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An exploratory investigation of the impact of evaluation context on
ambiguity aversion

Sule Giiney* Ben R. Newell

Abstract

This paper explores how context influences the evaluation of risky and ambiguous bets in the classic two-colour Ellsberg
task. In three experiments context was manipulated via the presence/absence of additional bets against which the risky and
ambiguous bets could be compared. In Experiment 1, three bets were added that were ‘intermediate’ in the sense that the
information they yielded regarding the proportion of coloured balls lay between that provided by the risky and ambiguous bets.
The presence of these intermediate bets reduced the price gap between the risky and ambiguous bets — and hence ambiguity
aversion — by reducing the pricing of the risky bet relative to a condition in which only the risky and ambiguous bets were
presented. In Experiment 2, we examined the individual effect of each of those intermediate bets on the valuations and found
that the specific type of additional bet did not significantly affect the extent of the respective price gap. Finally, in Experiment
3, we explored the impact of the presence of ‘filler’ bets that were not necessarily in between the risky and ambiguous bets
in terms of the information they yield. We found that having these filler bets also reduced ambiguity aversion. Overall, the
findings suggest that the presence of additional bet(s) changes people’s valuations, and narrows the well-documented gap
between the risky and ambiguous bets of the Ellsberg task, regardless of whether these additional bet(s) yield relatively more

or less information.
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1 Introduction

The risky decision making literature demonstrates many ex-
amples of how evaluations of gambles are relative to the
specific context in which they are presented (Bazerman,
Loewenstein & White, 1992; Bazerman, Moore, Tenbrunsel,
Wade-Benzoni & Blount, 1999; Birnbaum; 1992; Gneezy,
List & Wu, 2006; Hsee, 1996, 1998; Hsee & Zhang, 2004;
Janiszewsky & Lichthenstein, 1999; List, 2002; MacCrim-
mon, Stanbury, & Wehrung, 1980; Mellers, Ordonez & Birn-
baum, 1992; Schmeltzer, Caverni & Warglien, 2004; Stewart
etal., 2003; Simonson, 2009; for areview, see Hsee, Loewen-
stein, Blount & Bazerman, 1999). For instance, the price of
aparticular bet is shown to be susceptible to changes depend-
ing on the value of other bets presented alongside (Birnbaum,
1992; Stewart et al., 2003). It has also been shown that even
though a prospect is strictly preferred to another when they
are evaluated in dyads, the addition of a new prospect that is
highly similar to the initially preferred bet can reverse pref-
erences when they are evaluated in triads (Tversky, 1972).
Unlike risky decision making, however, the literature on de-
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cisions involving ambiguity is short on studies investigating
such context effects on evaluations. Thus, the main aim of
the set of studies reported here is to investigate how context
impacts evaluations when ambiguity is involved.
Ambiguity is broadly defined as uncertainty about missing
information that, if available, could affect the probability of
outcomes (Frisch & Baron, 1988; Ritov & Baron, 1990).
Ambiguity aversion refers to a pattern of preferences fa-
voring the options with known probabilities (for potential
outcomes) over those with probabilities that are unknown
because they could depend on missing information. Ambi-
guity aversion has been demonstrated in the classic two-color
Ellsberg task (Ellsberg, 1961), which involves two boxes,
each containing 60 yellow and/or black balls. The propor-
tion of these yellow and black balls is known for one box
— 30 yellow and 30 black balls — (henceforth, the “risky
box/bet”) while it is unknown in the other (henceforth, the
“ambiguous box/bet””). When people are asked to bet on
a colour to be drawn from one of these boxes, they do not
demonstrate any particular colour preference, but they typi-
cally prefer the risky box over the ambiguous, even though
normative theory implies indifference (Savage, 1954). The
existence of ambiguity aversion has been supported by nu-
merous studies and shown to be robust across many differ-
ent settings (Bossaerts, Ghirardo, Guarnaschelli & Zame,
2010; Frisch & Baron, 1988; Giiney & Newell, 2015, 2011;
Halevy, 2007; Liu & Colman, 2009; see Camerer & We-
ber, 1992 for an early review). Various factors have been
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proposed to explain why ambiguity aversion occurs, includ-
ing unknown second-order probabilities (Yates & Zukowski,
1976), fear of negative evaluation (Ellsberg, 1963; Curley et
al., 1986; Fellner, 1961; Gardenfors, 1979; Knight, 1921;
Roberts, 1963; Tratumann et al., 2008), anticipation of po-
tential regret (Curley et al., 1986; Ellsberg, 1963; Heath &
Tversky, 1991; Roberts, 1963; Trautmann et al., 2008) or
(mis)perceived competitiveness (‘hostile nature hypothesis’,
see Curley et al., 1986; Frisch & Baron, 1988; Keren & Ger-
ritsen, 1999; Kiihberger & Perner, 2003; Yates & Zukowski,
1976). However, as mentioned earlier, the evaluation con-
text in which the bets are presented has not been thoroughly
explored as a potential factor contributing to the emergence
of ambiguity aversion.

In this paper, we aimed to investigate how the presence
of additional bets in the evaluation context would influence
valuations of the risky and ambiguous bets in the classic
two-color Ellsberg task. In Experiment 1, the additional
bets were ‘intermediate’ in the sense that they were some-
where in between the risky and ambiguous bets in terms
of the relative information they yielded (Giiney & Newell,
2015): Compared to the ambiguous bet, they yielded more
information, but compared to the risky bet they still yielded
less information (see the next section regarding how we de-
fined “more” or “less” information). We wanted to explore
the impact of such intermediate bets on evaluations of the
risky and ambiguous bets since the existing literature sug-
gests that relative knowledge within the evaluation context
(and/or feelings of being more/less knowledgeable about the
bets) might matter in determining choices among options or
valuations of the bets in tasks involving ambiguity (Fox &
Tversky, 1995; Fox & Weber, 2002; Baron & Frisch, 1994;
Heath & Tversky, 1995; Rubaltelli, Rumiati & Slovic, 2010).
In Experiment 2, we presented only one of these interme-
diate bets along with the risky and ambiguous bets to test
their individual impact on evaluations. In Experiment 3,
we further explored whether the mere presence of additional
bets had an influence on evaluations by using some ‘filler’
bets. Unlike the intermediate bets, these filler bets were not
necessarily in between the risky and ambiguous bets in terms
of the information they yield.

2 Experiment 1

In Experiment 1, our main manipulation was to add three new
bets to the classic Ellsberg two-colour task. These additional
bets were generated by modifying the classic Ellsberg two-
colour boxes; the risky box, and the ambiguous box. In the
task, the risky box is the one in which the exact proportion of
the coloured balls (i.e., 30 blacks and 30 yellows) as well as
the probability of that proportion (i.e., 1) are known while the
ambiguous bet is the one where neither piece of information
is specified (Camerer & Weber, 1992; Halevy, 2007; Yates
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& Zukowski, 1976). For our additional bets, we simply
kept the information about the exact proportion unknown
but specified the probabilities of the possible proportions.
The main reason why we referred to these additional bets as
‘intermediate’ was that they were in between the risky and
ambiguous bet in a sense that they yielded more information
than the ambiguous bet (i.e., the probability of proportion is
now specified) but less information than the risky bet (i.e.,
the exact proportion is still unknown). Figure 1 below shows
all the bets we used in Experiment 1.

In all intermediate bets, there is a box containing 60 black
and/or yellow balls, and the exact proportion of the coloured
balls is unknown. However, the probability of possible pro-
portions is specified in each. In the ‘Fifty-fifty’ bet (hence-
forth, “FF”), the proportion could either be 60 black-0 yel-
low balls or 0 black-60 yellow balls, and each proportion is
equally likely. In the ‘Equal Probability’ bet (henceforth,
“EP”), the proportion could be anything (i.e., 60 black-0
yellow balls or 59 black-1 yellow ball or 58 black-2 yellow
balls and so on) and each proportion is equally likely (i.e.,
a uniform distribution, see Chow & Sarin, 2002; Yates &
Zukowski, 1976). In the ‘Normal Distribution’ bet (hence-
forth, “ND”), the proportion is most likely to be 30 black
and 30 yellow balls; and least likely to be 60 black-0 yellow
balls or 0 black-60 yellow balls.

Bets that are similar to EP and FF have been used previ-
ously in the literature (Chow & Sarin, 2002; Halevy, 2007;
Yates & Zukowski, 1976). For instance, in a study by Halevy
(2007) two EP and FF type bets were presented along with
the risky and ambiguous bets. He showed that these two
bets with specified probability of proportions were priced
lower than the risky bet, and higher than the ambiguous
bet. Nevertheless, the results of that study did not reveal
whether the presence of these two additional bets changed
the evaluations of the risky and ambiguous bets, as there was
no relevant control conditions. Therefore, we also included
a standard comparative condition in which only the risky
and ambiguous bets were evaluated jointly as well as a non-
comparative condition in which all bets were evaluated in
isolation. We expected to replicate the major finding of Fox
and Tversky (1995) where they found a significantly higher
price for the risky bet in the standard comparative condition
but no, or a smaller (Arlo-Costa & Helzner, 2010; Chow &
Sarin, 2002; 2001; Dolan & Jones, 2004) price difference
among the two bets in the non-comparative condition.

Finally, to assess the valuation of the bets, we used both
willingness-to-pay (henceforth, WTP) and willingness-to-
accept (henceforth, WTA) price elicitation tasks to assess the
valuation of bets. The main reason for using both elicitation
tasks was to see how robust the valuations were to different
pricing elicitation methods, since evaluations of the risky
and ambiguous bets have been shown to differ depending
on the type of elicitation task (Chow & Sarin, 2001; Du
& Budescu, 2005; Horowitz & McConnell, 2002; Okada,
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Ficure 1: Presentation of the boxes in Experiment 1 and 3. The underlying probabilities of proportions were not presented
and the names of the boxes were not given to the subjects, but rather the labels such as Box 1, Box 2, etc.

2010; Smithson & Campbell, 2009; Trautmann & Schmidt,
2012). The standard interpretation of a valuation is that
the higher the WTP/WTA is, the more attractive that bet is
perceived.!

2.1 Method

Subjects. We collected the data for the two elicitation tasks
in two separate sessions, with 354 subjects (M age = 26.87,
110 female) for the WTP task, and 363 subjects (M age =
29.17, 110 female) for the WTA task.?2 The subjects were
recruited through Amazon Mechanical Turk and paid a flat
participation fee ($.50). All subjects were located in the
U.S.A., and they were either native or advanced-level English
speakers.

Design and Procedure. In the experiment, there were
three between-subject conditions: Non-comparative, Stan-
dard Comparative, and Comparative + Additional bets (here-

'Note that the existing literature suggests that WTA values are normally
higher than the WTP values due to the disparity between the buyer and seller
perspectives (Birnbaum & Beeghley, 1998; Birnbaum & Zimmerman, 1998;
Trautmann & Schmidt, 2012). This is because the buyers are hesitant to buy
when the method is WTP (i.e., paying for a ticket to play a betting game)
while the sellers are hesitant to sell when the method is WTA (i.e., giving up
a ticket to play a game) (Mellers, Schwartz, Ho & Ritov, 1997; Zeelenberg,
Van den Bos, Van Dijk & Pieters, 2002). For that reason, we expected to
observe relatively higher prices for all bets when the task was WTA, but
valuation patterns of the risky and ambiguous bets across conditions should
be the same.

2We aimed to recruit at least 50 subjects per group in each condition. In
all experiments, this was our intuitive stopping rule.
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after Comparative+). In the Non-comparative condition sub-
jects were presented only one of the five boxes described in
Figure 1 (risky, ambiguous, ND, EP, or FF boxes). Those in
the Comparative+ condition were presented with all five of
the boxes. For the Standard Comparative condition, subjects
were presented with only the risky and ambiguous boxes.
For the comparative conditions, all boxes were presented si-
multaneously, but the order of the boxes across the screen
was counterbalanced.

The experiment was conducted using Qualtrics online sur-
vey software. For each price elicitation task, there were
seven experimental groups: Five different groups of subjects
in the Non-comparative condition (i.e., each group was pre-
sented with only one of the five boxes), one group in the
Comparative+ condition (i.e., the group was presented with
all of the five boxes simultaneously) and one group in the
Standard Comparative condition (the group was presented
with the risky and ambiguous boxes simultaneously). Each
group contained approximately equal numbers of randomly
allocated subjects.

The subjects were first presented with the description of
the box[es]. For the presentation of the ND, EP and FF
boxes, the procedure of the arrangement of black and yellow
balls were clearly described as well as shown to subjects
graphically (see Figure 1). The information regarding the
box[es] was followed? by the WTP or WTA task in which

3In order to check whether subjects were paying attention to the task
in Experiment 1 and 2, we presented an attention check question on the
page right before the page in which the WTP/WTA task was introduced.
The question was “how many black balls does Box A (i.e., the risky box)
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the subjects were asked to suppose that they were offered a
ticket to play a hypothetical game as follows [the information
in brackets was provided only in the Standard Comparative
and Comparative+ conditions]:

First you will guess a colour (black or yellow).
Next, one ball will be randomly drawn from [one
of] the box[es] provided to you. If the colour
of the ball drawn matches the colour you have
guessed, then you will win $100; otherwise you
win nothing.
(For the WTP task) What is the highest amount
that you would be willing to pay for a ticket to play
this game for [each of] the box[es]? Note that the
highest amount that you will state implies that you
would be willing to pay for any lower amount, and
that you would not be willing to pay for any higher
amount!
(For the WTA task) What is the smallest amount
that you would be willing to accept rather than
play this game with [each of | the box[es] described
above? Note that the smallest amount that you will
state implies that you would be willing to accept
for any higher amount, and that you would not be
willing to accept for any lower amount!
Please give a value between $0 and $100 [for each
box].
For all conditions, both the description and the graphic of
the box[es] remained on the screen while the subjects were
indicating their WTPs/WTAs.

2.2 Results

Those who did not respond (i.e., reported O dollars) or those
who violated dominance (i.e., reported 100 dollars), or those
who could not pass the attention check question (i.e., failed to
report the correct number of black balls) were excluded from
the analysis.4 > Note that we conducted separate statistical

contain?”, if the group was in one of the comparative conditions, and “what
is the total number of balls in the box?” if the group was in one of non-
comparative conditions. We later discarded those who failed to give the
correct answer for the attention check question (which is “30” in the former
question and “60” in the latter).

“Twenty-two (out of 354) subjects were discarded from the analysis in
WTP task. These subjects either did not respond (i.e., reported O points)
or violated dominance (i.e., reported 100 points), or failed the attention
check question. We conducted additional statistical analyses comparing the
patterns obtained from the two sets of data (i.e., with and without exclusion).
The results obtained through the ‘without exclusion’ data set were in line
with those of ‘with exclusion’ data set: namely, the mean WTP for the risky
bet still significantly differed across Standard Comparative (i.e., $36.6),
Comparative+ (i.e., $26.6), and Non-comparative (i.e., $25.1) conditions,
F(2, 148) = 3.7, p = .027. For the Standard Comparative condition, the
risky bet was priced significantly higher than the ambiguous bet, #(48) =
7.65, p < .0001. For the Comparative+ and Non-comparative conditions,
bets were priced significantly different from each other, F(4, 196) = 9.86, p
<.0001 and F(4, 250) = 6.81, p < .0001, respectively.

STwenty-eight (out of 363) subjects were discarded from the analysis in
WTA task. Exclusion criteria were the same with that of Experiment 1. We
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Ficure 2: Panel (a): Mean willingness to pay (WTP) and
Panel (b) mean willingness to accept (WTA) for all bets across
Non-comparative, Standard Comparative and Comparative+
Additional bets conditions in Experiment 1. Error bars repre-
sent SEM.

analyses for the WTA and WTP tasks because these two
tasks are considered to be distinct in terms of the underlying
psychological mechanisms generating the well-known price
disparity (Georgantzis & Navarro-Martinez, 2010).

conducted the same cross-data (i.e., with and without exclusion) analyses for
Experiment 2. The results obtained through the ‘without exclusion’ data set
were in line with those of ‘with exclusion’ data set: namely, the mean WTA
for the risky bet still significantly differed across Standard Comparative
(i.e., $55.7), Comparative+ (i.e., $ 42.1), and Non-comparative (i.e., $46.2)
conditions, F(2, 151) = 3.93, p = .02. For the Comparative+ and Non-
comparative conditions, bets were priced significantly different, F (4, 188)
=2.64, p=.03 and F(4, 259) = 3.05, p = .02, respectively. For the Standard
Comparative condition, the risky bet was priced significantly higher than
the ambiguous bet, #(50) = 4.50, p = .0001.
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Figure 2 shows mean WTPs [Panel (a)] and WTAs [Panel
(b)] for all bets across three conditions. Visual inspection
of the figures reveals that in all conditions and under both
methods of elicitation subjects value the risky bet highest.
The ambiguous bet is typically valued lowest (with the ex-
ception of the WTP in the non-comparative condition), with
valuations of the intermediate bets lying in between those of
the risky and ambiguous. The difference in pricing between
the risky and ambiguous bets appears to be largest for the
standard comparative conditions. To examine these patterns
statistically, and, in accordance with our main interest, we
first analysed the changes in the price of the risky and the am-
biguous bets across three conditions (i.e., Non-comparative,
Standard Comparative, and Comparative+).

Two separate one way between-subjects ANOVAs were
conducted; one for testing the overall effect of conditions on
the mean price of the risky bet and the other one for that
of the ambiguous bet. For the risky bet, the mean prices
significantly differed across conditions [for WTP task, F(2,
135) = 5.21, p = .007, *> = .07; for WTA task, F(2, 136)
=5.72, p = .0004, n> = .077]. We also ran an independent
samples t-test to see if the risky bet was priced significantly
higher/lower especially when it was presented along with our
three additional bets than when it was presented only with
the ambiguous bet. The analysis confirmed that the mean
price for the risky bet in the Comparative+ condition was
significantly lower than that in Standard Comparative [for
WTP task, #(87) = —2.392, p = .019; for WTA task, #85)
= —3.30, p = .001;]. For the ambiguous bet, however, the
mean prices were not significantly different across the three
conditions [for WTP task, F (2, 135) =0.14, p = .87, 772 =
.002; for WTA task, F(2, 133) = 0.74, p = .48, %> = .01].

In order to assess the change in the price difference be-
tween the risky and the ambiguous bets across the Compar-
ative+ and Standard Comparative conditions, we conducted
a 2x2 mixed design factorial ANOVA, where the between-
subjects factor was the condition (i.e., Standard Comparative
vs. Comparative+), the within-subjects factor was the bet
type (i.e., risky vs. ambiguous) and the mean price was the
dependent variable. The interaction was significant for WTP
and WTA tasks; meaning that the mean price difference be-
tween the risky versus the ambiguous bets was significantly
lower in the Comparative+ condition than the Standard Com-
parative condition, [for WTP task, F(1, 87) =9.40, p = .003,
n* = .015; for WTA task, F(1, 85) = 6.27, p = .02, > =
.014], respectively. These findings indicate that the presence
of the other bets in the Comparative+ condition affects the
valuations of the bets (especially that of the risky one) and
narrows the price gap between the risky and ambiguous bets.

In order to replicate Fox and Tversky’s main findings
(1995), we then conducted a similar analysis to ask whether
the price difference between the risky versus the ambiguous
bets was smaller in the Non-comparative than in the Standard
Comparative condition. Note that, however, the valuation for
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the risky bet and the ambiguous bet was done by the same
group of subjects in the Standard Comparative condition
(therefore, the bet type was a within-subject factor) while the
valuation for the risky bet and the ambiguous bet was done by
two independent groups of subjects in the Non-comparative
condition (therefore, the bet type was a between-subject fac-
tor in this case). To overcome this complication, we simply
treated all four cells [i.e., valuations in (1) the risky bet in the
Non-comparative; (2) the risky bet in the Standard; (3) the
ambiguous bet in the Non-comparative; (4) the ambiguous
bet in the Standard condition] as between-subjects, and ran a
2x2 between-subjects ANOVA for each task.® The analysis
revealed that the interaction was marginally significant for
the WTP task [F(1, 188) = 3.846, p = .051, > = .020], but
not for the WTA task [F(1, 187) =2.328, p = .129, 7]2 =.012.

2.3 Discussion

The results showed that in the Comparative+ condition when
the risky and ambiguous bets were presented along with
three additional intermediate bets, the risky bet was priced
significantly lower than when it was evaluated only with the
ambiguous bet (Figure 2). The price of the ambiguous bet,
on the other hand, remained unchanged regardless of the con-
dition, indicating that the presence of the additional interme-
diate bets (negatively) influenced only the value of the risky
bet. This reduction in the price of the risky bet narrowed the
price gap between the risky and the ambiguous bets (in the
Comparative+ condition compared to the Standard Compar-
ative condition), which implies that the introduction of the
additional intermediate bets decreased ambiguity aversion.
Our results are generally consistent with the key findings
obtained by Fox and Tversky (1995), because in the Standard
Comparative condition the risky bet was priced significantly
higher than the ambiguous bet. In addition, there was an
overall price difference among bets in the Non-comparative
condition. This is an interesting pattern because it shows
that valuations can still differ even in the absence of ex-
plicit comparisons among bets — a pattern which implies
that the informational content of each bet might individually
affect people’s perception of how valuable that bet is.” We
also found that the price difference between the risky and
the ambiguous bets was significantly smaller in the Non-
comparative condition than in the Standard condition only in
the WTP task, but not in the WTA task — which is a pattern

SNote that treating this design as between-subjects makes the test more
conservative since it ignores the error reduction that is obtained from a
within-subjects design.

7Fox and Tversky (1995) argued any difference in the non-comparative
condition is not necessarily inconsistent with the comparative ignorance
hypothesis because “[...] there is no guarantee that subjects in the non-
comparative conditions did not independently generate a comparison. In
Ellsberg’s two-color problem, for example, [some] people who are pre-
sented with the vague urn alone may spontaneously invoke a comparison to
50-50 urn, especially if they have previously encountered such a problem
(p. 599)”.
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of results consistent with the findings in the literature as well
(see Fox & Tversky, 1995 vs. Chow & Sarin, 2001).

Overall our findings indicate that the introduction of ad-
ditional intermediate bets decreases the price gap between
the risky and ambiguous bet, and hence ambiguity aversion
(Fox & Tversky 1995), mainly as a result of a reduction in
the price of the risky bet. So why did the pricing of the
risky bet, not that of the ambiguous bet, change when there
were other bets in the evaluation context? Is there a specific
bet and/or its informational content that leads to this pattern
or is it their overall existence in the evaluation context that
created this significant shift in the price of the risky bet?
To explore this issue further, we conducted Experiment 2 in
which we presented a single additional bet along with the
risky and ambiguous bets and looked at how the respective
context influenced evaluations accordingly.

3 Experiment 2

In Experiment 2, we presented only one of the three inter-
mediate bets (i.e., ND, EP, and FF) along with the risky and
ambiguous bets. Our aim was to see if a specific additional
bet would impact evaluations in a certain way (i.e., whether
a particular intermediate bet is responsible for the shift in
the price of the risky bet).

3.1 Method

Subjects.  We recruited 310 subjects (M age = 29.18, 120
female) through Amazon Mechanical Turk, and paid a flat
fee of $.50 in return for their online participation.

Design and Procedure. In the experiment, there were
three conditions in which only one of three intermediate bets
(ND, EP, or FF) was presented with the risky and ambiguous
bets. We again used both price elicitation tasks (which made
up 6 different between-subjects groups). Subjects were ran-
domly assigned to one of these six groups and instructed in
the same way as in Experiment 1 for the price elicitation
tasks. The experiment was conducted using Qualtrics online
survey software.

3.2 Results

Subjects who did not respond (i.e., reported O dollars), those
who violated dominance (i.e., reported 100 dollars), or those
who could not pass the attention check question were ex-
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Figure 3 shows the mean prices for the bets across ND
only, EP only, and FF only conditions [Panel (a) for mean

8Twenty-four (out of 155) subjects discarded from the analyses in the
WTP version. The results obtained through the ‘without exclusion’ data set
showed that the mean WTP for the risky bet significantly differed across
ND only (i.e., $28.07), FF only (i.e., $25.74), and EP only (i.e., $42.18)
conditions, F(2, 152) = 5.28, p = .006. Tukey HSD [critical (.05, 3, 152)
=3.34] revealed that the mean WTP for the risky bet was significantly lower
both in the ND only and the FF only conditions than in the EP only condition.

9Thirty-four (out of 155) subjects discarded from the analyses in the
WTA version. The results obtained through the ‘without exclusion’ data set
showed that the mean WTA for the risky bet significantly differed across ND
only (i.e., $44.2), FF only (i.e., $39.9), and EP only (i.e., $54) conditions,
F(2,152)=3.75, p=.02. Tukey HSD [critical (.05, 3, 152) =3.34] revealed
that the mean WTP for the risky bet was significantly lower in the FF only
condition than in the EP only condition.
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WTPs, Panel (b) for mean WTAs]. The figure shows, fol-
lowing the pattern observed in Experiment 1 that subjects
valued the risky bet highest and the ambiguous bet lowest
across all conditions and methods of elicitation. The price
of the additional bet once again fell between those of the
risky and ambiguous bets, irrespective of the additional bet
type. There is some indication of differences in the pricing
gap between the risky and ambiguous bets as a function of
additional bet type: the risky bet appears to be priced higher
when it was presented with EP only than when the risky and
the ambiguous bets were introduced with either ND or FF.
However, these differences in prices for the risky bet as a
function of the additional bet type were not significant, ei-
ther in the WTP task or in the WTA task [F(2, 128) = 2.1,
p =0.13, n* = .03; F(2, 118) = 2.66, p = 0.07, n* = .04,
respectively]. The price of the ambiguous bet did not differ
across conditions for both elicitation tasks either [for WTP
task, F(2, 128) = 1.00, p = 0.37, %> = .015; for WTA task,
F(2,118)=0.16, p = 0.8, n*> = .002].

In addition, we wanted to see if the price difference be-
tween the risky and the ambiguous bets changed depending
on the type of additional bet with which they were evaluated.
To do so, we first ran a 2x3 mixed design factorial ANOVA,
where the within-subjects factor was the bet type (i.e., risky
vs. ambiguous), the between-subjects factor was the con-
dition (i.e., FF vs. EP vs. ND) and the mean price was the
dependent variable. For both WTP and WTA tasks, the main
effect for bet type was significant [F(1, 128) = 61.393, p <
001, % = .068= .324 and F(1, 118) = 44.684, p < .001, > =
275, respectively]. Neither the main effect for the condition,
nor the interaction was significant.

Even though cross experimental comparisons might be
dangerous, we also wanted to test if the price difference be-
tween the risky and ambiguous bets in any of these three
conditions of Experiment 2 was different from the respec-
tive price difference in the Standard Comparative condition
of Experiment 1. To do so, we used the following analysis:
we first calculated the price difference between the risky and
ambiguous bets (i.e., price difference = WTP for the risky
bet — WTP for the ambiguous bet) for each participant in four
conditions: Standard Comparative condition of Experiment
1, and FF, EP, and ND conditions of Experiment 2. We then
ran a one-way between-subjects ANOVA where the type of
condition was the independent variable (with 4 levels; Stan-
dard Comparative, ND, EP, FF), and the above-mentioned
price difference was the dependent variable. The respective
analyses revealed the price difference between the risky and
the ambiguous bet did not significantly differ across condi-
tions either in the WTP task or in the WTA task (F(3, 174) =
2.219, p = 0.088; F(3, 162) = 2.088, p = .104, respectively).
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3.3 Discussion

The data from Experiment 2 show that subjects priced the
risky bet higher than the ambiguous bet in all conditions, ir-
respective of the type of additional bet presented alongside.
Although there was a suggestion in the data that the risky
bet is relatively more attractive in the presence of the EP bet
alone compared to the ND and FF bets alone (Figure 3) these
differences were not statistically reliable. Thus the first con-
clusion from Experiment 2 is that the specific informational
content of the additional bet does not appear to affect evalua-
tions. Moreover, our comparison with the Standard Compar-
ative condition of Experiment 1 suggested, tentatively, that
the presence of only one additional bet does not have a dra-
matic impact on the price difference between the risky and
ambiguous bets relative to when those two bets are presented
side-by-side (i.e., Standard Comparative). However, given
the unsatisfactory nature of this cross-experiment compari-
son, Experiment 3 pursued further exploratory investigations
by testing whether the presence of any type of additional bet
(that is ones that were not necessarily intermediate between
the ambiguous and risky bets) affected evaluations. In addi-
tion, subjects were asked directly about the attractiveness of
the different bet types via a simple questionnaire.

4 Experiment 3

Experiment 3 comprised three between-subject conditions:
Standard Comparative, Comparative+ (these replicated those
of Experiment 1) and a new Filler Condition designed to test
whether the mere presence of additional bets, that were not
necessarily ‘intermediate’, was sufficient to reduce the price
gap between the risky and ambiguous bet. The three filler
bets were very similar to the standard risky bet in terms of
the information that was made known to the subjects — that
is, the proportion of the colored balls (see Figure 4). We
decide to only use the WTA task as our elicitation method
since there were no major differences between the methods
in term of the patterns (of pricing) obtained across conditions
in Experiment 1 and 2.

The new follow-up questions aimed to investigate how the
bets were perceived in terms of their attractiveness, infor-
mativeness, and uncertainty they yielded, depending on the
context they were presented in.

4.1 Method

Subjects. Three hundred subjects (M age = 35.79, 147
female) were recruited through Amazon Mechanical Turk
and paid a flat participation fee of $.50. All subjects were
located in the U.S.A., and they were native English speakers.
The experiment was conducted using Qualtrics.
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There are 30 black and 30
yellow balls.

There are 6 black and 54
yellow balls.

or tails.

A fair coin was tossed. If the coin
toss came up heads, then there
were 31 black and 29 yellow balls
in the box. If the coin toss came
up tails, then there were 29 black
and 31 yellow balls in the box.
However, you don’t know
whether the coin came up heads,
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There are 60 black and/or
yellow balls in an unknown
proportion of black and yellows.

There are 54 black and 6
yellow balls.

Ficure 4: Presentation of the boxes in the Filler condition in Experiment 3. The names of the boxes were not given to the

subjects, but rather the labels such as Box 1, Box 2, etc.

Design and Procedure. The subjects were randomly as-
signed to one of the 3 conditions, that were, the Compara-
tive+ and Standard Comparative conditions along with the
new condition called Filler, where the risky and ambiguous
boxes were presented with the new filler boxes (Figure 4). In
the Filler condition, the “6/54” box contained 6 black and 54
yellow balls whereas the “54/6” box contained 54 black and
6 yellow balls. The “29/31” box had 29 black and 31 yellow
balls (determined by a coin flip, i.e., a 50% chance), other-
wise 31 black and 29 yellow balls. Instructions for the WTA
task were almost exactly the same with those in the previous
experiments, except for two minor differences: (1) Right be-
fore the subjects stated their WTAs for the bets, they were
given a reminder about how the betting task worked (i.e.,
that they were supposed to guess a colour first, and then pick
a box to draw a ball from etc.), so that they could clearly
remember what their evaluations/pricing was supposed to be
based on. (2) They were instructed not to give the values
of 0 or 100 as their WTA.!° The order of presentation of
the boxes during the pricing stage were randomized across
subjects in each condition.

The follow-up questionnaire probed how the subjects felt
about each box in each condition after completing the pricing
stage. There were total of 4 items in the questionnaire, and
subjects were asked to state how much they agreed/disagreed
with each item on a scale from 1 (Strongly Disagree) to 7
(Strongly Agree) for each box. The first item was about
how informative the subjects think a particular box is (i.e.,
“I know very little about the proportion of black balls in the
box”). The second item was related to how certain they feel

10he reason for doing so is to minimize the number of subjects that we
had to discard from analysis in case they state their WTA as 0 or 100.
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about the box (i.e., “I feel that some information is missing
about this box™). The third item was about how confident
they feel in betting on the box (i.e., “I am in a good position
to make a decision about the bet on this box”). The last item
was about how attractive they think the box is (i.e., “I find
this box highly appealing to bet on’). Note that the bets were
presented on the screen together (but in a randomized order).

4.2 Results and Discussion

Figure 5 shows the mean WTAs of the bets across the three
conditions. Focusing first on the Standard Comparative and
Comparative+ conditions, we can see — consistent with Ex-
periment 1 — that additional bets appear to reduce the price
difference between the risky and ambiguous bets. Unlike
the first two experiments, however, the ambiguous bet is no
longer the lowest priced bet in the Comparative+ condition
(although differences between it and the additional bets are
small). In the new Filler condition, the ambiguous bet is
lowest-priced with the remaining bets priced apparently ac-
cording to known odds of winning (see below for further
explanation of this pattern). Importantly, the difference be-
tween the risky and ambiguous bet in this conditions is also
smaller than in the Standard Comparative condition.

To investigate these patterns, we first conducted two sepa-
rate one-way between-subjects ANOVAS; one for examining
the change in the price of the risky bet among the three con-
ditions, and the other one for the ambiguous bet. The mean
WTAs significantly differed across conditions for the risky
bet [F(2, 297) = 6.13, p = .002, > = .04]. Replicating the
pattern observed in Experiment 1, an independent samples
t-test showed that the mean WTAs for the risky bet in the
Comparative+ condition was significantly lower than in the
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Ficure 5: Mean willingness to accept (WTA) for risky and ambiguous bets across the Filler, Standard Comparative (Com-
parative) and Comparative+ Additional bets (Comparative+) conditions in Experiment 3. Error bars represent SEM.

Standard Comparative condition #203) = —3.007, p = .003.
In addition, the mean WTA for the risky bet was also sig-
nificantly lower in the Filler condition than in the Standard
Comparative condition #(195) = =3.114, p = .002. On the
other hand, the mean WTAs for the ambiguous bet were not
significantly different across the three conditions [F(2, 297)
=1.47,p=.231,5%=01].

More crucial to the aim of Experiment 3, we wanted to
see whether the price difference between the risky and am-
biguous box changed depending on the condition. We first
conducted a 2x3 mixed design factorial ANOVA, where the
within-subjects factor was the bet type (i.e., risky vs. am-
biguous), the between-subjects factor was the condition (i.e.,
Filler vs. Standard Comparative vs. Comparative+), and the
mean price was the dependent variable. We found a signif-
icant main effect for both the bet type [F(1, 297) = 33.21, p
<.001, n2 =.101] and the condition [F(2, 297) =4.035, p =
.019, 772 = .026]. The interaction was not quite significant,
[F(2, 297) = 2.954, p = .054, n? = .020, two-tailed]. Note
that the interaction effect here still does not fully capture
our main interest of whether the price difference between
the risky and the ambiguous bets in the Comparative+ and
Filler conditions differs from the respective difference in the
Standard Comparative condition. In order to address this
question, we used the same analysis of comparison across
three conditions in terms of the price difference between
the risky and the ambiguous bet: we again first calculated
the price difference between the risky and ambiguous bets
(i.e., price difference = WTA for the risky bet — WTA for
the ambiguous bet) for each participant in all three condi-
tions. We then ran a one-way between-subjects ANOVA
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where the type of condition was the independent variable
(with 3 levels; Comparative+, Standard Comparative, and
Filler), and the above-mentioned price difference was the
dependent variable. The analysis revealed a non-diagnostic
p-value in terms of whether there was difference in the price
difference between the risky and ambiguous bets [F(2, 297)
=2.954, p = .05, n* = .02]. Post-hoc pairwise comparisons
showed that the mean price difference in the Comparative+
was significantly smaller than that of the Standard Compar-
ative condition (p = .042) (Tukey HSD, critical value (.05,
3,297) = 3.31). Even though the mean price difference be-
tween the risky and ambiguous bets in the Filler condition
was relatively smaller than that of the Standard Compara-
tive condition (8.22. vs 12.89, respectively), the respective
difference between the two conditions didn’t reach statistical
significance.

4.2.1 Informativeness, Uncertainty, Confidence and At-
tractiveness Ratings

Figure 6 shows the mean ratings of each item (informative-
ness, uncertainty, confidence and attractiveness) for each bet
across all conditions. Note that higher ratings indicate less
informativeness, higher uncertainty, higher confidence, and
higher attractiveness. The overall trend for each item among
the bets was as follows: Regardless of the context, the risky
bet(s)!! were always rated as the most informative and attrac-
tive, and the ones subjects felt the most certain and confident
about, whereas the ambiguous bet was rated the least of all.

"Together with the other risky bets (i.e., 29/31 and 31/29) in the Filler
condition.
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Ficure 6: Mean ratings for each follow-up item across three conditions on a scale from 0 (“strongly disagree”) to 7 (“strongly

agree”).

In the Comparative+ condition, the additional bets were al-
most always rated in between the risky and ambiguous bets
on each item. In the Filler condition, the ratings for the 6/54
and 54/6 bets were almost identical to those of the risky one
whereas the 29/31 was generally rated in between the risky
and the ambiguous bets for each item.

In accordance with our main interest, we examined
whether the ratings of the risky and ambiguous bets for each
item varied depending on which condition (or context) they
were presented in. Therefore, for all four items, we ran two
sets of four separate one-way ANOVAs (for 4 items, one for
the risky bet, and the other for the ambiguous bet), with the
condition type (i.e., the Filler, Standard Comparative and
Comparative+) as the independent variable and the rating as
the dependent variable. The mean ratings for the risky bet
did not significantly differ across three conditions, except for
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the attractiveness item, F(2, 297) = 8.245, p < .0001, n* =
.05. The risky bet was rated less attractive in the Filler con-
dition than in the Comparative+ condition (p < .0001) and
as well as the Standard Comparative condition (p = .012).
The overall ratings on the attractiveness item for the am-
biguous bet did not significantly differ across conditions ei-
ther. The mean ratings of uncertainty, and confidence items,
however, were significantly different across the three con-
ditions: F(2, 297) = 8.907, p < .0001, 172 = .06, and F(2,
297) = 3.96, p = .02, r]2 = .02, respectively. However, the
only non-marginal difference between pairs of conditions
was between the mean rating for the uncertainty item in the
Comparative+ condition compared to that in the Standard
Comparative condition (p = .001) and the Filler condition (p
= .002). This result indicates that the ambiguous bet was
perceived less uncertain in the Comparative+ condition than
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in the other two conditions. (See Appendix A for a complete
table presenting means, SDs and N for each condition)

4.3 Discussion

The results of Experiment 3 are similar to those of Experi-
ment 1 in showing that the additional bets in the evaluation
context reduces the price difference between the risky and
ambiguous bets relative to when those two bets are evaluated
in the absence of any other bet. This pattern is more apparent
when the additional bets are intermediate in informational
value, rather than simply being ‘fillers’ but is qualitatively
the same regardless of bet type. The Experiment 3 results
also confirm that the observed price difference reduction
is carried by movement in pricing of the risky bet (it is
pulled downwards in the presence of other bets) rather than
changes to the price of the ambiguous bet (it remains rel-
atively constant across conditions). The post-experimental
questionnaire revealed that participants rated the different
gambles largely as one would expect given the information
provided about each gamble (e.g., risky gambles as more
informative and attractive than ambiguous). Differences in
ratings as a function of condition, were mostly marginal or
non-significant, thus suggesting caution in interpreting pat-
terns prior to further replication (See Appendix A for further
comparisons).

5 General Discussion

We undertook an exploratory investigation of the impact of
additional bets on the evaluation of the standard risky and
ambiguous bets in the two-color Ellsberg Task. Our main
conclusion, from Experiments 1 and 3, is that presenting
additional bets reduces the price gap between the risky and
ambiguous bets, by lowering the pricing of the risky bet.
Experiment 2 suggested that this reduction in the price gap
is much smaller if only one additional bet (rather than three
used in Experiments 1 and 3) is presented alongside the risky
and ambiguous bets.

A potentially informative observation in attempting to un-
derstand why this pattern arises is to note that, regardless
of whether the additional bets are ‘intermediate’ or ‘filler’,
their presence makes the price gap between the risky and
the ambiguous bet resemble the respective price gap in the
Non-Comparative condition (the fourth and fifth bars from
the right of Figure 2 panels A and B). This resemblance
might suggest that the presence of additional bets creates a
more isolated evaluation of the risky bet and ambiguous bet,
in comparison to the Standard Comparative where there are
no other bets to pay attention to. Perhaps this more diffuse
evaluation context, in which each bet is assessed on its own
merit rather than in direct comparison to one other single bet,
leads to a less pronounced contrast between risky and am-
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biguous (similar to the Non-comparative condition — where
isolated evaluation is enforced), which could in turn result
in the smaller price gap (Tversky & Fox. 1995). The non-
significant results of Experiment 2, where there was only
one additional bet presented alongside, might also support
this explanation. Perhaps the presence of only one bet was
not enough to change the valuations dramatically, because
the comparison context is not sufficiently diffuse (i.e., the
risky vs ambiguous bets contrast remains pronounced). Per-
haps what is crucial in facilitating such separate, more iso-
lated evaluations is the number of additional bets presented
alongside the risky and ambiguous bets. A simple test of
this idea would be to present the standard risky and ambigu-
ous bets with different numbers of additional bets (i.e., with
1 additional bet, 2 additional bets, 3 additional bets and so
on) but keep their informational content almost identical to
one another (i.e., risky type bets) to see if the price gap —
and hence ambiguity aversion — is reduced as an increasing
function of the number of additional bets.

An alternative explanation for the reduction in price for
the risky bet is that the presence of additional bets invites
particular types of comparison processes that are driven by
the context. For example, in the Filler condition of Exper-
iment 3, there were two other bets that were very similar
to the risky bet in terms of the information disclosed to the
participants (i.e., specified proportion of the colored balls).
Moreover, one of those two bets was always dominant in
comparison to the risky bet in terms of winning probabilities
(depending on the color a participant selected). Thus, within
this specific context, the risky bet might have stood out to
be less attractive, thus lowering its price relative to the Stan-
dard Comparative condition. Across-condition comparison
of the attractiveness ratings of the risky box supports this
idea given that the risky bet was rated significantly lower
on the attractiveness item in the Filler condition than in the
Comparative+ or the Standard Comparative conditions.

One could further speculate that in this particular condi-
tion, the evaluation of the risky bet might have been driven
by a form of the similarity effect (Tversky, 1972). The simi-
larity effect suggests that, even though one prospect is strictly
preferred to another when they are evaluated in dyads, the
addition of a new prospect that is highly similar to the ini-
tially preferred bet can reverse preferences when they are
evaluated in triads (Tversky, 1972). Thus, in our Filler con-
dition, this similarity effect might be reflected as the risky
bet being devalued (relative to the Standard Comparative
condition) when two other similar bets (the 54/6 and 6/54
bets) are added to the evaluation context.

While our findings from all three studies showed that price
of the risky bet changes depending on the evaluation con-
text, the price of the ambiguous bet remained unaffected
regardless of the presence or absence of the additional bets.
This may reflect a simple ceiling effect whereby people will
not go above a certain dollar amount given the (relatively)


https://doi.org/10.1017/S193029750000437X

Judgment and Decision Making, Vol. 14, No. 3, May 2019

unknown odds of winning. This interpretation would be con-
sistent with the finding that, even though the ambiguous bet
was rated as relatively more informative and/or less uncertain
in Experiment 3 depending on the context it was presented
in, the ratings of its attractiveness did not significantly differ
across condition. Perhaps in order to dramatically shift pric-
ing for ambiguous gambles, other methods of information
presentation might be required, such as experiencing the po-
tential outcomes of taking a gamble (e.g., Giiney & Newell,
2015)
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Appendix A

Mean ratings [SDs in brackets] on a scale from 0 (“strongly disagree”) to 7 (““strongly agree”) for each follow-up item across
three conditions (number of subjects for each condition in parentheses).

Condition: Filler (n=95) SC (n=102) Comparative+ (n=103)
Item Bet Rating Bet Rating Bet Rating
Informativeness Risky 1.84 [1.41] Risky 1.82 [1.49] Risky 2.22[1.89]
(“I know very little 6/54 1.70 [1.16] Amb. 6.22 [1.34] ND 4.26 [2.05]
about the proportion 29/31 3.98 [2.06] FF 4.59 [1.94]
of black balls in the 54/6 1.97 [1.59] EP 5.38 [1.68]
box”) Amb. 6.01 [1.59] Amb. 570 [1.67]
Certainty Risky 1.85[1.36] Risky 1.73 [1.34] Risky 2.03 [1.57]
(“1 feel that some 6/54 1.79 [1.27] Amb. 6.08 [1.57] ND 3.87[1.99]
information is missing  29/31 4.20[2.02] FF 4.22 [2.00]
about this box™) 54/6 1.95 [1.48] EP 4.58 [1.86]
Amb. 6.02 [1.57] Amb. 5.18 [1.93]
Confidence Risky 5.29 [1.63] Risky 5.40 [1.44] Risky 5.31[1.52]
(“I am in a good 6/54 5.73 [1.60] Amb. 2.54[1.63] ND 3.90 [1.80]
position to make a 29/31 4.04[1.79] FF 3.99 [1.69]
decision about the bet  54/6 5.77 [1.58] EP 3.41 [1.66]
on this box”) Amb. 2.52[1.70] Amb. 3.13[1.87]
Attractiveness Risky 4.19[1.80] Risky 4.88 [1.60] Risky 5.13 [1.67]
(“I find this box 6/54 4.98 [1.96] Amb. 2.77 [1.69] ND 3.58 [1.75]
highly appealing to 29/31 3.24 [1.60] FF 3.68 [1.71]
bet on”) 54/6 5.27[1.79] EP 3.20 [1.65]
Amb. 2.421[1.67] Amb. 2.98 [1.76]
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