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Abstract
If the future is indeed uncertain, then is the subjective riskiness of future gains and losses amount-dependent? To address this
question, we performed two experiments, one regarding hypothetical monetary gains and the other regarding hypothetical
monetary losses. Our main objective was to determine whether the magnitude effect observed in delay discounting can be
explained by the subjective probability of receiving a future outcome. We employed a well-grounded discounting paradigm
with a fixed-sequence procedure and the Subjective Probability Questionnaire across different magnitudes of gains and losses.
We replicated prior findings indicating that the magnitude effect (observed in delay discounting) or the reverse magnitude effect
(observed in probability discounting) are present for monetary gains but not for monetary losses. We found that the subjective
probability of receiving future outcomes is amount-dependent for gains but not for losses. We propose that the magnitude effect
can be a by-product of the risk associated with future payoffs of different magnitudes, as shown by mediation analysis. Our
secondary goal was to investigate the form of the subjective probability function over time to determine if the change in risk
inherent in delay is best described by the hyperbolic or exponential equations. We demonstrate that delay and probability
discounting, as well as the subjective probability function, are best described by a simple hyperbolic model.
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Introduction

One common method to investigate the role of risk in
intertemporal decision making is by stating it explicitly—di-
rectly—in the choice situation (Cox and Dallery 2016;
Vanderveldt et al. 2015).

However, in most situations, the risk involved in choice is
not stated in such a manner. Instead, risk is spontaneously
incorporated in delays, i.e., it is implicit in time or in the
occurrence of future events themselves. Patak and Reynolds
(2007) and Reynolds et al. (2007) investigated how much risk
is associated with delays. Using a rating scale, these authors
found that people indeed spontaneously incorporate risk into
delays. This concept was extended by Takahashi et al. (2007)
who measured perceived risk of future gains, and found that
this risk increased with the delay. Their findings were in line
with the theory developed by Sozou (1998), who stated that

one explanation for discounting could be that outcomes are
devalued with increasing delay, because the perceived risk of
not obtaining an outcome also increases with increasing delay.
We extend this line of research by including in our studies
different signs and magnitudes of the delayed outcomes.

Delay discounting refers to the fact that the subjective
value of an outcome decreases with the increase in delay
associated with its receipt (Mazur 1987). Similarly, proba-
bility discounting is defined as the decrease in the subjec-
tive value of an outcome due to decreasing probability of
receiving the outcome (Rachlin et al. 1991). Although sev-
eral mathematical formulations of this process have been
proposed (Franck et al. 2015; Mckerchar et al. 2009; Sozou
1998; Takahashi et al. 2007), we focus on two models, the
hyperbolic (Eq. 1; Mazur 1987):

V ¼ A
1þ bXð Þ ð1Þ

and exponential (Eq. 2; Samuelson 1937):

V ¼ Ae−bX ð2Þ
where V denotes the subjective value of a delayed or
probabilistic outcome, A is the nominal, undiscounted
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amount of gain or loss, X is the delay until or odds against
its receipt, b is a free parameter describing the rate of
discounting, and e is the base of the natural logarithm.
We focus on these two selected approaches, to extend
the findings by Takahashi et al. (2007) to the domain of
losses, and to determine the mathematical model that
would best describe the subjective probability of future
events over time.

A number of theories address the question of why
discounting occurs. Those theories attempt to relate the
delay and risk involved in decision-making and concep-
tualize whether one of these factors is fundamental to the
discounting process. For example, it was proposed that
delay discounting could be considered as a more funda-
mental process because choice under risk, when repeated,
reflects a situation of repeated lotteries (Rachlin et al.
1986, 1991; Vanderveldt et al. 2017). For example, when
people play a lottery in which winning is highly probable,
they will have to repeat it relatively few times to win, as
compared to a lottery in which winning has a low proba-
bility. Thus, the waiting time for the reward to be received
is crucial because of the time it takes for the lottery out-
come to materialize. The opposite may also be possible;
other authors argue that different types of decisions can be
reduced to choice in probabilistic terms (Benzion et al.
1989; Green and Myerson 1996). For example, the receipt
of a delayed reward is risky because future events might
prevent the receipt of a reward, or the reward itself may
be unavailable at the time of its anticipated receipt (Fehr
2002). Following this approach, Kagel et al. (1986) noted
that discounting delayed payoffs may be an adaptive re-
sponse to the uncertainty associated with waiting for a
reward whose receipt is set in the future.

Relating risk and delay also seems grounded in
evolutionary psychology in that longer delay is associated
with greater risk. Sozou (1998) takes a parallel path to
explain the process of discounting. According to his hy-
pothesis, outcomes (gains) are discounted because time
inherently reflects a component of risk. In other words,
the subjective value of an outcome diminishes as a func-
tion of delay because there is a component of risk inherent
in time. Effectively, the longer we wait, the less probable it
is that a gain or loss will occur—and this probability
changes based on delay lengths in a hyperbolic manner.
From an ecological perspective previously proposed by
Green and Myerson (1996), the more time passes, the more
risk there is that the reward will not be obtained.

The observation that rewards are devalued in an
amount-dependent fashion with an increasing delay to re-
ward receipt is referred to as the magnitude effect and is
one of the most robust behavioral phenomena documented
in delay discounting (Chapman 1996; Thaler 1981). Two
studies by Green et al. (2013, 2014) examined the relation

of the amount with delay discounting in the domains of
gains and losses. Their main finding seems clear: the
magnitude effect, i.e., the slower discounting of larger
outcomes in delay discounting, is present in the domain
of gains but not in the domain of losses. Although a num-
ber of explanations for this element of the magnitude ef-
fect have been proposed (Ballard and Knutson 2009;
Grace and McLean 2005; Green and Myerson 1996;
Green et al. 2004; Loewenstein and Prelec 1992; Thaler
1981), we propose an alternative which relies directly on
the characteristics of gains and losses. Specifically, we
argue that the perception of certainty of future events,
may account for the presence of the magnitude effect.

An intriguing question was formulated by Green and
Myerson (1996), who asked directly from an ecological
perspective: “is there some way in which there is less risk
associated with waiting for a large reward than for a
small reward?” From an empirical perspective, Białaszek
et al. (2015) observed an amount-dependent relation of
probability and delay discounting. Risk measures correlat-
ed with impulsivity only with small outcomes, and this
relationship disappeared as the payoffs increased in value
in the domain of gains. These results, when linked with
the notion that delay discounting can be partially reduced
to risk preferences, implies an amount-dependent level of
risk and provides the basis for a possible explanation of
the mechanism underlying the magnitude effect: larger
rewards are discounted less steeply because they are per-
ceived as more certain than smaller rewards.

We propose that the direct answer to the question of the
amount-dependent degree of risk inherent in a delay is
that larger rewards are perceived as more certain than
smaller rewards. However, in the domain of losses, most
studies have shown that there is no observed relation of
the amount with the discounting rate (Baker et al. 2003;
Estle et al. 2006; Green et al. 2014; McKerchar et al.
2013; Mitchell and Wilson 2010), with certain exceptions
in reports of magnitude effects in losses that are similar to
those seen in gains (Chapman 1996; Ostaszewski and
Karzel 2002; Thaler 1981). In addition, we expect no
amount-dependent relation of the degree of risk inherent
in delay when small and large losses are compared.
Subsequently, because both small and large losses might
be perceived as having the same future certainty, the mag-
nitude effect would not be present in this domain.

The risk inherent in delay is captured by the Subjective
Probability Questionnaire (SPQ) score (Takahashi et al.
2007). This measure reflects an individual estimate of the
likelihood of obtaining a monetary gain or incurring a loss at
variable points in the future. The same Eqs. (1 and 2) can be
used to fit the models to the function relating to the delay,
probability, and subjective probability of obtaining a future
outcome. Specifically, we investigated the mathematical
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formulation of the subjective probability of obtaining a future
outcome by fitting the following two equations, hyperbolic:

SP ¼ A
1þ bDð Þ ð3Þ

and exponential:

SP ¼ Ae−bD ð4Þ
where SP refers to the subjective probability of a future event
(gain or a loss), expressed as its probability, b refers to the rate
of change of that probability, and D stands for delay. In this
case, as b increases, the more future events are perceived as
being uncertain. Sozou (1998); see also Patak and Reynolds
2007) hypothesized that delay discounting stems from an in-
crease in the subjective risk associated with the delay. With
such an assumption, the exponential form of risk inherent in
delay could not account for the well-documented empirical
phenomenon of preference reversals in intertemporal choices
(e.g., Ainslie 1975; Green et al. 1981). Takahashi et al. (2007)
have shown that such a subjective probability function takes
the hyperbolic form (Appendix III, Takahashi et al. 2007),
which is why we hypothesize that the shape of the SPQ func-
tion should be hyperbolic. To the best of our knowledge, only
Takahashi et al. (2007) have demonstrated, to date, that sub-
jective probability changes, based on the hyperbolic model.
We extend this research to the domain of losses to provide a
rationale for the presence of the magnitude effect in delay
discounting. The aims of the present study are: (1) to test the
hypothesis of the mediating role of risk inherent in delay on
the relation between amount of an outcome and delay
discounting in the domains of gains and losses with similar
procedures; (2) to demonstrate how delay discounting, prob-
ability discounting, and the subjective probability of obtaining
future rewards are associated; and (3) to investigate the form
of the delay discounting, probability discounting and the sub-
jective probability of obtaining delayed rewards.

Method

Two analogous studies were conducted, one in the domain of
gains and the other in the domain of losses. We investigated
delay discounting, probability discounting, and the subjective
probability of receiving or losing hypothetical monetary out-
comes across small and large payoffs. The tasks and analyses
in both experiments were very similar.

Participants

The participants were undergraduate university students re-
cruited on-campus. The research protocol was approved by
the local Ethics Committee, and participants gave informed

consent prior to participation. As compensation, the partici-
pants were given bonus course credit for their participation. A
total of 141 participants (71 in small gain condition, 70 in
large gain condition) completed Study 1. Study 2 was based
on responses from 145 participants (72 in small loss condition,
73 in large loss condition). All of the participants were under-
graduate students (Study 1: 113 females and 28 males, M
(SD) = 27.32(8.09) years; Study 2: 115 females and 30 males,
M (SD) = 27.33(7.97) years).

Procedure and Materials

The procedures in Study 1 and 2 were very similar, with the
main difference, that payoffs in the first one were gains, and in
the second one – losses. All of the participants completed a
delay discounting task, an SPQ task, and probability
discounting task. The order of the delay and probability
discounting tasks was counterbalanced, however the SPQ task
always directly followed the delay discounting task. Within
the delay tasks delays were always presented in ascending
order, and the probabilities were presented in descending or-
der. Delay and probability discounting tasks, as well as the
SPQ tasks, were performed in two groups of participants,
separate for gains and losses.

For the discounting tasks, we used a fixed choice procedure
with a titrating value in a mixed experimental design, with
outcome magnitudes (PLN 100 and 20,000; PLN 1 equaled
approximately 0.26 USD at the time of the study) as the
between-subjects factor; the within-subjects factors included
varying delay times (1 month, 6 months, 1 year, 3 years,
5 years, 10 years, and 20 years) or probabilities of receiving
gain or a loss (95%, 90%, 75%, 50%, 33%, 10%, and 5%).
Participants were tasked with choosing from pre-set lists of
hypothetical monetary alternatives for each delay period and
the probability of receiving a payoff. The behavioral
discounting tasks were administered using the pen-and-paper
method. Choice alternatives were contained in Columns A
and B on separate pages. Whether the amount was a gain or
a loss and its delay and probability were specified at the top of
every page. Column A included rows with immediate or cer-
tain payoff alternatives, whereas Column B included rows
with payoff alternatives that were delayed or probable. The
participants indicated their preferences by circling a chosen
option in each appropriate row, until their preferences shifted
from Column A to Column B, and then they marked all re-
maining values from that column to the bottom of the page.

Given that the initial choice between payoffs in Column A
and Column B was made in the topmost row, the difference
between the tasks in gains and losses conditions was that for
gains, the first value in Column A was a nominal,
undiscounted amount available immediately that then de-
creased in subsequent rows. For losses, the first value in col-
umn A was 0, which increased in subsequent rows.
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Effectively, immediate or certain alternatives were presented
in a descending order (from PLN 100 or 20,000 to 0 in 32
decrements) in the gain condition or in an ascending order
(from 0 to PLN 100 or 20,000 in 32 increments) in the loss
condition. However, the delayed or probable alternatives were
held constant at PLN 100 or 20,000 PLN for small and large
payoff conditions, respectively. The procedures in Study 2
differed from that of Study 1 in that immediate or certain
losses were presented in an ascending order (as opposed to
Study 1, where immediate or certain gains were presented
in a descending order), so that in both studies participants
switched from Column A to Column B. Such choice is
more natural, because of the way we are thought to read
in our culture (from left to right). Such task presentation
ensured also standard instructions given by team pollsters
in case of any questions regarding the procedure. Each
delay time or probability condition was presented on a
separate page in gains and in losses.

The SPQ task was similar to a fill-in-the-blank method
(Weatherly et al. 2011) and was presented on a single page.
This task is used to measure the subjective probability of
gaining or losing a specified amount of money after a given
delay. The task was based on the previously developed Delay-
Discounting Certainty Questionnaire (DDCQ), developed by
Patak and Reynolds 2007, and a version adapted from the
SPQ used by Takahashi et al. (2007). Our version differed
from previous approaches in that it included both small and
large payoff amounts of both possible gains and losses. We
refer throughout to this procedure as yielding the estimate of
future uncertainty, i.e., the risk inherent in delay. The proce-
dures were identical for both domains. The gain condition
included estimates of certainty associated with gaining PLN
100 or PLN 20,000, whereas the loss domain included esti-
mates of certainty associated with losing PLN 100 or PLN
20,000. In every version of the SPQ (small or large gain and
small or large losses), there were seven questions correspond-
ing to seven delay periods: 1 month, 6 months, 1 year, 3 years,
5 years, 10 years, 20 years. These delays were identical to
those in the delay discounting procedure. Similarly, as in the
discounting procedures, this task was also presented with min-
imal information regarding the nature of the source or the form
of the payoffs.

In the SPQ task, participants estimated the subjective de-
gree of the certainty of receiving (or losing) a small or large
(PLN 100 or PLN 20,000) monetary gain (or loss) delayed by
1 month, 6 months, 1 year, 3 years, 5 years, 10 years, and
20 years. An example of an instruction for the SPQ task in
Study 1 (here: small monetary gains/losses with the first delay
time of one month) was as follows (in Polish; instructions in
brackets refer to either gain or loss conditions):

If you were to [receive/lose] PLN 100 in 1 month, how
certain would you be of getting [losing] that money?

I estimate the certainty of [obtaining/losing] PLN 100 in
1 month at ___% (fill with a value from 0 to 100)

Measures and Analysis

The procedures used in the present study allow for inferences
of the indifference points for each delay time and probability
of payoff receipt, i.e., values that are equivalent for immediate
or certain payoffs and their delayed or probable alternatives. In
a fixed choice procedure with titrating value, an indifference
point is taken from the last immediate or certain amount cho-
sen over its delayed or probable alternative. This procedure is
a standard, widely used discounting task (Madden et al. 1997;
Odum et al. 2006; Rachlin et al. 1991).

Out of 286 cases, data for 13 were excluded from the
analyses (in Study 1: 2 cases from large gain condition; in
Study 2: 5 cases from small loss condition and 6 cases in
large loss condition) due to nonsystematic discounting.
The data were assumed to be systematic when the follow-
ing criteria were met in both conditions (delay and prob-
ability): (1) the value of the first indifference point (with
the highest probability or shortest delay) was higher than
the last indifference point (this criterion assumes that de-
lay decreases the value of a reward), and (2) the partici-
pant’s indifference points did not increase across consec-
utive delays (or probabilities) by more than 35% of the
larger later or larger more probable reward. These criteria
are similar to those used by Johnson and Bickel (2008),
Berry et al. (2014), and Białaszek et al. (2015). The ex-
clusion of 13 cases from the analyses did not affect ana-
lytical decisions or the conclusions drawn from the data.

For the primary analysis, mediation analysis was per-
formed on the area under the curve (AUC; Myerson et al.
2001) to test the hypothesis of the mediating role of risk in-
herent in delay on the relationship between the amount of the
reward and the discounting rate. We used the AUC instead of
estimated parameters from model fits because the parameters
are typically highly skewed, and the AUC is more normally
distributed. In delay discounting, the AUC was computed for
each participant, where the subjective value of the delayed
outcomes changed in the function of delays. In probability
discounting, as suggested by Rachlin et al. (1991), the proba-
bilities were transformed into odds against (OA) through the
following transformation: OA= (1-p)/p, where p is the prob-
ability of an outcome, and the AUC was obtained for each
participant, reflecting the relation of the subjective value of
outcomes against the OA. The AUC for SPQ scores was ob-
tained for each individual, by computing area between points
representing the subjective probability of a future outcome
(SPQ score) in a function of delays. To verify our mediation
hypothesis, we used the Process macro for SPSS (Hayes
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2018). As suggested by Hayes and Scharkow (2013), to test
the indirect effect in statistical mediation analysis, we used the
recommended percentile bootstrap CI method.

In the final step of the analysis, we investigated the form of
the delay discounting, probability discounting and the subjec-
tive probability of obtaining delayed rewards, which consisted
of comparing the model fits described by Eqs. 1, 2 and 3 to the
indifference points obtained from delay discounting, probabil-
ity discounting, and SPQ. To fit the models, a nonlinear re-
gression approach was used to estimate the residual sum of
squares that were subsequently used to compute the second
order Akaike Information Criterion (AICc; Akaike 1974).
Following the guidelines from Burnham and Anderson
(2002), we used the second-order AIC, which has an addition-
al term for bias correction when the proportion of the data
points to the number of parameters is low. The ΔAICc

1 en-
abled us to identify the best fitting model, which in this case,
resulted in ΔAICc = 0.2 Lower delta values for a model or
AIC corresponded with a better model fit.

Results and Summary of Study 1: Gains

This part of the analyses was performed on data collected from
139 participants. As reported in the general method section,
two cases were excluded due to nonsystematic discounting.
First, we performed separate ANOVAs to test the basic effects
of three measures: delay and probability discounting, and the
risk inherent in delay. The dependent variable was always the
AUC and group median indifference points under which the
area was calculated are presented in Fig. 1. We found a mag-
nitude effect present in delay discounting (F(1, 137) = 7.625;
p = .007; η2 = .053), which means that large rewards (M
(SD) = 0.432(0.253); 95% CI [0.369, 0.475]) were discounted
at a slower rate than small rewards (M (SD) = 0.310(0.269);
95% CI [0.248, 0.371]) and a reverse magnitude effect in
probability discounting (F(1, 137) = 29.696; p < .001;
η2 = .178), which means that large gains (M (SD) =
0.130(0.126); 95% CI [0.089, 0.172]) were discounted at a
higher rate than small payoffs (M (SD) = 0.289(0.206); 95%
CI [0.249, 0.330]). The demonstration of the basic effects with
regard to delay and probability discounting replicated previ-
ous findings. Furthermore, we found that obtaining large gains
in the future was perceived as more probable (M (SD) =
0.446(0.256); 95% CI [0.387, 0.505]) than obtaining small
gains (M (SD) = 0.305(0.234); 95% CI [0.248, 0.363]) at the

same time (F(1, 137) = 11.442; p = .001; η2 = .077). This dif-
ference between the subjective probability (estimation of fu-
ture risk) of small and large rewards led us to consider an
implicit risk measure as a possible mediator in analysis of
the magnitude effect in delay discounting.

In the second step, we used mediation analysis to investi-
gate whether the risk inherent in delay, as measured by the
SPQ AUC, would mediate the relationship between the
amount of a reward and the delay discounting rate.
Bootstrapping (n = 10,000 resamples, 95% CI) revealed a sig-
nificant indirect effect of the amount of the reward on the
discounting rate through the risk inherent in delay (SPQ
AUC) (a × b = 0.049; BootSE = 0.019; BootCI(0.017;
0.091). Concurrently, the direct effect becomes statistically
nonsignificant in the tested model (c’ = 0.074; SE = 0.044;
BootCI(−0.013; 0.016). The model coefficients are shown in
Table 1. These findings demonstrate that the magnitude effect
in delay discounting may be attributed not only to the amount
of reward itself but also it may be explained by the implicit
risk that is linked to the delays in which rewards could be
obtained in the future.

Table 2 presents the correlations between the main mea-
sures in our study. We found that there was a weak correlation
between the SPQ score and delay discounting in the small
reward (PLN 100) conditions; however, this correlation be-
came moderate in the large reward conditions. Furthermore,
the correlation between the SPQ score and probability
discounting was not significant in the small reward (PLN
100) conditions but became significant (although weakly) in
the large reward (PLN 20,000) conditions. For both small and
large rewards, there was a significant relation between delay
and probability discounting, suggesting that these processes
shared some common variance (Table 2).

The final step in the analysis aimed to answer the question
of whether the mathematical form of the investigated mea-
sures was hyperbolic, i.e., whether the subjective probability
decay function could be specifically described in this form (as
measured by the SPQ score). The analysis was performed on
the full sample without excluding nonsystematic data because
the curve-fitting process was able to detect nonsystematic da-
ta, effectively yielding a poor fit. In both the large and small
gain conditions, analyses of AICc andΔAICc values on group
and individual levels, pointed to better fit of the hyperbolic
model. Both indexes have the smallest values (smaller value
corresponds to a better model fit) for the hyperbolic model in
delay and probability discounting conditions, as well in SPQ
across amount conditions (Table 3).

In the domain of gains, we found robust effects, i.e., for the
magnitude effect in delay discounting and reverse magnitude
effect in probability discounting. We also observed that large
hypothetical monetary gains were subjectively perceived as
more probable than small monetary gains. These results may
explain the presence of the magnitude effect in delay

1 Calculated using the formula ΔAICc = n*ln(SSe/n) + 2*p + (2*p*(p + 1))/
(n-p-1), where n is number of data points (indifference points), p refers to the
number of parameters in amodel, and SSe is the residual (error) sum of squares
obtained from nonlinear regression.
2 ΔAICc was calculated as the difference between AICc of a given model and
AICc of the model with the best fit (lowest value), resulting inΔAICc = 0 for
the best model
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aFig. 1 The median indifference
points for delay (Panel a) and
probability (Panel b) discounting,
and the subjective probability
(Panel c) of obtaining delayed
small (PLN 100) and large (PLN
20,000) gains. The error bars
represent 95% confidence
intervals for the medians

Table 1 Model coefficients for
mediation analysis (N = 139)
between the amount of gain (X,
independent variable), delay
discounting rate (Y, dependent
variable) and SPQ AUC (M,
mediator)

Consequent

SPQ (M) Delay discounting rate (Y)

Antecedent Coefficient SE p Coefficient SE p

X a 0.141 0.42 < .001 c’ 0.074 0.044 .095
M – – – – b 0.347 0.087 < .001
Constant iSPQ 0.165 0.065 .013 iSPQ 0.130 0.068 < .001

R2 = .077 F(1, 137) = 11.442; p < .001 R2 = .153 F(2, 136) = 12.282; p < .001

Following symbols denote: a, relation between X and M; b, relation between M and Y; c’, direct effect of X on Y
when taking into account the role ofM; and i denotes intercept. Coefficient refers to the unstandardized regression
coefficient
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discounting, because risk inherent in delays mediates the im-
pact of amount of delay discounting rate. However, we note
that we provide an indirect proof, because the design of the
study does not allow for inferring a direct causal relationship
between future certainty of a payoff and the rate of delay
discounting. The correlations between probability and de-
lay discounting were positive and significant, indicating
that these processes are interrelated, at least to some de-
gree. In addition, in both magnitude amounts, the SPQ
score is correlated with a measure of delay discounting,
indicating that the more the future is perceived as certain,
the less discounting is associated with delay. Our final
finding is that the shape of both discounting functions
and the function relating the subjective perception of risk
associated with delay fits best with the hyperbolic model.

Results and Summary of Study 2: Losses

We used the same type of data analysis in Study 2 as we
employed in Study 1. The analyses were performed on
AUC measures, from which we excluded 11 cases due
to nonsystematic data. However, model fitting was per-
formed on the full sample from this study. Neither the
magnitude effect in delay discounting (F(1, 132) = 3.594;
p = .060; η2 = .027; for smal l losses (M (SD) =
0.605(0.338); 95% CI [0.523, 0.687]), and large (M
(SD) = 0.494(0.342); 95% CI [0.411, 0.576])) nor the re-
verse magnitude effect in probability discounting (F(1,
132) = 0.269; p = .605; η2 = .002; for small losses (M
(SD) = 0.290(0.216); 95% CI [0.231, 0.350]), and large
(M (SD) = 0.268(0.272); 95% CI [0.209, 0.328])) was
found to be significant. In addition, there were no differ-
ences in the estimations of the subjective probability of
incurring a small or large future loss (F(1, 132) = 0.270;
p = .604; η2 = .002; for smal l losses (M (SD) =
0.442(0.314); 95% CI [0.367, 0.517]), and large (M
(SD) = 0.414(0.309); 95% CI [0.339, 0.489])). The medi-
an group indifference points, showing three dependent
variables between two amounts conditions, are presented
in Fig. 2. Although all of the relations are not significant,
some caution should be taken when interpreting the data,
particularly the delay discounting results. Figure 2 shows
an amount-dependent rate of discounting in delays of 10
and 20 years. However, this does not yield an overall
significant result in AUC measures.

Similar to Study 1, in Study 2, we again performed medi-
ation analysis with the AUC computed for delay discounting

Table 2 Pearson’s
correlation coefficients
for AUC measures
computed for the SPQ
score, probability and
delay discounting in the
experimental conditions
of small and large gains

Delay Probability

Small gains (PLN 100)

Delay – –

Probability .346** –

SPQ .245* 0.147

Large gains (PLN 20,000)

Delay – –

Probability .459** –

SPQ .409** .293*

**p < .001, *p < 0.05

Table 3 AICc and ΔAICc values
for the hyperbolic and
exponential models, obtained in
the small and large gain
conditions

Delay Probability SPQ

Group Individual Group Individual Group Individual

Small gains (PLN 100)

Hyperbolic

AICc −35.711 −30.180 −27.885 −26.291 −37.910 −33.457
ΔAICc 0 0 0 0 0 0

Exponential

AICc −26.463 −27.165 −23.022 −22.982 −33.227 −31.291
ΔAICc 9.248 2.965 4.864 3.820 3.684 3.261

Large gains (PLN 20,000)

Hyperbolic

AICc −45.928 −31.025 −41.496 −32.027 −36.570 −32.833
ΔAICc 0 0 0 0 0 0

Exponential

AICc −33.006 −29.107 −31.975 −30.219 −32.926 −29.945
ΔAICc 12.992 1.172 9.520 2.431 3.643 3.169

Group level indicates that models were fitted to median group indifference points, whereas individual level
corresponds to median index value across all participants
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as a dependent variable, the loss amount as an independent
variable, and the SPQ AUC as a mediator. Unlike in the gains
conditions, in the losses condition, we found no support for
the mediating role of risk inherent in delays on the relationship
between the amount of loss and the rate of delay discounting.
The bootstrapped confidence interval for the indirect effect did
i n c l ud e z e r o (a × b = −0 . 0 05 ; Boo t SE = 0 . 011 ;
BootCI(−0.030; 0.017), which means that this effect is not
statistically significant. In addition, the direct effect in this
model was not statistically significant (c’ = −0.107; SE =
0.058; BootCI(−0.222; 0.009). All coefficients for this model
are presented in Table 4. This mediation analysis showed that

in the domain of monetary losses, the risk inherent in delays
(as measured by the SPQ AUC) does not mediate the relation-
ship between the amount of reward and the discounting rate.

In Table 5, we present correlations between the AUC ob-
tained in delay and probability discounting and in the SPQ
score for the small and large loss conditions. There were no
systematic correlations between the three measures. Only the
delay and probability discounting seemed to be correlated;
however, the relationship can only be classified as weak.

The next part of the analysis focused on the mathematical
form of the SPQ score, i.e., the subjective probability decay
function. In all of the conditions, we found that the
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Fig. 2 The median indifference
points for delay (Panel a) and
probability (Panel b) discounting,
and the subjective probability
(Panel c) of obtaining delayed
small (PLN 100) and large (PLN
20,000) losses. The error bars
represent 95% confidence
intervals for the medians
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hyperbolic model obtained a better fit for the subjective
probability estimations. Also, the hyperbolic model obtain-
ed a better fit than the exponential in probability
discounting. All of the model fit indices are presented in
Table 6 for delay and probability discounting and for the
SPQ score in small and large losses conditions. As in the
gain conditions, following previous research, we found that
the hyperbolic model in general better fits the data on both
group and individual levels (Table 6). There is, however,
one exception, i.e., in the delay discounting of large losses,
where the median AICc points to a better fit of the exponen-
tial model. In small losses the superior is the hyperbolic
model, however the ΔAICc supports the hyperbolic model.

In this study, we demonstrated that in the loss domain, the
risk inherent in delay is amount-independent and, with or
without SPQ AUC as a mediator, the magnitude effect in
delay discounting is absent. Furthermore, the rate of probabil-
ity discounting was similar, regardless of whether the partici-
pants discounted small or large losses. In addition, there was
no systematic pattern of correlations between the three depen-
dent variables observed. The form of delay discounting, prob-
ability discounting, and subjective probability of incurring
delayed losses was in general hyperbolic.

Discussion

The present study sought to investigate the relationships
among delay discounting, probability discounting, and the
risk that is incorporated into delays (SPQ) in the domains
of monetary gains and in losses of varying magnitudes.
Our main finding is that risk incorporated into delay is
amount-dependent in the domain of gains and amount-
independent in the domain of losses. In other words, small
monetary gains are perceived as less certain in time than
large monetary gains. However, regardless of the amount,
small and large losses are perceived as equally probable in
the future. We propose that this finding may explain the
magnitude effect present in delay discounting. Larger
monetary gains are discounted at a lower rate, due to their
increased subjective certainty to participants. Our media-
tion analysis confirmed the hypothesis that the relation-
ship between the amount and delay discounting rate is
mediated by the subjective probability of a future gain.
Due to the correlational nature of our research, the reverse
is also plausible, i.e., larger gains might be more certain
due to the lower rate at which they are discounted.
However, our main finding remains that participants per-
ceive the certainty of future gains occurring in amount-
dependent faction, whereas in the domain of losses cer-
tainty is amount-independent. Taken together, the results
confirm previous results regarding the presence (for gains)
or absence (for losses) of such effects as the magnitude
effect (in delay discounting) or the reverse magnitude ef-
fect (in probability discounting). Furthermore, we show
that the subjective probability of future rewards, i.e., the
certainty of obtaining future consequences, declines hy-
perbolically in both loss and gain domains.

As shown by analyses of delay discounting across a wide
range of amounts in the domain of gains and losses, the pres-
ent study confirms the effects found in previous research
(Green et al. 2013, 2014). In addition, previous research dem-
onstrates that there is a reverse magnitude effect in probability
discounting in gains (Green et al. 1999; Myerson et al. 2011)

Table 4 Model coefficients for
mediation analysis (N = 134)
between the amount of loss (X,
independent variable), delay
discounting rate (Y, dependent
variable) and SPQ AUC (M,
mediator)

Consequent

SPQ (M) Delay discounting rate (Y)

Antecedent Coefficient SE p Coefficient SE p

X a −0.028 0.054 .604 c’ −0.107 0.058 .070

M – – – – b −0.173 0.094 0.068

Constant iSPQ 0.470 0.085 < .001 iSPQ 0.130 0.068 < .001

R2 = .002 F(1, 132) = 0.270; p = .604 R2 = .051 F(2, 131) = 3.521; p = .032

Following symbols denote: a, relation between X and M; b, relation between M and Y; c’, direct effect of X on Y
when taking into account the role ofM; and i denotes intercept. Coefficient refers to the unstandardized regression
coefficient

Table 5 Pearson’s
correlation coefficients
for AUC measures
computed for SPQ score,
probability and delay
discounting in small and
large loss experimental
conditions

Delay Probability

Small losses (PLN 100)

Delay –

Probability .262* –

SPQ .198 −0.127
Large losses (PLN 20,000)

Delay –

Probability 0.173 –

SPQ 0.119 0.037

**p < .001, *p < 0.05
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but also that probability discounting is amount-insensitive in
the domain of losses (Green et al. 2014). All of these previous
results were replicated in our two experiments.

To date, few explanations of the magnitude effect have
been proposed (Grace and McLean 2005; Loewenstein and
Prelec 1992; Myerson and Green 1995; Sawicki and
Markiewicz 2016; Thaler 1981). However, there is not enough
evidence yet to fully support any of the explanations men-
tioned above. For example, in mental accounting theory
(Shefrin and Thaler 1988), the magnitude effect is the conse-
quence of processing different magnitudes in separate mental
accounts. Unexpected (typically small) and planned (typically
large) amounts are connected to savings and planning
(Loewenstein and Thaler 1989). This explanation, although
straightforward and vivid, has little empirical support.
Furthermore, it is unlikely that for each amount, a separate
mental account would be created. In addition, this explanation
does not explain why the magnitude effect is absent in the
domain of losses. Another account views the magnitude effect
as an effect of increasing the proportional sensitivity property
of the utility function (Loewenstein and Prelec 1992), but
Grace and McLean (2005) challenge this approach, obtaining
different effects than those predicted by such theory.

Different explanations of not only the magnitude effect but
also the mechanism of discounting (either probability or de-
lay) are proposed by more behaviorally oriented research. For
example, Raineri and Rachlin (1993) based their explanation
on the assumption that all consumption takes time. The more
of a given good we obtain, the more time we must invest to
consume it, giving rise to a magnitude effect. Furthermore,
such a view makes an implicit assumption that delay

discounting is more of a basic process. Indeed, Vanderveldt
et al. (2017) showed that probability discounting can be re-
duced to delay discounting. In their study, people treated
long strings of gambles similarly to delay discounting.
The opposite is also possible—that the delay may be
viewed as risk. The other explanation, i.e., that risk is
more fundamental, was proposed by Kagel et al. (1986)
and provides some basis for the explanation as to why
discounting takes a hyperbolic—and not exponential—
form (Green and Myerson 1996). A similar account was
more formally presented by Sozou (1998) and later mod-
ified and tested by Takahashi et al. (2007).

We propose that the underlying mechanism of the magni-
tude effect can be explained (at least partially) by the subjec-
tive probability of obtaining a reward or the subjective prob-
ability of losing a specified amount. We propose that in the
domain of gains, the magnitude effect is present because larg-
er payoffs are perceived as more probable. This effect was not
present in losses where the participants perceived large and
small losses as equally probable. In present results, the ab-
sence of the magnitude effect in losses coincided with lack
thereof in the SPQ; it can be argued that loss discount rates
were affected by delay time and not by their magnitudes.
Correspondingly, one hypothesis proposed to account for the
magnitude effect asymmetry between gain and loss domains is
the dread effect, defined as the aversive anticipation of future
losses (Loewenstein 1987; Loewenstein and Prelec 1991,
1993; Story et al. 2013), resulting in a preference to expedite
losses and experiencing them sooner rather than later (to “get
them out of the way”). Assuming the differential processing of
future gains and losses, one explanation of the absence of the

Table 6 AICc and ΔAICc values
for the hyperbolic and
exponential models, obtained in
small and large loss conditions

Delay Probability SPQ

Group Individual Group Individual Group Individual

Small losses (PLN 100)

Hyperbolic

AICc −26.345 −26.782 −33.171 −25.194 −27.705 −30.161
ΔAICc 0 0 0 0 0 0

Exponential

AICc −23.017 −24.493 −26.644 −21.828 −22.870 −25.398
ΔAICc 3.328 2.965 6.527 3.460 4.835 1.902

Large losses (PLN 20,000)

Hyperbolic

AICc −39.122 −29.400 −26.195 −27.877 −26.235 −30.424
ΔAICc 0 0 0 0 0 0

Exponential

AICc −31.251 −29.832 −20.880 −23.120 −20.865 −25.336
ΔAICc 7.871 0.380 5.315 3.991 5.370 1.862

Group level indicates that models were fitted to median group indifference points, whereas individual level
corresponds to median index value across all participants
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magnitude effect in losses could be that the aversive anticipa-
tion (dread) of future losses is a dominating decision
component—which can effectively be amount-independent.
Therefore, the individual preference to have an anticipated
loss “out of the way” as soon as possible would be similar
regardless of its amount. This explanation seems consistent
with reports from Berns et al. (2006), who have incorporated
the experiential (dis)utility of dread in the outcome utility
model. The authors suggest that changes in preferences of
negative outcomes do not result from the impact of the delay
time on the outcome utility, but rather, what differentiates
those preferences is the dread effect linked to loss delay and
not its magnitude.

Present findings also relate to existing evidence on the ef-
fect of anticipated outcome on likelihood judgements. One
possible explanation for larger rather than smaller rewards to
be perceived as more probable to occur is the outcome desir-
ability bias (for a review, see Krizan and Windschitl 2007).
Specifically, more desirable outcomes should elicit an increase
in the extent of expectations that such an outcome would
occur. Therefore, if larger gains or smaller losses are more
desirable than smaller gains or larger losses, they should elicit
relatively higher optimism as to their future occurrence than
the alternative, and result in elevated likelihood judgements
pertaining to their occurrence at different points in time.
Considering that empirical findings reviewed by Krizan and
Windschitl (2007) suggest the desirability bias to be present in
outcome predictions, but not in likelihood judgements, in-
volving games of chance (see Krizan and Windschitl 2007),
we provide some evidence that the desirability bias might be
present in intertemporal choice, i.e., impacting the subjective
probability estimates of an outcome occurring over time, de-
pending on the desirability of that outcome. However, provid-
ed such an account is true, we should observe amount-
dependent likelihood judgements (SPQ score) in gains and
in losses, i.e., as larger gains (more desirable) are perceived
as more likely, so should smaller losses (more desirable) be
perceived as more likely. This was not the case in our study, as
the difference between the subjective probability of obtaining
a small or large future loss did not reach significance.
Although, we do mention a visual trend (see Fig. 2) in that
more delayed small losses (more desirable) seemed to be per-
ceived as more likely to occur. Such an observation should be
confirmed by future research to establish if desirability effects
could be present in intertemporal choice.

Of note, the link between discounting rates and subjec-
tive probability estimations of outcome occurrence might
also be explained by differential learning history with re-
spect to outcome expectations, payoff amounts, delays,
and outcome probabilities (for example, see Lee et al.
2012). It is plausible that such a learning history could
produce greater devaluation of expected smaller rather than
larger payoffs. Effectively, this learning history could

influence both discounting rates of larger or smaller pay-
offs and subjective probability estimations. For example,
although a payoff is cued to be received following a given
delay time, learning history with probabilistically received
payoffs can influence the subjective value of that payoff, as
well as the subjective probability of its occurrence.

One of the most obvious approaches to relate risk and
time is to examine correlations. It is not a dominant the-
oretical approach to propose that the longer one can wait,
the more one can risk (Green et al. 2013; Mishra and
Lalumière 2017). Instead, it is more common that the
correlation between risk taking (probability discounting)
and the ability to wait (expressed as delay discounting)
should be negative if these constructs measure the same
underlying trait—impulsivity. In such cases, impulsivity
in risk taking would be risking the larger reward, forego-
ing the certain one, and in terms of delay, choosing what
is immediate instead of a larger delayed option. Thus far,
the empirical tests have been rather consistent, with re-
searchers finding no correlation or a positive (mostly
weak) correlation between rate of delay and probability
discounting (Białaszek et al. 2015; Holt et al. 2003;
Mitchell 1999; Myerson et al. 2003).

Furthermore, Sozou’s hypothesis with amendments from
Takahashi et al. (2007) predicts a positive relation of delay
discounting and the SPQ score. Our results are consistent with
this notion—the less uncertain the future, the shallower the
discounting. However, this theory does not specify the relation
of probability discounting and the SPQ score. In fact, in our
opinion, probability discounting and the SPQ score should be
independent because future uncertainty connected to
obtaining a gain or a loss is a different construct than devalu-
ation in the function of probability. In other words, the SPQ
score does not have to be correlated with probability
discounting because the SPQ score simply states the individ-
ual’s perception of a future event, i.e., one that can be probable
or not. However, SPQ should be correlated with the rate of
delay discounting—the more likely the event in future, the
more subjective value the event has for the decision maker.

Although Sozou’s theory is an important attempt to explain
why discounting occurs, it also does not consider either the
sign of the outcome or its magnitude. Therefore, the present
experiments were conducted not only to directly test the the-
ory but also to test additional hypotheses derived from the
research field of discounting, particularly recent findings on
the presence of the magnitude effect across a wide range of
amounts in the domain of gains and its absence in losses
(Green et al. 2013, 2014), in addition to earlier work that
provided hypotheses relating the amount of future payoffs
and their riskiness (Green and Myerson 1996). The expla-
nation that the risk inherent in delay, i.e., an uncertain
future, can be a mechanism underlying delay discounting
is based on theoretical assumptions, and the design of our
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study does not allow for a causal inference. Moreover, it
does not directly explain the presence of a reverse mag-
nitude effect in probability discounting at each explicit
probability of payoff occurrence. Instead, we focus pri-
marily on the delay discounting mechanism.

Some limitations of this study relate to the general aspects
of the procedure and data analysis. As we mentioned earlier,
the design of our study does not allow for a causal inference,
i.e., showing that the risk inherent in delay is responsible for
the magnitude effect. This would be possible in an experiment
in which the amount of risk inherent in delay would be sys-
tematically varied across conditions. Another concern is that
in both studies, we used only one direction of presenting the
immediate or certain values. Although Robles and Vargas
(2008) and Robles et al. (2009) reported that discounting rates
are dependent on the ascending or descending order, Rodzon
et al. (2011) did not replicate this finding, obtaining similar
estimates in the descending fixed-order sequence and multiple
staircase method (which they referred to as the titrating meth-
od). In addition, there is a growing body of research (Beck and
Triplett 2009; Hardisty et al. 2013a, b;Weatherly and Derenne
2013) that uses only fixed-direction sequencing (usually as-
cending) to present the outcomes, and we used such an ap-
proach to make the procedure shorter. In addition, another
concern is related to the results of Study 2 in particular. A
closer inspection of Fig. 2 suggests there may have been a
difference between delay discounting rates of losses of differ-
ent magnitudes. Specifically, the indifference points in the two
largest delays (10 and 20 years) seem to point to possible
amount-dependency in the domain of losses. Despite this ob-
servation, we noted no significant overall differences in
discounting rate regarding delayed losses. One of the hypoth-
eses that requires further investigation is that, although at the
general, molar level, there is no amount-dependency in the
discounting of delayed losses, more molecularly oriented
analyses might yield insight into the possible interaction of
the amount and delay in single indifference points (Yi et al.
2007). We are also aware that our results might be partially
due to our choice of methods. There is a similarity among
tasks that we used, and therefore similar response patterns
might be artifactually generated by participants.

Hardisty et al. (2013a, b) showed that the discount rate
can be negative for small losses. However, the procedure
that we used does not allow for such choices. This proce-
dural restriction is one of the limitations of the present
study. This limitation is not only a problem for this proce-
dure but also with others previously used (e.g., the adap-
tive staircase procedure; Du et al. 2002). Although less
frequently used, one solution might be to use other adap-
tive procedures that allow participants to go beyond the
outcome nominal value, such as Parameter Estimation by
Sequential Testing (PEST; Klein-Flügge et al. 2015; Taylor
and Creelman 1967). We used a standard and well-

established procedure to ensure that the results are comparable
with those in previous works and to extend this line of re-
search to the domain of losses and outcome magnitudes.

In our study, the observed level of risk associated with a
delay (SPQ) is substantial. However, research shows that when
risk is delayed, it is less aversive than the same amount of risk
accompanied by an immediate consequence (Noussair and Wu
2006; Shavit and Rosenboim 2015), which might suggest that
although the present estimation of future uncertainty is much
higher, when this uncertainty becomes delayed, it has a smaller
impact on our decisions than when presented immediately,
which may explain why we obtain such a degree of perception
of the risk associated with delayed rewards. This effect may
also be a by-product of the nature of the payoffs used in this
study and their hypothetical nature. However, a large body of
research shows that the procedures that involve hypothetical
payoffs and real payoffs are comparable in this regard
(Johnson and Bickel 2002; Madden et al. 2003; Matusiewicz
et al. 2013). Nonetheless, previous studies (Patak and Reynolds
2007; Reynolds et al. 2007) also found similar results; that is,
high risk associated with delayed rewards was obtained when
quasi-real rewards were used, and one choice at the end of the
procedure was honored. We used hypothetical payoffs because
as just noted, such procedures yield reliable behavioral data.
Furthermore, the range of amounts and delays that are usually
used in research on discounting exceeds those that are practical
to schedule for a real payoffs experiment. Nevertheless, we
think that using real rewards and real losses might be
interesting in studying, for example, sources of possible risk
inherent in delay, other than trustworthiness of the payer.

In a simplified laboratory setting, it is assumed that the
outcomes are perceived by participants as certain if they are
stated as certain. Although the instructions state that the re-
wards will be certain, there is a possibility that participants
will spontaneously incorporate risk into delays. The study
by Kidd et al. (2013) showed that changing the reliability of
the environment that we live in impacts our intertemporal
decisions. By creating reliable and unreliable environments,
they showed that children waited for the promised reward
more than in an unreliable environment, where the choice
consequences were not certain. It would be beneficial to study
this notion or, to put it simply, the impact of instructions on
delayed discounting results. Additionally, a common assump-
tion is that impulsivity is a vice whereas self-control is a vir-
tue, but in some environments, it may be more beneficial to
take more now. For example, Otto et al. (2012) showed that
some environmental scenarios can promote choosing a small-
er immediate option when choosing one yields the larger over-
all payoff. A similar thing occurs when the future is uncertain
and is not predictable. Our research showed that people attri-
bute less risk to the future receipt of large positive payoffs. If
the stakes are high, why not go for it? Small gains would not
give us an advantage, but it would be the best strategy to gain
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something of exceptional value. On the other hand, we ask the
question of why this mechanism is absent in negative out-
comes. In modern societal environments, losses might seem
inevitable, e.g., whether the loss is a small parking ticket or a
demand for a large payment from the tax office, sooner or later
we have to face them. A potential explanation comes from
Berns et al. (2006), who demonstrated that individuals who
dreaded a negative outcome to a different degree (mild or
extreme dreaders) displayed no differential sensitivity to the
magnitude of that outcome. The feelings of dread might be
amount insensitive, but domain specific.

In the present research, we focused on the implicit nature of
risk incorporated into the delay in obtaining future outcomes.
There is much evidence suggesting that the risk inherent in
delay might be a moderator in intertemporal choice. Notably,
this viewpoint might explain why experimentally observed
discount rates are higher compared to market interest rates
(Senecal et al. 2012; see also Ainslie and Haslam 1992;
Chabris et al. 2008; Frederick et al. 2002; Reynolds 2006).
Indeed, recent findings point to the relationship between the
utility derived from risk preferences and delay discounting
rates (for a review, see Cheung 2016). Furthermore, Ferecatu
and Önçüler (2016) have observed lower discount rates jointly
elicited by delay and risk, compared to those under the as-
sumption of risk neutrality. Findings that risk attitude can im-
pact the delay discounting rate (Lopez-Guzman et al. 2018)
have profound implications for attributing the differences be-
tween various populations to impulsivity, when in fact these
results might reflect risk-taking. Here, we explored another
possibility by inferring the risk preference from the valuation
of future prospects. Positive correlations between the SPQ and
delay and probability discount rate demonstrate (indirectly)
that risky and intertemporal choices share some basic charac-
teristics. For example, Luckman et al. (2018) have demon-
strated that the choices under risk and delay can be explained
by the same underlying model. We propose further research to
include simultaneous discounting factors, as well as to disen-
tangle the effects of risk and delay in choice situations.

The last promising hypothesis for further research comes
from Reynolds et al. (2007). In that study, the authors com-
pared adolescent smokers and nonsmokers and found that
smokers perceived delayed rewards as less certain, which
might possibly explain the differences in relation to addiction
and increased temporal discounting that has been shown by
recent robust meta-analyses (Amlung et al. 2017) and would
provide a basis for experiments that also consider the percep-
tion of the certainty of future events.

Taken together, our findings provide a possible account for
the mechanism of the magnitude effect, which, in our opinion,
might be a product of the effects of large monetary gains being
perceived as more certain across delays. We did not find an
amount-dependent relation of the future inherent risk percep-
tion and the rate of temporal discounting in the domain of

losses, which is in line with previous findings. We are aware,
however, that we did not test any other explanations provided
by theories explaining the magnitude effect.
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