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Abstract
People occasionally face sure loss prospects. Do they seek risk in search of better outcomes or contend with the sure loss and
focus on what is left to be saved? We addressed this question in three experiments akin to a negative interest rate framework.
Specifically, we asked participants to allocate money (Experiments 1 and 2) or choose (Experiment 3) between two options: (i) a
loss option where, for sure, they would end up with less, or (ii) a mixed gamble with a positive expected outcome, but also the
possibility of an even larger loss. Risk aversion (i.e., choosing the sure loss) ranged from 80% to 36% across the three
experiments, dependent on varied sizes of sure losses or expected outcomes. However, overall, the majority (> 50%) of
allocations and choices were for the sure loss. Our findings indicate a tolerance for sure losses at the expense of mixed gambles
yielding much better expected outcomes. We discuss the implications of this sure-loss tolerance for psychological research, its
implications in terms of (cumulative) prospect theory, and what the results mean for the implementation of negative interest rates.
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Psychological research has largely investigated how peo-
ple react to bright future prospects, where they typically
have to choose between a rather comfortable option (e.g.,
a marshmallow or $100 tomorrow) and an even brighter
future (e.g., two marshmallows or $110 in a week; Bartels
& Rips, 2010; Mischel, 2014). In that research, people
usually ask a premium for bearing with the psychological
cost of their patience. Yet people occasionally face sure
loss prospects. For instance, negative interest rates (NIR)
entail a future sure loss if money is left in a bank account.
Surprisingly, little empirical research exists on how peo-
ple deal with such decisions. Would they seek risk or
accept to actually pay for their patience?

Deciding between a sure loss and a gamble

To address our question, we contrast the prospect of a sure
loss to the uncertainty of a mixed gamble (i.e., a risky option
with a high positive expected return that offers a possibility of
a large gain but also of a loss, larger than the sure one).
Previous research has presented people with related choice
contexts; however, to the best of our knowledge, the choice
context we use here is unique in the literature.

One of the dominant theories explaining decision-making
under risk and uncertainty is (cumulative) prospect theory
(Kahneman & Tversky, 1979; Tversky & Kahneman, 1992).
The first key element of CPT is the shape of the value function
(concave for gains, convex for losses). Crucially, the value
function is steeper for losses predicting loss aversion. The
second key element is the probability weighting function as
people are predicted to overweight small, but underweight
moderate and high probabilities.

In our decision context, akin to current NIR implemented
on saving accounts, the sure option entails a necessary loss. In
previous research, the sure option entailed a zero outcome.
Specifically, it has been shown that, when faced with a choice
between a sure option that entails a $0 outcome and an attrac-
tive yet risky mixed gamble (e.g., 50% chance to gain $2,000
or 50% chance to lose $500), most people prefer the sure $0
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(Redelmeier & Tversky, 1992; Tversky & Kahneman, 1992).
These findings point to risk aversion (i.e., a tendency not to
choose the mixed gamble). The psychological mechanism
considered responsible for this is loss aversion, whereby
losses loom larger than gains (Kahneman & Tversky, 1979).
Thus, when offered a choice of a mixed gamble with the
alternative being zero, people are predicted to be risk averse.

Unlike the contexts described above, we propose to
present people with a sure option that entails a sure loss.
Previous studies had participants face sure losses. One
such case is when the prospects were only in the loss do-
main (i.e., both the sure and the gamble option entailed
losses). For example, when people were asked whether
they would prefer having a certain loss of $10 or having
a 50% chance of losing $5 versus a 50% chance of losing
$15, most preferred the latter option (i.e., they were risk
seeking; Leclerc et al., 1995). The shape of the value and
probability functions in prospect theory predict risk seek-
ing for losses of moderate probability.

In cases with more extreme (i.e., close to 0% and 100%)
probabilities, the weighting function allows for different pre-
dictions. The underweighting of high probabilities contributes
to risk aversion in choices between probable and sure gains.
However, this contributes to risk seeking in choices between
probable and sure losses. Thus, when faced with a prospect of
a sure loss, people tend to take risks meaning that they prefer a
larger uncertain loss to a smaller, but certain loss (Tversky &
Kahneman, 1992). Such a pattern of preferences has been
deemed the certainty effect (Kahneman & Tversky, 1979),
predicting a strong aversion to sure losses (Ruggeri et al.,
2020).

Some previous research has contrasted a sure loss to
gambles where one option entails a loss, while the other
entails a zero outcome (e.g., 20% chance to lose 20 vs.
80% chance of no loss). Because these gambles entail a
zero opt ion, they may not be considered mixed
(Abdellaoui et al., 2007). A gamble is commonly said to
be mixed if there is a possibility of a loss and a possibility
of a gain (Baltussen et al., 2006; Ert & Erev, 2008; Wu &
Markle, 2008). Of critical importance however, beyond
terminological usage, in our current experiments we pur-
posely avoided zero options because we wanted to make
sure that the risky mixed gamble had a high (and crucially
positive) expected return, but also the possibility of a loss
higher than the sure one. Some research did contrast a sure
loss to a mixed gamble (with non-zero options for gains
and losses), however the gamble did not have a positive
expected return (Erev et al., 2010).

To sum up, our choice context is unique in that (i) the sure
option is a loss, (ii) the non-zero options mixed gamble has a
possibility of a loss higher than the sure one, and (iii) the
mixed gamble has a positive expected return. In doing so,
our decision setting allows testing two conflicting predictions.

On the one hand, people’s aversion to the possibility of an
even larger loss if choosing the gamble ought to lead to risk
aversion and so to acceptance of the sure loss. On the other
hand, the presence of a sure loss ought to lead to risk seeking
behavior (and a preference for the gamble).

As it appears, beyond its theoretical implications, the deci-
sion context we examine here is relevant to situations of large
economic downturn and questions of safety. For instance,
with NIR, a person could either have the option of leaving
some money, say $100, in a bank account where in a year
they will lose $5 for sure and have $95. Alternatively, the
money could be invested in a stock where in a year they could
have, for instance, 40% chance to lose $10 but a 60% to gain
$20.

Experiment 1

Method

In Experiment 1, participants could allocate a proportion of
money between a sure loss option at −0.5% and a risky mixed
gamble.We keep the sure loss option constant (i.e., one would
lose 0.5% of the allocated money) while changing the expect-
ed outcome of the risky option. This implies varying risk
premiums (i.e., the expected excess return provided by
investing in the risky over the sure loss option). For explor-
atory purposes, we manipulated three additional factors: the
amount of money one has at disposal, how people come about
the money, and the order in which the risky options are
experienced.

We explored the role of these factors as they may provide
insights into boundary conditions to our current question. The
size of money at a person’s disposal can impact the risk, but
also the loss they are willing to take on. We know for example
that loss aversion can reverse for small amounts of money
(Harinck et al., 2007). Similarly, a magnitude effect is often
found whereby risk aversion increases with payoff size—this
has been labeled as “relative risk aversion” (Holt & Laury,
2002). We were also interested in how people came about
the money. Losses on savings can be particularly devastating,
while it is known that people are more risk seeking in the
presence of a prior gain (i.e., the house money effect; Thaler
& Johnson, 1990).

The experiment had a 2 (money: saved vs. unexpectedly
received) × 2 (amount: $1,000 vs. $40,000) × 7 (risky
option expected outcome: −0.5% vs. 0% vs. 0.5% vs. 1%
vs. 3% vs. 5% vs. 10%) × 2 (order of risky option: Upward
from −0.5% to 10% vs. Downward from 10% to −0.5%)
mixed design. Money and order were between-subjects,
while amount and risky option expected outcome were
within-subject factors.
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Participants A hundred and forty-eight individuals from the
U.S. were recruited on Prolific. We aimed to recruit 301 par-
ticipants per between-subjects condition. After excluding
participants who failed an attention check at the beginning of
the study and those who did not complete the entire study,
data from 119 participants were retained (61% female;
MedAge = 30, IQRAge = 14).

Procedure

Participants started by filling in a consent form. If they complet-
ed the first attention check correctly, they were presented with
the instructions (read instructions here: https://osf.io/n4t83/wiki/
home/). Next, participants were asked about their
comprehension of the instructions. Eight participants who
answered incorrectly were presented with the instructions
again and asked to be more attentive. Participants were
informed that a new policy was introduced where people are
required to pay to keep money in the bank. They were asked
to decide what proportion of either saved or unexpectedly
received money to allocate for the next one year between two
options. The first was the sure loss option that always guaranteed
a loss of 0.5% in 1 year. The second was the risky option. We
presented the gamble using a symmetric distribution with nine
possible outcomes, each associated with a probability of
occurrence. The middle of the distribution was associated with
the highest probability and thus represented the expected
outcome of the gamble (see Table 1).

Participants were tasked with allocating money into these two
options for seven risk distributions for two different amounts of
money, totaling 14 allocation decisions. Allocations for the two
starting amounts (i.e., $1,000 and $40,000)weremade in random
blocks. An example of the allocation decision question is pre-
sented in Fig. 1. To illustrate the payoffs in the experiment,
participants were presented with a chart. The chart displayed
the probabilities of each possible payoff occurring if 100% of
the amount at disposal was allocated to the gamble (to view all of
the charts used in the experiment, see the stimuli section on the
OSF page). The expected outcome was centered on the middle
bar and associated with the highest probability of occurring.
The volatility (i.e., the spread of the risk)was kept constant across
all risky options at 17%. It should be noted here that as the
expected outcome associated with the mixed-gamble increases,
lower losses are possible (see Table 1). That is, in Risk 7 (ex-
pected outcome 10%), losses are smaller than in Risk 1 (expected
outcome −0.5%). Furthermore, overall probabilities of a loss
occurring were highest in Risk 1 (63%), were the same in Risk
2 to 6 (37%), and lowest inRisk 7 (19%).Our dependent variable

was how much money (in percentages) was allocated into the
sure loss option. Because status quo bias can lead to higher loss
aversion (Gal, 2006), wemade sure not to frame either of the two
options as the default (also done in Experiments 2 and 3) and we
kept the time of the potential outcome constant—that is, in 1
year, one would end up with a sure loss or in 1 year one would
end up with either a gain/loss from the mixed gamble (also done
in Experiments 2 and 3). At the end, participants responded to
several demographic variables (i.e., education, income, financial
experience, saving [a percentage estimate of how much they
saved over the past 3 years], and gender).

Results

We regressed the percentages allocated to the sure loss option on
the four factors and their interactions. This was amultilevel mod-
el where the interaction between the within-subjects factors
(amount and expected outcome) was allowed to vary for each
participant (treated as a random factor). The results show that
there was a main effect of risky option expected outcome, b =
−5.38, SE = 0.49, 95% CI [−6.34, −4.42], t(114.99) = −10.98, p
< .001, dz = 1.0.2 Participants allocated less money into the sure
loss option as the expected outcome of the risky option (and the
risk premium) increased. There was also a main effect of order,
b = −19.37, SE = 5.85, 95% CI [−30.84, −7.90], t(114.99) =
−3.31, p = .001, dz = .30. Participants allocatedmoremoney (M
= 54.6%) into the sure loss option in the downward than in the
upward (M= 47.1%) order. These two effects were qualified by
an interaction, b = 3.20, SE = 0.98, 95% CI [1.28, 5.12],
t(114.99) = 3.926, p = .001, dz = .30 (see Fig. 2). No other
effects were significant. We decomposed the interaction by the
order factor. Looking at the upward order first, there was a sig-
nificant effect of risky option expected outcome, b = −3.71, SE =
0.59, 95% CI [−4.86, −2.55], t(59) = −6.301, p < .001, dz = .58
with the amount of allocations to the sure loss option decreasing
with larger expected outcomes. Looking at the downward order,
we found the same effect, althoughmuch stronger, b = −7.03, SE
= 0.77, 95%CI [−8.54, −5.52], t(58) = −9.15, p < .001, dz = .84.

The results do not change overall when adding the demo-
graphic variables into the model. However, after including these
covariates there is now an additional effect of money, b = 12.82,
SE = 5.87, 95% CI [1.31, 24.33], t(108.53) = 2.18, p = .03, dz =
.20. Opposite to the house money effect, when money was un-
expectedly received, participants allocated more (M = 54.9%)
into the sure loss option. There was also a negative relationship
with education, b = −4.76, SE = 1.89, 95% CI [−8.46, −1.06],
t(110.00) = −2.52, p = .013, dz = .23; more educated participants
allocated less money to the sure loss option.1 Using PANGEA,we determined that with this sample, wewould have >85%

power to detect medium effect sized (d = .30) main between-subject effects
and >90% to detect medium effect sized (d = .30) main within subject effects.
We would also have >80% power to detect medium effect sized (d = .30) two-
way and three-way interactions. Four-way interaction was not of interest.

2 We use the “dz” notation as suggested for standardized mean difference
effect sizes for within-subject designs (Lakens, 2013). We stick with this
notation throughout for consistency.
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Unsurprisingly, we observed more risk-taking with
higher expected outcomes (i.e., higher risk premiums).
Critically, however, in the majority of choice options (4
out of 7), participants were indifferent or risk-averse, allo-
cating more money to the sure loss option even when the
mixed-gamble option entailed a much higher expected out-
come. For risk premiums above 1% however, participants
switch their preferences (i.e., they allocate more than 50%)
to the risky option.

Experiment 2

Method

We implemented four changes in Experiment 2, which was
otherwise similar to Experiment 1. First, we only examined
the savings condition. Second, we varied and lowered the sure
loss option (i.e., made it more negative). Third, we kept the
overall probabilities of gains and losses of the mixed gamble

Table 1 Payoffs for each of the seven risky options in Experiment 1

snoitpoyksirnevesrofnoitubirtsidksiR
Probability of 

occurring Risk 1 Risk 2 Risk 3 Risk 4 Risk 5 Risk 6 Risk 7 

2% -40.5% -40% -39.5% -39% -37% -35% -30% 

5% -30.5% -30% -29.5% -29% -27% -25% -20% 

12% -20.5% -20% -19.5% -19% -17% -15% -10% 

18% -10.5% -10% -9.5% -9% -7% -5% 0% 

26% -0.5% 0% +0.5% +1% +3% +5% +10% 

18% +9.5% +10% +10.5% +11% +13% +15% +20% 

12% +19.5% +20% +20.5% +21% +23% +25% +30% 

5% +29.5% +30% +30.5% +31% +33% +35% +40% 

2% +39.5% +40% +40.5% +41% +43% +45% +50% 

Note. Volatility is kept constant at 17%. The expected outcome (highlighted in gray) is associated with the highest probability of occurrence (26%).
Important to note that as the expected outcome increases, losses associated with the risky option decrease while gains increase (from Risk 1 to 7)

Fig. 1 Illustration of an allocation decision setup used in Experiment 1.
The picture shows an example where the amount was $40,000 and the
money was saved. The risky option with a 10% expected outcome (i.e.,
Risk 7 in Table 1) is displayed here. In each trial, the sure loss option (i.e.,

option “1”) was kept constant at −0.5%, while the chart representing the
distribution of the losses and gains associated with the mixed-gamble
option (i.e., option “2”) changed
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constant (at 63% and 37%, respectively). The overall proba-
bilities varied across the risky options in Experiment 1. We
wanted to make sure this does not impact our investigation of
sure loss tolerance, as previous findings have indicated people
avoid, not just high losses, but losses with a higher probability
of occurring (Payne, 2005). Fourth, we kept the risk premium
constant at 11%. In Experiment 1, the expected returns (i.e.,
risk premiums) changed, which could have impacted overall
risk-taking preparedness. Keeping risk premiums constant
meant that with higher sure losses, the risky option implied
lower gains and higher losses (see Table 2).

The experiment had a 2 (amount: $1,000 vs. $40,000) ×
5 (sure loss: 0% vs. −0.5% vs. −1% vs. −3% vs. −5%) × 2
(order of loss presentation: upward from 0% to −5% vs.
downward from −5% to 0%) mixed design. Order was the

only between-subjects factor. Participants thus completed
10 allocation decisions. The instructions were similar to
those of Experiment 1 (for full instructions, see: https://
osf.io/bw4ez/wiki/home/).

Participants

Seventy-four individuals from the U.S. were recruited on
Prolific. After excluding participants who failed an attention
check at the beginning of the study and those who did not
complete the entire study, data from 60 participants were
retained. One participant made negative allocation decisions
(e.g., allocating −5% when the sure loss was −5% and so on).
Presumably, this participant did not understand the

Fig. 2 Mean percentage of money allocated to the sure loss and risky options in Experiment 1 as a function of expected outcome of the risky option and
the order of the expected outcome presentation. Numbers inside the bar charts represent the raw percentage of money allocated

Table 2 Payoffs for each of five risky options in Experiment 2 as a function of the sure losses

Note. The expected returns (in gray) depended on the sure loss because the risk premium was kept constant at 11%. It should be noted (i) that as the sure
loss increases, the gains associated with the risky option decrease while the losses associated with the risky option increase, (ii) the overall probability of
ending up with a gain or with a loss is kept constant (at 63% and 37%, respectively).
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instructions and was excluded. We thus retained 59 partici-
pants (61% female; MedAge = 31, IQRAge = 13.5).

Results

The same analysis strategy as in Experiment 1 shows that there
was a main effect of amount, b = 7.73, SE = 3.57, 95% CI
[0.74, 14.73], t(57.00) = 2.17, p = .034, dz = .28. A higher
proportion of money is allocated to the sure loss option for
the $40,000 (52.7%) amount than for the $1,000 (45.1%)
amount. There was also a main effect of sure loss, b = −6.28,
SE = 0.88, 95% CI [−8.01, −4.55], t(57.00) = −7.13, p < .001,
dz = .93. Participants allocated less money to the sure loss
option as it became more negative. No other effects were sig-
nificant. Most importantly, we again observed that for most (3
out of 5) choice options, people were indifferent or risk-averse,
preferring to allocate moremoney into the sure loss (see Fig. 3).
In contrast to Experiment 1, we found no effect of order and we
observed a difference due to starting amounts. People took less
risks with larger amounts of money. Adding the demographic
information into the model, the results remained the same.
There was, however, a negative relationship with financial ex-
perience. Those who said they had more financial experience,
allocated less into the sure loss option, b = −12.13, SE = 5.18,
95% CI [−22.29, −1.97], t(52.00) = −2.34, p = .023, dz = .30.

Experiment 3

Method

Experiment 3 consisted of another robustness check for the
effects observed in Experiments 1 and 2. As such, instead of
using allocation decisions and having the participants contend
with percentage losses and gains (e.g., lose −3%), we asked

them tomake clear-cut choices (i.e., either choose a sure loss or
a mixed gamble) and we presented losses and gains in numer-
ical values (e.g., lose $5) instead of percentages (e.g., lose
−3%). We also used smaller amount sizes (i.e., $100 and
$500) as the losses used in the previous experiments could have
been perceived as too large given the larger amounts. Finally,
the specific context in which we put individuals in the previous
experiments (i.e., a NIR environment) may have played a role,
perhaps cuing people that sure losses are widespread. As such,
in Experiment 3, we varied the decision context, presenting
three sets of instructions to different groups: a context similar
to previous two experiments, a base context with no additional
information, and a context reminding people of the current
economic state brought about by the COVID-19 pandemic
(see procedure below). We expected a robust replication for
loss tolerance across these three contexts but were curious
whether indirectly reminding participants of the current eco-
nomic turmoil due to the COVID-19 outbreak might increase
sure loss tolerance. Probabilities of gains and losses of the
mixed gamble were held constant (at 60% and 40%, respec-
tively). The risk premium was held constant at 15%. Again,
similar to Experiment 2, keeping risk premiums constant meant
that with higher sure losses, the risky option implied lower
gains and higher losses (see Table 3). Because we also had a
sure loss that equaled −15%, the expected return of this option
was zero (again, because the risk premium was held constant).

The experiment had a 2 (amount: $100 vs. $500) × 6 (sure
loss: −0.5% vs. −1% vs. −3% vs. −5% vs. −10% vs. −15%) ×
3 (context: NIR vs. base [where participants were simply pro-
vided with a choice between a sure loss and a mixed gamble
vs. COVID-19]) mixed design. Context was the only
between-subject factor. We did not look at order of the sure
loss presentation as there was no effect of order in the previous
experiment. However, for each participant it was randomly
determined whether they were presented with the sure losses

Fig. 3 Mean percentage ofmoney allocated to the sure loss and risky options in Experiment 2 as a function of the sure loss. Numbers inside the bar charts
represent the raw percentages
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in an increasing (i.e., from −0.5% to −15%) or decreasing
order (i.e., from −15% to −0.5%).3 Participants thus made
12 choices in total. It was also explicitly highlighted to partic-
ipants to treat each choice as independent from one another to
avoid the slight possibility that they may infer the choices are
connected and that the losses are continuous.

Participants and procedure

Three-hundred and thirty4 individuals from the U.S. were re-
cruited on Prolific. No participants were excluded (61% fe-
male; MedAge = 31, IQRAge = 13.5). The overall procedure
was similar to Experiment 2, the main difference being the
context instructions and the choice options were now worded
differently (i.e., choice instead of allocation and gains/losses
were presented in numerical, rather than percentage terms; for
full instructions, see: https://osf.io/2xr58/wiki/home/). In the
NIR context, the instructions were similar to the previous two
experiments, while the choice options were (the Xs changed
dependent on the sure loss and the mixed gamble payoffs):

1: Put in the bank with the negative interest rate of −X%.
Thus, in a year you will lose $X for sure and have $X.

2: Invest. Thus, in a year, there is a 40% chance to have $X
(and so you would lose $X) or a 60% chance to have $X
(and so you would gain $X).

Participants in the base context were simply asked to make
several choices pertaining to the financial decision-making.
They were told they had some money and they had to choose
what to do with it for the next 1 year, having to choose be-
tween two options worded as:

You have $X. Which option do you choose?

1: Choose this option and, in 1 year, you will lose $X for
sure and have $X.

2: Choose this option and, in 1 year, you have 40% chance
to have $X (and so you would lose $X) or a 60% chance
to have $X (and so you would gain $X).

In the COVID-19 context, the instructions were the same as
in the base context beside one paragraph that reminded partic-
ipants to “please reflect on the current economic climate,
worsened by the devastating COVID-19 pandemic. . . .
Make each of the choices below in light of the current eco-
nomic situations as a background context for making your
decisions” (see exact text on the OSF page).

Results

We used a logistic regression model that regressed the three
factors and their interactions on the choice of sure loss (0) or
risky gamble (1); the interaction between the within-subjects
factors (amount and sure loss) was allowed to vary for each

3 Adding order to our model, did not change the results and there were nomain
or interactive effects of order.
4 We used PANGEA to calculate sample size. To reasonably detect even a
small effect size of d = .20 with >80% power for the between-subjects condi-
tion we need around 110 participants per context condition (total N = 330).
Power was more than >80% for all possible interactions.

Table 4 95% CIs, odds ratios, and the p values (in bold if less than .05)
of the logistic regression model in Experiment 3, regressing the context,
amount, sure loss, and their interactions onto choice (i.e., either a sure loss
or a risky mixed gamble)

Predictors Odds ratios CI p

(Intercept) 0.15 [0.06, 0.40] <.001
Context C1 0.21 [0.06, 0.82] .025
Context C2 2.34 [0.61, 9.02] .217
Amount 4.66 [1.39, 15.63] .013
Sure loss 1.37 [1.16, 1.61] <.001
Context C1 × Amount 1.26 [0.25, 6.23] .778
Context C2 × Amount 1.54 [0.32, 7.42] .590
Context C1 × Sure loss 1.49 [1.19, 1.88] .001
Context C2 × Sure loss 0.79 [0.63, 0.99] .040
Amount × Sure loss 0.60 [0.48, 0.76] <.001
Context C1 × Amount × Sure loss 0.87 [0.63, 1.18] .364
Context C2 × Amount × Sure loss 0.96 [0.71, 1.29] .781
N id 330
Observations 3,960

Table 3 Payoffs for each of six risky options as a function of the sure losses in Experiment 3

Probability of occurring Risk distribution of the six risky options as a function of the sure loss

Sure loss 1
−0.5%

Sure loss
2
−1%

Sure loss 3
−3%

Sure loss 4
−5%

Sure loss 5
−10%

Sure loss 6
−15%

40% −30.5% −31% −33% −35% −40% −45%
60% +44.5% +44% +42% +40% +35% +30%

Note. The risk premiumwas kept constant at 15%. It should be noted (i) that as the sure loss increases, the gains associated with the risky option decrease
while the losses associated with the risky option increase, (ii) the overall probability of ending up with a gain or with a loss is kept constant (at 60% and
40%, respectively), (iii) because the risk premium is held at 15%, the −15% sure loss meant that the expected return was 0 for this option and (iv) here, the
payoffs are given in percentages for convenience as there are two amounts while in the experiment they were given as numerical values.
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participant (treated as a random factor). The context factor was
sum contrast coded (C1: NIR = 1; base = 0, COVID = −1 and
C2: NIR = 0; base = 1, COVID = −1). The results are reported
in Table 4.

The results show that there was a main effect of amount
(54.19% and 55.61% sure loss choices for the low and high
amount, respectively) and a main effect of sure loss (58.79%,
58.18%, 56.21% 51.82%, 52.88%, 51.52% sure loss choices
when the sure loss equaled, −0.5%, −1%, −3%, −5%, −10%,
and −15%, respectively). The effect of amount and sure loss
are similar to Experiment 2, although we see higher prefer-
ences for the sure losses. There was also an interaction be-
tween context and sure loss.We first looked at the effect of the
sure loss in the NIR context, which was significant, b = .44,
SE = 0.10, 95% CI [0.28, 0.64], z = 4.94, p < .001,OR= 1.56:
as the sure loss increased, participants were more likely to
choose the risky option. There was, however, no effect of
the sure loss in the base and COVID-19 contexts (both ps >
.43). Nevertheless, it is worth noting that in these two con-
texts, the allocations to the sure loss option (independent of
the sure loss size) never dipped below 50%, hinting at indif-
ference and risk aversion at the expense of the mixed gamble
(see Fig. 4).

Additionally, there was an interaction between amount and
sure loss. Looking at the low amount ($100), there was an
effect of sure loss b = .59, SE = 0.10, 95% CI [0.39, 0.80], z
= 5.71, p = < .001,OR= 1.80where, as the sure loss increases,
participants were more likely to choose the risky option. For
the high amount ($500), there was no effect of sure loss (p =
.55).

Finally, we included the demographic variables into the
main model and found a main effect of age, b = −.06, SE
= 0.02, 95% CI [−0.09, −0.01], z = −2.28, p = .02, OR =
0.95 income, b = .38, SE = 0.17, 95% CI [0.04, 0.72], z =
2.17, p = .03, OR = 1.46, and financial experience b =

1.06, SE = 0.31, 95% CI [0.46, 1.66], z = 3.47, p = .001,
OR = 2.84: older people were more likely to choose the
sure loss option while those with more income and finan-
cial experience (similar to Experiment 2) were more likely
to choose the risky option. The rest of the results
remained the same as described above.

General discussion

In three experiments, using allocation (Experiments 1 and
2) and choice (Experiment 3) response formats, partici-
pants were asked to make hypothetical monetary deci-
sions between a sure loss option and a risky mixed gam-
ble that yielded a much more attractive expected outcome
but also had the possibility of an even larger loss than the
one in the sure option. Unsurprisingly, the more profitable
the gamble, the more appealing it was (i.e., we observed
more risk-taking in Experiment 1). Similarly, the larger
the sure loss, the more participants were willing to take
risks (Experiment 2). Critically, however, the current find-
ings highlighted a high tolerance and even a preference
for sure losses in certain cases. Allocations of money to
and choosing the sure loss option never dipped below
36% in Experiments 1 and 2, and below 44% in
Experiment 3. Due to our careful framing of the choices
options, these results cannot be explained by a status-quo
bias.

The results require a more careful unpacking with respect
to (cumulative) prospect theory (CPT). The theory predicts a
fourfold pattern of risk preference: risk aversion for gains and
risk seeking for losses of high probability and risk seeking for
gains and risk aversion for losses of low probability. The
underweighting of high probabilities contributes to risk seek-
ing in choices between probable and sure losses and CPT

Fig. 4 Percentage of choices for the risky and the sure loss option in Experiment 3 as a function of the sure loss and the three contexts. Numbers inside
the bar charts represent the choice percentages
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predicts that people prefer a larger uncertain loss to a smaller,
but certain loss—a preference pattern dubbed the certainty
effect. However, with moderate probabilities, the shape of
the value function, due to loss aversion, predicts extreme aver-
sion to mixed gambles.

In Experiments 1 (and 2), nine possible outcomes
were presented for the gamble, each associated with a
probability of occurrence. In Experiment 1, the mixed
gamble contained extreme loss and gain outcomes that
were associated with low probabilities (i.e., 2%). This is
relevant because CPT predicts that people overweight
rare events. Large, unlikely losses lead to loss aversion,
so CPT predicts that people ought to prefer sure losses
in these cases. The mixed gambles we used also had
large, unlikely gains, but losses are given more weight
compared with gains (i.e., loss aversion).

We can also formalize this numerically. Using the set of
parameters as defined by CPT, one can calculate the value of
each prospect as predicted by the theory. We used the param-
eters as reported by Tversky and Kahneman (1992), and
Table S1 in the supplementary material reports the CPT values
for each prospect in all three experiments. Consistent with the
argumentation presented above, in Experiment 1, CPT pre-
dicts (i.e., a higher value is assigned) that people should prefer
the sure loss in all options save for when the mixed gambles
had an expected return of 5% and 10%. In that sense, the
results of Experiment 1 are consistent with CPT. We saw that
when the expected return of the mixed gamble was 3%, people
started to prefer to allocate money to the mixed gamble.
Overall, people avoided mixed gambles with high expected
returns.

In Experiment 1, the sure loss was small (at −0.5%),
choice options varied considerably with differing loss/
gain probabilities, and there were differing risk pre-
miums. In Experiment 2, risk premiums were held con-
stant at 11% and CPT assigns higher value to the mixed
gambles in all choice options, predicting that people
should not prefer the sure loss in any of the choice
options. However, for smaller sure losses of −0.5%
and −1%, we observed slight preference and indiffer-
ence indicating that people may be more comfortable
with smaller sure losses than a gamble with a high
expected return. However, for higher sure losses, pref-
erence switched to the risky mixed gamble as predicted
by CPT.

A possible limitation of these two experiments could be
that, for the mixed gamble, we only provided participants with
an illustration of the final outcomes rather than how much
they would lose or gain, respectively. As a result, people could
have understood the mixed gamble as a series of gains. While
this was rectified in Experiment 3 (where people were told
exactly how much they would lose/gain) it is unlikely. If par-
ticipants considered the outcomes in the mixed gambles as

potential gains, CPT predicts that people should have uni-
formly preferred the mixed gambles. We see that this was
not the case.

Finally, in Experiment 3, CPT predicts that people
should prefer the sure loss when it is −0.5%, −1%, and
−3%, but should switch their preference to the gamble
when the sure loss is −5%, −10%, and −15%. Thus, as
the sure losses increase, relatively more weight is given to
them, predicting that mixed gambles ought to be pre-
ferred. This is even though (remember risk premiums
are held constant) as the sure losses increase, possible
losses associated with the mixed gamble also increase.
This pattern was observed when we gave participants
the NIR highlighting instructions. Perhaps this financial
context cued in people to a different mindset. Our re-
sults in the other instruction types, however, do not
show this and we saw that people were indifferent or
preferred the sure loss for all the options offered, which
suggests a general aversion to the mixed gambles (even
though they had a positive expected return). Perhaps the
NIR context highlighted a return-oriented perspective
amplified by the financial nature of these instructions,
explaining why we observed increased risk taking with
higher sure losses (Breuer et al., 2020).

The question presents itself then, what could explain
the switch towards preferring mixed gambles at some
point if the risk premiums are held constant? In
Experiment 2 (and 3 in the NIR instructions), we saw
that people become more risk-seeking when the sure
loss was −3% (−10% in Experiment 3) and in general
as the sure loss increased (became more negative). A
priori, three possible outcomes could have been ob-
served: (i) no effect, because the risk premium was held
constant; (ii) decreased risk-taking, because as the sure
losses increase larger expected losses are associated
with the risky option; or (iii) increased risk-taking.
With risk premiums held constant, one possible expla-
nation for this preference switch could be related to the
concept of diminishing sensitivity (a concept, along with
loss aversion, used to explain the shape of the value
function in prospect theory). Diminishing sensitivity
posits that the impact of a change diminishes with its
distance from the reference point (Erev et al., 2008;
Tversky & Kahneman, 1992). This could explain why
the same risk premium (11%) could be more meaningful
as the sure loss becomes more negative (Ganzach &
Wohl, 2018). For example, in the case of −3% sure loss
with a CPT value of −44.88 (for a $1,000 investment),
an 8% expected return with a CPT value of −10.44
could be more meaningful than in the case −1% sure
loss with a CPT value of –17.07 and a 10% expected
return with a CPT value of 2.46 (CPT values as shown
in Table S1). Comparing the CPT values, going from
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−3% to 8% results in a larger change of 34.44 than
going from −1% to 10% which results in a smaller
change of 19.53.5

The choice setup we used in our experiments is, to the best
of our knowledge, somewhat unique in the current literature.
While some research has presented non-zero mixed gambles
to a sure loss, these mixed gambles did not have positive
expected returns (Erev et al., 2010). Another study looked at
non-zero mixed gambles and allowed participants to have
state negative certainty equivalents (making it similar to our
setup), but the study was more interested in comparing pros-
pect theory parameters across time and didn’t report choice
data (Zeisberger et al., 2012). Nevertheless, perhaps similar
setups are present in other work, and we cannot claim with
certainty that these setups do not appear in the literature
elsewhere.

There was a main effect of amount in Experiments 2 and 3
(higher allocations to the sure loss for the higher amount). In
Experiment 3, for the low amount ($100) we found that as the
sure loss increased, participants were more likely to choose
the risky option, However, we found no such effect for the
higher amount ($500) where participants generally preferred
the sure loss (>50% of choices) independent of the size of the
sure loss (see Fig. 4a in the OSF materials). This may again
hint at the role of safety in these choices as participants may
have been oriented to saving as much as possible as they could
also stand to lose a lot more (relatively) when making choices
with higher amounts.

In Experiment 1, we observed much larger allocations to
the sure loss option in the decreasing than in the increasing
order. Thus, in a world of decreasing opportunities, people
seem to have gravitated towards the sure option, even though
it entails a sure loss. The findings are somewhat in line with
approaches that highlight decision from sampling where deci-
sions are evaluated against a sample of other attributes using
very simple cognitive processes, such as ordinal comparison
and frequency accumulation (Stewart et al., 2006). Thus, a
return of 0.5 % (although positive) is seen as unattractive
compared to a 10% return seen previously (see also Ert &

Erev, 2013). However, we hamper any further speculation
on this as we did not observe such effects in Experiment 2
and 3. This might be because in these experiments the changes
were associated with the sure loss and not the risk premium,
which was kept constant.

Conclusion

It thus seems that people were willing to pay for their patience
(as in 1 year they would have less) as opposed to taking their
chances and contending with a higher expected return down
the line. In an understudied choice setup, we observed that
people are quite tolerant of sure losses when the alternative
is a risky prospect offering a much better expected return, but
also the possibility of an even larger loss. We also observed
that this may depend on the choice context where in some
cases, people preferred sure loses as high as −15%. The find-
ings point to a lack of effectiveness of NIR policies in indi-
vidual consumers. These policies, currently implemented by
central banks and private banking organizations, aim to boost
spending by penalizing saving (Agarwal & Kimball, 2019;
Rogoff, 2017), but we see that people may be willing to tol-
erate these losses. This suggests that people may be impulsive
in contexts that stress opportunities (i.e., a $100 in two days or
$110 in a week), whereas they are willing to pay a cost for
their patience in decision contexts where sure losses are made
psychologically salient.
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