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Abstract
We examine preference for randomization, and link it to conflicting preference-led 
indecisiveness in social settings. In an ultimatum game experiment where receiv-
ers may face conflicting preferences between material gains and equity, we allow 
receivers to assign non-zero probabilities to both acceptance and rejection (the ran-
domized choice) in addition to the standard binary choice of acceptance or rejec-
tion. We further elicit receivers’ willingness to pay for using the randomized choice 
instead of the binary choice. We find that a theoretical model incorporating receiv-
ers’ conflicting preferences explains the experimental results well: most receivers 
randomized actively between acceptance and rejection, and many were willing to 
pay for randomization. Our results suggest that allowing people to randomize when 
making choices with conflicting preferences may improve individual welfare.

Keywords Indecisiveness · Randomization · Incomplete preference · Preference 
uncertainty · Imprecision · Conflicting preferences · Ultimatum game

JEL classification C91 · D81

1 Introduction

Indecisiveness is commonly experienced in real life. From personal decisions, such 
as enrolling in retirement benefit plan or signing advance medical directive, to 
social decisions, such as which presidential candidate to vote for or whether to sup-
port the admission and resettlement of refugees in one’s country in a referendum, 
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people are often unable to make a firm decision. For many of these decisions, inde-
cisiveness may arise because people are unable to resolve internal conflicts from 
weighing some important preferences against others (Dubra et al., 2004; Eliaz & 
Ok, 2006; Levi, 1986; Ok, 2002; Ok et al., 2012; Sen, 1997). As a result, they may 
postpone a decision, refuse to make a decision, or change their minds about a deci-
sion repeatedly (Agranov & Ortoleva, 2017; Danan & Ziegelmeyer, 2006; Tversky 
& Shafir, 1992).

Studying indecisiveness is challenging because underlying preferences are not 
directly observable and indecisiveness is commonly associated with the inabil-
ity to make choices. According to the revealed preference approach, preferences 
are assumed to be complete once a choice is made, ignoring whether the choice is 
made with confidence or not (Mandler, 2005).1 To examine unobservable underlying 
incomplete preferences from observable revealed complete preferences, we follow 
Nishimura and Ok (2018) and link underlying conflicting preferences with revealed 
preference for randomization: the unobservable and potentially incomplete prefer-
ences are captured by multiple utility functions (Dubra et al., 2004; Galaabaatar & 
Karni, 2013; Ok et  al., 2012) and the revealed complete preferences are obtained 
through a cautious completion of the underlying incomplete preferences (Cerreia-
Vioglio, 2009; Cerreia-Vioglio et al., 2015; Qiu, 2015; Richter & Rubinstein, 2017). 
We demonstrate that individuals prefer to randomize when they are indecisive but 
forced to make a decision, consistent with the common assumption in the incom-
plete preference literature (Bewley, 2002; Cettolin & Riedl, 2019). Moreover, they 
randomize more for choices with strong conflicting preferences and are willing to 
pay more to randomize for those choices.

To illustrate how conflicting preferences may drive preference for randomiza-
tion, we examine the indecisiveness of the receiver in an ultimatum game where 
she faces two conflicting preferences: maximizing own earnings versus being treated 
fairly (Camerer & Thaler, 1995; Nowak et al., 2000; Sanfey et al., 2003). Our study 
departs from standard ultimatum games by allowing the receiver to make the ran-
domized choice of assigning non-zero probabilities to both acceptance and rejec-
tion besides the standard binary choice of either acceptance or rejection. We utilize 
the strategy method to obtain the receiver’s randomized choice for each allocation 
where conflict is likely to occur (unequal offer), and observe how the probability 
of acceptance varies with the level of conflict. To distinguish indecisiveness from 
indifference, we elicit the receiver’s willingness to pay (WTP) for randomization.

Standard decision models assuming complete preferences predict that the receiver 
in the ultimatum game assigns non-zero probabilities to both acceptance and rejec-
tion at most once at the allocation where the receiver is indifferent and never pays 
to randomize. In contrast, if the receiver’s preference is incomplete due to conflict 
in trading off material payoff with fairness and the receiver makes decisions using 
cautious rules, she will reveal indecisiveness through randomization, and the way 
she randomizes varies systematically with the share offered to her. Furthermore, the 

1 Note that the underlying preference may well remain incomplete after a decision is made. Levi (1986) 
calls these scenarios decisions with unresolved conflicts.
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receiver is willing to pay to implement the randomized choice as her final choice 
because the randomized choice allows her to “hedge” across conflicting preferences 
and gives a higher decision utility than the binary choice. We elaborate this point in 
Section 2.2.

We have two main findings. First, the vast majority of receivers (86.5%) rand-
omized over two allocations or more and acceptance probability in the randomized 
choice varied positively with the share for the receiver. These results are consistent 
with predictions from models of incomplete preferences and inconsistent with mod-
els of complete preferences. We also show that receivers may face strong conflict at 
the allocations where they switch between rejection and acceptance, and they were 
more likely to randomize at these allocations compared to other unequal allocations. 
Second, a large majority of receivers who randomized (66%) were willing to pay a 
strictly positive amount of money for randomization and they were willing to pay 
more for randomization choices with acceptance probability around 0.5. This find-
ing shows that the randomized choices made by the receivers are not cheap talk but 
deliberate and meaningful. The extensive use of randomization suggests that com-
plete preferences may be less prevalent than commonly believed in scenarios involv-
ing conflicting preferences such as in the ultimatum game, and that indecisiveness is 
a common human behavior not to be neglected.

Our paper builds on recent experiments demonstrating behaviors that are con-
sistent with indecisiveness. Experimental participants were found to deliberately 
randomize in repeated choices even when they were explicitly told that the choice 
set in each decision was the same (Agranov & Ortoleva, 2017). They preferred to 
postpone their decisions (Costa-Gomes et  al., 2022; Danan & Ziegelmeyer, 2006; 
Gerasimou, 2017), delegate decision-making (Cettolin & Riedl, 2019; Dwenger 
et al., 2018), or report low confidence in their choice (Cubitt et al., 2015) when they 
were allowed to do so. See Bayrak and Hey (2020b) for a recent review. While these 
studies used monetary lotteries to examine indecisiveness, we chose the ultimatum 
game instead of monetary lotteries as the workhorse because conflicting social pref-
erences are among the most important reasons for indecisiveness in real life. Fur-
thermore, three design features of our experiment allow us to more directly examine 
indecisiveness and rule out alternative explanations. First, in the ultimatum game 
the receiver’s payoff following acceptance or rejection is certain, hence the rand-
omized choice is a simple lottery. This avoids the confounding effect of making the 
randomized choice due to violations of rules to reduce compound lotteries. Second, 
the receiver in the ultimatum game faces no risk following acceptance or rejection, 
while regret arises only when an individual faces prospects of which at least one is 
risky and the realized outcome of the chosen prospect is worse than the realized out-
come of the unchosen prospect(s). Since choosing acceptance or rejection does not 
induce regret, the receiver will not use the randomized choice to avoid regret. Third, 
the WTP for randomized choice over binary choice is elicited, and a positive WTP 
strictly discriminates indecisiveness from indifference.

Our approach of modelling indecisiveness is related to recent models  
incorporating preference uncertainty or imprecision. Fudenberg et  al.  
(2015) axiomatized a choice rule called additive perturbed utility. In their 
model, the individual faces preference uncertainty and is averse to it. The 
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individual may prefer to randomize because it allows her to balance the prob-
ability of errors due to preference uncertainty against the cost of avoiding 
them (Fudenberg et al., 2015, p.2373). Arts et al. (2020) captured an individ-
ual’s preference uncertainty by a set of utility functions. They showed that 
when the individual is averse to preference uncertainty in the sense of Kli-
banoff et al. (2005) and Cerreia-Vioglio et al. (2015), she may prefer to ran-
domize to reconcile the disagreement among the different utility functions. 
There are also models that focus on examining preference uncertainty over 
lotteries. Bayrak and Hey (2015) considered preference imprecision arising 
from the individual’s vague understanding of numerical probabilities. When 
combined with the � maxmin criterium (Arrow & Hurwicz, 1972; Hurwicz, 
1951), Bayrak and Hey (2015) showed that their model could explain prefer-
ence reversals and other economic anomalies. Cerreia-Vioglio et  al. (2019) 
studied deliberate stochastic choices and characterized a model of Cautious 
Expected Utility preferences over lotteries. They predict a preference for 
randomization when the individual faces non-degenerated lotteries. In the 
dispersion and skewness theory, Bayrak and Hey (2020a) assumed that an 
individual has a distribution of utilities about a lottery, and she considers the 
dispersion and skewness of this utility distribution in addition to the stand-
ard expected utility. As randomization affects the dispersion and skewness of 
the utility distribution, she may prefer to randomize under certain conditions 
(more specifically, in the lower-right area of the Machina-Marshak triangle, 
see Figs. 2 and 3 in Bayrak and Hey 2020a).

Our study is also connected to the experimental literature demonstrating a 
preference for randomization in social decisions (see e.g., Bohnet et al., 2008; 
Bolton and Ockenfels, 2010; Brock et al., 2013; Cappelen et al., 2013; Krawczyk  
and Lec, 2016; Rohde and Rohde, 2011). Sandroni et al. (2013) observed that a 
third of the dictators preferred to flip a coin to decide between two allocations, 
of which one would give them a larger amount, and they showed that the play-
ers’ randomization behavior violated most decision theories. Karni et al. (2008) 
allowed dictators to allocate an indivisible good probabilistically among three 
equally deserving players including themselves and found that many dictators 
were willing to sacrifice their own probability of winning for a fairer over-
all allocation procedure. Krawczyk and Lec (2010) found that dictators were 
willing to share an average 5% to 18% chance to win a prize with a dummy 
player. Miao and Zhong (2018) allowed dictators to randomize between two 
allocations varying in inequality and efficiency to reveal the trade-off between 
ex ante and ex post fairness preferences. These studies focused on the dicta-
tor game and had a different research question. Most importantly, they did not 
elicit the WTP for randomization, which is crucial for differentiating indeci-
siveness from indifference.

Our paper proceeds as follows. Section  2 reports the experimental design. 
Section 2.2 derives predictions under models of incomplete preference. Experi-
mental results are reported in Section 3. Finally, Section 4 concludes and pro-
vides some general discussions.
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2  Experimental design and analysis

Similar to the standard ultimatum game, a proposer makes a proposal to divide €20 
with a receiver. Both players receive the proposed allocation if the receiver accepts 
and nothing otherwise. As the proposer faces strategic uncertainty in his decision, 
we focus on the choices made by the receiver to examine indecisiveness arising from 
conflicting preferences. Hence, below we will only describe the choices faced by 
the receiver. The proposer’s choices, unless they are directly relevant to explain the 
receiver’s choices, are elaborated in Appendix D.2

2.1  Structure of the experiment

The proposer faces ten pairs of allocations in random order, each comprised of an 
equal allocation (€10, €10) and an unequal allocation favoring the proposer, (€20 
– a, €a), where a is the receiver’s share and a = 0, 1, 2, ..., 9 . For each allocation 
pair, the proposer can either offer to the receiver the equal allocation or the unequal 
allocation. At the same time, the receiver has to decide whether to accept or reject 
each possible offer that could be made by the proposer. After all the decisions are 
made, one pair of allocations is randomly selected, and the receiver’s decisions for 
that pair of allocations are matched to the proposer’s decision for the same pair to 
determine the outcome of the game. The following paragraphs detail the three stages 
of decision-making faced by the receiver.

Stage 1: Binary choice In this stage, we elicit the receiver’s binary choices via the 
strategy method (see, e.g., Brandts and Charness 2011; Selten 1967). The receiver 
has to make a decision about each offer that could be proposed by the proposer. For 
each possible pair of allocations (€10, €10) and (€20 – a, €a), a = 0, 1, 2, ..., 9 , the 
receiver has to decide whether to reject or accept if the proposer proposes the une-
qual allocation. To elicit the receiver’s choice when the proposer chooses an equal 
allocation, the receiver is additionally asked to decide, for any pair of allocations, 
(€10, €10) and (€20 – a, €a), whether to reject or accept if the proposer proposes 
the equal allocation. In total, the receiver makes 11 binary choices in a random 
sequence.

Stage 2: Randomized choice The randomized choices are also elicited via the strat-
egy method. The receiver is told that instead of choosing either acceptance or rejec-
tion, she can assign a probability p to acceptance and 1.0 − p to rejection to each 

2 The experiment is symmetric for proposers and receivers. The proposer also faces three choices as 
described below: the binary choice of proposing either the equal payoff distribution or the unequal 
payoff distribution, the randomized choice between the two distributions, and the WTP for using the 
randomized choice instead of the binary choice to determine the final payoff. We did this so that all 
participants were kept occupied throughout the experimental session and would complete the session 
at the same time. This makes it more difficult for participants to identify who are the proposers and 
who are the receivers.
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possible offer, where 0 ≤ p ≤ 1.0 . The value of p is the probability according to 
which payoffs are determined if the receiver chooses to accept the allocation, and 
1 − p is the probability according to which payoffs are determined if the receiver 
chooses to reject the allocation. For example, if the receiver indicates a deci-
sion (40%, Acceptance; 60%, Rejection) for an unequal offer, the receiver stands 
a 40% chance of accepting the unequal allocation and a 60% chance of rejecting 
it. Probabilities are presented in 10% increments, and thus the receiver can choose 
p = {0, 10%, 20%, 30%, ..., 100%} by moving a slider. Figure 1 provides an illustra-
tion of the receiver’s decision screen. In total, the receiver makes 11 randomized 
choices in a random sequence.

Stage 3: Eliciting willingness to pay In Stage 3, we elicit the receiver’s WTP for the 
randomized choice. First, one pair of allocations (an equal allocation and an une-
qual allocation) is randomly selected and revealed to the receiver. The receiver is 
informed that the decisions made for this pair of allocations will be used to deter-
mine the final payment. Given this information, the receiver then makes two WTP 
decisions, first assuming that the proposer proposes the unequal allocation, then 
assuming that the proposer proposes the equal allocation. We elicit the receiver’s 
WTP for just one randomly chosen allocation to avoid experimental fatigue and 
experimenter demand effects. If a systematic relationship between the WTP and 
the randomization probability emerges across participants, we are more confident 
that the WTP reflects the added value of randomized choice over the binary choice, 
and the WTP and randomization choices are deliberate rather than an artifact of the 
experimenter demand effects.

Fig. 1  Screenshot of a randomized choice faced by the receiver. When the slider is moved, the p under 
Accept, 1.0 − p under Reject, and the p below the slider change to reflect the decision



51

1 3

Journal of Risk and Uncertainty (2023) 67:45–72 

Figure 2 shows the decision screen for the scenario where the proposer proposes 
the unequal allocation. The top panel reports the pair of allocations faced by the  
proposer and her decision to make the unequal offer to the receiver. To help the 
receiver recall her decisions, this panel also reports the receiver’s binary choice and 
her randomized choice in Stage 1 and Stage 2 for the corresponding offer. The bot-
tom panel implements the Becker-DeGroot-Marschak mechanism (Becker et  al.,  
1964) in a multiple price list with 11 rows, each of which requires a decision  
from the receiver. In each row, the fee to use the randomized choice is specified in 
the first column. For each row, the receiver has to choose if she is willing to pay 
the stated fee to implement the randomized choice instead of the binary choice to 
determine the final payoff. While not stated in this figure, the receiver is told in an 
earlier instruction screen that the binary choice is free of charge. The fee to use the 
randomized choice ranges from €0 to €2, with an increment of €0.20.

The receiver is informed that the computer will match her responses to the actual 
offer made by the proposer. One row of the multiple price list will be randomly cho-
sen by the computer, and the chosen option in that row will determine whether the 
randomized choice is implemented and the corresponding fee for doing so.

Experimental implementation The experiment was run at the DISCON lab at Rad-
boud University. Recruitment was via ORSEE (Greiner, 2015). The experiment 
lasted about one hour, and the average payment was €11.53. We conducted eight 
sessions with 192 subjects in total.3

Fig. 2  Screenshot of a WTP decision faced by the receiver. In the experiment, “randomized choice” was 
named as “combined choice” and “binary choice” was named as “single choice”

3 The first four sessions were run on Dec. 7th, 2016. To increase the sample size and to check the robust-
ness of the results, we conducted four more sessions on June 8th, 2018. The additional four sessions also 
served to correct two minor programming errors regarding the decision time (the decision time in the 
first period of Stage 1 and Stage 2 included the time for reading the instructions) and the recording of 
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2.2  Theoretical predictions

By the independence axiom of EUT, it is obvious that p ∈ (0, 1) occurs only when 
receivers are indifferent between A and R, and the WTP = 0 for all p. In fact, any 
models which satisfy betweenness, a requirement weaker than the independence 
axiom, would make the same prediction (Chew, 1983, 1989;  Dekel, 1986; Gul, 
1991).4 This prediction also applies to some popular non-EUT models such as CPT 
(Tversky & Kahneman, 1992) and RDU (Quiggin, 1982).5

Below we derive the benchmark solutions by exploiting Nishimura and Ok (2018) 
preference structures model. There are two core elements in this model: the unob-
servable potentially incomplete underlying preferences, which we capture by mod-
els of incomplete preference (Dubra et  al., 2004; Galaabaatar & Karni, 2013; Ok 
et al., 2012); and a revealed complete preference, which we obtain via the maxmin 
rule—a cautious completion—of the underlying incomplete preferences (Gilboa & 
Schmeidler, 1989; Wald, 1949). The two preferences satisfy the four properties of 
a preference structure in Nishimura and Ok (2018): (i) the underlying preference 
is reflexive and transitive but not necessarily complete, (ii) the revealed preference 
is by definition complete, (iii) the revealed preference extends from the underlying 
preference since the former is a cautious completion of the latter, and finally (iv) the 
revealed preference is transitive with respect to the underlying preference. We show 
that according to this approach, the receiver may have a strict preference for rand-
omization when she is indecisive.

Our main interest is to examine the underlying, potentially incomplete pref-
erences of the receiver. When the receiver’s underlying preference is incomplete, 
Dubra et al. (2004) suggest that there exists a set 

{
u�
}
�∈�

 of real functions such that, 
for all options l1 and l2,

where EU(u� , l) denotes the expected utility of l given the utility function u� . The 
literature suggests that the receiver in an ultimatum game faces mainly two con-
flicting preferences: maximizing own earnings versus being treated fairly (Camerer 
& Thaler, 1995; Nowak et  al., 2000; Sanfey et  al., 2003). Following the litera-
ture, we assume the receiver has two selves: a material payoff-driven self and an 

l1 ⪰ l2 ⟺ EU(u� , l1) ≥ EU(u� , l2), ∇� ∈ � ,

4 Betweenness requires that: A ⪰ R ⟺ A ⪰ pA + 1 − (p)R ⪰ R , where A stands for acceptance and R 
stands for rejection. The betweenness axiom is weaker than the independence axiom because it requires 
preference ordering to stay the same when two lotteries are mixed with each other rather than mixed with 
any common third lottery.
5 With a slight abuse of notations, let v(⋅) denote the value function, V(⋅) denote the prospect value of 
a lottery, w(⋅) denote the probability weighting function. By CPT the prospect value of the randomized 
choice (p,A;1 − p,R) is V(p,A;1 − p,R) = w(p)v[(A)] +[1 − w(p)]v[R] = v[R] +w(p)[v[A] − v[R]] . Since 
w(p) increases with p, the optimal p is either 0 or 1. RDU gives qualitatively the same evaluation as CPT 
when the lotteries are binary (Observation 7.11.1 in Wakker, 2010, p.231).

Footnote 3 (continued)
receivers’ WTP for using the randomized choice when they faced the equal allocation. These two correc-
tions should not affect the subjects’ choices because subjects’ decision screens remained the same.
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inequity-averse self. The material payoff-driven self evaluates the allocation 
(20 − a, a) , where a stands for the payoff of the receiver, as:

The inequity-averse self, on the other hand, cares only about the difference in the 
payoffs between the two players, which is captured by |20 − 2a|. Following Fehr and 
Schmidt (1999) and noticing that in our experimental design the receiver faces an 
equal or less favorable payoff than the proposer ( 20 − a ≥ a ), we write the utility 
function of the inequity-averse self as

where k > 0 is a level parameter that makes the utilities of the two selves compara-
ble and � captures the individual’s sensitivity to inequity.6

The receiver in our experiment is required to make a decision, whether or not she 
is indecisive, and thus her revealed preference is necessarily complete. To link the 
receiver’s revealed complete preferences to her underlying incomplete preferences, 
we need models that explicitly acknowledge indecisiveness, in the sense of having a  
set of utility functions, and propose rules to complete the underlying preference in 
order to make the final decision. In this paper we assume that the receiver dislikes 
indecisiveness and behaves cautiously in her aggregation of selves. The receiver dis-
likes indecisiveness because aggregating across selves is similar to reaching consen-
sus among individuals with different opinions, and it takes time and cognitive efforts 
to resolve conflicts when her two selves disagree with each other.

We use the maxmin rule (Wald, 1949; Gilboa & Schmeidler, 1989)—a popular 
cautious rule—to obtain the benchmark solution. According to the maxmin rule, the 
receiver uses the expected utility of the most pessimistic utility function to evaluate 
options. Specifically, an option l is then evaluated as

Note that when the receiver chooses an option based on the maxmin rule, her 
revealed preference appears complete, but her underlying preference remains incom-
plete. The receiver remains conflicted between self-interest and inequity aversion. A 
manifestation of this indecisiveness is the continuing presence of uS and uF , and her 
inability to aggregate the two selves into a unique utility function u(20 − a, a).

We provide a simple numerical example in Table  1 to illustrate the intuition 
before proceeding to the general derivation. In this example, the material payoff-
driven self has a utility of 5 if the receiver accepts the offer, and 0 otherwise. The 
inequity-averse self, on the other hand, has a utility of 5 if the receiver rejects the 

uS(20 − a, a) = a.

uF(20 − a, a) = k − �(20 − 2a),

(1)V(l) = min�∈{S,F} EU(u� , l),

6 Our utility function for the inequity-averse self includes Fehr-Schmidt preferences as a special case. To 
see this, let k = 10 and � = � + 0.5 , and it follows that uF(20 − a, a) = k − �(20 − 2a) = a − �(20 − 2a), 
which is Eq. (2) in Fehr and Schmidt (1999). The two selves are a simplification of the general setup, where 
u� (20 − a, a) = k� − �� (20 − 2a) and different selves are identified by the different values of k� and ��.
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offer, and 0 if she accepts the offer. Applying the maxmin rule, there exists a unique 
p∗ = 0.5 maximizing the decision utility of the randomized choice such that the 
decision utility of the randomized choice is higher than the decision utility of either 
accepting or rejecting the offer, V(0.5,A;0.5,R) = 2.5 > V(A) = V(R) = 0 . Thus, by 
randomizing between A and R, the receiver benefits from “hedging” across selves 
and is strictly better off (Cerreia-Vioglio, 2009; Cerreia-Vioglio et al., 2019).

We now proceed to derive two propositions, restricting our attention to alloca-
tions where uF(20 − a, a) < uS(20 − a, a).7 Applying the maxmin rule, the decision 
utility of acceptance is:

The decision utility of rejection is:

The decision utility of a randomized choice (p,A;1 − p,R) is:

Comparing the decision utility from the randomized choice with the decision util-
ity from the binary choice of either acceptance or rejection, we derive the following 
propositions that link indecisiveness directly to acceptance probability. Proofs are in 
Appendix A.

V(A) = min�∈{S,F} EU(u� ,A)

= min{a, k − �(20 − 2a)}

= k − �(20 − 2a).

V(R) = min�∈{S,F} EU(u� ,R)

= min{0, k} = 0.

rV(p,A;(1 − p),R) = min�∈{S,F} EU
[
u� , (p,A;(1 − p),R)

]

= min{pa, k − p�(20 − 2a)}.

Table 1  A numerical example of a receiver’s utility from acceptance, rejection and randomization

Here we assume the values of (20 − a, a) , k, and � are such that u
S
(A) = 5 and u

S
(R) = 0, and u

F
(A) = 0 

and u
F
(R) = 5 . The receiver performs expected utility calculation for any given self, and uses the 

maxmin rule as in Equation 1 to aggregate across selves and arrive at the final decision utility

Choices Material payoff-driven 
self

Inequity-averse self Decision utility

A (Accept) 5 0 0
R (Reject) 0 5 0
(p,A;1 − p,R) 5p 5(1 − p) min{5p, 5(1 − p)}

7 For allocations where a is sufficiently high such that uF(20 − a, a) ≥ uS(20 − a, a) , the own mate-
rial payoff-driven self would be dominated by the inequality-averse self ( u

F
(0, 0) = k ≥ u

F
(20 − a, a) =

k − �(20 − 2a) ≥ u
S
(20 − a, a) = a ≥ u

S
(0, 0) = 0 ). Since we consider the maxmin rule for the comple-

tion of preferences, the final decision in those allocations would be determined only by the own material 
payoff-driven self; randomization offers no hedging benefits across selves, and the receiver always accepts.
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Proposition 1 When the receiver is indecisive and relatively sensitive to inequity 
(𝛾 >

1

2
) , for allocations such that uF(20 − a, a) < uS(20 − a, a) she has a strict pref-

erence for randomization over rejection or acceptance, and the optimal acceptance 
probability increases with the receiver’s share.

Proposition 2 When the receiver is indecisive and relatively sensitive to inequity 
(𝛾 >

1

2
) , the WTP for the use of the randomized choice has an inverse U-shape rela-

tionship with optimal acceptance probability.

3  Results

We present our experimental results in the following order. In Section  3.1, we 
examine the receivers’ binary and randomized choices. We show that most receiv-
ers’ decisions were consistent with the propositions derived from our benchmark 
solutions. In Section 3.2, we show that many receivers are willing to pay for rand-
omization, implying that there are gains in decision utility from making randomized 
choice. Finally, we briefly summarize the results for proposers in Section 3.3.

3.1  Binary and randomized choices

Before we begin to examine indecisiveness, we first establish the comparability of 
our study and the stylized findings in ultimatum game experiments. Similar to earlier 
findings on ultimatum games, such as Camerer and Thaler (1995) and Roth (1995), 
we find that acceptance rate fell sharply once the allocation offered to the receiver 
fell to 20% of the total sum or less. The checked boxes in Fig. 3 show the acceptance 
rates in the binary choices by each possible offer. Only one third of the receivers 
(34%) accepted in the binary choice when 20% of the total sum (€4) was offered. At 
€5, half of the receivers were willing to accept the allocation. Overall, our results are 
comparable with the results of other ultimatum game experiments, and hence inde-
cisive behavior in our experiment is unlikely to be unique to our sample.

Next we proceed to the analysis of the randomized choice. We show that receiv-
ers’ behavior was inconsistent with the standard models of complete preferences by 
reporting the number of times receivers chose 0 < p < 1 in Stage 2. Standard models 
assuming complete preferences predict that receivers randomize at most over one 
allocation where they are indifferent between acceptance and rejection. Randomiz-
ing over multiple allocations will be inconsistent with that prediction.

Result 1 Inconsistent with the prediction of standard models, the majority of receiv-
ers (86.5%) randomized over two allocations or more.

Support: We find that 86.5% (83 out of 96 receivers) of receivers randomized 
over at least two allocations and only 13.5% could have had complete preferences. 
The average number of allocations where receivers randomized was approximately 
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5 out of 11 allocations. The results suggest the vast majority of receivers displayed 
some degree of indecisiveness. We provide the detailed breakdown of the receivers’ 
binary and randomized choices for each possible offer in Table 3 in Appendix B.

While the first result is inconsistent with standard models, it is not sufficient to 
show indecisiveness. To infer indecisiveness, we examine the consistency of receiv-
ers’ behavior with Proposition 1.

Result 2 Consistent with the indecisive behavior specified in Proposition 1, the 
acceptance probability in randomized choice increased with receivers’ share.

Support: Figure 3 reports receivers’ probability of acceptance for each possible 
offer. The boxplot shows that in aggregate, the probability of acceptance increases 
as the share allocated to the receiver increases. More precisely, the median accept-
ance probability becomes greater than zero when the share allocated to the receiver 
increases to €3. The median acceptance probabilities were 0.1 when the receiver’s 
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Fig. 3  A boxplot of receivers’ probability of acceptance for each offer. The bold horizontal lines denote 
the median acceptance probability, the stars denote the means of acceptance probabilities, and the 
checked boxes denote the sample acceptance ratios in the binary choices
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share was €3, 0.3 for €4, 0.6 for €5, 0.7 for €6, and 0.8 for €7 respectively. The 
median acceptance probability reaches 1.0 when the share allocated to the receiver 
increases to €8 or higher. The findings are similar for average acceptance probability.

We also checked the consistency of the above relationship at the individual level. 
For each receiver, we compare the acceptance probabilities for a and a + 1, and 
behavior is considered consistent with Proposition 1 when the acceptance proba-
bilities for a + 1 is weakly larger than that for a, a = 0, 1, 2,… 9 . This amounts to 
10 comparisons for each subject. We find that virtually all receivers (99%) behaved 
consistently in at least 8 out of 10 comparisons, among which 60% of the receivers 
(58 out of 96 receivers) behaved consistently in all 10 comparisons. In contrast, if 
the receivers had assigned a random acceptance probability to each offer, the bino-
mial distribution with random choices predicts that only 4% of the receivers will 
behave consistently in 8 out of 10 comparisons and < 1% for 10 out of 10 compari-
sons. As receivers behaved in a way highly consistent with our proposition despite 
making decisions in a random sequence, it is unlikely that randomization is purely 
due to error or experimenter demand effects.

There are other empirical observations which provide further support of indeci-
siveness. A common focal point in the ultimatum game is the minimum acceptable 
offer (MAO), which corresponds to the minimum offer where the receiver switches 
from rejection to acceptance under binary choices. We can likewise define the maxi-
mum rejection offer (MRO), which corresponds to the maximum offer before the 
receiver switches from rejection to acceptance.8 When the receiver has complete 
preferences, she is indifferent to rejecting or accepting an offer between MRO and 
MAO and the acceptance probability at this offer can be any value from 0 to 1.0. 
However, the first result showing most receivers randomized at least twice casts 
doubt that MRO and MAO are linked to indifference.

In contrast, if the receiver has incomplete preference and faces two opposing 
selves, indecisiveness may be the strongest at the switching points. This implies 
that the receiver is more likely to choose an interior acceptance probability 
( 0 < p < 1 ) for offers between MRO and MAO. Further, the acceptance prob-
ability will move away from 0 and increase when the receiver’s share approaches 
MRO from below, and it will also move away from 1 and decrease when the 
receiver’s share approaches MAO from above. Neuroimaging studies provide 
evidence that receivers face conflict at MRO and MAO. Sanfey et  al. (2003) 
show that at low unequal offers of 10% and 20% of the sum (which correspond 

8 We define a receiver’s MRO as the receiver’s share at and below which she always rejects but switches 
to acceptance when the share increases to MRO+1 , and MAO as the receiver’s share at and above which 
she always accepts but switches to rejection when the share decreases to MAO−1 . Thus, the receiver 
consistently rejects at and below MRO, accepts at and above MAO, and switches from consistent rejec-
tion to consistent acceptance between MRO and MAO. When the receiver switches once from rejection 
to acceptance with the increase of a, MAO−MRO = 1 . The simultaneous use of MRO and MAO allows 
us also to consider receivers who switch multiple times from rejection to acceptance with the increase of 
a (MAO−MRO> 1 ). Consider, e.g., subject no. 18 whose binary choices were (Reject at a ≤ 4; Accept at  
a = 5; Reject at 6 ≤ a ≤ 8; Accept at a = 9 or 10), and we have MRO = 4 and MAO = 9 . It is important to  
include those receivers since they may be subject to indecisiveness. Results stay qualitatively the same if 
we exclude receivers who switch multiple times.
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to MRO and MAO reported in many studies), there appears to be competition 
between two regions in the brain of the receiver, one related to negative emotions 
and the other cognitive processes, which affects acceptance. If such competition 
is more intense at MRO and MAO than at other unequal allocations, receivers 
may take longer to make decisions at MRO and MAO as choices requiring more 
cognitive activity take more time than choices requiring less cognitive activity 
(Rubinstein, 2007).

To examine the hypothesis above, we ran two OLS regressions to check the 
response time of receivers at MRO and MAO compared to other unequal alloca-
tions. Columns (1) and (2) of Table 2 show that the decision time taken at MRO 
and MAO is significantly longer than at other unequal allocations in both the binary 
choice stage and the randomized choice stage. These findings are consistent with our 
interpretation that receivers face a stronger conflict at MRO and MAO than at other 
unequal allocations.

Result 3 Consistent with indecisive behavior, the proportion of receivers choos-
ing an interior acceptance probability is higher at MRO and MAO compared to 
other unequal allocations. The acceptance probability varies systematically with 
the level of conflict: Acceptance probability increases significantly when receivers’ 
share increases from 0 to MRO and decreases significantly when receivers’ share 
decreases from 10 to MAO.

Support: The proportion of receivers choosing an interior acceptance probabil-
ity ( 0 < p < 1 ) is 56% at MRO-2, 63% at MRO-1, 70% at MRO, 79% at MAO, 
61% at MAO+1, and 49% at MAO+2, with the proportion being highest around 

Table 2  Comparisons of MRO and MAO with other unequal allocations

Period 1 and 11 are omitted from (1) and Period 1 is omitted from(2) for the first four sessions as the 
time taken for these periods include the time taken to read the instructions. This error is corrected in the 
subsequent sessions. Clustered standard errors are reported in parentheses
*denotes p < 0.1 ; **denotes p < 0.05 ; ***denotes p < 0.01

(1) (2) (3) (4)
Log response time Log response time Odds ratio of 

making
Odds ratio of having 
acceptance

in binary choice in randomized 
choice

a randomized 
choice

probability 
0.40 ≤ p ≤ 0.60

MRO
0.124** 0.134*** 3.210*** 4.137***
(0.046) (0.042) (0.743) (1.265)

MAO
0.239*** 0.126*** 7.957*** 6.596***
(0.050) (0.040) (2.215) (1.966)

Period
-0.068*** -0.031*** 0.985 1.018
(0.004) (0.004) (0.022) (0.036)

Session Dummies Yes Yes Yes Yes
N 871 913 960 960
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MRO and MAO. Column (3) of Table 2 shows that the odds of randomizing at 
MAO and at MRO is 8 times and 3 times as high as other unequal allocations.

Figure 4 shows receivers’ acceptance probability at allocations around MRO and 
MAO. Median acceptance probability falls to 0 below MRO-2 and reaches 1 above 
MAO+2. Those allocations are hence omitted from the figure. We find that accept-
ance probability increases significantly from MRO-2 to MRO-1, and from MRO-1 
to MRO, and decreases significantly from MAO+2 to MAO+1, and from MAO+1 
to MAO (paired one-sided Wilcoxon Rank Sum tests, p < 0.01 for all tests).

For completeness, we also examine receivers’ acceptance probability at MRO and 
MAO compared to other unequal allocations. The numerical example in Section 2.2 
illustrates a receiver with two utility functions exerting an equal “push” on her in 
the opposite direction. When this happens, the receiver faces the strongest conflict 
and chooses an acceptance probability of p∗ = 0.5 to maximize her decision utility. 
Since the receiver may face the strongest conflict around MRO and MAO, it fol-
lows that the acceptance probability at these allocations is more likely to be around 
p = 0.5 compared to other unequal allocations.

Figure  4 shows that the receivers were more likely to choose acceptance 
probability between 0.40 and 0.60 at MRO and MAO compared to other nearby 
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Fig. 4  Acceptance probabilities around MRO and MAO
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allocations. The mean acceptance probabilities at MRO-2, MRO-1, MRO, MAO, 
MAO+1, and MAO+2 are 0.13, 0.21, 0.32, 0.64, 0.81, and 0.87 (median accept-
ance probabilities of 0.10, 0.10, 0.30, 0.70, 0.90, and 1.00 respectively). The pro-
portion of randomized choice with 0.40 ≤ p ≤ 0.60 is significantly larger at MRO 
or MAO than at other unequal allocations (25% at MRO or MAO versus 7% at 
other unequal allocations; two sample test of proportions, p < 0.000 ). Overall, 
receivers’ choices at MRO and MAO relative to other unequal allocations are con-
sistent with indecisive behavior, but not with behaviors arising from indifference.

3.2  Willingness to pay for randomized choice

We have shown that randomization is common among the receivers and they ran-
domize in a way consistent with indecisiveness. This section links randomization 
directly to decision utility by studying receivers’ willingness to pay for randomi-
zation. In Section  2.2, we have illustrated how decision utility may be improved 
through making randomized choice instead of binary choice if a receiver is inde-
cisive. In contrast, making randomized choice instead of binary choice will not 
increase decision utility if preferences are complete. This difference allows us to 
infer indecisiveness from receivers’ WTP.

Recall that each receiver made only one WTP decision ranging from €0 to €2 
with an increment of €0.2 for a randomly chosen allocation.9 We report the number 
of receivers who were willing to pay a positive price to use the randomized choice 
instead of the binary choice when they face an unequal offer.

Result 4 Consistent with Proposition 1, of the receivers who randomized, more than 
half (66.0%) were willing to pay a strictly positive amount of money to use the rand-
omized choice instead of the binary choice.

Support: Of the 47 receivers with acceptance probability 0 < p < 1 for the randomly 
chosen unequal offer, the majority (66.0%, 31 receivers) stated a strictly positive WTP. 
Of the remaining 16 receivers, eight stated a WTP of €0 but would have liked to use 
the randomized rather than the binary choice. These receivers were either indiffer-
ent between the randomized choice and the binary choice or were willing to pay less 
than €0.2 to use the randomized choice. We compare the WTP of the 47 receivers with 
acceptance probability 0 < p < 1 and 49 receivers with acceptance probability of either 
p = 0 or 1.10 The median WTP of receivers with an acceptance probability 0 < p < 1 
was €0.40. In comparison, of the 49 receivers with acceptance probabilities of p = 0  
or 1, only four receivers stated a positive WTP, and the median response was not to use 
the randomized choice. The one-sided Wilcoxon rank sum test suggests that receivers 
with an acceptance probability of 0 < p < 1 had significantly higher WTP than those 

9 We code the choice of not using the randomized choice as having a negative WTP. As we report 
median responses and use non-parametric tests, the exact value of the negative WTP is irrelevant.
10 The proportions of receivers who chose p = 0 or 1 over 0 < p < 1 per se are not important, as they 
depended heavily on the randomly chosen pairs.
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with an acceptance probability of p = 0 or 1 ( p − value < 0.01 ). The finding that WTP 
is linked to the randomization suggests that receivers were making meaningful WTP 
decisions rather than responding to experimenter demand effects.

The finding that receivers were willing to pay for randomization suggests that 
receivers may gain decision utility from randomization. The next step is to study the 
relationship between the gain in decision utility, as proxied by the receiver’s WTP for 
randomization, and acceptance probability.

Result 5 Consistent with Proposition 2, receivers’ WTP for randomization has an 
inverse-U shape with the randomization probability.

Support: Figure  5 shows the distribution of the receivers’ WTP for five groups of 
acceptance probabilities. We categorize randomized choices with an acceptance probabil-
ity of 0 as one group, those with an acceptance probability of 1 as another group. Base on 
the earlier findings that the receivers were more likely to choose an acceptance probability 
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Fig. 5  Boxplot relating the WTP for randomization and acceptance probability. The WTP ranges from €0 
to €2 with an increment of €0.2. The WTP below 0 represents receivers were not willing to use the rand-
omized choice even if it was free, while the WTP equal to 0 represents receivers would have liked to use 
the randomized choice if it was free
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of 0.4, 0.5, and 0.6 for allocations which involve strong conflict, we build three further sub-
groups: those with an acceptance probability of 0.1, 0.2, or 0.3, those with an acceptance 
probability of 0.4, 0.5, or 0.6, and those with an acceptance probability of 0.7, 0.8, or 0.9.

Nine out of ten receivers with acceptance probabilities p = 0.4, 0.5, 0.6 stated a posi-
tive WTP, with a median WTP of €0.80. In contrast, of the 19 receivers with acceptance 
probabilities p = 0.1, 0.2, 0.3 , 13 receivers stated a positive WTP, with a median WTP  
of €0.20; of the 18 receivers with acceptance probabilities p = 0.7, 0.8, 0.9 , nine receivers  
stated a positive WTP, with a median WTP of €0.10. A one-sided Wilcoxon rank sum 
test suggests that receivers deciding for an acceptance probability of p = 0.4, 0.5, 0.6 
have a WTP significantly higher than those deciding for an acceptance probability of 
p = 0.1, 0.2, 0.3 or p = 0.7, 0.8, 0.9 ( p − value < 0.05 ), consistent with Proposition 2. 
Table 4 in Appendix B further connects receivers’ acceptance probability in the rand-
omized choice with their decision in the binary choice. It suggests that the receivers who 
were willing to randomize strictly and to pay to implement the randomized choice could 
have stated acceptance or rejection in the binary choice, and that the acceptance prob-
ability they had chosen was lower if they had chosen rejection in the binary choice and 
higher if they had chosen acceptance in the binary choice.

This result suggests that experimental demand effects are not the main driver of 
the findings. Recall that receivers were given only one randomly selected allocation to 
report their WTP. Hence, it is unlikely that receivers would be sufficiently coordinated 
to report the WTP such that it has an inverse U-shaped relationship with acceptance 
probability across participants purely out of experimental demand effects.

3.3  Results for proposers

So far, we have focused on receivers’ behavior. We briefly summarize the results for 
proposers here. More details can be found in Appendix C.

Result 6 (1) Around 90% of proposers chose a randomization probability 
0 < p < 1.00 at least twice. (2) Proposers who chose the randomization probability 
of p = 0 or p = 1.00 had significantly lower WTP than proposers choosing a prob-
ability of 0 < p < 1.00.

Despite the similarities in the results, proposers’ decision-making processes are likely  
to be different from those of receivers. In addition to incomplete preferences, proposers 
may also face strategic uncertainty. Hence, even though the findings from the propos-
ers were broadly similar to those of the receivers, they may not be solely attributable to 
conflicting preferences.

4  Discussion

Our study contributes to the literature by examining conflicting preferences-
led indecisiveness from choices in an ultimatum game where receivers wish to 
maximize own gains and be treated fairly. Our experiment allowed receivers to 
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make randomized choices regarding acceptance and rejection through which they 
could express their indecisiveness. We find that (1) the vast majority of receivers 
(86.5%) randomized actively and their chosen acceptance probability was posi-
tively correlated with the size of the offers made to them; (2) more than half of 
receivers who randomized (66%) were willing to pay a strictly positive amount 
of money to express their indecisiveness via randomized choices, and they were 
willing to pay more when they faced stronger conflict.

The assumption of the completeness of preferences is neither realistic nor nor-
mative (Aumann, 1962; von Neumann & Morgenstern, 1944). The prevalence 
of indecisiveness and the improvement in decision utility achievable through 
randomization found in our study suggest that recognizing indecisiveness and 
allowing individuals to express it is important. Despite this, standard economics 
continues to assume that individuals have complete preferences and can readily 
compare options, however complex or difficult these choices may be. This has 
three consequences. First, choices made under indecisiveness (options are hard 
to compare) are misinterpreted as choices arising from indifference (options are 
equally attractive). Since indifference is used in the measurement of many impor-
tant parameters, such as time discount rates, valuations of goods, risk attitudes, 
and probability estimates, confusing indecisiveness with indifference may lead to 
measurement errors in these parameters. Alternatively, indecisive behavior may 
be mistaken for errors and biases that violate rationality requirements, resulting in 
data being discarded and information lost, consequently biasing inferences about 
individuals’ behavior. Third, indecisive behavior such as randomized choices will 
continue to be associated with undesirable traits such as procrastination (Tibbett 
& Ferrari, 2015), obsessive compulsive disorder (Frost & Shows, 1993), or the 
lack of leadership (Dubno, 1965) and allowing randomization in decisions will be 
seen as reinforcing these negative traits and discouraging decision makers from 
gathering information which is needed to make a good judgement.

When used properly, however, allowing people to express conflicting prefer-
ences through randomization can be beneficial without compromising decision 
quality. We discuss three possible uses of randomization at the individual, organi-
zational, and societal level. Allowing individuals to express conflicting prefer-
ences through randomized choices could help to reduce default bias. Individuals 
are often found to behave overly cautious, i.e., sticking to the default too long, 
when facing important and difficult decisions (Levitt, 2021; Sautua, 2017). Rand-
omization enables individuals to obtain a higher decision utility than they would 
when they are forced to choose one option, including the default option, making it 
easier for them to escape default.

Organizations may also benefit from adopting randomization in some decision-
making processes. For example, a hiring committee may not have a clear preference 
despite thorough research and deliberation based on the predetermined criteria. 
Forcing the committee to pick a candidate may then cause them to make a decision 
based on additional criteria that are unrelated to the competency of the candidate 
(Bouacida & Foucart, 2020), such as gender or race, leading to discrimination in 
the labor market. By allowing the committee to make randomized choices between 
candidates, not only does the organization save time and cost, candidates who are 
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subject to negative bias unrelated to their competency may also have a positive 
chance of being selected.11

Socially, the use of randomization may encourage voting. Voting often requires 
individuals to make difficult trade-offs between candidates and policies. Conse-
quently, individuals may choose not to participate in voting, preferring the “safer” 
option of not acting (Masatlioglu & Ok, 2005), i.e., not to vote. Increasing decision 
utility by allowing voters to vote probabilistically may be useful for increasing par-
ticipation. This inclusive system may also lead to an outcome that better reflects the 
aggregate preference of the community. Further research into these applications is 
encouraged.

Appendices

A. Proofs

Proposition 1 When the receiver is indecisive and relatively sensitive to inequity 
(𝛾 >

1

2
) , for allocations such that uF(20 − a, a) < uS(20 − a, a) she has a strict pref-

erence for randomization over rejection or acceptance and the optimal acceptance 
probability increases with the receiver’s share.

Proof for Proposition  1 When the receiver randomizes (p,A;1 − p,R) , the decision 
utility of such a randomized choice is:

When uF(20 − a, a) < uS(20 − a, a) there is potential gain from randomization 
and the maximal V(p,A;(1 − p),R) obtains when pa = k − p�(20 − 2a). The optimal 
p∗ can be calculated as:

The randomization is strict ( 0 < p∗ < 1 ) since u
F
(20 − a, a) = k − 𝛾(20 − 2a) <

u
S
(20 − a, a) = a ⇔ k < 20𝛾 − (2𝛾 − 1)a and k > 0 . As we can see, p∗ increases 

with a when the receiver is relatively sensitive to inequity ( 𝛾 >
1

2
 ), and this proves 

the second part of Proposition 1. With the optimal p∗ the decision utility of 
(p∗,A;1 − p∗,R) becomes

V(p,A;(1 − p),R) = min�∈{S,F} EU�(p,A;(1 − p),R)

= min{pa, k − p�(20 − 2a)}.

(2)p∗ =
k

20� − (2� − 1)a
.

11 To see this concretely, suppose there are two candidates - A and B - who need to be assessed accord-
ing to two criteria. Suppose the committee slightly favors the male candidate - candidate A - in the fol-
lowing way: u

1
(A) = 1 + � and u

1
(B) = 0, and u

2
(A) = 0 + � and u

2
(B) = 1 , where ui(⋅) denotes criterion 

i and � is a small positive value that measures the degree of the bias. When the committee has to select 
one candidate and applies the maxmin rule as in Eq. (1) to make the final choice, candidate A will always 
be chosen. Given a possibility of randomization, however, candidates are chosen roughly equally likely.
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Next, we show that the receiver strictly prefers the randomized choice over 
rejection and acceptance. It is straightforward to show that the receiver prefers 
the randomized choice over rejection ( V(p∗,A;(1 − p∗),R) > V(R) = 0 ) since 
20𝛾 − (2𝛾 − 1)a ≥ 20𝛾 − (2𝛾 − 1)10 > 0 , where inequalities obtain from 𝛾 >

1

2
 and 

a ≤ 10.

To show that the receiver prefers the randomized choice over acceptance 
( V(p∗,A;(1 − p∗),R) > V(A) ), note that u

F
(20 − a, a) < u

S
(20 − a, a) ⇔ V(A) = min�∈{S,F}

EU(u� ,A) = min
{
u
S
(20 − a, a), u

F
(20 − a, a)

}
  = u

F
(20 − a, a) = k − �(20 − 2a) . The 

inequality V(p∗,A;(1 − p
∗),R) > V(A) holds since V(A) = k − �(20 − 2a) = 1

20�−(2�−1)a
[k−

�(20 − 2a)]   = 1

20�−(2�−1)a
{ka − �(20 − 2a) [20� − (2� − 1)a − k]} < ka

20𝛾−(2𝛾−1)a
 = V(p∗,A;

(1 − p
∗),R) . The last inequality follows from �(2a − 20) ≤ 0 and uF(20 − a, a) 

= k − �(20 − 2a) < uS(20 − a, a) = a ⇔ 20� − (2� − 1) a − k > 0.

Proposition 2 When the receiver is indecisive and relatively sensitive to inequity 
(𝛾 >

1

2
) , the WTP for randomization has an inverse U-shape relationship with opti-

mal acceptance probability.

Proof for Proposition  2 As explained in Footnote 7, for allocations such that 
uF(20 − a, a) ≥ uS(20 − a, a) the receiver always accepts. Randomization offers no 
benefit, and consequently the WTP for randomization is zero. In the calculation 
below, we focus on allocations such that uF(20 − a, a) < uS(20 − a, a) . For these 
allocations the receiver’s utility gain from randomization is calculated as:

To show that the WTP for randomization has an inverse U-shape relationship with 
p∗ , we show that there is a threshold p∗ , which is the acceptance probability at 
the allocation where V(A) = V(R) , and WTP increases with p∗ when p∗ ≤ p

∗ and 
decreases with p∗ otherwise.

We first consider those allocations such that V(A) = k − �(20 − 2a) ≤ V(R) =

0 ⟺ a ≤
20�−k

2�
 , which implies max{V(A),V(R)} = V(R) = 0 . Note that p∗ = k

20�−a(2�−1)
 . 

Using p∗ to define the value of a, we have a =
20�−k∕p∗

2�−1
 . Notice also that a ≤

20�−k

2�
 , 

and thus 20�−k∕p
∗

2�−1
≤

20�−k

2�
. This defines the threshold of p∗ as p∗ ≤ 2�k

20�+(2�−1)k
 . When 

p∗ ≤ p
∗ we have:

V(p∗,A;(1 − p∗),R) = p∗a =
ka

20� − (2� − 1)a
.

ΔV = V(p∗,A;(1 − p∗),R) − max{V(A),V(R)}

ΔV = V(p∗,A;(1 − p∗),R) − max{V(A),V(R)} = p∗a =
20p∗� − k

2� − 1
.
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Thus, the utility gain from randomization ΔV  and accordingly the WTP for the 
randomized choice increases with p∗ when p∗ ≤ p

∗
=

2�k

20�+2k�−k
.

With a sufficiently large a the utility of acceptance is larger than the utility 
of rejection, i.e., V(A) = min{uS(20 − a, a), uF(20 − a, a)} = uF(20 − a, a) = k−

�(20 − 2a) ≥ V(R) = 0 ⟺ a ≥ 20�−k

2�
 . Similarly, using p∗ to define the value of a we 

have a =
20�−k∕p∗

2�−1
≥

20�−k

2�
 , and this gives p∗ ≥ 2�k

20�+(2�−1)k
 . When p∗ ≥ p

∗ we have:

Taking the first-order derivative of ΔV  with respect to p∗ gives that:

The inequality is obtained by recognizing that the optimal acceptance probability 
is (weakly) increasing in a and reach the highest level when a = 10 , which implies 
p∗ =

k

20�−(2�−1)a
≤

k

20�−(2�−1)×10
=

k

10
 , or equivalently 20p∗ − 2k ≤ 0 . The inequality 

is strict when 0 < p∗ < 1 : 20p∗ − 2k < 20p∗2 − 2k < 0 . The negative first-order 
derivative implies the utility gain and accordingly the WTP of randomization 
decreases with p∗ when p∗ is above 2�k

20�+(2�−1)k
.

ΔV = V(p∗,A;(1 − p∗),R) − max{V(A),V(R)}

= p∗a − [k − �(20 − 2a)]

= p∗
𝟐𝟎� − k∕p∗

𝟐� − 𝟏
−

[
k − 𝟐𝟎� + 𝟐�

(20� − k∕p∗)

𝟐� − 𝟏

]

�

p∗2(2� − 1)

(
20p∗2 − 2k

)
≤ 0.

B. Details of receivers’ binary and randomized choices

Table 3  Receiver’s share, proportion of receivers who randomized, and the corresponding median and 
mean acceptance (acpt) probability

The receiver’s share 0 1 2 3 4 5 6 7 8 9 10

Binary 
choices

Proportion of 
acceptance in 
binary choices (%)

7 16 18 25 34 50 64 84 94 97 99

Randomized 
choices

Proportion of 
receivers rand-
omize (%)

6 20 42 64 65 70 65 59 46 26 7

Median acpt. prob-
ability

0.0 0.0 0.0 0.10 0.30 0.55 0.70 0.90 1.00 1.00 1.00

Mean acpt. prob-
ability

0.05 0.14 0.17 0.29 0.41 0.53 0.61 0.76 0.89 0.95 0.98
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C. Results for proposers

We report the results for the proposers here. Note that the motives behind the pro-
poser’s decisions are more complicated and different from the receiver. In addition 
to the (potentially different) conflicting motives that the receiver faces, the proposer 
also faces strategic uncertainty.

The general pattern for proposers is similar to that of receivers. Table 5 reports 
the proportion of proposers choosing the equal allocation in binary choices, the 
proportion of proposers who randomized in randomized choices, and the corre-
sponding median and mean probability of proposing the equal allocation given 
the receiver’s share in the unequal allocation. Figure 6 shows the proposer’s prob-
ability of proposing the equal allocation over the receiver’s share in the unequal 
allocation. Proposers randomized actively in all allocation pairs. Overall, we find 
that 89.6% of proposers (86 out of 96 proposers) randomized at least twice. A 
majority (62%) of proposers chose 0.4 ≤ p ≤ 0.6 at least once, among which 36% 
made such choices two times or more often. Thus the majority of proposers feel 
strongly indecisive in some situations. Those with incomplete preferences made 
randomized choices for around 70% of allocation pairs.

Table 4  The proportion of 
receivers who stated acceptance 
and rejection in the binary 
choice for the three categories 
of acceptance probability 
( 0.1 ≤ p ≤ 0.3 , 0.4 ≤ p ≤ 0.6 , 
and 0.7 ≤ p ≤ 0.9 ) among those 
who stated a positive WTP and 
randomized strictly ( 0 < p < 1 ) 
for the randomly selected offer. 
The values in parentheses are 
the number of receivers

Acceptance probability in 
randomized choice

Decision in the binary choice

Accept Reject

0.1 to 0.3 7.69% 92.31%
(1) (12)

0.4 to 0.6 33.33% 66.67%
(3) (6)

0.7 to 0.9 55.56% 44.44%
(5) (4)

Total number of subjects 9 22

Table 5  Proportion of proposers proposing the equal allocation in binary choices, proportion of propos-
ers who randomized, and the median and mean probability of proposing the equal allocation given the 
receiver’s share in the unequal allocation

The receiver’s share 0 1 2 3 4 5 6 7 8 9

Binary choices Proportion of proposers 
proposing the equal 
allocation (%)

100 92 82 80 70 54 47 28 19 14

Randomized 
choices

Proportion of 
proposers 
randomized (%)

55 59 70 70 72 67 74 73 70 67

Median probability of 
proposing the equal 
allocation

0.90 0.85 0.80 0.70 0.65 0.60 0.60 0.50 0.40 0.30

Mean probability of 
proposing the equal 
allocation

0.77 0.71 0.70 0.62 0.59 0.56 0.53 0.48 0.44 0.37
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Interestingly, the relationship between the receiver’s share and the group average 
in binary choices (denote by checked boxes) is steeper than with mean probabilities 
of proposing the equal allocation (denote by stars). This means that compared to 
group averages in binary choices, when allowed to randomize, proposers are less 
likely to propose the equal allocation when the unequal allocation in the pair is 
more unfair, and are more likely to propose the equal allocation when the unequal 
allocation in the pair is more fair. The former result - proposers are less likely to 
propose the equal allocation when the unequal allocation in the pair is more unfair - 
suggests some sense of cautiousness: when forced to make a decision in the binary 
choice, proposers lean toward the safe option—the equal allocation—that is more 
likely to be accepted.

Similar to the results of receivers, proposers who chose to offer the equal 
allocation with probability of p = 0 or p = 1.00 have significantly lower WTP 
than proposers choosing probability of 0 < p < 1.00 (Wilcoxon rank sum test, 
p < 0.01 ). Among those who randomized with 0 < p < 1.00 (60 proposers), 
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Fig. 6  A boxplot of the proposer’s probability of proposing the equal allocation, depending on the receiver’s 
share out of €20 in the unequal allocation. Checked boxes denote the population ratios of proposing the 
equal allocation in binary choices, and stars denote the mean probability of proposing the equal allocation
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50% indicated a strictly positive WTP. There is one significant difference: pro-
posers with proposing probabilities of p = 0.1, 0.2, or 0.3 have the WTP signifi-
cantly higher than those with proposing probabilities of p = 0.4, 0.5, or 0.6 or 
p = 0.7, 0.8, or 0.9 (two-sided Wilcoxon rank sum test, p < 0.05 ). This suggests 
that proposers chose randomization probability of p = 0.1, 0.2, or 0.3 when they 
face the strongest conflict (Fig. 7) illustrates the results graphically.

Supplementary Information The online version contains supplementary material available at https:// doi. 
org/ 10. 1007/ s11166- 023- 09407-1.
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