
the method based on the coin flip I described before. Recall that Box B contains an unknown
combination of 100 Green and Yellow balls. So when the Monitor draws a ball from Box B
there are two possible cases: the ball can either be Green, or it can be Yellow. Suppose the ball
happens to be Green. Now, when you imagine flipping the coin, it will land either on Heads
or on Tails. Each case is equally likely: the probability of Heads is 50% and the probability of
Tails is 50%. If the coin lands on Heads, you would bet on Green and win. If the coin lands
on Tails, you would bet on Yellow and lose. So, what we have observed is that if the ball from
Box B happens to be Green, you would win with probability 50%. Now suppose that the ball
from Box B happens to be Yellow. As before, when you imagine flipping the coin, it will land
either on Heads or on Tails. Each case is equally likely: the probability of Heads is 50% and
the probability of Tails is 50%. If the coin lands on Heads, you would bet on Green and lose.
If the coin lands on Tails, you would bet on Yellow and win. So, what we have observed now is
that if the ball from Box B happens to be Yellow, you would again win with probability 50%.
To summarize, if you use the method based on the coin flip, you will win with probability 50%
whether the ball from Box B is green or yellow. Therefore, it does not matter how many of
the balls are green and how many are yellow, since you will win with probability 50% in either
case. By betting instead on a White Ball from Box A, you have a known probability of winning
of 49%. Click to view
6.6.6

V2v Script

Recall that Box A contains 49 white balls and 51 red balls. So, you will win with probability
49% if you choose the “White Ball from Box A”. Let me describe the outcome when you choose
the method based on the coin flip I described before. If you use this method, there are two
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possibilities: when you imagine flipping the coin, it will land either on Heads or on Tails. Each
case is equally likely: the probability of Heads is 50% and the probability of Tails is 50%.
Suppose the coin happens to land on Heads. In this case, you would be betting on a Green
Ball from Box B. The chance that betting on a Green Ball from Box B wins depends on how
many green balls are in Box B. Since you are not told how many green balls are in Box B,
your probability of winning is uncertain. So, what we have observed is that if your coin lands
on Heads, your probability of winning is uncertain. Now suppose your coin happens to land
on Tails. In this case, you would be betting on a Yellow Ball from Box B. The chance that
betting on a Yellow Ball from Box B wins depends on how many yellow balls are in Box B.
Since you are not told how many yellow balls are in Box B, your probability of winning is again
uncertain. So, what we have now observed is that if your coin lands on Tails, your probability
of winning is also uncertain. To summarize, if you use the method based on the coin flip, your
probability of winning is uncertain if the coin lands on Heads and it is also uncertain if the coin
lands on Tails. By betting instead on a White Ball from Box A, you have a known probability
of winning of 49%. Click to view
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