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Abstract

Intertemporal choices are ubiquitous: people often have to choose between outcomes realized at
different times. Although it is generally believed that people have stable tendencies toward being
impulsive or patient, an emerging body of evidence indicates that intertemporal choice is
malleable and can be profoundly influenced by context. How the choice is framed, or the state of
the decision-maker at the time of choice, can induce a shift in preference. Framing effects are
underpinned by: allocation of attention to choice attributes, reference-dependence and time
construal. Incidental affective states and prospection also influence intertemporal choice. We
advocate that intertemporal choice models account for these context effects, and encourage the use
of this knowledge to nudge people toward making more advantageous choices.
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Rethinking the stability of intertemporal choice

In stark contrast to what is predicted by traditional models of choice, nearly all decisions are
strongly context-dependent. A choice between two alternatives will be influenced by what
other options are available, how the options are described, and what options were previously
available. In addition to behavioral evidence from numerous studies conducted over the last
forty years [1,2], there is evidence of a neural instantiation of context-dependent value
coding [3-5]. To date, studies demonstrating context effects on choice have been largely
restricted to risky choices or choices between immediately available options. Most
prominently, Kahneman and Tversky observed context-dependent risk attitudes and
developed prospect theory [1] to describe them.

Corresponding author: Phelps, E.A. (liz.phelps@nyu.edu).

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lempert and Phelps

Page 2

Much less scrutiny has been given to context-dependence in the domain of intertemporal
choice. Intertemporal choices are decisions between rewards available at different points in
time — most commonly, between smaller/sooner rewards and later/larger rewards. These
decisions are prevalent in everyday life, and they range from the mundane (e.g., choosing to
go out with friends or study for an exam) to the highly consequential (e.g., choosing to buy a
car now or save money for your children’s education). Intertemporal choices also go beyond
the personal; preferences for future environmental gains correlate with preferences for future
financial gains [6]. The study of these decisions is also of importance because maladaptive
intertemporal choices underlie many societal and psychiatric problems, including addiction
[7], obesity [8] and gambling [9].

It is generally thought that people are fairly stable in their intertemporal preferences [10-
12], and it has been suggested that they may have a genetic component [13,14]. These
preferences have even been proposed as a candidate behavioral marker for psychopathology
[15,16]. However, research in the last decade or so has brought to light strategies and
manipulations for shifting choices toward being more patient or more impulsive. In this
review, we focus on describing and classifying these manipulations. We highlight two
primary means by which intertemporal choice can be manipulated and discuss their
implications for models of intertemporal choice and policy.

Measuring intertemporal choice

The most striking characteristic of intertemporal decisions is that people discount the value
of future rewards as a function of the delay to receiving them. This is known as delay
discounting, or temporal discounting. The extent to which people devalue future rewards
varies. We will refer to the inclination to choose smaller/sooner rewards as ‘impulsivity” and
the tendency to choose later/larger rewards as ‘patience,” at a between-subjects level.
Although impulsivity has many meanings in the literature, we use this term here to mean
that a person is relatively more impulsive if they are more likely to choose smaller/sooner
rewards over later/larger rewards relative to other people or to their own choices in a
different context. In this review, we only discuss studies that involve explicit choices
between a smaller/sooner (usually immediate) and later/larger reward. We do not include
studies that involve delay-of-gratification (in which it is possible to alter one’s plan and
choose the immediate reward at any time; e.g. [17]), or studies with very brief delays on the
order of minutes or seconds. By extension, we limit our review to human studies, since the
tasks performed by other species almost always utilize very short delays. Although different
mathematical models have been used to characterize intertemporal choice (see Box 1), we
are concerned mostly with the degree of discounting, so we include papers that fit data using
various models, as well as studies that use nonparametric means of assessing discounting.
Finally, although it may be problematic to assume linear value functions for rewards (see
Box 2), most studies of intertemporal choice do, so we do not exclude studies on this basis.

Laboratory intertemporal choice tasks are typically comprised of a series of intertemporal
choices made in rapid succession. These choices explicitly indicate the amount of both
rewards and the immediacy with which they can be obtained. While this format allows
researchers to estimate individual discount rates with precision, these decisions can be quite
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different from those faced by individuals in daily life. This is important to bear in mind
when considering the context effects described below; they may not all apply to real-world
decisions. Nevertheless, discount rates measured in the laboratory are sound predictors of
everyday behaviors, such as smoking [18], alcohol use [19], academic performance [20] and
even texting while driving [21].

Framing effects on intertemporal choice

The way that intertemporal preferences are elicited can influence choice. In this section, we
present mechanisms by which these framing effects could occur. Specifically, intertemporal
choices depend on the allocation of attention to choice attributes, on the reference point, and
on the construal of time.

Attention to attributes

Attention can be a powerful tool for manipulating choice. For example, ‘delay’ is considered
a negative attribute of a future reward, but its magnitude can be considered a positive
attribute (because it usually exceeds the value of the immediate reward). Therefore, drawing
attention away from magnitude and toward delay should lead to more impulsivity.

It has been suggested that, when making choices, people attend to reward magnitude by
default [22]. They routinely underweight time and duration [22,23], and so, decisions
involving time may be especially susceptible to contextual influences. For example, when
participants are asked to attend to the time at which they will receive a future reward, they
become more patient when considering shorter delays, and more impulsive when
considering longer delays. Asking participants to attend to the amount of a future reward, on
the other hand, does not change discounting behavior [22], suggesting that they were already
focused on the amount.

In addition to explicitly instructing participants to attend to the delay between options, it is
also possible to alter attention by changing the way that reward magnitudes are presented.
One example of this is the “‘decimal effect.” When rewards are framed as rounded humbers
(e.g., $9.00 today vs. $11.00 in one week) rather than decimals (e.g., $8.44 today vs. $10.32
in one week), individuals tend to be more impulsive [24]. Although the authors suggest that
increased positive affect in response to rounded numbers drives more impulsivity in this
condition, this result can also be explained via attention. More attention and deliberation are
required to process numbers with decimals, thus drawing the decision-maker’s attention to
the magnitudes and away from the delay. This makes the delayed reward seem more
attractive. In the rounded numbers condition, relatively more attention is drawn to the
difference in delay between options, thus making the immediate reward seem more
favorable. Further research is needed to test this hypothesis.

Attention can also be drawn toward the opportunity cost (see Glossary) associated with
selecting the immediate option [25], resulting in choice of the later/larger option. One such
manipulation is the ‘hidden-zero effect’ [26,27]. Most experimental intertemporal choices
are presented this way: “$10 today OR $22 in 30 days.” However, one can also explicitly
state the default outcomes associated with each choice: “$10 today and $0 in 30 days OR $0
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today and $22 in 30 days.” This ‘explicit-zero’ condition leads to reduced discounting, since
seeing the default outcomes leads one to focus on the unpleasant future consequences of
selecting the immediate reward [26]. This interpretation is reinforced by evidence showing
that the subjective value of immediate rewards is significantly decreased with explicit-zero
framing, but the subjective value of delayed rewards does not change [27]. A related study
showed that using investment language increases patience [28]. If participants are told that
the larger/later outcome is the result of an investment of the smaller/sooner option, they are
more patient, presumably because this reminds them of the opportunity cost of impulsivity.

In sum, choices can be framed so that attention is drawn away from the magnitude of
rewards, and toward the delay between rewards or the opportunity costs associated with the
options. These differences in attention allocation lead to differences in decision-making.

Reference-dependence

Intertemporal choices can also be framed so that one option (either the smaller/sooner or
larger/later reward) is considered the ‘reference point’ or ‘default,” and so, individuals are
biased to choose it. One essential discovery in behavioral economics was that risky choices
are reference-dependent [1,29]. That is, individuals evaluate options based on whether they
are perceived as a gain or loss relative to a reference point, and people dislike the prospect
of a loss more than they like the prospect of a gain. This loss aversion is at the root of
economic phenomena that previously seemed to be anomalies (such as the status quo bias,
the endowment effect and the default bias [30]). Reference points most likely influence the
allocation of attention to attributes, but in this section, we focus on how asymmetric
processing of gains and losses can lead to changes in intertemporal choice as well.

The delay/speedup asymmetry effect, for example, exploits reference-dependent valuation in
intertemporal choice [31]. When individuals are asked if they would prefer to receive an
immediate reward now, or to wait to receive a larger reward later, they tend to be impulsive.
On the other hand, if they are first given the option of receiving a future reward and then
told that they could ‘speed up’ its delivery, they choose to be more patient. In the first,
“delay” case, people perceive that they already have the immediate reward, so the loss of it
looms larger than the potential gain of the delayed reward. In the “speedup” case, subjects
perceive the delayed reward as being theirs, so they will want to keep it. Because loss
aversion is a powerful motivator, it will take more money for an individual to give up the
reward that is framed as the default, even if it is the delayed reward. This effect could also
be accounted for by query theory [32,33]: the delay scenario invites people to think of
reasons (i.e., ‘query their memories’) why they should ‘keep’ the immediate reward first,
and the speedup scenario encourages people to think of why they should retain the delayed
reward first. Indeed, forcing people to change the order of these thoughts can diminish
reference-dependence [32].

Notably, a reference point can be manipulated even without explicit instruction or choice
framing. In one study with hypothetical rewards, individuals were more patient when
making decisions about a $500 delayed reward when they had just made choices about a $50
delayed reward, than if they had just made decisions about $5000 [34]. This is because
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people exhibit more patience for larger rewards, and $500 appears larger following $50, than
following $5000.

In a recent study, we found that it is not even necessary to change reward amounts to induce
reference-dependence. Simply changing which reward value was more likely to change from
trial-to-trial changed choices. When immediate rewards were relatively stable and delayed
rewards were more variable, participants were more likely to select immediate rewards.
Conversely, when immediate rewards were more variable, individuals were more patient
[35]. This suggests that the more stable reward in the choice environment might be
perceived as the default option, and people tend to choose it more often. It is possible that
the primary mechanism behind reference-dependence in this case involves emotional arousal
(Box 3). To explain these effects, it was proposed that reference points may be determined
on the basis of expectations [36,37], which can be derived from the recent history of offers.
If an outcome exceeds an expectation, it is perceived as a gain; if it is less than expected, it
is seen as a loss. Thus, valuation can change if the experimenter simply controls the recent
history of choices in the task. These results are especially relevant for interpreting findings
from intertemporal choice tasks, but are less applicable to choices made in isolation.

All valuation is relative, and valuation in intertemporal choice is no exception. Intertemporal
preferences appear to depend on a reference point, and this reference point can be altered
through choice framing. Moreover, although this work is still in its infancy, recent history
might contribute to the determination of a reference point as well.

Time construal

An obvious contributing factor to how much people value rewards in the future is their
perception of the passage of time, and this can also be manipulated through framing.
Individuals subjectively perceive time in a nonlinear manner [38]. Whereas the difference
between 1 day from now and 10 days from now seems large, the difference between 10
years and 1 day from now and 10 years and 10 days from now seems small. This application
of Weber’s law to interval timing was formalized in scalar expectancy theory [39,40], and it
has long been assumed that interval timing plays an integral role in hyperbolic discounting.
Individuals who perceive time as more contracted are more patient [41], and neural activity
during temporal judgment tasks predicts temporal discount rates [42]. It has also been shown
that drug addicts, who exhibit very high discount rates, also have very short ‘time
perspectives’: when thinking about the future, they tend to project themselves to times about
9 days from now, while healthy people think ahead to an average of 4.7 years from now [43]
(for more about psychopathology and temporal discounting, see Box 4).

More pertinent for this review, however, is the idea that shifting one’s time perception to
make future events seem closer can lead to more patience. This can be achieved by framing
future rewards as more concrete, or easier to imagine. This fluency of imagination leads
people to believe that the reward is closer at hand, since near-future imagery is more
detailed than far-future imagery. This notion is inspired by construal level theory (CLT
[44]), an influential hypothesis that relates levels of abstraction in thought to the perception
of temporal distance. In CLT, events and outcomes that are more distant are susceptible to
“high-level construal,” in which more abstract, essential features are emphasized. More
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proximal outcomes are construed in “low-level” terms, which are more concrete and
detailed. By encouraging low-level construal, then, it may be possible to make future
outcomes seem nearer in time.

The perceived closeness of the future can be manipulated by changing the way that delays
are described. People tend to use more fine-tuned descriptors of time (i.e., days instead of
years) when an event is close. When individuals were prompted to use a fine-tuned metric of
time (days) instead of a gross metric (months), they predicted that events would take place
in the nearer future, and they estimated that preparation for the events should start sooner
[45]. Individuals were also more likely to perceive an event as occurring sooner when the
date was ‘like’ the current date (e.g., in the same year, “December 315) rather than unlike
the current date (e.g., after the same amount of time but in the next year, “January 15’ [46]).
Describing the future reward as occurring on a date (“May 15%) instead of after an interval
of time (180 days”) leads to more patient choice, perhaps by making the delay to the event
seem smaller [47-49]. The date/delay effect may not hold for shorter delays, however [48],
because people tend to use interval descriptors for shorter delays; using dates when the
reward is in the near future might actually make it seem more distant. By using knowledge
about how delay descriptions change the perception of time, one can frame intertemporal
choices so as to promote patient behavior.

In addition to changing how delays are described, providing a richer context for future
rewards can also make them feel more within reach. For example, participants were more
patient when they imagined spending a future reward in a particular place (e.g., “$45 in a
pub in 30 days” [50]) compared to when they considered the future reward on its own.
Making the future reward itself more concrete (e.g., pairing a Paris trip voucher with
pictures of Paris) or the present reward more abstract also shifts preferences [51]. Finally,
when individuals are shown computer-rendered images of their future selves during choice,
they make more far-sighted choices, since this manipulation makes the far future easier to
imagine [52].

The perceived amount of time until a future reward is obtained factors into intertemporal
decisions. Increasing future reward concreteness or changing the way that delays are
described can alter time perception. Although many of the above studies did not include a
measurement of time perception, this is the likely mechanism by which these manipulations
work.

carryover effects on intertemporal choice

In the previous section, we described how the framing of the choice itself can change choice,
but intertemporal choices can also be influenced by events that occur before the choice and
that are peripheral to the choice. We refer to these as ‘carryover’ effects, because they begin
before the choice and carry over into the decision. We discuss two major kinds of incidental
effects in this section — incidental affect and episodic future thinking.
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Incidental affect

A great deal of research on emotion-cognition interactions has shown that experienced
emotion can change subsequent choice, and that, conversely, regulating emotion can
influence decisions as well ([53]; see Box 3). Thus, one’s pre-existing affective state may
influence intertemporal choice, even when the state is irrelevant to the choice [53]. These
affective states can be induced through a variety of means in the laboratory. Here we will
briefly discuss three: exposure to affective stimuli, mood and stress.

Several studies have shown that when individuals view positive affective images before
intertemporal choice (e.g., erotic stimuli: [54,55]; attractive faces: [56]; desserts: [57]), they
make more impulsive choices. Myopic decision-making might also occur following
incidental exposure to negative affective stimuli [58], although the evidence is inconsistent
[59], and the effects may depend on individual differences [60]. The mechanism by which
affective stimuli alter valuation in this task is still unclear. One dominant theory is known as
the appraisal tendency framework (ATF [61]). In this framework, specific affective states
give rise to specific cognitive and motivational properties, and will elicit action tendencies
that enable individuals to deal with the situation at hand [62]. Findings of mood studies are
consistent with this framework. When sad mood is induced prior to intertemporal choice,
people become more impulsive [63]. In particular, they become more inclined to choose
immediate rewards, possibly in an attempt to seek immediate comfort. Meanwhile, gratitude
— a positive emotional state — leads to more patience [64], perhaps because it is associated
with a tendency to cooperate, which necessitates a future-oriented outlook.

Another incidental affective state that may influence choice is acute stress. Although stress
hormones impact a number of brain regions related to decision-making [65], the effects of
stress on intertemporal choice are inconsistent. One study found that individuals became
more impulsive under stress [66], whereas another found that there were no effects [67], and
yet another found that these effects depended on individual differences in perceived stress
[68]. Therefore, the conditions under which stress influences intertemporal choice remains
an open question.

In summary, incidental affective states can change intertemporal choice, but the effects are
mixed, and likely depend on the specific properties of the affective state.

Episodic future thinking

In line with the idea that affect can flexibly alter choice, future-oriented affect can lead to
more patient decision-making. Specifically, if positive episodic future thinking, or
prospection, is triggered prior to choice, people make more far-sighted choices, even if the
content of the future thought is unrelated to the reward being offered. In a number of studies,
it has been shown that people make more patient choices after being reminded of likely
positive future events [69-73]. The neural mechanism proposed for this effect involves an
interaction between the neural circuits involved in prospection and the network involved in
valuation [69,70].

Of course, there was an affective component inherent in the episodic future thought in these
studies, since individuals only imagined positive future events. Therefore, it is unclear if this
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manipulation works by making the future more concrete (and changing time construal) or by
increasing positive affect related to the future. One study [74] found that both neutral and
positive episodic future thinking led to decreased temporal discounting, contributing to the
“future concreteness’ hypothesis, but another [75] showed that neutral future thinking did
not change choice, and negative future thinking led to increased impulsivity, suggesting that
affect plays an important role in this process. Yet another possibility is that increasing
activity in neural regions involved in episodic thinking is sufficient to lead to more far-
sighted choice, and the content of the thought is secondary.

Even though the precise mechanism by which episodic future thinking leads to more
patience is unclear, this strategy is worthy of further research. This is especially true since
prospection is an intervention that is not subjectively perceived to be effortful (unlike
interventions that rely on executive control [76]).

Concluding remarks

Here we have identified two major classes of manipulations of intertemporal choices (see
Figure 1, Key Figure). These decisions can be altered both by the way that the choice is
framed and by the state of the decision-maker at the time of choice. The framing of the
choice itself can lead people to differentially weigh the attributes of the options, by directing
their attention toward the delay, the reward magnitudes or the opportunity costs associated
with the options. Framing can also change the reference point for the choice, leading to
biases in valuation of the smaller/sooner and later/larger rewards. Finally, the delay, which
is unique to intertemporal choices, can be perceived as longer or shorter, depending on how
the delay and the future reward are described.

These framing effects have implications for domains in which single choices are critical,
such as in marketing strategy or investment decisions. For example, a person may be more
likely to allocate money to retirement savings if their choice is framed in terms of ‘date of
retirement’ rather than ‘time until retirement.” Framing is less likely to influence
intertemporal preferences within individuals in a domain-general or enduring manner.
Nevertheless, being equipped with the knowledge of how framing effects operate can be
powerful. An individual can change the way he/she appraises every choice, potentially
culminating in substantial behavioral change.

Events that occur before the choice can also carry over to influence how intertemporal
decisions are made. Incidental affective states, such as emotions, moods and stress, can
influence choice, perhaps by changing the reference point, or by changing the allocation of
attention to choice attributes. Episodic future thinking, on the other hand, might serve to
change time construal during choice. The interplay between incidental effects and framing
effects on intertemporal choice presents an avenue for future research (Outstanding
Questions Box).

Unlike framing effects, the carryover effects described above are less relevant for
manipulating one-time choices in domains like marketing. Outside of a controlled
experimental setting, it is difficult to know an individual’s pre-existing affective or cognitive
state. However, if these carryover effects are robust, interventions based on them might be
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used to change intertemporal preferences more generally, perhaps in clinical populations.
For example, it may be feasible to train people to engage in prospection before intertemporal
choice, so that they make more patient choices. This possibility remains to be tested.

Given the various context effects described here, it may seem like a daunting task to develop
a unified model of intertemporal choice. However, theory can benefit from the predictability
of these phenomena. Just as Kahneman and Tversky accounted for ‘mistakes’ in risky
decision-making by proposing prospect theory, a general model of choice based on cognitive
psychology and neuroscience should be able to explain state effects. After all, intertemporal
choices are just special cases of the many multi-attribute choices that people face every day.
Psychologists, neuroscientists and economists have made a great deal of progress toward
describing how attributes are processed and integrated during decision-making. It is
becoming clear that to the extent that context influences the processing of reward and time,
it will influence intertemporal choice.

The predictability of many of these context effects is also advantageous for policymakers.
Advances in the understanding of intertemporal choice can be used to ‘nudge’ individuals
toward making more patient decisions [77]. These contextual influences can also be
foundational for new training interventions to help individuals who show pathological
choice behavior. Although there may be some stability to intertemporal preferences, they are
also profoundly context-dependent. It is time to model them as such.
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Glossary
Default bias a preference for the pre-determined default option offered
Endowment effect the tendency for people to ascribe more value to items that they own
Mood a diffuse, long-lasting affective state marked primarily by subjective
feelings
Opportunity cost the loss of potential gain from another alternative when one option is
chosen
Status quo bias a preference for the current state of affairs
Stress an affective state marked by an increase in physiological arousal,
glucocorticoid release and ratings of negative affect
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Box 1
Modeling intertemporal choice

Discounted utility functions, in which the value of rewards decreases with the delay to
receiving them, have existed in economics for centuries. However, in the last quarter of
the twentieth century, numerous experiments showed that people do not discount future
rewards at a constant rate. That is, rather than being exponential, discounting functions
are hyperbolic ([78] although this is debated in economics: see [79,80]). People treat the
near and far future differently — they are more impulsive for goods that will arrive soon
and more patient when both outcomes will arrive later [81]. This sort of “preference
reversal’ is the main justification behind the widespread adoption by psychologists of the
hyperbolic model, in which there is one discount rate parameter (often referred to as k).
Although this model is commonly used in psychology, other functional forms have also
been developed, the most prominent of which in economics is the quasi-hyperbolic
model [82]. In this model, the difference in intertemporal preferences between the near
and far future is accounted for by two parameters (i.e., § and 9).

Although the hyperbolic model has been very useful for characterizing behavior in
intertemporal choice tasks, it has limited predictive power in various contexts [83].
Therefore, the general trend is toward using more heuristic-based models (such as
similarity-based models [83], ITCH [84] and DRIFT [28]). In similarity-based models,
when two options are similar in one attribute (e.g., time), the other attribute will be
weighed more heavily in the decision [83]. ITCH, the Intertemporal Choice Heuristic
model, builds on this principle, and proposes that people decide by computing a weighted
sum of four variables: the absolute and relative differences in magnitude between
options, and the absolute and relative differences in time between options. The DRIFT, or
Difference-Ratio-Interest-Finance-Time, model does not include relative comparisons,
but it accounts for more patient choice when a decision is framed as an investment. These
heuristic models are powerful because they rely on well-documented psychological
principles, such as reference-dependence [1] and attribute-level comparison [85]. They
also include weighting parameters for different variables, so they can potentially explain
context effects due to attentional shifts.

Finally, models based on neuroscience are on the horizon [86]. The neural processing of
any choice begins with option representation, followed by valuation, followed by action
selection. Learning how intertemporal decisions are influenced at each of these stages
can result in a deeper understanding of this decision process.
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Box 2
Disentangling value and discount functions

In most experiments discussed in this review, it is assumed that the subjective value of a
reward increases linearly as a function of its amount (e.g., $20 is subjectively worth twice
as much as $10). This is an oversimplification, however, since it has been demonstrated
that subjective value is a nonlinear (concave) function of objective amount. Without
modeling value and discounting functions separately (e.g., as in [87]), it is difficult to
know if contextual factors change the value of rewards, the rate at which future rewards
are discounted, or both.

Discount rates have been shown to shift, for example, when both options offered increase
or decrease in value. In a phenomenon known as the ‘magnitude effect,” when the
amounts of the rewards offered are larger, people tend to be more patient [88]. For
instance, many people would take $10 today instead of $20 tomorrow, but their choice
would reverse if the immediate amount were $1,000 and the delayed amount $2,000. The
magnitude effect can be explained without reference to discounting, but simply by
considering that value functions for delayed rewards may be steeper than those for
immediate rewards. That is, the difference between $10 today and $10,000 today is
perceived as smaller than the difference between $10 in a year and $10,000 in a year.
Along these lines, the cost of waiting when the amounts are smaller (i.e., wait one day for
$10 more) is larger than the cost of waiting when the amounts are larger (i.e., wait one
day for $1000 more), so reward magnitude also influences the value of the waiting
period.

This same reasoning can also account for differences in discount rate among good types.
In general, discount rates for consumable goods, such as food and drugs, tend to be
higher than discount rates for money [89,90]. This might be because money is
exchangeable for many different kinds of goods, and the motivation to maximize it is
higher [91]. Moreover, an individual’s physical state (e.g., hunger) contributes to the
valuation of consumable goods, and this state fluctuates over time. In contrast,
appreciating future monetary rewards is less likely to depend on predicting future
physical states [89]. In sum, the subjective value of the rewards being considered is an
important factor for assessing and interpreting differences in discount rate.
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Box 3
The role of emotion in intertemporal choice

It is often assumed that emotion leads us to choose smaller, sooner rewards at our long-
term expense. One influential model proposes that intertemporal choices are the output of
a competition between two systems: an impulsive, emotional, ‘hot’ system and a patient,
deliberative, ‘cool’ system, that each have their own neural substrate [92,93]. Although
this claim has some intuitive appeal, it has not been substantiated, since few studies have
measured or manipulated emotional variables during intertemporal choice.

In the same study in which we showed that intertemporal choices are reference-
dependent [35], we measured pupil dilation. Pupil dilation, like skin conductance, is a
nonspecific measure of arousal, including arousal in response to emotional stimuli [94].
We found that arousal did not reliably correlate with the subjective value of either
immediate or delayed rewards, but rather, this relationship varied depending on the
structure of the choice set. Arousal increased when the more variable reward in the
paradigm was better than expected, whether the more variable reward was immediate or
delayed [35]. Importantly, this response was positively valenced, consistent with the
interpretation that it was an emotional response, and not simply a reaction to novelty or
surprise. This finding suggests that arousal, one important component of emotion, has a
nuanced role in this decision process. It is possible that arousal may be directly linked to
reference-dependent choice. Indeed, there are studies from the domain of risky choice
that suggest that this might be the case [95-97].

Further support for the idea that both immediate and delayed rewards elicit emotional
responses that influence choice comes from studies investigating how increasing the
emotional salience of delayed rewards increases patience. Manipulating the mental
representation of a future reward to make it more concrete can change its emotional
intensity and the choice. When participants were asked to imagine specific ways that they
could spend future rewards, they rated those rewards as more emotionally intense and
they were more likely to choose delayed rewards [50]. Furthermore, this manipulation
engaged neural regions known to be involved in the future projection of personal events
and their modulation by emotion [98].

Emotion is multidimensional, and it has become clear that a two-system framework, in
which the role of emotion is to lead us to choose immediate rewards, is too simplistic.
The emerging science suggests instead that emotion can contribute to valuation of both
immediate and delayed rewards, depending on contextual factors.
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Box 4
Interventions to change temporal discounting in psychopathology

Several psychiatric disorders are associated with aberrant temporal discounting. For
example, people suffering from drug addiction [7], attention deficit/hyperactivity
disorder [99], schizophrenia [100] and pathological gambling [9] demonstrate
consistently high discount rates. On the other hand, individuals with anorexia and
obsessive-compulsive personality disorder have been shown to have low discount rates
compared to healthy controls ([101,102] but see [103]). Context influences discount rate
within these disorders as well. Gamblers discount future rewards more in a gambling
context [104]. Opioid-dependent individuals deprived of opiates discount at a greater rate
[105], as do nicotine-deprived individuals ([106] but see [107]). Encouragingly,
treatment may shift discount rates as well — for example, inpatient treatment for anorexia
increases impulsivity [108], inpatient treatment for opiate users increases patience [109],
and working memory training increases patience in cigarette smokers [76]. Mindfulness-
based [110] and motivational-based interventions [111] may also work to decrease
discounting. However, there is scant evidence demonstrating that changes in temporal
discounting mediate the effects of treatment on recovery. Still, translating some of the
manipulations described here into longer-lasting training interventions may hold some
promise for psychiatry.
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Outstanding Questions Box
How well do the context effects described here translate to real-world decisions?

How can we leverage these manipulations to help individuals with psychiatric
disorders?

Are some manipulations more effective in changing discount rate than others?

What are the limits of context effects in intertemporal choice? Do people have a
‘true’ discount rate that is only subtly modulated by situational factors, or can
one go from impulsive to patient simply by changing the context?

Can we use susceptibility to context effects as an individual difference variable
to learn more about how people recruit different mechanisms to make decisions?

How long lasting are incidental effects on intertemporal choice? That is, how
long after an incidental state is induced will choices be influenced by it?

How do framing effects and incidental effects interact? What are the
mechanisms by which incidental states influence choice (through changing
attention, reference points, and/or time construal)? How can we harness
behavioral and neuroscience techniques to investigate these questions?

Avre the context effects described here unique to intertemporal choices, or
common to all decisions? To what extent do these manipulations shift the
discount rate specifically, and to what extent are they shifting other choice
variables, such as the way that monetary rewards are valued?

Given that there is asymmetry in the maturation of different neural systems
involved in decision-making, how do context effects change throughout
development? Relatedly, will these malleability manipulations be as effective,
or more effective, in children, adolescents and older adults?

Through what mechanisms do social factors influence intertemporal choice?
Social influences on intertemporal choice have been relatively underexplored,
but there is a burgeoning literature suggesting that input from social others can
influence decision-making.
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Trends

Intertemporal choices are decisions between outcomes realized at different
points in time. They are prevalent and often consequential.

While intertemporal preferences are generally thought to be stable, contextual
manipulations can shift people’s choices toward being more patient or
impulsive.

These manipulations fall into two broad categories: framing effects, in which the
way a choice is described influences choice, and incidental effects, in which a
pre-existing state modifies subsequent decisions.

The mechanisms by which context effects operate are based on psychological
principles and concepts, such as attention, reference-dependence, time construal,
affect, and prospection. Knowledge of these context effects might be used to
design interventions and to improve models of intertemporal choice.
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Two primary means by which context influences intertemporal choice. Individuals can be
more impulsive or patient depending on the way that choices are framed (framing effects) or
on the decision-maker’s current state (incidental effects). Major manipulations summarized
in this review are presented with respect to whether they increase discount rate, decrease

discount rate, or have mixed or inconsistent effects.
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