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Abstract

This manuscript identifies a largely unrecognized connection between, and distinction
in results for, Ellsberg’s three-color paradox and Allais’ common-consequence paradox.
Both phenomena derive from reducing a common state payment to zero, but the reactions
to this reduction are directionally opposed across the two problems. Using a common
experimental framework, we develop intermediate tasks to identify the source of this
difference. Key to the difference is the reversal of Allais’ common consequence paradox
when problem parameters are made more similar to those for Ellsberg.
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1 Introduction

Two of the most widely studied counter-examples to (Subjective) Expected Utility, (S)EU, under
objective and subjective uncertainty are the Allais (Allais, 1953) and Ellsberg (Ellsberg, 1961)
paradoxes, respectively. Each paradox highlights a particular failure of the (S)EU foundations,
with Allais’ “common consequence problem” suggesting a preference for certainty and Ellsberg’s
“three color problem” indicating an aversion to ambiguity. These different dimensions of (S)EU
failure animated distinct theoretical research rationalizing each phenomena in their relevant
domain.*

Though the Allais and Ellsberg paradoxes have driven distinct theoretical developments,
there is a central connection between the two. Both paradoxes are derived from paired choices
between options which can be defined on a three-event state space; and the two choices are
related by changing a common payoff on a given state from a winning amount to zero, which
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we term a “common outcome reduction.” Moreover, both phenomena emerge as violations
of Savage’s (1954) sure thing principle. The experimental literature has largely ignored this
connection, treating the two problems independently, and with only a few manuscripts examining
the potential relation between the two (see, e.g., Dean and Ortoleva, 2019; Esponda and Vespa,
2023).2 Critically, the general findings in the experimental literature imply that the reaction to
this common outcome reduction is directionally opposite in the Ellsberg and Allais problems:
for the Allais problem subjects become more risk tolerant than the (S)EU benchmark in reaction
to the common outcome reduction, while in the Ellsberg problem they become less so.

This manuscript attempts to understand the source of these directionally opposed deviations
from (S)EU to generate new insights on the nature of non-(S)EU preferences across objective

and subjective environments. We consider Ellsberg and Allais problems under a unified

!Prominent theoretical rationalizations for the Allais paradox focused on non-linearity in probabilities
(Tversky and Kahneman, 1992; Kahneman and Tversky, 1979), while prominent rationalizations for the Ellsberg
paradox focused on failures of probabilistic sophistication (Machina and Schmeidler, 1992) and the possibility
of multiple beliefs being engaged across problems (Gilboa and Schmeidler, 1989; Klibanoff et al., 2005).

2Specifically, Dean and Ortoleva (2019) study the relation between the Allais paradox and Ellsberg’s
alternative two-color problem using valuations to assess the strength of preference in each case. Esponda
and Vespa (2023) argue that both Allais and Ellsberg paradoxes could emerge due to failures of contingent
thinking, and show that in tasks where the requirement of contingent thinking is removed both phenomena
are reduced. In theoretical work Dean and Ortoleva (2017) propose a generalized notion of preference for
hedging that rationalizes both types of anomalies; while Nobandegani et al. (2021) show that both anomalies
could emerge from decisionmakers rationally adapting their decision strategy to the amount of time available.
While particularly valuable for highlighting potential mechanisms for both anomalies, the above work does not
consider the primary observation of this paper — that responses to common outcome reductions are directionally
opposed in Ellsberg and Allais problems — nor does it consider intermediate experimental tasks to explore the
source of this difference.



experimental framework and break down the fundamental distinctions between the two into a
series of intermediate problems.

Our design is motivated by recent work demonstrating the challenges of paired choice tasks
for drawing inference on non-EU preferences, along with the promise of using paired valuations
for the same objective (McGranaghan et al., 2024a,b). We thus begin by considering valuation
versions of the classic Ellsberg and Allais problems. We reproduce the directional difference in
non-(S)EU response to common outcome reductions indicated by prior studies using our paired
valuation design.

In order to understand the source of the directional difference between Ellsberg and Allais
problems we identify four fundamental distinctions between the two: the presence of certainty,
whether common outcome reductions occur on known probability states, the presence of
subjective uncertainty, and differences in probability parameter values. We create intermediate
tasks to test the hypotheses that each one of these distinctions (or their combination) is
the source of the directional difference. Interestingly, the directional response to common
outcome reductions is consistent with Ellsberg’s in all of our intermediate tasks including
Allais-style problems that are conducted away from his classic parameterization. It is only when
parameters accord with Allais’ instantiation that the direction changes to the standard Allais
paradox findings. These results echo recent work documenting the sensitivity of Allais common
consequence effects to variation in parameter values (Blavatskyy et al., 2022; McGranaghan
et al., 2024a); provide new insights into the relationship between decisions with subjective and
objective uncertainty; and challenge a range of existing theories while providing an empirical
foundation for new theorizing.

This manuscript proceeds as follows. Section 2 presents the Ellsberg and Allais problems
using a common framework, highlighting the connection between the problems, describing
the fundamentally different responses to common outcome reductions across the two, and
presenting intermediate problems designed to identify the source of this difference. Section 3
presents details of our experimental design, describing our experimental sample comprised
of 1800 online participants, and our techniques to elicit paired valuations in Ellsberg, Allais,
and intermediate problems. Section 4 presents our results, reproducing the classic directional
deviations from (S)EU in Ellsberg and Allais problems, documenting Ellsberg-like deviations
from (S)EU in intermediate problems and the sensitivity of behavior to variation in parameter

values. Section 5 provides a brief discussion laying out implications of this work.



2 Connecting Ellsberg to Allais

2.1 Directional Differences Between Ellsberg and Allais

Table 1 Panels (a) and (e) present the classic Ellsberg and Allais problems using a common

state space. In both problems, there are three relevant states, denoted by the colors of balls in

an urn containing 90 “Red”, “Yellow”, and “Black” balls. In both problems, there are known

to be a certain number of Red balls (30 for Ellsberg and 81 for Allais) with remaining balls

either Yellow or Black. In the Ellsberg problem, the proportion of Yellow and Black balls is

not disclosed, while in the Allais problem it is disclosed that they are in proportion 1:8.3

Table 1: Ellsberg, Allais, and Intermediate Problems

Color | Red ‘ Black Color | Red ‘ Black
# Balls | 30 60 # Balls | 30 60
S M M 0 S M M M
R 0 M bl R 0 M byeo
S’ M 0 0 S’ M 0 M
R 0 0 by R 0 0 by o
(a) Classic Ellsberg Problem (E) (b) Unknown Common Outcome (UCO)
Color | Red \ Black Color | Red Black
# Balls | 30 60 # Balls | 30 30
S M M M S M M M
R M 0 plcco R M 0 bi
S’ 0 M M S’ 0 M M
R 0 0 bl co R 0 0 by’
(¢) Known Common Outcome (KCO) (d) Alternative Allais Problem (A’)
Color | Red Black
# Balls | 81 8
S M M M
R M 0 bt
S’ 0 M M
R 0 0 by

(e) Classic Allais Problem (A)

3Allais’ original presentation of common consequence problem did not describe the environment as one of
states with given probabilities and corresponding outcomes, but simply described the outcomes and probabilities
themselves. His exact probabilities correspond to 89% Red, 1% Yellow, and 10% Black balls. Given the
discreteness of balls in a 90-ball urn, our probabilities correspond to 90% Red, 1% Yellow, and 9% Black balls.



In both problems the decisionmaker makes a pair of choices: S vs. R and S vs. R4
The state-contingent payoffs for both problems are noted in Table 1, denoting the prizes 0,
M > 0and b, i€ {1,2}, j € {E, A}. In the original Ellsberg and Allais parametrizations,
bE = bl = M and b! = b3 = H > M, respectively. By presenting the Ellsberg and Allais
problems in a common experimental framework, Table 1 demonstrates the critical connection
between the two problems: in both cases S (R) and S” (R’) are related by reducing a common
outcome on a given event from amount M to 0.

The traditional findings from Allais and Ellsberg experiments are directionally opposed.
In Ellsberg’s problem the standard finding suggests that R > S and S’ > R, while in Allais’
problem the standard finding suggests that S > R and R’ > S’. This indicates directionally
opposed deviations from (S)EU in reaction to common outcome reductions. To see this, consider
the values of b/~ (b}) that would make an individual indifferent between S and R (S’ and R')
in each problem. Under (S)EU, the values b{* and bg* can be interpreted as measuring the
valuation for options S and S’, with higher valuations corresponding to greater risk aversion.’
(S)EU requires that b{* = bg* for both problems. The traditional finding from Ellsberg’s
three color problem indicates that 6" — b2" = A% < 0. The traditional finding from Allais’
parameterization of the common consequence problem indicates that b{" — bs'" = A% > 0. In
reaction to the common outcome reduction, individuals in Allais problems become more risk

tolerant relative to the (S)EU benchmark, while in Ellsberg problems they become less so.

2.2 Intermediate Problems

The observation that behavioral reactions to the common outcome reductions in Allais and
Ellsberg problems are directionally opposed leads to the central research question of this
manuscript: to what should this difference be attributed? Examining Table 1 reveals four
distinctions between the problems. These four distinctions motivate intermediate problems
(illustrated in Table 1 Panels (b), (c¢), and (d)) which serve to test corresponding hypotheses
for the drivers of differential response between Ellsberg and Allais.

The four principal distinctions are:

48 and R are used with natural reference to Safe and Risky alternatives, respectively. In Ellsberg’s original
presentation of the three color problem, he first discusses the choice between S’ and R’, and then the choice
between S and R. In Allais’ original presentation of the common consequence problem he first discusses the
choice between S and R, and then the choice between S’ and R'.

5This is true provided S and R have their normal interpretations as ‘Safe’ and ‘Risky’. That is, the SEU
decisionmaker in Ellsberg problems believes there are fewer Black balls than Red balls such that b * > M given
the individual’s preference satisfies first order stochastic dominance.



1. Certainty: A first critical distinction between the Ellsberg and Allais problems is that the
Allais problem involves a certain Option S. Given the wide body of evidence showing the
importance of certainty effects, a natural hypothesis is that certainty is a driving force for
the difference in signs between A}, and A%. To examine this hypothesis, we consider the
“Unknown Common Outcome” (UCO) problem in Table 1 Panel (b). The UCO problem
changes the payoff on a Black ball in Options S and S’ in the Ellsberg problem to M

instead of 0, yielding a certain outcome for Option S.

2. Known Common Outcome: A second distinction between the Ellsberg and Allais problems
is that the common outcome reduction in the Ellsberg problem occurs with an unknown
probability, while the common outcome reduction in the Allais problem occurs with a
known probability. A natural hypothesis is that ambiguity attitudes impact the treatment
of the former and are absent for the latter, leading to differential responses between the
two. To examine this hypothesis, we consider the “Known Common Outcome” (KCO)
problem in Table 1 Panel (¢). The KCO problem builds from the UCO problem, but
swaps the common outcome reduction from an unknown probability event, Yellow, to a

known probability event, Red.

3. Objective Uncertainty: A third distinction between the Ellsberg and Allais problems is
that, in the Ellsberg problem, the probabilities of Yellow and Black balls are not disclosed,
generating subjective uncertainty; while in the Allais problem all uncertainty is objective.
A natural hypothesis is that the subjective uncertainty triggers ambiguity attitudes in
the Ellsberg problem that are absent in the Allais problem leading to differences between
the two. To examine this hypothesis we consider the A’ problem. This problem is an
alternative parameterization of the Allais common consequence problem, designed for
natural comparison to the KCO task. Both problems have 30 known Red balls, and in A’
it is disclosed that the remaining 60 Yellow and Black balls are split evenly: 30:30.°

4. Parameter Values: A fourth distinction between the Ellsberg and Allais problems is that
the classic Ellsberg parameterization focuses on the case where 30 of the balls are Red,
while the classic Allais parameterization would correspond to 81 balls being Red (and
Yellow:Black balls being in proportion 1:8). A natural hypothesis is that behavior is

sensitive to the parameterization of Allais and Ellsberg problems such that parameter

60One motivation for this equal split is the principle of insufficient reason (Baron, 1994), which implies that
when no information on relative proportions is given the decisionmaker should treat ambiguity in a uniform
way acting as if there were equal numbers of Yellow and Black balls.



variation is a source of differences between A* and Aj. To examine this hypothesis,
we compare the classic Allais parameterization of the problem described above, A, to
the alternative parameterization, A’. For further exploration we also consider problem
parameters more continuously, maintaining 30 Red Balls but varying the relative number
of Yellow:Black balls from 35:25 to 25:35, 20:40, and 5:55. The 5:55 parameterization
delivers a problem that is close to the classic Allais problem in terms of relative proportion
of Yellow to Black while retaining Ellsberg’s 30 Red balls.

Ellsberg and Allais problems differ in four critical dimensions. Potentially any of these
distinctions or combinations thereof could determine the difference in directional response
between A7} and A%. Before turning to our experimental design, two points are worth
consideration. First, there is no “correct” ordering of the four distinctions and thus no “correct”
ordering of intermediate problems. The intermediate problems proposed above seemed intuitive
for two reasons: 1) certainty seemed to be a critical difference between the two problems that
warrants direct evaluation by changing only one thing between Ellsberg and UCO problems;
and 2) parameter variation seemed natural to conduct within Allais problems as Ellsberg
problems do not fully disclose all values. Second, note that the intermediate problems are
cumulative. For example, problem KCO accumulates the differences from Ellsberg due to both
certainty and having a known common outcome. Thus comparison of behavior in Ellsberg
to any intermediate problem provides tests of potentially joint hypotheses for the source of

differential response.

3 Experimental Design

We develop a common experimental framework for studying Ellsberg, Allais and intermediate
problems using paired valuation tasks. Specifically, we elicit the values b{ and b% for j €
{E,KCO,UCO, A", A} that makes a subject indifferent between S and R and S” and R’ in
each problem. For each problem type, j, we consider the value A; = b{ — b%, which captures
any deviation from (S)EU. McGranaghan, Nielsen, O’Donoghue, Somerville, and Sprenger
(2024b) demonstrate that under mild conditions on how noise impacts valuations, A; provides
an unbiased measure of its theoretical counterpart, the true deviation from (S)EU, A;’f.7 This

approach to measurement circumvents known problems for trying to draw inference on non-EU

"The most straightforward of these assumptions is that valuations are noisy measures of their theoretical
counterparts, i.e., bl =b] + ¢! with €/ being a mean zero independent noise term.



preferences from paired choices in the presence of noise (for examples and discussion, see
Ballinger and Wilcox, 1997; Loomes, 2005; Hey, 2005; Wilcox, 2008; Blavatskyy, 2007, 2010;
Bhatia and Loomes, 2017; Bernheim and Sprenger, 2020; McGranaghan et al., 2024a,b). In
addition to the five principal tasks we also consider several more. To explore more fine gradation
between A and A’, we implemented 4 Allais-style tasks keeping 30 Red Balls but varying the
relative number of Yellow:Black balls from 35:25 to 25:35, 20:40 and 5:55 as noted above.®

In order to elicit valuations using a common framework, all problems are described in the
context of an urn containing 90 balls which are either Red, Yellow, or Black as in Ellsberg’s
original presentation. In the Ellsberg problem 30 balls are Red and the remaining 60 are either
Yellow or Black. In the Allais problem 81 balls are Red, 1 ball is Yellow, and 8 are Black.
Prior to beginning each problem subjects are given information (limited in £, KCO and UCO
problems) for the contents of the urn. They are then asked to construct a virtual urn to ensure
that they understood the basic parameters of each problem.” After having constructed the
virtual urn, subjects provide their valuations & and ¥} in multiple price lists. The multiple
price lists elicit the payoff on a black ball in either S or S’ that make the subject indifferent
to R or R’ with a fixed value of M = $10. The range for potential valuations in each price
list varied from $0 to $45 in $1 increments. Appendix Figures Al, A2, A3, and A4 provide
screenshots of these multiple price lists for the £ and A problems. To facilitate data collection,
subjects were restricted to switch at most once in each price list. The complete instructions are
provided in Appendix C.1.

All subjects were paid $4 as a participation payment for the study. To encourage truthful
revelation of valuations, 1 out of 5 subjects were paid an additional bonus payment according
to their choice in one random row in one random multiple price list and the color of a ball
selected from the corresponding urn.’

Subjects completed 10 problems each consisting of a pair of valuations. The problems were
grouped into two blocks, one block containing the five principal tasks {E,UCO, KCO, A’, A}

along with one additional intermediate task described in footnote 8, and one block containing

8 Additionally, to explore a more fine gradation between E and UCO, we also implemented a task changing
Ellsberg’s 0 on Black with M/2 on Black for S and S’. We term this problem FE-half and discuss outcomes
primarily in footnotes to ease the exposition.

9Figure A5 provides an example of this urn construction step.

10Subjects were told that a random row from a random price list would be selected before they began making
their choices. This procedure accords with the practices informed by the theoretical work of Baillon et al.
(2022); Azrieli et al. (2018) for incentivizing experimental responses using random problem selection in contexts
of ambiguity by having the random problem selection be performed (but not revealed) before subjects begin
answering questions. Interestingly, Oechssler et al. (2019) conduct an experiment varying the timing of random
problem selection and find little differences in experimental response.



other parametric variants of Allais problems. The first block always preceded the second block,
but within blocks all problems were presented in random order and within problems the two

valuations were presented in random order.

3.1 Experimental Sample, Analysis Groups, and Data Quality

A total of 1801 subjects completed the study. Participants were required to have at least high
school education, fluency in English and be located in the United States or Western Europe.
They were also required to have a high Prolific approval rating (99-100) and satisfy constraints
on the number of Prolific studies previously completed (50-1000). The sample was balanced on
gender (50.0% male). The median completion time was approximately 22 minutes and subjects
earned an average of $5.93.

Because subjects completed each block in random order, our pre-analysis plan proposes two
forms of analysis: 1) examination of each subject’s first problem responses; 2) examination of
responses in all problems. For the former, analysis is between-subjects with approximately
300 paired valuations per group. For the latter, analysis is both within- and between-subjects
with a total of 9005 paired valuations. Our pre-analysis plan based power calculations on the
between-subjects analysis of first problem responses, so we consider 1) our primary analysis
sample when presenting our results.!!

After completing the study, subjects were asked to complete an incentivized comprehension
question aimed to test their understanding of multiple price lists. Subjects were given a fictional
valuation and asked to complete the corresponding price list. This comprehension question
could be selected as the random question for bonus payment with payment of $5 if correct.
80.0% of subjects accurately report the fictional valuation in the comprehension question.
As an additional indication of data quality, we investigate the proportion of subjects who
exhibit extreme price list behavior by providing values of b{ censored at $0 or $45. We find
that 3.2% (N=57) of subjects are censored at either end of the price list in all valuations.
A further 4 subjects provide valuations that are constant across all problems but are not
censored, indicating no sensitivity to the variation in parameters across problems. Further, in
UCO,KCO, A and A’ problems as well as the additional variants of Allais problems in Block
2 our multiple price lists permit the possibility of violating first order stochastic dominance by
stating b} < M = $10. Out of 28,816 responses in these problems, we find that 2,780 (9.7%)

1 Our pre-analysis plan was registered at the AEA RCT registry as trial AEARCTR-0014312 prior to data
collection.



violate stochastic dominance. Taken together we interpret these basic checks on data quality

as suggesting substantial subject attention and effort in the problems of our study.

4 Results

We present our results in three brief subsections. To begin, we use our valuation tasks to
replicate the classic findings in Ellsberg and Allais problems when conducted at their original
parameterizations, showing that Agp < 0 and A4 > 0. Second, having provided this basic
replication, we consider our intermediate tasks: UCO, KCO, and A’. We show that for all three
intermediate tasks, reactions to the common outcome reductions are directionally consistent
with the original Ellsberg paradox and inconsistent with the original Allais paradox, i.e., A; <0
for j € {UCO, KCO, A'}. Third, given that these results implicate parameter variation in
Allais problems as the central driver of differences, we present data from our additional Allais

tasks with further parameter variation.

4.1 Replicating Classic Ellsberg and Allais using Valuations

Table 2, Panel A presents estimated averages for b}, b}, and A; for observations in our primary
analysis sample consisting of the first problem subjects face. Figure 1, Panel A provides a
corresponding graphical depiction of the data. To calculate these averages, we conduct an
interval regression to account for the interval nature of price list data, where bg lies in an
interval of width $1 around the individual’s price list switch point. When an individual fails to
switch in a given price list either the top or the bottom of the relevant interval is set to +o00 or
—oo accordingly. To account for correlated errors within a subject across decisions, we cluster
standard errors at the individual level. The regression table is provided as Appendix Table A1l.

In the Ellsberg problem b¥ = 13.02 (clustered s.e.= 0.72) while b% = 15.59 (0.79), leading to
Ap = —2.56 (0.84).'% This negative response to the common outcome reduction corresponds to
the directional effect of the classic Ellsberg paradox. Indeed, we reject the SEU null hypothesis
of Ag = 0 at all conventional levels, x*(1) = 9.27, (p < 0.01). In the classic Allais problem,
bit = 22.09 (0.98) while b3 = 18.41 (0.93), leading to A4 = 3.68 (1.03). This positive response

12Standard intuition from the paired choice paradigm would imply that b < M = 10 < b¥, while we find
both values are above $10. We believe this difference in levels is partially due to our construction of price lists
that range up to $45, with pull-to-center effects elevating both valuations. While such phenomena may affect
the level of response, the consistency of the price lists across questions implies they cannot affect our object of
interest which is the sign of the difference, Ag.



Table 2: Behavior in Ellsberg, Allais and Intermediate Problems

Panel A: First Task Panel B: All Tasks
by by A by by A

Original Ellsberg: £ 13.02 1559  -2.56  16.01  17.41  -1.40
(0.72)  (0.79) (0.84) (0.32) (0.34)  (0.36)

Task

Uco 2387 2758 -3.70 2718 2981  -2.63
(0.90) (0.96) (0.99) (0.39) (0.39) (0.39)

KCO 26.60 28.61 -2.00 29.39 30.61 -1.22
(0.96)  (0.96) (0.95) (0.40) (0.40)  (0.39)

A 2956  30.70 -1.13 3059 31.13  -0.55

(0.92) (0.92) (0.81) (0.41) (0.38) (0.37)

Original Allais: A 22.09 1841  3.68 21.95 19.18  2.77
(0.98) (0.93) (1.03) (0.45) (0.42) (0.50)

Note: Reported values correspond to estimated means after interval regression of interval of
valuation on problem interacted with question number (1 or 2). Standard errors clustered at
the participant level are given in parentheses. See Appendix Table A1 for regressions. Panel
A contains data only from problems that are seen first by a subject. Panel B contains data
for all problems irrespective of whether they are seen first.
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Panel A: First Problem Panel B: All Problems
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Note: Figure presents values of estimated means after interval regression of interval of valuation on problem
interacted with question number (1 or 2) with standard errors clustered at the participant level. See Appendix
Table Al for regressions. Error bars correspond to +/- 1 standard error. Panel A contains data only from

problems that are seen first by a subject. Panel B contains data for all problems irrespective of whether they
are seen first.

Figure 1: Mean Valuations across Tasks
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to the common outcome reduction corresponds to the directional effect of the Allais paradox.
We reject the EU null hypothesis of A4 = 0 at all conventional levels, x*(1) = 12.83, (p < 0.01).

Our findings of directionally different deviations from (S)EU in classic Ellsberg and Allais
problems echo the findings of the prior literature using paired choice paradigms. Providing
replication of these findings using a paired valuation paradigm and a common experimental
framework is the first result of this manuscript. Within our data, we reject the null hypothesis
that the deviations from (S)EU are equal across classic Ellsberg and Allais problems; a test
of Hy : Ax = Ap yields x*(1) = 22.09, (p < 0.01)."® This distinction between Ellsberg and
Allais problems is observed in our primary sample relying on between-subject variation in the
first task subjects faced. In Table 2 and Figure 1, Panel B we reproduce this analysis using
all observations. While we find some differences in the levels of behavior, suggesting some
spillovers across tasks, the directional differences are maintained and we continue to reject the
null hypothesis of Hy : Ay = Ag, x*(1) = 44.56, (p < 0.01), in the full sample.

4.2 Examining Intermediate Tasks

Implementing classic Ellsberg and Allais problems using valuation tasks yields a clear difference
in the signs of Ag and A 4. We now turn to our intermediate tasks, breaking down the difference
between the two problems into discrete experimental steps. Table 2, Panel A and Figure 1,
Panel A presents the calculated averages and standard errors from these tasks following the
same procedure noted above. We examine hypotheses related to each experimental step moving

from the original Ellsberg task.

Certainty vs. Uncertainty: Comparing UCO to E

In the UCO problem 6Y¢° = 23.87 (0.90) while 05°° = 27.58 (0.96), leading to Ayco =
—3.70 (0.99). This negative response to the common outcome reduction corresponds to the di-
rectional effect of the classic Ellsberg paradox, and we reject the null hypothesis Hy : Ayco =0
at all conventional levels, x*(1) = 14.12, (p < 0.01). Moreover, we fail to reject the null
hypothesis Hy : Ap = Apco, x*(1) = 0.77, (p = 0.380). The directional consistency between
Ag and Ayco holds for both our primary sample and all observations, though the full sample
does suggest some differences in magnitudes between the two. The results from our UCO task

suggest that certainty alone is not the driving force behind the difference in sign between Ag

13To ensure the robustness of this directional difference, we conduct a Mann-Whitney test for equality of
distributions between A4 and Apg using the midpoint implied by each price list switchpoint (or endpoint + /-
0.50 for censored observations). The test of Hy : A4 = Ap in distributions yields z = 5.21, (p < 0.01).
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and A,y

Unknown vs. Known Common Outcome: Comparing KCO to UCO

In the KCO problem K90 = 26.60 (0.96) while b5°C = 28.61 (0.96), leading to Axco =
—2.00 (0.95). This negative response to the common outcome reduction corresponds to the di-
rectional effect of the classic Ellsberg paradox, and we reject the null hypothesis Hy : Agco =0
at the five percent level, x?(1) = 4.44,(p = 0.035). We fail to reject the null hypothe-
ses Hy : Ayco = Axco, X*(1) = 1.54,(p = 0.215) and Hy : A = Ayco = Axco,
x2(1) = 1.60, (p = 0.450). The directional consistency between Ag, Apco, and Agco holds
for both our primary sample and all observations. The results from our KCO problem suggest
that having the common outcome reduction on a known rather than an unknown probability

event is not the driving force behind the difference in sign between Ag and Ay.

Subjective vs. Objective Uncertainty: Comparing A’ to KCO

In the A’ problem b4’ = 29.56 (0.92) while b4 = 30.70 (0.92), leading to Ay = —1.13 (0.81).
This negative response to the common outcome reduction corresponds to the directional
effect of the classic Ellsberg paradox. In the primary sample we fail to reject the null hy-
pothesis Hy : Aa = 0, x*(1) = 1.94, (p = 0.164), though a one-sided test would marginally
reject the null of A’y > 0. Importantly, we also fail to reject null hypotheses for consis-
tency between A’ and prior problems: Hy : Ay = Agco, x*(1) = 0.48,(p = 0.487) and
Hy : Ap = Apyco = Agco = Ay, x*(1) = 4.26,(p = 0.235). The directional consistency
between Ag, Ayco, Akco, and A’y holds for both our primary sample and all observations.
The results from our A’ task suggest that the distinction between subjective and objective

uncertainty is not the driving force behind the difference between Ap and A 4.*°

4Tn the problem described above as E-half where for S and S’ the Black ball payment is replaced with M /2
instead of M, for our primary sample we find by = 21.23 (clustered s.e. = 0.95) and by = 21.61 (0.95). For the
full sample these values are by = 24.78 (0.39) and b = 26.01 (0.39). Though we fail to reject the null hypothesis
of A =0 in our primary sample, x?(1) = 0.16 (p = 0.69), we do reject the null hypothesis of A = 0 in our full
sample x2(1) = 10.9 (p < 0.01). As in the UCO problem, deviations from (S)EU in the E-half problem are
towards A < 0, the Ellsberg direction.

Interestingly, the quantitative differences between the KCO problem and the A’ for both b; and by indicate
that the principle of insufficient reason is not likely to hold. Indeed, we reject the null hypothesis of equality
Hy : b = bKCO and bg" = bXCO in both the primary sample (x2(1) = 5.19, (p = 0.075)) and the full sample
( x2(1) = 8.74, (p = 0.013)). Directionally, individuals require higher payments on black balls when they are
received with objective probability 1/3 than if their probability is subjective in the range [0,2/3], indicating
optimism for the likelihood of a black ball in the KCO problem relative to A’. Despite this difference between
objective and subjective uncertainty, A < 0 is maintained for both problems, reducing the plausibility of this
channel as the source of the sign change.
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Classic Allais Parameters vs. Alternative Allais Parameters: Comparing A vs. A’
Parameter variation appears to be a key determinant of the difference between (S)EU deviations
in Ellsberg and Allais problems. The directional deviation from EU changes signs between the
classic and alternative parameterizations of the Allais problem, and we reject at all conventional
levels that Ax = A, x*(1) = 13.5, (p < 0.01). Indeed, though we fail to reject the null
Hy: Ap = Ayco = Akco = A, X3(3) = 4.26, (p = 0.235), we easily reject the null of full
equality Hy : Ap = Ayco = Axco = Aa = Aa, X3(4) = 32.27, (p < 0.01). These directional
differences and the location of the sign change are observed in both our primary sample and
the full sample of all observations.

The general commonalities in the sign of (S)EU deviations across the £, UCO, KCO and A’
problems along with the sharp difference for the A problem is striking. Within our full sample,
we are able to additionally assess commonalities within individual by examining correlations
in behavior. In Appendix Tables A2, A3, and A4 we provide the raw correlations between
v, b}, and A, across problems. The values of b and b, for E,UCO, KCO and A’ problems
exhibit average correlations of 0.273 and 0.312, respectively.!® Correlations of each with the
A problem drop notably to 0.080 and 0.107 on average, respectively.'” The values of A; for
E,UCO, KCO and A’ problems exhibit an average correlation of 0.050, while the correlation
of each with A4 is 0.014.'%

Rather than the substantive differences between the Ellsberg and Allais problems such as
the presence of certainty, knowledge of the common outcome reduction, and the difference
between subjective and objective uncertainty, the key driving force for the directional difference
between Ag and A, appears to be something more picayune: parameter variation. In the next

subsection, we discuss parameter variation within Allais-style problems in more detail.

4.3 Parameter Variation in Allais-Style Problems

Our data demonstrate directional changes in the value of A as we move between classic and
alternative parameterizations of the Allais problem. In this subsection we consider Block 2

of our design, which implements a variety of other alternative parameterizations of Allais

16A1] 12 of the pairwise correlations in the levels of behavior for for E,UCO, KCO and A’ problems are
signifcant at the 1% level.

170f 8 pairwise correlations between levels of behavior for the A problem and the E,UCO, KCO and A’
problems 7 are signifcant at the 1% level.

180f 6 pairwise correlations in A for j € {E,UCO, KCO, A’} 3 are significant at the 1% level. Of 4 pairwise
correlations between Ay and A; for the j € {E,UCO, KCO, A’} none are significant at the 1% level.
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problems, maintaining 30 Red Balls and varying the remaining Yellow to Black Balls from
35:25 to 25:35 to 20:40 to 5:55. Table 3 present these data for both the first task in Block 2
and the full sample of all observations. For completeness, we also restate the corresponding

statistics for A and A’.*® Appendix Table Al provides the corresponding regressions.

Table 3: Response to Parameter Variation in Allais Problems

Panel A: First Task Panel B: All Tasks

Task by by A by by A
A(30: 35 :25) 34.16  34.44 -0.28 34.23  34.35 -0.12
(0.74)  (0.73)  (0.69) (0.41) (0.39) (0.34)
A’ A(30: 30 : 30) 29.53  30.66 -1.14 30.55  31.10 -0.55
(0.92) (0.91) (0.81) (0.40) (0.38) (0.37)
A(30: 25 :35) 29.55  30.03 -0.48 29.23  30.54 -1.31
(0.83) (0.77) (0.75) (0.39) (0.37) (0.37)
A(SO 120 40) 24.79 27.02 -2.23 25.74 26.99 -1.25
(0.69) (0.69) (0.64) (0.37) (0.36) (0.36)
A(30:5:55) 18.96 18.80 0.16 18.50 18.83 -0.33

(0.69)  (0.67) (0.79) (0.35) (0.35) (0.39)
Original Allais: A: A(81:1:8) 22.07 1841 366  21.94 19.18  2.77
(0.97)  (0.93) (1.02) (045) (0.42) (0.50)

Notes: Reported values correspond to estimated means after interval regression of interval of valuation on
problem interacted with question number (1 or 2). Standard errors clustered at the participant level are
given in parentheses. See Appendix Table Al for regressions. Panel A contains data only from problems
that are seen first by a subject in a given block. Panel B contains data for all problems irrespective of
whether they are seen first.

Table 3 demonstrates that the level of response is highly sensitive, as one would expect,
to variation in the proportion of Yellow to Black balls. Interestingly, however A < 0 pre-
vails for most problems even when valuations are close in level to those of the classic Allais
parameterization. Indeed, we cannot reject the null hypothesis that all A apart from the
classic parameterization are equal to each other, y?(4) = 7.23, (p = 0.124). The sign of A
reliably changes and becomes signficantly positive only when we examine the classic Allais
parameterization, and we easily reject the null hypothesis that A for parameterization 81 :1:8
is equal to the others, x?(5) = 24.93, (p < 0.01).

19The standard errors for the A and A’ change slightly from Table 2 because standard errors are clustered on
the individual level and a different set of problems are considered.
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5 Discussion

Our study documents the key directional difference in response to similar common outcome
reductions between classic Ellsberg and Allais problems in a single experimental framework
eliciting paired valuations. Four fundamental distinctions between the two problems are: the
presence of certainty, whether common outcome reductions occur on known events, subjective
versus objective uncertainty, and differences in problem parameters. Our results identify
differences in problem parameters as a key driver of the directional difference in (S)EU
deviations between Ellsberg and Allais problems.

Our findings show marked sensitivity of behavior in Allais problems as outcome probabilities
are varied. Indeed, in the Allais problem closest to Ellsberg’s formulation (and in most others)
we find the opposite of the standard pattern, a Reverse Common Consequence Effect (RCCE).
This sensitivity and the prevalence of RCCE resonate with recent work which documents
sensitivity of common consequence effects to problem parameters, and a prevalence of RCCE
away from Allais’ classic parameterization (Blavatskyy et al., 2022; McGranaghan et al., 2024a).

Taken together our findings deliver new insights for the combined study of decisionmaking
under objective and subjective uncertainty. The similarly-signed deviations from (S)EU in all
problems except the classic Allais problem suggest some commonality across objective and
subjective environments that should be recognized by future theoretical explorations in these
domains. This commonality generates particular challenges for current leading non-(S)EU
models. Intuitively, theories of ambiguity aversion that reduce to EU when all uncertainty
is objective are challenged by the commonalities across objective and subjective settings.
Additionally, theories that rely on taking a worst-case approach to ambiguity are even challenged
by the effects in subjective problems such as UCO and KCO where worst-case belief implies
A* = 0. In Appendix B, we expand on these points, highlighting rejections in our data of
central non-SEU theories such as Max-Min Expected Utility (Gilboa and Schmeidler, 1989)
and smooth ambiguity aversion (Klibanoff et al., 2005). Objective non-EU theories fare little
better as McGranaghan et al. (2024a) demonstrate that changes in the sign of A in response
to variation in Allais problem parameters lie outside of the prediction of virtually all leading
non-EU models which tend to predict global effects.

Given the challenges our data suggest for leading non-(S)EU models, a natural question
is what data features might guide the search for new theories. We view three features of the
data as key to the development of new theories: 1) the classic Ellsberg’s negative reaction

to common outcome reductions, Ag < 0; 2) the classic Allais’ positive reaction to common
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outcome reductions A4 > 0; and 3) the reversal of this reaction as parameters move closer to
those for Ellsberg, e.g., A < 0. Future theoretical models should be attentive to rationalizing

these different phenomena as part of their development.
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A Additional Tables and Figures

First Problem All Problems First Problem All Problems

Question 2 2.56 1.40 0.28 0.12
(0.84) (0.36) (0.69) (0.34)
Uuco 10.85 11.17
(1.15) (0.46)
KCO 13.58 13.38
(1.20) (0.46)
A 16.54 14.58
(1.16) (0.49)
Original Allais: A 9.06 5.94
(1.21) (0.54)
Question 2 * UCO 1.14 1.23
(1.30) (0.51)
Question 2 * KCO -0.56 -0.18
(1.27) (0.53)
Question 2 * A’ -1.43 -0.85
(1.17) (0.52)
Question 2 * A -6.24 -4.17
(1.33) (0.63)
A -4.64 -3.68
(1.12) (0.40)
A(30: 25: 35) -4.61 -5.01
(1.11) (0.38)
A(30 - 20 : 40) 0.37 -8.50
(1.00) (0.41)
A(30: 5 55) -15.20 -15.73
(1.00) (0.51)
Original Allais: A -12.09 -12.29
(1.19) (0.58)
Question 2 * A’ 0.86 0.44
(1.06) (0.48)
Question 2 * A(30 : 25 : 35) 0.20 1.20
(1.02) (0.47)
Question 2 * A(30 : 20 : 40) 1.95 1.13
(0.95) (0.45)
Question 2 * A(30 : 5: 55) -0.44 0.22
(1.05) (0.51)
Question 2 * A -3.94 -2.88
(1.22) (0.60)
Constant 13.02 16.01 34.16 34.23
(0.72) (0.32) (0.74) (0.41)
log(c) 2.73 2.77 2.72 2.76
(0.02) (0.01) (0.02) (0.01)
N 3014 18010 4746 21612

Notes: Interval regression coefficients with standard errors clustered at
the individual level in parentheses. E omitted in columns one and two,
A(30 : 35 :25) omitted in columns three and four.

Table Al: Interval Regressions
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Table A2: Correlation of ¥/

E uco KCO A A

E -
uco 0.1897* -
KCO 0.1943*  0.4094* -
A 0.0956*  0.3405*  0.4062* -
A 0.0748*  0.0515  0.0622* 0.1330" -

Notes: N = 1801, correlations between b{. * indicates significant correlation at the p < 0.01 level.

Table A3: Correlation of ¥,

E uco KCO A A

E -
Uco 0.2155* -
KCO 0.1593*  0.4646* -
A 0.1329*  0.4208*  0.4842* -
A 0.1230*  0.0852*  0.1090*  0.1106*

Notes: N = 1801, correlations between b%. * indicates significant correlation at the p < 0.01 level.

Table A4: Correlation of A;

E Uuco KCO A A

E -
uco 0.0676* -
KCO 0.0170  0.0653* -
A 0.0062 0.0423  0.1018* -
A -0.0196  0.0332 0.0025  0.0397 -

Notes: N = 1801, correlations between Aj;. * indicates significant correlation at the p < 0.01 level.

B Theoretical Development for Non-(S)EU Preferences

We document commonalities in the direction of deviations from SEU across £, UCO, KCO
and A’ problems along with opposing deviations in A problems. The documented patterns

of behavior are not only inconsistent with SEU but several behavioral alternatives. In this
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appendix, we consider the two prominent alternatives to SEU with subjective uncertainty,
Max-Min Expected Utility (MEU) (Gilboa and Schmeidler, 1989) and the Smooth Ambiguity
model of Klibanoff et al. (2005). We demonstrate that the primary facts of our study reject
these leading formulations.?’ Table A5 presents the primary facts of our experiment — Ap <
0; Ayco < 0; Agco < 0; Ax < 0; A4 > 0 — along with model predictions for SEU, MEU and
the Smooth Ambiguity model. We consider each model in turn relative to these facts noting

with X when a model cannot accommodate a given fact and v/ when rationalization is possible.

Model Class AE <0 AUCO <0 AKCO <0 AA/ <0 AA >0
SEU X(Ap=0) X(Ayco=0) X(Axco=10) X(Ax =0) X(As=0)
MEU v X(Apco=0) X(Agco=0) X(Ax =0) X(A,=0)
Smooth Ambiguity v v v XAy =0) X(As=0)

Table A5: Comparison of Model Predictions with Empirical Facts

SEU(Savage, 1954): SEU satisfies Savage’s axiom P2, which is commonly referred to as
sure thing principle, which implies A; =0 for all j € {E,UCO, KCO, A’, A}. Each individual

fact and their combination are inconsistent with SEU.

MEU(Gilboa and Schmeidler, 1989): Under Max-Min Expected Utility model (Gilboa and
Schmeidler, 1989), decision-makers evaluate acts on the basis of the worst-case beliefs from a
set of potential beliefs. This permits the model to rationalize the classic Ellsberg problem by
positing different worst-case beliefs when considering S vs R and when considering S’ vs R'.
For example, if the individual were to entertain potential beliefs that of the 60 Black and Yellow
balls it is possible that 59 are Black or 59 are Yellow, MEU can easily rationalize Ag < 0.
Beginning with valuation b, the individual acts as if 59 of 60 unknown balls are Yellow in R’
and so requires an extreme value on a Black Ball to relinquish option S’, yielding an elevated

valuation for b&. With linear Bernoulli utility, b% solves
30/90M = 1/90b% .

For valuation b¥, the worst-case belief for S is that 59 of 60 unknown balls are Black, while for

)

20Focusing specfically on models of objective uncertainty McGranaghan et al. (2024a) demonstrate that Allais
common consequence effect is maintained across most prominent non-EU models and problem parameters
such that both A4 > 0 and A4 > 0 would be predicted. These prominent models for objective uncertainty,
including standard formulations of prospect theory (Kahneman and Tversky, 1979; Tversky and Kahneman,
1992), are thus rejected by our findings of Ay > 0 and Ay < 0.
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R the worst-case belief depends on whether ¥ > M. If b¥ > M, the worst-case belief for R is
that 59 of 60 unknown balls are Yellow, while if b < M, the worst-case belief is that 59 of 60

unkown balls are Black. In the former case b solves
30/90M + 1/90M = 59/90M + 1/90b7,

yielding a dramatically reduced — even negative — valuation relative to bY.?! In the latter
case bY solves
30/90M 4 1/90M = 1/90M + 59/90b%

also yielding a substantially reduced valuation relative to b¥, and thus Ay < 0.

Though MEU can rationalize behavior in the classic Ellsberg problem, for all other problems
the model cannot rationalize the data. The simple logic is that that worst-case belief is invariant
across acts and questions in all other problems. This is tautologically true in problems A
and A" as only one belief (the objective probability distribution) is admissible and therefore
MEU predicts Ay = A’y = 0. For problems UCO and KCO this is also straightforward to see.
Consider S vs R in the UCO problem. Assuming bY°C > M to avoid violations of stochastic
dominance, then the worst-case belief is that the unknown balls are primarily Yellow in R.
Considering S” vs R', the worst-case belief for both is that the unknown balls are primarily
Yellow. Given that the worst-case belief is both consistent across acts within a question and
consistent across questions, the individual acts as if they had a single coherent belief in all

situations yielding Ayco = 0. The same logic holds for the KC'O problem yielding Agco = 0.

Smooth Ambiguity Model(Klibanoff et al., 2005): The Smooth Ambiguity model

considers a decision-maker who evaluates the acts according to a functional

Vi) = [Lo( [ u(f)dp) du)

where P is the set of probability distributions over states €2, u is a Bernoulli utility function, and

¢ is a strictly increasing transformation. The Smooth Ambiguity model generally rationalizes

211f one required internal consistency such that the applied worst-case beliefs for S and R had to be consistent,
this extreme prediction would not hold. For example, maintaining consistent worst-case beliefs that 59 of 60
unknown balls are Yellow would yield a b¥ that solves

30/90M + 59/90M = 59/90M + 1/90b%,

which yields b = b¥; Ap = 0.
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the classic Ellsberg phenomena by positing that ¢ is a concave transformation, which we assume
throughout.

Consider states Q = {R,Y, B}, potential probability distributions P = {(1/3,0,2/3),(1/3,2/3,0)}
and likelihood of each probability distribution p((1/3,0,2/3)) = ¢, 1((1/3,2/3,0)) =1 — ¢,
i.e., with probability ¢, a decision-maker believes that all the remaining balls are Black and
with probability 1 — ¢, he believes that all the remaining balls are Yellow.?? Further, assume
u(0) = ¢(0) = 0 and w is an identity. With this foundation we begin by showing that Ag < 0.

In the Ellsberg problem,

V(S)=q ¢(1/3M)+ (1 —q) - ¢(M)

and

V(R) = q-¢(2/3b7) + (1 — q) - #(2/3M)
Similarly,
V(S") = o(1/3M)

V(R') = q-¢(2/3by)

With solutions (b¥,b¥) such that V(S) = V(R) and V(S") = V(R'),
V(8) = V() = (V(R) = V(R)) =0,
which, when rearranged reduces to,

(1—q) (6(M) — 6(1/3M) — $(2/3M)) = q (6(2/3b) — $(2/3b5))

Finally, since ¢ € (0,1) and ¢ is strictly increasing and strictly subadditive on [0, co
bE < bf and Ag < 0.

)23
)

22We assume P is not a singleton, i.e., ¢ € (0,1). If P is singleton, V is ordinally equivalent to SEU.
23 Any strictly concave ¢: R — R such that ¢(0) > 0 is strictly subadditive on [0, c0) i.e.,

o(z +y) < ¢(x) + d(y)

for x,y € [0, 00).
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Next, consider the the UCO problem following the same methodology as above,

V(S) = ¢(M)
and
V(R) = qp(2/30{“C) + (1 — q)p(2/3M),
while
V(S") = qp(M) + (1 — q)(1/3M)
and

V(R') = q(2/3059).

Setting the solutions in the two questions to be equal, and summing over questions yields

the same result as in the Ellsberg task:

(1 - q) (6(M) — B(1/3M) — 6(2/3M)) =  (6(2/367°°) - 6(2/3K°°)) .

Again using strict subadditivity of ¢ and ¢ € (0, 1), the sign of the left hand side is negative
implying bY°C < bY°© and thus Ayco < 0.

For the KCO task, the valuations for the acts S, R,S’, and R’ are given as follows:

V(R) =q-¢(1/3M +2/301°C) + (1 - q) - 6(1/3M),
V() = o(2/3M),

and
V(R') = q- ¢(2/3b5°).

Again, considering V(S) — V(5") — (V(R) - V(R')) =0
S(M) — §(2/3M) — (gp(1/3M +2/3b°C) + (1 — q)(1/3M) — q(2/3b5)) = 0,

(G(M) — 6(1/3M) — ¢(2/3M)) — ¢ ($(1/3M +2/3b{?) — 6(1/3M) — $(2/3b5°7)) = 0.
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So,
(6(M) — $(1/3M) — $(2/3M)) = q (9(1/3M + 2/36°°) — 6(1/3M) — $(2/365°0)) < 0
with the inequality coming from strict subadditivity and ¢ € (0,1). Further,
O(1/3M +2/3600) — 6(1/3M) — H(2/36°0) + 6(2/36°0) — p(2/365°°) <0,

0(2/301°°C) — 6(2/305C) < 6(1/3M) + ¢(2/3b1“C) — $(1/3M + 2/3b1°7).

The right hand side is a positive number for a subadditive ¢ and thus the inequality can be
satisfied with bK¢0 < O Ao < 0, consistent with our empirical facts.

For the A and A’ problems, the Smooth Model must have P as a singleton. Thus, for
these objective tasks the Smooth Model is equivalent to EU yielding Ay = A4 = 0, which is

inconsistent with our empirical findings.
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C Experimental Protocol

Question Pair 4 of 10

Urn Question 2 of 2

For this urn, 30 of the 90 balls are known to be RED. The remaining balls 60 are either BLACK or

Please indicate your preferred option for each row.

in unknown proportion.

Option A Option &
RED BLACK RED BLACK
30balls 60 balls 30 balls 60 balls
$10 0 s0 s0
$10 0 o S0 1
$10 0 .o S0 52
$10 0 o o so 3
$10 80 o so sa
$10 0 o o %0 5
$10 0 o o S0 6
$10 0 oo S0 s7
s10 0 o0 s0 s8
$10 0 o o %0 s9
$10 0 o s0 10
$10 0 o o S0 s
$10 0 .o S0 $12
$10 0 .o S0 $13
$10 0 oo s0 $14
$10 0 oo S0 $15
$10 0 .o S0 $16
$10 0 .o S0 $17
$10 0 o o s0 $18
$10 0 oo S0 519

Figure Al: Ellsberg Question 1

28

Question Pair 4 of 10

Urn Question 1 of 2

For this um, 30 of the 90 balls are known to be RED. The remaining balls 60 are either BLACK or

Please indicate your preferred option for each row.

in unknown proportion.

Option A Option 8
RED BLACK RED BLACK
30 balls 60 balls 30 balls 60 balls
$10 0 5 %0 s0
$10 s0 o so 8
$10 $0 o o s0 $2
$10 $0 o o %0 3
$10 0 o %0 sa
$10 0 o %0 5
$10 0 o %0 s6
$10 $0 o s0 $7
s10 s0 O [e) S0 s8
s10 s0 O [e) S0 s9
$10 0 o %0 s10
$10 s0 o so 1
$10 $0 o %0 $12
s10 s0 O [e) S0 813
$10 0 o, S0 s14
$10 0 5 o %0 $15
$10 0 o %0 s16
$10 $0 o %0 $17
$10 $0 o o s0 s18

Figure A2: Ellsberg Question 2
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Urn Question 1of 2 Urn Question 2 of 2
ssssssses g3sssasses
PPeeeReR®® eeesceseee
L rrrrr) eI BBO@®
ee0eEEORDS® sees0eEm®e
©00eOEOe®® secsees®ee
PReeREeRE® 000000 Eee®
ePePeee®O® PP eeeee®
CLLILI L1 ]IS] CLLLLLLL LIS}
Faor this urn, 81 of the 90 balls are known to be RED, 1 are known to be . and 8 are known 1o be BLACK. For this urn, 81 of the 90 balls are known to be RED, 1 are known to be . and 8 are known to be BLACK.
Please indicate your preferred option for each row. Please indicate your preferred eption for each row.
Option A Option B Option A Option B
RED BLACK RED BLACK RED BLACK RED BLACK
81balls 1balls 8 balls 81 balls 1balls 8 balls 81balls 1balls 8 balls 81 balls 1balls 8 balls
310 $10 o s $0 $0 $10 o $0 $0
s10 $10 | 10 $1 $0 $10 o $0 $1
$10 $10 o o $10 $2 $0 $10 $0 $2
s10 $10 $10 $3 s$0 $10 s$0 $3
$10 $10 $10 $4 $0 $10 $0 $4
s10 $10 $10 $5 $0 $10 o) o) $0 $5
$10 $10 o o 10 $6 $0 $10 o o sO $6
%10 $10 o 810 &7 $0 $10 o $0 57
$10 $10 $10 $8 $0 $10 $0 58
s10 $10 $10 $9 s0 s10 s0 $9
$10 $10 $10 $10 $0 $10 $0 $10
s10 $10 $10 M $0 $10 s$0 M
s10 $10 O O $10 $12 $0 $10 o)} o) $0 $12
10 $10 o s 13 %0 $10 o $0 813
s10 s10 $10 $14 $0 10 o S0 $14
s10 s10 $10 $15 $0 s10 s0 $15
s10 s10 $10 $16 so0 s10 $0 s16
s10 $10 [ S0 $17 so s10 s0 s17
s10 $10 o s s18 s0 s10 4 o so s18
10 s10 50 10 19 50 $10 o S0 $19
Figure A3: Common Consequence Ques- Figure A4: Common Consequence Ques-
tion 1 tion 2
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Question Pair 1 of 10

Urn Setup

The following pair of questions relates to the urn below. The urn for this question pair contains 30 RED balls. The remaining 60
balls are either BLACK or in unknown proportion.

Before you proceed to the pair of questions relating to this urn, please take a moment to indicate the number of balls that are
known to be RED. Te do so, please click on the last ball within the urn that is known to be RED. The remaining balls in the urn are
aithar or BLACK.

You will not be able to proceed until you have correctly identified the number of known RED.

ojololololololo oo [l
ojelolololo oo oo [
ojelolololo oo oo [l
ojololololo oo oo [

ojololololololo oo [l
ojololololololo oo Ji
ojololololo ool ol
olololololololololo /i
ojo]olololo]o]olo]o ]

Figure A5: Urn Setup Screen

C.1 Instructions
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Study Instructions rage 1072

Setup: This experiment is designed to study decision making under uncertainty. Each of the guestions will refer to an urn, which
is an object containing a total of 90 balls. Each ball is either BLACK, RED or YELLOW. We have provided an example below of
what the urn might look like.

ololololololololololR
0000000000 -
oJololololololololo R
oJolojololololololo R
0000000000 -
oJololololololololo
0000000000 -
0000000000 -
0000000000 -
0000000000 -
0000000000 -
000000000® -
lolololololololololo
POOOOVOOVO -
OOOOOOOOQO -
POOVO0OOVO -
QOOVOVOOVO -
OO0V -




Study Instructions rage 2 or 2

Study outline: This study consists of 10 pairs of questions. Each question pair will refer to a different urn of 90 balls. Both
questions in a pair will refer to the same urn. Each question pair relates to the random draw of a single ball from the urn.

In each question, you will be presented with a choice between possible bonus payments depending on the color of the
randomly drawn ball from this urn.

Note:

While the proportion of BLACK versus YELLOW balls in each urn is not always revealed to you, the proportion has already
been realized by the computer at the start of this session.

Similarly, a single ball has already been randomly drawn from each urn, and its color has been recorded in advance.

None of your decisions in this study can therefore affect the proportion of BLACK versus YELLOW balls or the color of the
single randomly drawn ball from each urn.

C N

Payments: You will receive a completion payment of $4. In addition, 1in 5 participants will be randomly selected to receive a
bonus payment. If you are selected for a bonus payment, you will be paid a bonus based on your decision in one randomly
selected question from the 20 paired questions, or based on a comprehension question you will complete at the end of the
study.

Note:

¢ The payment question will be drawn at random before you begin answering the questions.
o [f the payment question is one of the 20 paired questions, the payment will depend on your decision in the randomly
selected question and the color of the single randomly drawn ball from the corresponding urn.
o If the payment question is the comprehension question, then you will get a fixed payment of $4 if you answer it
correctly, and $0 otherwise.
¢ You should therefore treat each question as if it was actually being implemented for payment and report your preferences
truthfully.
* You will not be told which question has been selected until after you have finished answering all the questions.
 If you are randomly selected to receive a bonus, the average bonus payment is approximately $8.

I )




Question Instructions rage 7072

In this study you will complete 10 pairs of questions. Both questions within a pair will refer to the same urn of 90 balls.

Before each question pair, you will be told how many of the 90 balls in the urn are RED. The remainder of the balls in the urn are
either YELLOW or BLACK.

In some instances, you will also be told how many of the balls are YELLOW and BLACK, and in other instances you will not be
told.

Each question in a pair relates to the draw of a single ball from the urn.

In each question, you will be asked to make a series of decisions between an Option A and an Option B.
Each option consists of possible bonus payments depending on the color of the randomly drawn ball.

The bonus payments under Option A will always be fixed, while under Option B the bonus payments will vary.

C )

For convenience, the decisions for each question will be presented in a table that is organized such that each successive row of
Option B will always be better than the row before.

For each decision, all you have to do is decide whether you prefer Option A or Option B. If you prefer Option A, simply click the
button next to Option A. If you prefer Option B, simply click the button next to Option B.

To avoid having to make a selection in each row, all rows above a row for which you select A will auto-populate as A, and all
rows below a row in which you select B will auto-populate as B.

. )




Question Instructions rage 2072

To give you an example of how to complete a decision table, consider the hypothetical decision table below.
In each row, Option A offers $12.50 if the randomly drawn ball is RED, , or BLACK. Option B pays some amount from
$0 to $20 if the randomly drawn ball is either RED, , or BLACK.

To make sure that you are comfortable with how the decision tables work, please feel free to click through the decision table
below.

Once you are done, please click Next to proceed.

Option A Option B
# RED BLACK RED BLACK
1 $12.50 $1250 SO $0
2 $12.50 $1250 o o 91 $1
3 $12.50 $12.50 o (o $2 $2
4 $12.50 $1250 o (o $8 $3
5 $12.50 $12.50 (o $4 $4
6 $12.50 $12.50 () $5 $5
7 $12.50 $12.50 () $6 $6
8 $12.50 $12.50 o (o 97 $7
9 $12.50 $1250 () s8 $8
10 $12.50 $1250 o () $9 $9
" $12.50 $12.50 () s$10 $10
12 $12.50 $1250 ) o sM 1M
13 $12.50 $1250 ) | ) $12 $12
14 $12.50 $1250 ) | o $13 $13
15 $12.50 $1250 o ) s$14 $14
16 $12.50 $1250 ) | ) $15 $15
17 $12.50 $12.50 O'0 $16 $16
18 $12.50 $12.50 O'0 $17 $17
19 $12.50 $1250 ) () $18 $18
20 $12.50 $1250 ) () s$19 $19
21 $12.50 $12.50 ) () $20 $20




QUiZ Question 10of 3

In this section, you will be asked three questions about the task. These questions are not paid, but will be used to confirm your

understanding.

~

The urn contains 90 balls and suppose that 34 of the balls are RED. How many balls are either

or BLACK?

~




QUiZ Question 2 of 3

In this section, you will be asked three questions about the task. These questions are not paid, but will be used to confirm your
understanding.

Option A Option B

YELLOW BLACK YELLOW BLACK

$10 $0 $10 $0

$10 $0 $10 $1

$10 $0 $10 $2

$10 $0 $10 $3

$10 $0 $10 $4




QUiZ Question 3 of 3

In this section, you will be asked three questions about the task. These questions are not paid, but will be used to confirm your
understanding.

Option A Option B

YELLOW BLACK YELLOW BLACK

$10 $0 $0 $0

$10 $0 $1 $1

$10 $0 $2 $2

$10 $0 $3 $3

$10 $0 $4 $4




c D

Thank you for completing the quiz questions.

Please click the button below to proceed to the first urn.

A J

Proceed to
First Urn




Question Pair 1 of 10

Urn Setup
The following pair of questions relates to the urn below. The urn for this question pair contains 30 RED balls. The remaining 60
balls are either BLACK or in unknown proportion.

Before you proceed to the pair of questions relating to this urn, please take a moment to indicate the number of balls that are
known to be RED. To do so, please click on the last ball within the urn that is known to be RED. The remaining balls in the urn are
either or BLACK.

You will not be able to proceed until you have correctly identified the number of known RED.

©00000000® -
©0000000®® -
0000000000 -
ololololololololo] ol
ololololololololo] ol
ololololololololooli
ololololololololololi
ololololololololo] ol
0000000000 -

That's correct. Please press Next to proceed to the next page.

Next




Question pair 3 of 10

Urn Setup
The following pair of questions relates to the urn below. The urn for this question pair contains 81 RED balls, 8 BLACK balls, and 1
ball.

Before you proceed to the pair of questions relating to this urn, please indicate the number of balls that are known to be RED,
BLACK, and

00000000 O®® -
0©0000000®0®® -
©0000000®0®® -
©000000®@0® -
0©0000000®0®® -
©000000®0®® -
0©0000000®©0®® -
0©0000000®0®® -
ceeeee@@@O -

MNext




	Introduction
	Connecting Ellsberg to Allais
	Directional Differences Between Ellsberg and Allais
	Intermediate Problems

	Experimental Design
	Experimental Sample, Analysis Groups, and Data Quality

	Results
	Replicating Classic Ellsberg and Allais using Valuations
	Examining Intermediate Tasks
	Parameter Variation in Allais-Style Problems

	Discussion
	Additional Tables and Figures
	Theoretical Development for Non-(S)EU Preferences
	Experimental Protocol
	Instructions


