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ABSTRACT

Research on delay discounting and inter-temporal choice has yielded significant insights into decision making. Although research has focused
on delayed gains, the discounting of losses is potentially important in precisely those areas where the discounting of gains has proved infor-
mative (e.g., substance use and abuse). Participants in the current study completed both a questionnaire consisting of choices between imme-
diate and delayed gains and an analogous questionnaire consisting of choices between immediate and delayed losses. For almost all
participants, the likelihood of choosing the delayed gain decreased with increases in the wait until it would be received. In contrast, when
losses (i.e., payments) were involved, different participants showed quite different patterns of choices. More specifically, although the majority
of the participants became increasingly likely to choose to pay later as the delay was increased, some participants appeared to be debt averse, in
that they were more likely to choose the immediate payment option when the delay was long than when it was brief. These debt-averse par-
ticipants also were more likely to choose to wait for a larger delayed gain than other participants and scored lower on Impulsiveness than those
who showed the typical pattern of discounting delayed losses. Taken together, these results suggest that in the case of delayed gains, people
differ only quantitatively (i.e., in how steeply they discount), whereas in the case of delayed losses, people differ qualitatively as well as quan-
titatively, contrary to the common assumption that a single impulsivity trait underlies choices between immediate and delayed outcomes.
Copyright © 2016 John Wiley & Sons, Ltd.
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The term discounting is used to describe how changes in
one attribute of a multi-dimensional choice option may de-
crease the subjective value of the option as a whole (Green
& Myerson, 2010; Rachlin, 2006). The paradigmatic exam-
ple of discounting is the decrease in the subjective (present)
value of a delayed monetary gain that typically results from
an increase in the time one has to wait before receiving that
gain; the more delayed an event is, the more people tend to
discount its value. It has been argued that people’s ten-
dency to choose smaller, immediate gains over larger,
delayed gains represents the essence of impulsiveness
(e.g., Ainslie, 1975)

Research on the discounting of delayed gains has led to
important insights into financial decision making and, in-
deed, into decision making in general (Frederick,
Loewenstein, & O’Donoghue, 2002; Green & Myerson,
2004). Such research also has highlighted the relation be-
tween individual differences in the discounting of delayed
gains and various behavioral problems, including addictions
and impulse control disorders (Brewer & Potenza, 2008;
Evenden, 1999). The discounting of delayed losses is poten-
tially important in precisely those areas where individual dif-
ferences in the discounting of delayed gains have proved
informative, perhaps most notably in the area of substance
use and abuse (Bickel & Marsch, 2001; Heyman, 2009;
MacKillop et al., 2011; Yi, Mitchell, & Bickel, 2010), yet
the discounting of delayed losses has received much less at-
tention in the literature. This is unfortunate because it could

be argued that the reason substance use and abuse represent
serious social problems is primarily because of the delayed
losses that may occur and their cost to both the individuals
directly involved and society as a whole (Birnbaum et al.,
2011; Cartwright, 1999). These delayed losses may include
losses of health, personal relationships, and even freedom
(i.e., incarceration), and substance users and abusers appear
to discount such losses more steeply than nonusers (Odum,
Madden, & Bickel, 2002).

Substance abuse may represent an extreme case, in which
people appear relatively insensitive to delayed losses, but de-
layed losses also are an important part of many other choice
situations, in which people have difficulty acting in their own
long-term interest. Such situations range from everyday per-
sonal choices (e.g., choosing whether to pay for a purchase
now or defer payment and pay additional charges later) to so-
cial policy decisions (e.g., deciding whether or not the gov-
ernment should pay for preventative health care).
Nevertheless, much less is known about the discounting of
delayed losses than about the discounting of delayed gains.
As Harris (2012) pointed out, the literature on the
discounting of delayed gains is not only much larger than
that on the discounting of delayed losses, but also it is “large
and generally consistent” in contrast to the literature on the
discounting of delayed losses, which “contains puzzles and
apparent contradictions.” Moreover, some of these puzzles
raise fundamental questions concerning the generality of cur-
rent theoretical models of decision making in situations
where the options may involve delayed outcomes (e.g.,
Green & Myerson, 2013; van den Bos & McClure, 2013) be-
cause the empirical support for these models comes primarily
from studies involving the discounting of delayed gains.
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Although there are important similarities between the
discounting of gains and losses, there are also important dif-
ferences. For example, it is well established that delayed
losses are discounted more shallowly than delayed gains, a
finding known as the sign effect, and this difference in the de-
gree of discounting has been observed not only with mone-
tary gains and losses (e.g., Benzion, Rapoport, & Yagil,
1989; Estle, Green, Myerson, & Holt, 2006) but also with
outcomes as diverse as health and environmental gains and
losses (e.g., Baker, Johnson, & Bickel, 2003; Chapman,
1996; Hardisty & Weber, 2009).

In contrast to the consensus regarding the sign effect,
there are conflicting reports regarding the magnitude effect
with delayed losses. This lack of consensus is particularly
striking because the magnitude effect is one of the most ro-
bust findings in the literature on the discounting of delayed
gains, with smaller delayed amounts being discounted more
steeply than larger amounts (for a recent review, refer to
Green, Myerson, & Vanderveldt (2014)). Some studies of
the discounting of delayed losses failed to find a magnitude
effect (e.g., Holt, Green, Myerson, & Estle, 2008;
McKerchar, Pickford, & Robertson, 2013; Mitchell & Wil-
son, 2010), even when the amount of the delayed loss was
varied across a very wide range (Green, Myerson, Oliveira,
& Chang, 2014), yet other studies have found magnitude ef-
fects, but differ on what those effects are. For example, both
Chapman (1996) and Ostaszewski and Karzel (2002) ob-
served steeper discounting of smaller amounts regardless of
whether those amounts represented losses or gains, whereas
Hardisty, Appelt, and Weber (2013) observed magnitude ef-
fects with losses that were directly opposite in direction from
those observed with gains, in that larger losses were
discounted more steeply than smaller ones.

Another important issue about which there is disagree-
ment concerns the correlation between the discounting of
gains and losses. For example, both Chapman (1996) and
Mitchell and Wilson (2010) reported significant positive cor-
relations between the discounting of delayed monetary gains
and losses, whereas Harris (2012) reported that the
discounting of monetary gains was not correlated with the
discounting of monetary losses or other aversive events (e.
g., embarrassment and rejection). Hardisty and Weber
(2009) failed to find significant correlations either between
monetary gains and losses or between health gains and
losses, although they did observe weak but significant corre-
lations between gains and losses in air quality.

One possible reason for the inconsistency of these results
is that whereas nearly everyone discounts the value of de-
layed monetary gains, this may not be the case with delayed
monetary losses. For example, Hardisty et al. (2013) recently
reported that whereas some people show the typical pattern
of discounting delayed losses (i.e., a delayed loss was pre-
ferred to an equivalent amount of immediate loss), others
showed what they termed “negative” discounting; for these
individuals, increasing the delay actually made a loss more
aversive. These results raise the possibility that while people
differ only quantitatively in the degree to which they dis-
count delayed gains, they may differ qualitatively as well
as quantitatively with respect to their discounting of delayed

losses. If there are subgroups of people who differ qualita-
tively in their discounting of losses, then studies could ob-
serve different results depending on the degree to which
these different subgroups were represented in their samples.

Moreover, qualitative differences could have important
implications both for how one conceptualizes individual dif-
ferences in the evaluation of delayed outcomes and for how
one should go about studying such differences and determin-
ing how many “impulsivities” there are (Green & Myerson,
2013). To address these issues as they apply to monetary out-
comes, the present study sought to determine whether a sin-
gle impulsivity trait adequately captures individual
differences in the discounting of monetary gains and losses.
In addition to the traditional approach of assessing quantita-
tively the strength of the relation between people’s perfor-
mance on one task (choosing between immediate and
delayed gains) and their performance on another task (choos-
ing between immediate and delayed losses) in order to deter-
mine the extent to which a single trait is involved, we also
took a more novel approach and examined whether there
are subgroups of people that differ qualitatively with respect
to the nature of the relation between these behaviors.

For this purpose, the present study used both the 27-item
questionnaire developed by Kirby and his colleagues, which
presents choices between immediate and delayed monetary
gains, and an analogous 27-item questionnaire that we devel-
oped that presents choices between immediate and delayed
monetary losses. The Kirby questionnaire provides estimates
of the degree to which individuals discount delayed gains
that are both highly reliable and stable over the long term
(Kirby, 2009). It is an open question, however, whether an
analogous questionnaire with choices involving delayed
losses will preserve the excellent psychometric properties
of the Kirby questionnaire, but if it does, it will provide re-
searchers with an important new tool for studying the
discounting of delayed outcomes.

The nature of individual differences in the discounting of
delayed outcomes is especially important because such dif-
ferences have been hypothesized to underlie a variety of
problem behaviors (e.g., substance use and abuse), a hypoth-
esis that implicitly assumes that a single “impulsivity” trait
underlies steep discounting of delayed outcomes in general,
regardless of their type (e.g., money versus health) or sign
(i.e., gain versus loss). However, there is evidence that sug-
gests that this hypothesis may not be correct and that the ten-
dency to discount delayed outcomes is not a general one but
rather is domain-specific (Chapman, 1996), in which case the
question becomes not only how many impulsivities there are
but also what they are (Green & Myerson, 2013). This ques-
tion is an extremely broad one, as it applies not only to the
discounting of different commodities but also to gains and
losses of the same commodity, and this latter issue is the fo-
cus of the current investigation.

Two samples were studied, in part because of current con-
cerns with the replicability of findings in psychological stud-
ies (e.g., Open Science Collaboration, 2015; Pashler &
Wagenmakers, 2012). Perhaps, more importantly, because
it was possible to identify subgroups of individuals in the
first sample who showed what appeared to be three
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qualitatively different patterns of response to the delayed
losses questionnaire, we recruited approximately twice as
many participants for the second sample in order to provide
adequate statistical power for examining characteristics of
these subgroups. In addition, we administered a personality
test (the I7; Eysenck, Pearson, Easting, & Allsopp, 1985) to
the second sample in order to examine relations between in-
dividual response patterns and established personality traits.

METHOD

Participants
The first sample for the current study consisted of 128 indi-
viduals (50.8% female; age: M=38.4 years, SD=10.9; edu-
cation: M=15.3 years, SD=2.3; individual annual income:
M=$38002, SD=37494; household income=$64931,
SD=49771; five participants did not report their incomes),
who were recruited from the pool of workers maintained by
Amazon’s Mechanical Turk (MTurk; Behrend, Sharek,
Meade, & Wiebe, 2011). The second sample, also recruited

from the MTurk worker pool, consisted of 242 individuals
(47.9% female; age: M=37.3 years, SD=11.1; education:
M=15.4 years, SD=2.2; individual annual income: M=
$31 898, SD=21936; household income=$53640,
SD=37858; one participant did not report their education,
16 did not report their incomes). For both samples, participa-
tion was restricted to individuals 18 years of age and older
who were using a computer with an IP address in the USA
and had previous MTurk approval rates of at least 95%. Par-
ticipants in Sample 1 received $0.25 deposited into their Am-
azon account; participants in Sample 2 received $0.45.

MATERIALS

The 27 questions of the Kirby (2009) questionnaire are di-
vided into three sets of nine each, based on whether the de-
layed gain is small ($25, $30, or $35), medium ($50, $55,
or $60), or large ($75, $80, or $85). As shown in Table 1,
the questions in each set correspond to nine logarithmically
spaced values of the k parameter in the simple hyperbolic

Table 1. Question order (Q), immediate amount (V), delayed amount (A), duration of the delay (D), and values of k for questions involving
small, medium, and large delayed outcomes on the Kirby (2009) delayed gains questionnaire and our new delayed losses questionnaire

Gains Losses

Q V($) A($) D(days) k Q V($) A($) D(mos) k

Small delayed outcome

13 34 35 186 .00016 15 102 105 108 .0000090
20 28 30 179 .00040 8 84 90 106 .000022
26 22 25 136 .0010 2 66 75 78 .000057
22 25 30 80 .0025 6 75 90 46 .00014
3 19 25 53 .0060 25 59 75 26 .00034
18 24 35 29 .016 10 72 105 17 .00089
5 14 25 19 .041 23 41 75 12 .0023
7 15 35 13 .10 21 45 105 8 .0055
11 11 30 7 .25 17 33 90 4 .014

Medium delayed outcome

1 54 55 117 .00016 27 162 165 68 .0000090
6 47 50 160 .00040 22 141 150 94 .000022
24 54 60 111 .0010 4 159 180 76 .000057
16 49 60 89 .0025 12 147 180 52 .00014
10 40 55 62 .0060 18 120 165 36 .00034
21 34 50 30 .016 7 103 150 17 .00088
14 27 50 21 .041 14 81 150 12 .0023
8 25 60 14 .10 20 75 180 8 .0058
27 20 55 7 .25 1 60 165 4 .014

Large delayed outcome

9 78 80 162 .00016 19 234 240 94 .0000090
17 80 85 157 .00040 11 240 255 92 .000022
12 67 75 119 .0010 16 201 225 69 .000057
15 69 85 91 .0025 13 207 255 54 .00014
2 55 75 61 .0060 26 165 225 35 .00034
25 54 80 30 .016 3 162 240 18 .00088
23 41 75 20 .041 5 123 225 15 .0018
19 33 80 14 .10 9 99 240 8 .0059
4 31 85 7 .25 24 93 255 4 .014

Note: For purposes of comparison, values of k are given in days for both gains and losses even though the delays for the loss questions seen by participants were
given in months.
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discounting function proposed by Mazur (1987): V=A / (1
+ k D), where A represents the amount of delayed gain and
V represents its subjective value when the delay is equal to
D. The parameter k governs the rate at which V decreases with
increases inD, and is frequently used as a measure of individ-
ual differences in discounting and impulsivity (e.g., Odum,
2011). Solving Mazur’s equation for k reveals that k equals
([A/V]�1) / D, and thus, for a given question on the Kirby
questionnaire, setting V equal to the amount of immediate
gain and then calculating k yields the value of k for an individ-
ual who would judge the present value of thedelayed gain to
be equivalent to the value of the immediate gain.

For example, a hypothetical individual whose discounting
of medium amounts ($50–60) could be characterized by
k= .006 would be equally likely to choose either $40 now
or $55 dollars in 62 days (question 10 on the Kirby question-
naire). Such an individual would be expected to choose the
immediate option on the four medium amount questions as-
sociated with k values lower than.006 because relative to
question 10, they offer larger immediate gains and longer
waits to the delayed gains (e.g., the first question on the ques-
tionnaire, “Which would you prefer to receive: $54 now or
$55 in 117 days?”), and the delayed option on the four ques-
tions associated with higher k values, which offer smaller im-
mediate gains and shorter waits to the delayed gains (e.g., the
last question, “Which would you prefer to receive: $20 now
or $55 in 7 days?”).

Our newly developed delayed losses questionnaire also
has 27 questions analogous to those of the Kirby (2009)
questionnaire (Table 1), except that the questions asked,
“Which would you prefer to pay?” As is the case with the
Kirby questionnaire, the questions regarding payment are di-
vided into three sets of nine each, based on whether the de-
layed loss is small ($75, $90, or $105), medium ($150,
$165, or 180), or large ($225, $240, or $255). We used
amounts that were three times as large as the amounts in
the Kirby questionnaire in an effort to minimize any carry-
over between the two questionnaires. Moreover, we in-
creased the delays because of research on the sign effect
showing that losses are discounted much more shallowly
than gains (Frederick et al., 2002). As with Kirby’s delayed
gains questionnaire, the questions for each amount corre-
spond to nine approximately logarithmically spaced values
of the k parameter calculated as ([A/V]�1) /D. The amounts
of loss and the delays in some of the questions were changed
slightly from Study 1 to Study 2 in order to produce spacing
that was more precisely logarithmic, and it is these questions
that are presented in Table 1.

Procedure
After agreeing to participate and receiving instructions, all
participants completed the Kirby (2009) questionnaire that
asked participants to make a series of choices between a
smaller, immediate gain and a larger, delayed gain. In addi-
tion, all participants completed an analogous questionnaire
that asked them to make a series of choices between a
smaller, immediate loss and a larger, delayed loss. Following
this second questionnaire, participants in Sample 1 answered

a series of demographic questions and then were given a
password to use in arranging for payment, whereas partici-
pants in Sample 2 then completed the I7 (Eysenck et al.,
1985), a 54-item questionnaire that assesses self-reported im-
pulsiveness (e.g., “Do you often do things on the spur of the
moment?”), venturesomeness (e.g., “Would you enjoy para-
chute jumping?”), and empathy (e.g., “Would you feel sorry
for a lonely stranger in a group?”), before answering the de-
mographic questions and being provided a password to ar-
range payment. All data were collected using Qualtrics
(Provo, UT).

Analyses
At the group level, responses to the delayed gains and de-
layed losses questionnaires were analyzed by calculating
the proportion of participants choosing the delayed outcome
on each question. At the individual level, the proportions of
choices of the delayed outcome (i.e., number of choices of
a delayed gain or loss divided by the number of questions)
were calculated separately for the small, medium, and large
delayed amounts (nine questions each) as well as for all three
amounts (a total of 27 questions). Use of proportional scoring
for responses to the Kirby questionnaire was proposed by
Myerson, Baumann, and Green (2014), who questioned the
usual theoretical interpretation of k and who also showed that
proportions and individual estimates of k were so highly cor-
related (r=�.97) that they could be assumed to be inter-
changeable. Proportional scoring also was used for the
delayed losses questionnaire. In addition to our theoretical
concerns with the simple hyperbolic discounting function,
the use of k to estimate the half-life of subjective value (as
originally suggested by Kirby & Maraković (1996)) is not
possible in cases of negative discounting like those reported
for delayed losses by Hardisty et al. (2013).

RESULTS

Delayed gains
For both samples, the proportion of choices of a delayed gain
of a given size (i.e., small, medium, or large) increased sys-
tematically as a function of the k values for the nine questions
that concerned that amount (refer to the two left panels of
Figure 1). For all three sizes of delayed gain, the increase
was sigmoidal in nature and in each case was well described
by a logistic growth function (all R2s> .99):

P ¼ 1= 1þ e– x�x0ð Þ r
h i

(1)

where P is the proportion of participants choosing the de-
layed option, x is the logarithm of the k-parameter values as-
sociated with the various questions, x0 is an intercept
parameter that shifts the curve horizontally, and r is a rate pa-
rameter that describes the rate of increase in the proportion of
later choices.

Further inspection of the two left panels in Figure 1 re-
veals that although the shape of the growth curve remained
approximately the same across the three amount conditions,
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the curve shifted to the right as the amount of delayed gain
decreased so that at any value of k, the proportion of choices
of the delayed gain tended to be greater for the larger delayed
amount than for the medium amount, and greater for the me-
dium amount than for the small amount. Such shifts corre-
spond to magnitude effects like those reported in previous
studies of the discounting of delayed gains (for reviews, refer
to Frederick et al. (2002 and Green & Myerson (2004)), with
the degree of discounting decreasing systematically as the
amount increases. The horizontal shift of the logistic function
with changes in the amount of delayed gain may be captured
mathematically by changes in the x0 parameter of the func-
tion (Myerson et al., 2014). Indeed, when a single logistic
with one r parameter and three amount-dependent values of
x0 to be estimated (a total of four free parameters) was fit
to the data for all three amounts simultaneously, it accounted
for 99.4% and 99.3% of the variance in the data from Sample
1 and Sample 2, respectively, virtually as much as when the
data for the three amounts were fit separately.

In order to estimate k in a manner analogous to the Kirby
and Maraković (1996) original scoring procedure, the data
for all three amounts were fit simultaneously by a single logis-
tic growth function, and kwas estimated from the value of x at
which p= .50, indicating that the majority of participants
would choose the immediate option on questions associated
with lower values of k and the majority would choose the de-
layed option on questions associated with higher values of k.
The parameter k was estimated to be .011 for Sample 1 and

.012 for Sample 2, consistent with the estimate (k= .012) ob-
tained in our previous online study (Myerson et al., 2014).

At the individual level, participants’ responses to the
Kirby (2009) questionnaire were scored as the proportion
of questions on which the individual chose the larger, de-
layed outcome over the smaller, immediate one, as suggested
by Myerson et al. (2014), who showed that this measure was
very strongly correlated with estimated values of k
(r=�.97). In the present study, the proportion of choices of
the delayed gain was calculated for each amount separately
as well as for all 27 questions. The questions for the small,
medium, and large delayed amounts may be thought of as
alternative forms of the delayed gains questionnaire, and
therefore, the correlations between individuals’ choice pro-
portions for the three different amounts reflect the reliability
of the proportion measure. The fact that these correlations
were all greater than .80 in both samples (Table 2), taken to-
gether with the finding that in both samples the scores for the

Figure 1. Proportion of participants in Sample 1 (top panels) and Sample 2 (bottom panels) who chose the delayed gain on each question of the
gains questionnaire (left panels) and who chose the immediate loss on each question of the losses questionnaire (right panels), plotted as a
function of the k value associated with that question. For both gains and losses, black squares represent small outcomes, grey circles represent

medium outcomes, and white diamonds represent large outcomes. Note the logarithmic scaling of k in all four panels

Table 2. Intercorrelations among choices of small, medium, and
large delayed gains in Study 1 (above the diagonal) and Study 2
(below the diagonal)

Small Medium Large

Small — .906 .885
Medium .872 — .934
Large .848 .906 —

Note: All correlations significant at p< .001.
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three amounts all loaded very strongly on a single factor (all
loadings .95 or greater), indicates that the online question-
naire meets psychometric standards of reliability when
scored using the proportion measure.

The left panels of Figure 2 depict the mean proportions of
choices of delayed gains as a function of the amount of the
delayed outcome. As may be seen, choices of the delayed
gain increased systematically with amount, and planned con-
trasts revealed significant linear trends for both samples, con-
sistent with the well-established magnitude effect, in which
degree of discounting decreases as the amount of delayed
gain increases (for reviews, refer to Frederick et al. (2002)
and Green & Myerson (2004)): Sample 1, F(1,127)
= 133.74, p< .001; Sample 2, F(1,241) = 175.92, p< .001.

Delayed losses
The right panels of Figure 1 depict the proportion of partici-
pants who chose the immediate loss on each question of the
delayed losses questionnaire, plotted as a function of the k
value associated with that question. As may be seen, the pro-
portion of choices of an immediate loss increased systemati-
cally as a function of the k values for the corresponding
questions. In qualitative terms, this result is consistent with
the fundamental hypothesis underlying delay discounting,
which is that the (absolute) value of an outcome decreases
with the delay to its occurrence: Delayed gains become less
attractive, and delayed losses become less aversive.

In the present case, because the delay given in each ques-
tion tended to decrease as k increased (Table 1), the delayed
loss becomes more aversive with increases in k and choice of
the immediate loss increases. Notably, however, small, me-
dium, and large delayed losses were all discounted to approx-
imately the same degree, and planned contrasts failed to
reveal a significant linear trend in the data from either
sample: Sample 1, F(1,127) = 2.24, p= .137; Sample 2,
F(1,341) = 2.42, p= .121 (refer to the right panels of Figure
2). This result, taken together with the finding of significant
effects of amount on the discounting of delayed gains, would
explain the amount-by-sign (gain versus loss) interactions
that are observed in omnibus analyses of the data from both
questionnaires: Sample 1, linear contrast F(1,254) = 59.90,
p< .001; Sample 2, linear contrast F(1,482) = 94.97,
p< .001.

What is especially intriguing about the present results is
how many participants in both samples (approximately
50% for the lowest k questions) chose the immediate loss
even when the alternative was a loss that would be delayed
for years (refer to the right panels of Figure 1). It seemed pos-
sible that the reason why preference was not more extreme
under these circumstances was because our new delayed
losses questionnaire was not as reliable as the Kirby (2009)
delayed gains questionnaire. At the individual level, how-
ever, the correlations between the proportion of choices of
the delayed payment options for small, medium, and large
losses (which represent alternative forms for measuring the

Figure 2. Mean proportion of choices of the delayed gain (left panels) and the immediate loss (right panels) as a function of amount in Sample
1 (top panels) and Sample 2 (bottom panels). Error bars represent one standard error of the mean. (Note the different scales in the left and

right panels.)
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same construct) were all greater than .80 for both samples, as
they were with delayed gains. Moreover, the scores for the
three loss amounts all loaded very strongly on a single factor
(all loadings .95 or greater). Taken together, these results in-
dicate that the delayed losses questionnaire, like the delayed
gains questionnaire, meets psychometric standards of reli-
ability (Table 3).

Another possible reason why almost all participants did
not choose the delayed option on low k (long delay) ques-
tions is that the present samples contain some individuals
who show the expected discounting pattern and some who
show no discounting or who show reverse or negative
discounting of delayed losses (Hardisty et al., 2013). Al-
though delayed losses may be less aversive than immediate
ones for most participants, for other participants (i.e., those
who show reverse discounting), delayed losses may actually
be the more aversive. If a delay decreased the aversiveness of
a loss for some participants but increased the aversiveness of
a loss for other participants, then preferences on questions in-
volving long delayed losses would be less extreme at the
group level than those observed with long delayed gains.

To reduce noise in individual participants’ data in order to
allow us to better visualize their discounting patterns, we av-
eraged each participant’s choices of the immediate loss on
the questions associated with the lowest k value for each de-
layed amount (i.e., for the first question under the small, me-
dium, and large amount in Table 1), then averaged their
choices on the questions associated with the next lowest k
value for each amount (i.e., for the second question under
the small, medium, and large amount in Table 1), etc.,
resulting in nine data points for each individual.

Initial inspection of data from the first dozen or so partic-
ipants in our first sample suggested that, as expected, most
individuals did discount the value of delayed losses and thus
were less likely to choose the immediate option when the al-
ternative was a loss that would occur after a long delay (as on
questions associated with low k values) than when the alter-
native was a loss after a short delay (as on questions with
high k values). Importantly, however, some individuals
showed a pattern of reverse discounting on the delayed losses
questionnaire. This may be seen in the right panel of Figure
3, which presents data from the last five of the first dozen
participants. Participants S008, S009, and S012 show the ex-
pected pattern, whereas participants S010 and S011 show the
opposite pattern. Notably, almost all participants in the two
samples, both those who showed the expected pattern of
discounting delayed losses and those who showed the re-
verse pattern, tended to show the same (expected) pattern
of increasing choices of the delayed gains as the ks associ-
ated with the questions increased (compare the correspond-
ing left and right panels of Figure 3).

In order to objectively classify individuals’ preference
patterns, for each participant we calculated the correlation
between the dichotomous preference variable (choice of im-
mediate versus delayed outcome) and the logarithm of the k
for each of the 27 delayed loss questions. A positive correla-
tion indicated that a participant showed a lower likelihood of
choosing the immediate payment option on low-k questions
(where the alternative involved a long delay) and a higher

likelihood of choosing the immediate payment option on
high-k questions (where the alternative involved a brief de-
lay). In contrast, a negative correlation indicated that a partic-
ipant showed reverse discounting and was more likely to
choose the immediate option when the alternative involved
a long delay than when the delay was brief.

Participants were divided into three subgroups based on
their pattern of responses on the delayed losses questionnaire.
The majority in both samples showed positive correlations,
with the remainder being approximately equally split be-
tween those who showed negative correlations and those
who showed zero correlations. We termed those in the zero
correlation subgroupMinimizers because, almost without ex-
ception, their choices were consistent with the simple rule,
“Choose the smallest possible loss,” which, in the case of
the questions on the delayed loss questionnaire, was always
the immediate loss. We termed the participants in the negative
correlation subgroup Debt Averse because for them, the aver-
siveness of a loss appeared to increase with the delay until its
occurrence.We termed the positive correlation subgroup Loss
Averse because we assume that like most people, they were
loss averse, and in their case, although the aversiveness of a
loss was attenuated by a delay until its occurrence, this loss
aversion was uncomplicated by debt aversion or the use of a
minimization strategy. The proportion of individuals in each
of the three subgroups is presented in Table 4.

The presence of subgroups in both samples who showed
distinctly different patterns of responses on the delayed
losses questionnaire, depicted in Figure 4, explains the pat-
terns seen in Figure 1. Almost everyone in the Debt Averse
subgroups (right panels) chose the immediate loss on low-k
questions despite the fact that the delays were many years
long and the immediate amount was large relative to the de-
layed amount on such questions. In contrast, relatively few
individuals in the Loss Averse subgroups (left panels) chose
the immediate loss on such questions. Given that the Loss
Averse subgroups were much larger than the Debt Averse
subgroups and the fact that there was also a zero correlation
(Minimizer) subgroup, almost all of whom always choose the
immediate loss, it follows that the whole sample would nec-
essarily show patterns of choices like those seen in the right
panels of Figure 1.

Relation between discounting of gains and losses
One-way ANOVAs revealed that in both samples, the three
subgroups defined on the basis of choices on the delayed
losses questionnaire differed significantly in their choices in-
volving delayed gains: Sample 1, F(2, 124) = 7.50, p< .001;

Table 3. Intercorrelations among choices of small, medium, and
large delayed losses in Sample 1 (above the diagonal) and Sample
2 (below the diagonal)

Small Medium Large

Small — .896 .847
Medium .864 — .916
Large .869 .889 —

Note: All correlations significant at p< .001.
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Sample 2, F(2, 235) = 5.34, p= .005 (Figure 5). These results
reflect the fact that those in the Debt Averse subgroups chose
the delayed gain significantly more often than those in either
the Loss Averse or the Minimizer subgroup from the same
sample: Sample 1, t(99) = 3.38, p= .001, and t(47) = 3.12,
p= .003, respectively; Sample 2, t(188) = 2.95, p= .004, and
t(102) = 2.78, p= .006, respectively.

These results provide evidence that participants’ patterns
of choices involving delayed losses reflect individual charac-
teristics that also are reflected in their decisions involving de-
layed gains and suggest further that these characteristics may
have broad implications for individual decision making.
These implications could be easily missed, however. For ex-
ample, when correlational analysis was used to address the

Figure 3. Responses of a consecutive series of individual participants from Sample 1 on the delayed gains questionnaire (left panels) and the
delayed losses questionnaire (right panels), averaged across small, medium, and large amounts
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question of the relation between the degree to which individ-
uals discount delayed gains and the degree to which they dis-
count delayed losses, there was no correlation between
individuals’ choice of delayed gains and their choice of de-
layed losses in either Sample 1 (r= .031) or Sample 2
(r= .021). Quite a different picture emerges, however, when
the relation between choices of delayed gains and choices
of delayed losses is examined in the subgroups separately.

The correlation between loss and gain discounting for the
Minimizer subgroup was zero, of course, in both samples be-
cause (by definition) there was no variation in the degree to
which individuals in this subgroup discounted delayed
losses. Importantly, within the Loss Averse subgroups in
both samples, there was a significant negative correlation be-
tween the number of choices of the delayed gain and the
number of choices of the delayed loss, meaning that those
who chose the delayed gain most often also tended to be
the ones who chose the immediate loss most often (Sample
1, r=�.335, 95% CI [�.519, �.122]; Sample 2, r=�.283,
95% CI [�.432, �.119]). It follows that the members of
the Loss Averse subgroup who were more willing to pay a
larger amount later were less willing to wait for a larger,
delayed gain, as might be expected if there were a single
impulsivity trait.

This pattern was not observed within the Debt Averse
subgroup, however, suggesting that for these individuals, a
single impulsivity trait does not govern both choices involv-
ing delayed gains and choices involving delayed losses. In-
deed, these individuals tended to show the opposite pattern,
in which those individuals who were more willing to pay a
larger amount later tended to be the ones who were more
willing to wait for a larger, delayed gain. Although the posi-
tive correlation between choices of delayed gains and de-
layed losses failed to reach statistical significance in
Sample 1 (r= .351; 95% CI [�.072, .667]), this was likely
because of the relatively small number of participants
(n=23) falling into this subgroup. Indeed, the correlation
was significant in Sample 2 (r= .400; 95% CI [.153, .600]),
in which the number of Debt Averse individuals was larger
(n=56). It should be noted that in both samples, the 95%
confidence intervals for the correlations for the Loss Averse
and Debt Averse subgroups did not overlap. Despite these
differences between the subgroups, it is worth noting that
none of them showed evidence of an effect of amount on
discounting of delayed losses (compare the data for small,
medium, and large amount questions in Figure 4).

Discounting and personality traits
The finding that participants in the Debt Averse subgroup,
defined on the basis of their responses to questions involving

delayed losses, differ from those in the other two subgroups
in their responses to questions involving delayed gains pro-
vides converging evidence of the validity of characterizing
the Debt Averse as a distinct subgroup. One-way ANOVAS
revealed that the Loss Averse, Debt Averse, and Minimizer
subgroups differed in Impulsiveness, F(2, 235) = 3.53,
p= .031 (Figure 6), although they did not differ in Venture-
someness and Empathy, both Fs<1.0. The subgroups also
did not differ in gender (chi square =4.66, p= .097) or in ei-
ther age or household income (both Fs< 1.0). Importantly,
follow-up tests revealed that the source of the difference in
Impulsiveness was the difference between the Loss Averse
and Debt Averse subgroups, t(188) = 2.603, p= .010. This re-
sult suggests that reverse discounting, the characteristic that
defines the Debt Averse subgroup, is associated with lower
than average Impulsiveness, providing further evidence of
the validity of the distinction between these subgroups.

DISCUSSION

Participants in the current study made choices between
immediate gains and larger, but delayed gains, as well as
between immediate losses and larger, delayed losses. The
results replicated our previous finding (Myerson et al.,
2014) that the Kirby delayed gains questionnaire meets psy-
chometric standards of reliability when administered online,
and our new delayed losses questionnaire proved equally re-
liable. The degree to which delayed gains were discounted
decreased as their amount increased, (e.g., Kirby, 1997;
Green, Myerson, Oliveira, & Chang, 2013), but the degree
to which delayed losses were discounted was unaffected by
the amount of the losses involved (e.g., Mitchell & Wilson,
2010; Green et al., 2014). Moreover, participants on average
discounted delayed losses less steeply than delayed gains,
replicating a benchmark finding known as the sign effect
(e.g., Benzion et al., 1989; Estle et al., 2006).

Discounting of delayed gains versus discounting of de-
layed losses
These findings represent both quantitative and qualitative
differences between the discounting of delayed losses and
the discounting of delayed gains at the group level: Delayed
losses were discounted less steeply than delayed gains, a
quantitative difference, and magnitude effects were observed
with delayed gains but not with delayed losses, a qualitative
difference. Importantly, qualitative differences between the
discounting of delayed gains and losses also were observed
at the individual level. The sample in the present investiga-
tion appeared to be made up of three qualitatively different
subgroups, and we gave each subgroup a label that reflected
their behavior when given a choice between a smaller, imme-
diate loss and a larger, delayed loss.

Participants in the Loss Averse subgroup showed signifi-
cant discounting of delayed losses (i.e., the likelihood of
choosing to pay later increased with the delay), whereas the
Debt Averse subgroup showed reverse or negative
discounting of delayed losses (i.e., the likelihood of choosing

Table 4. Proportions of participants in the Loss Averse, Debt
Averse, and Minimizer subgroups in Sample 1 and Sample 2

Loss averse Debt averse Minimizer

Sample 1 .609 .180 .211
Sample 2 .554 .231 .215
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to pay later decreased with the delay). A third subgroup,
whom we termed Minimizers, did not discount delayed
losses but always chose the smaller immediate loss. On aver-
age, those in the Debt Averse subgroup were more likely to
choose delayed gains over smaller, immediate ones than
those in either the Loss Averse or the Minimizer subgroups.
None of the three subgroups showed evidence of a magni-
tude effect.

The existence of distinct subgroups of individuals is also
evident in the results recently obtained using a quite different
procedure for measuring individual discount rates. Yoon and
Chapman (in press) reported that whereas almost all individ-
uals showed positive discounting of delayed monetary gains
using their new procedure, only 63% showed positive
discounting of delayed losses. Importantly, 11% showed
negative discounting, in that they tended to choose a larger,
sooner payment over a smaller, later payment. Such individ-
uals would be characterized as debt averse using our classifi-
cation scheme.

Relations between the discounting of delayed gains and
losses
In the present study, the number of choices of delayed gains
was uncorrelated with the number of choices of delayed
losses at the level of the whole sample. However, when the

relation between choices of delayed gains and choices of de-
layed losses was examined in the Loss Averse and Debt
Averse subgroups separately, a negative correlation was ob-
served for the Loss Averse subgroup whereas choices of de-
layed gains and losses tended to be positively correlated for
the Debt Averse subgroup. The Minimizer subgroup showed
yet a third pattern of responses: Because, by definition, there
was no variation in their responses on the delayed-losses
questionnaire, they necessarily showed a zero correlation be-
tween their choices of delayed gains and losses. The fact that
the three subgroups, defined based on choices involving de-
layed losses, turned out also to differ with respect to choices
involving delayed gains indicates that these subgroups do not
merely represent descriptions of people’s behavior in one
kind of choice situation, but have implications for individual
differences in behavior in other situations as well. Consistent
with this view, those in the Debt Averse subgroup scored sig-
nificantly lower on Impulsiveness than those in the Loss
Averse subgroup.

The evidence for a positive association between
discounting of delayed gains and losses in debt-averse indi-
viduals has important implications for the question of
whether the discounting of delayed gains and the discounting
of delayed losses reflect the same impulsivity trait. What is
already clear is that there was a negative association between
the discounting of delayed gains and losses in the Loss

Figure 4. Proportion of participants in the Loss Averse (left panels) and Debt Averse (right panels) subgroups who chose the immediate loss on
each question of the delayed losses questionnaire in Sample 1 (top panels) and Sample 2 (bottom panels), plotted as a function of the k value
associated with that question. Black squares represent small outcomes, grey circles represent medium outcomes, and white diamonds represent

large outcomes. Note that there is no evidence of a systematic effect of the amount of the delayed loss in any of the four panels
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Averse subgroup that is not apparent in the sample as a
whole and that also is not present in the Debt Averse sub-
group. These results demonstrate that investigation of the
discounting of delayed losses can produce misleading results
unless participants are divided into subgroups based on how
their preferences are affected by the duration of the delay
until a loss will occur. Indeed, differences in the degree
to which these subgroups were represented in previous stud-
ies may account for the “puzzles and apparent contradic-
tions” in the literature on discounting losses noted by
Harris (2012).

Negative discounting of delayed losses
It should be noted that the results for the Debt Averse sub-
group are consistent with the concept of “negative
discounting” proposed by Hardisty et al. (2013). Using an
operational definition of negative discounting similar to that
of Hardisty et al., whose definition subsumed patterns of
choice that, by our definitions, include those of both the Debt
Averse and Minimizer subgroups, 38.3% of the participants
qualified as negative discounters. However, our results also
pose problems for their “fixed-cost, present bias” account
of negative discounting, which attributes such behavior to
the size of a hypothesized fixed cost for not resolving situa-
tions immediately relative to the size of the delayed loss.

Their account predicts that the proportion of participants
who show negative discounting will decrease as the amount
of the delayed loss increases, and although this proportion
did decrease in their studies, there was no evidence of a sys-
tematic decrease in the present study. Using a definition sim-
ilar to theirs, negative discounting occurred in 42.2% of the
cases when the delayed loss was small, 39.8% when the
amount of the loss was medium, and 40.6% when it was
large. Thus, the present data indicate that at least across the
range of amounts studied here, participants’ patterns of
choices remained relatively consistent, rather than decreasing

Figure 6. Mean scores for the Loss Averse, Debt Averse, and Min-
imizer subgroups from Sample 2 on the Impulsiveness, Venture-
someness, and Empathy scales of the I7 (Eysenck et al., 1985).

Error bars represent 1 standard error of the mean

Figure 5. Mean proportion of choices of delayed gains by members
of the Loss Averse, Debt Averse, and Minimizer subgroups in Sam-
ple 1 (top panel) and Sample 2 (bottom panel). Error bars represent

one standard error of the mean
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systematically with increases in the amount of the delayed
loss, as their fixed-cost, present bias account predicts.

It is possible that the difference between the present re-
sults and those of Hardisty et al. (2013) is because of the fact
that they used a wider range of delayed amounts in their ex-
periments. It should be noted, however, that the amounts
used in the present study still varied across a substantial
range (i.e., approximately threefold). Moreover, the fixed-
cost, present bias hypothesis predicts a magnitude effect for
delayed losses when data from all participants, both negative
and positive discounters, are combined, yet a recent study
(Green et al., 2014) that examined the discounting of delayed
losses across an extremely wide range ($20 to $500 000)
found no evidence of such a magnitude effect.

A second issue concerning the Hardisty et al. (2013) ac-
count concerns how to classify patterns of choices involving
delayed losses. More specifically, are the members of the
Minimizer subgroup just extremely debt averse individuals
who really belong in the Debt Averse subgroup of what
Hardisty et al. would classify as “negative” (or reverse) dis-
counters? Two results argue against this idea: First, the Debt
Averse subgroup was more likely to choose delayed gains
than the Loss Averse subgroup; if the Minimizer subgroup
was extremely debt averse, than one would expect them, like
the Debt Averse, to choose delayed gains more often than the
Loss Averse. However, this was not the case (Figure 5). Sec-
ond, the Debt Averse showed less impulsiveness on the
Eysenck I7 than the other two subgroups, whereas if the
Minimizers were extremely debt averse, then one would have
expected them to show even less Impulsiveness than the
Debt Averse, and again, this was not the case.

It should be noted, of course, that the labeling of the sub-
group who always chose immediate over delayed payment as
Minimizers was not based on direct, positive evidence that
they were using a strategy that ignores delay and that is
intended to simply minimize loss. Rather, the label was cho-
sen based on the negative, indirect evidence just discussed,
which suggests that they were not just extreme members of
the Debt Averse subgroup, as well as evidence against their
being members of the Loss Averse subgroup. If they had
been extreme members of the latter group, then because
choice of the delayed loss was negatively correlated with
choice of the delayed gain in the Loss Averse subgroup,
and the Minimizers never chose the delayed loss, they there-
fore would have been expected to choose delayed gains less
often than the others we had categorized as Loss Averse, yet
no significant difference was observed in either sample. It re-
mains possible that the Minimizer subgroups included ex-
treme members of both of the other two subgroups, which
canceled each out, but further research that examines deci-
sion-making strategies directly is clearly needed.

Discounting of negative nonmonetary events
Although the present investigation is the first to examine re-
verse or negative discounting from an individual differences
perspective, Harris (2012) reported correlational data
concerning time preferences for positive and negative events
in the first two studies of a larger investigation on feelings of

dread and intertemporal choice. Building on Loewenstein’s
(1996) seminal work, Harris found that whether one would
prefer to lose $100 now or at different times in the future
was positively correlated with whether one would prefer to
be rejected by a friend now or later as well as with when
one would prefer to experience public embarrassment. In
contrast, Harris observed that time preferences regarding
the occurrence of a monetary loss were uncorrelated with
time preferences regarding a monetary gain, just as choices
of delayed gains were uncorrelated with choices of delayed
losses when analyses focused on the whole sample in the
present study.

Harris (2012) did not examine the possibility that partici-
pants could be divided into separate subgroups based on their
time preferences for negative events. However, she did report
that whereas most participants preferred to postpone mone-
tary losses, their time preferences with respect to other kinds
of negative events were highly variable: Some participants
preferred to postpone such events, but many preferred to ex-
perience them immediately. These results suggest that sub-
groups of positive and negative discounters like those
observed in the present study exist not only for delayed mon-
etary losses but for delayed nonmonetary aversive events as
well. Thus, although the present results suggest that age, gen-
der, and income do not predict how individuals will discount
delayed monetary losses, choices involving other kinds of
aversive events may be predictors, which would consider-
ably expand the potential implications of the present
findings.

For example, the present findings may have important im-
plications for research on the mechanisms underlying sub-
stance use and abuse, an area in which group differences in
impulsivity, as revealed by steep discounting of delayed
gains, have yielded valuable insights (Yi et al., 2010). Per-
haps the most important and robust finding is simply that in-
dividuals with substance abuse problems tend to discount
delayed monetary rewards more steeply than their non-
drug-using peers (MacKillop et al., 2011). If one assumes
that the decision to use an illegal drug reflects steep
discounting of its delayed consequences, then the finding that
substance abusers show steep discounting of monetary gains
represents the kind of transituationality (i.e., from choices in-
volving drugs to choices involving money) suggestive of an
underlying trait (Odum, 2011). But how transituational is the
tendency to steeply discount delayed outcomes? Does it ex-
tend to delayed aversive consequences, such as the health
and interpersonal costs often associated with substance
abuse?

The present findings suggest that in addressing this ques-
tion, researchers will need to examine individual patterns of
discounting such outcomes to determine whether people fall
into different subgroups like those observed with monetary
losses because, as the present results show, failing to distin-
guish those showing reverse discounting can obscure signif-
icant correlations. For example, Ohmura, Takahashi, and
Kitamura (2005) found that how steeply a smoker discounted
delayed gains predicted how many cigarettes they smoked
per day, whereas how steeply they discounted delayed losses
did not. It may be, however, that the presence of debt averse
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individuals in their sample obscured a significant correlation
in their latter case. Of course, it is also possible that there
were no debt averse individuals in Ohmura et al.’s sample
of smokers because debt aversion and dread actually protect
individuals from substance abuse. What seems clear is that
because of the delayed aversive consequences associated
with substance abuse, future research will need to determine
how debt aversion, loss aversion, and minimization strategies
affect the propensity to engage in substance abuse as well as
the differential effectiveness of interventions for prevention
and treatment.

CONCLUSIONS

The present study provides three lines of evidence that con-
verge on the conclusion that gains and losses represent dis-
tinct functional domains: (i) In the case of delayed gains,
larger monetary amounts were discounted less steeply than
smaller amounts, whereas amount had no systematic effect
on the discounting of delayed losses. (ii) Overall, the degree
to which individuals discounted delayed gains was uncorre-
lated with the degree to degree to which they discounted de-
layed losses. (iii) Whereas individuals varied considerably in
the degree to which they discounted delayed gains, their
choices involving delayed losses showed qualitative as well
quantitative differences, such that distinct subgroups with
different response patterns were observed.

Converging evidence also supports the conclusion that in-
dividuals may be divided into three distinct subgroups: (i)
Focusing just on their choices with respect to delayed losses,
individuals showed three distinct patterns with respect to
how their preferences were affected by delay duration. (ii)
A broader examination of choices involving delayed gains
as well as delayed losses revealed correlations of opposite
sign in different subgroups, correlations that cancel each
other out at the level of the whole sample. (iii) Individuals
for whom the delay until a loss makes it more aversive (those
in the Debt Averse subgroup) were more likely to choose a
larger, delayed gain over a smaller, immediate gain than indi-
viduals for whom increasing the delay until a loss makes it
less aversive (those in the Loss Averse subgroup). Finally,
(iv) individuals in the Loss Averse subgroup scored higher
on impulsiveness than those in the Debt Averse subgroup.
Taken together, these findings suggest that although charac-
terizing individuals as more or less impulsive can sometimes
be helpful, it also can obscure other important aspects of their
decision making, indicating that researchers may need to
move beyond the usual approaches to studying individual
differences in decision making and consider the possibility
of qualitative differences among individuals as well.
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