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H I G H L I G H T S
• Imagining the future, known as episodic foresight, may attenuate impulsivity.
• Episodic foresight reduced delay discounting and alcohol demand intensity.
• The effect of episodic foresight on impulsivity may extend to alcohol decisions.
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a b s t r a c t
Background: There is a near-universal tendency to discount the value of delayed rewards relative to those available in the here and now. The rate at which future rewards become devalued over time, delay discounting, is an
important individual difference variable related to impulsivity and is elevated in externalising disorders, including alcohol use disorders. Recent research suggests that vividly imagining personally relevant future events (episodic foresight) during an intertemporal choice task can attenuate the rate at which delayed rewards are
discounted.
Objectives: The present study sought to extend these ﬁndings by examining the effect of episodic foresight on
both delay discounting and alcohol-related decision-making.
Methods: Forty-eight college students were administered both modiﬁed intertemporal choice and hypothetical
alcohol purchase tasks during which personally relevant episodic future event cues or control imagery cues
were presented.
Results: Engaging in episodic foresight reduced both the rate at which delayed monetary rewards were
discounted and initial alcohol demand intensity (but not other demand indices) relative to control imagery.
Conclusions: Findings suggest that the attenuating effect of episodic foresight on impulsivity may be limited to
particular aspects of impulsive choice.
© 2016 Elsevier Ltd. All rights reserved.

1. Introduction
Making adaptive decisions often requires a decision-maker to suppress impulses towards immediate gratiﬁcation in the pursuit of longterm goals. Difﬁculty doing so has been conceptualized as a key feature
of impulsivity, and is characteristic of many behavioural disorders in
which immediate gratiﬁcation becomes highly prioritized over the pursuit of longer-term reinforcement (Bickel & Marsch, 2001; Gullo &
Potenza, 2014; MacKillop et al., 2011). Thus, while there is a near-universal tendency to discount the value of future rewards relative to
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those in the here-and-now, individuals with substance abuse disorders,
pathological gambling, obesity, and those who exhibit other risky health
behaviours have been consistently found to more rapidly devalue rewards that are delayed in their receipt than healthy controls (Bickel &
Marsch, 2001; Dixon, Marley, & Jacobs, 2003; Story, Vlaev, Seymour,
Darzi, & Dolan, 2014). For this reason, responses to intertemporal choices
between rewards available immediately and those available only after a
delay can act as a ‘behavioural marker’ of addiction-relevant outcomes
including the severity, and risk of developing, dependence (for review
see Bickel, Koffarnus, Moody, & Wilson, 2014).
Individual differences in discounting rate have been tied to a number
of factors, including genetic heritability and early life developmental experiences (Anokhin, Golosheykin, Grant, & Heath, 2011; Mauro & Harris,
2000; Odum, 2011; Peters & Büchel, 2011). However, the rate at which
future rewards are devalued can also vary widely within individuals, as a
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function of the perceived certainty of a future reward, the framing of the
choice question, current affect, alongside other situational or biological
variables (for reviews see Gray & MacKillop, 2015; Lempert & Phelps,
2015). One critical set of psychological variables associated with variation in the discounting rate is the manner in which individuals mentally
represent or imagine future rewards and the context of their receipt
(Bulley, Henry, & Suddendorf, 2016).
A number of recent experimental studies suggest that imagining the
future, so-called episodic foresight (Suddendorf & Corballis, 1997, 2007)
or episodic future thinking (Atance & O'Neill, 2001), can reduce the rate
at which future rewards are discounted in the process of making
intertemporal choices. In general, these studies have provided participants with modiﬁed intertemporal choice tasks (ICTs) in which a personally relevant future event cue is provided alongside the choice
question (Benoit, Gilbert, & Burgess, 2011; Daniel, Said, Stanton, &
Epstein, 2015; Daniel, Stanton, & Epstein, 2013a, 2013b; Kwan et al.,
2015; Lin & Epstein, 2014; Liu, Feng, Chen, & Li, 2013; Palombo,
Keane, & Verfaellie, 2014; Peters & Büchel, 2010). For example, in
Peters and Büchel (2010), participants indicated their preference for either 20€ now, or 35€ in 45 days, while in some trials being simultaneously cued with an actual event they had planned in around
45 days time. In the episodic cue condition, preferences shifted towards
longer-term rewards, and the strength of this effect was associated with
individual differences in the vividness of mental imagery about the episodic future event.
The effect of episodic foresight has been shown to extend to realworld behavioural indices of impulsive choice. When tempted with unrestricted access to immediately gratifying, densely caloric food, both
obese women and children consumed less if concurrently imagining
personally relevant future events (Daniel et al., 2015, 2013b). This effect
of episodic foresight on impulsive eating has also recently been demonstrated in college women, such that food-related episodic future thinking led to more restricted consumption of freely and immediately
available snacks (Dassen, Jansen, Nederkoorn, & Houben, 2016), and
in a sample of obese or overweight women in a real-world food-court
experiment (O'Neill, Daniel, & Epstein, 2015).
A large body of evidence suggests that problematic alcohol users
tend to show steeper discounting rates than individuals who use alcohol
at more moderate or less risky levels (MacKillop et al., 2011; Petry,
2001). While individuals may not be explicitly deciding between payoffs at different times when they choose whether or not to eat unhealthy foods or drink alcohol, there is commonality between the type
of decision-processes tapped by the ICT, and the processes employed
in such health-related consumption decisions (Yi, Mitchell, & Bickel,
2010). In both cases, the options exist to make either (i) a decision prioritizing immediate gratiﬁcation (e.g. pleasure) or (ii) a decision that
prioritizes longer-term gains (e.g. health). Purchase demand for alcohol
is one measure than can be employed to investigate this decision-process, and is predictive of alcohol consumption (Dennhardt, Yurasek, &
Murphy, 2015; Murphy et al., 2015) as well as problematic alcohol-related behaviours such as driving after drinking (Teeters, Pickover,
Dennhardt, Martens, & Murphy, 2014).
Demand for alcohol can be directly assessed with hypothetical ‘alcohol purchase tasks’ (APTs) that ask participants to indicate their willingness to purchase hypothetical drinks at increasing costs (MacKillop et
al., 2009, 2010; MacKillop & Murphy, 2007; Murphy, MacKillop,
Skidmore, & Pederson, 2009). There is generally good correspondence
between hypothetical tasks of this nature and tasks in which access to
alcohol is provided (Amlung, Acker, Stojek, Murphy, & MacKillop,
2012). Given recent studies showing that episodic foresight can reduce
not only delay discounting but also ‘impulsive’ eating, in the current
study we aimed to explore the effect of episodic foresight on both
standard monetary intertemporal choice, as well as alcohol demand
using a hypothetical APT. Firstly, we hypothesized that engaging in
episodic foresight during the ICT would attenuate the rate at which
future rewards were subjectively devalued over time. Secondly, we

hypothesized that engaging in episodic foresight would reduce ‘impulsive’ alcohol demand on the hypothetical APT.
2. Method
2.1. Participants
Fifty-two undergraduate students participated in the study for
course credit. The study was approved by the relevant university
human research ethics committee. Four (7.7%) participants were excluded because they did not attend both experimental sessions. This
left a ﬁnal sample of 48 participants (33 females, 68.8%). The mean
age of the sample was 20.67 years (SD = 5.36).
2.2. Design and procedure
Participants attended two sessions timed roughly one week apart. In
both sessions, participants completed a modiﬁed ICT, in which they
made a series of choices between immediate (smaller) or delayed (larger) rewards available at ﬁve future time-points, and a hypothetical APT,
in which they indicated how many drinks they would consume at various price intervals. During both tasks, participants were presented with
cues to engage in either (i) episodic foresight or (ii) control imagery before each decision point, with the order of this manipulation
counterbalanced between sessions.
The episodic or control cues were generated at the start of the respective session, and were drawn from either (i) personally relevant
events that participants listed they were looking forward to in the future (episodic), or (ii) events from a story with vivid imagery that
they were instructed to read (control). Participants also completed the
Alcohol Use Disorders Identiﬁcation Test (AUDIT). At the end of each
session, participants rated dimensions of their mental imagery during
the tasks. Demographic information was collected at the start of the
ﬁrst session, and participants underwent a funnel debrieﬁng procedure
at the end of the second session.
2.3. Manipulations
2.3.1. Episodic foresight
At the start of the episodic foresight session, participants were asked
to imagine and list personally relevant future events that they were
“looking forward to” over the next year. Speciﬁcally, they were asked
to provide two events for each of the time delays corresponding to the
reward delays in the ICT, and to rate the vividness, positive emotionality, and personal relevance of these events on a scale from 1 (not at all) to
6 (very). For each time point (today, two-days, 30-days, 180-days, and
365-days), the events with the highest average rating across these
scales were selected as cues for the episodic foresight manipulation.
These episodic cues were inserted into the code of the computerized
ICT, to be presented before each decision in a manner that synchronized
the temporal distance to both the possible future event and the delayed
reward. For example, participants would be presented with a cue to
imagine an event they were looking forward to in around 180 days before making a choice about a reward that was delayed by that same
amount of time. The episodic cues were also presented in the APT,
though because this task lacks a temporal component, the cues appeared before each decision in an arbitrary order.
2.3.2. Control imagery
At the start of the control imagery session, participants read the ﬁrst
two chapters of “Pinocchio” (Collodi, 1995), which contains many highly vivid events (e.g. “Geppetto turned the colour of a red pepper”). The
story was split into ﬁve pages, and participants were instructed to list
two events from each page that they enjoyed and to rate the vividness,
positive emotionality, and personal relevance of these events on a scale
from 1 (not at all) to 6 (very). The events with the highest average
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ratings were selected as cues for the control imagery manipulation. Because the story events were ﬁctitious rather than speciﬁc temporal
events, the control cues were inserted into the ICT and APT in an arbitrary order. This control imagery task was based on a previous study
by Daniel et al. (2013a) and meant that participants were engaging in
mental imagery (and thereby constructing a mental scenario as per
the episodic condition), but that these simulations differed from the episodic foresight imagery inasmuch as they were (i) ﬁctitious (ii) not prospective, (iii) not personally relevant events.
2.4. Measures
2.4.1. Intertemporal choice task (ICT)
Participants were presented with a series of computerized choices
between a small, immediate amount of money (e.g. $2) and a larger,
consistent amount ($10) that was variably delayed in its receipt by 0,
2, 30, 180 or 365 days (Richards, Zhang, Mitchell, & de Wit, 1999). Participants were instructed to answer as if they were really going to receive the rewards after the designated delay. A screen displayed the
choice question and two response buttons, an episodic or control
event cue in bold red lettering, and a prompt instructing the participant
to imagine the event. Participants were instructed before the task that
when an event cue was presented they should take a few moments to
vividly imagine the event, including as many sensory and emotional details as possible, before making their decision. The instruction to explicitly imagine the events differed from one previous study in which
participants were merely cued with future events (Peters & Büchel,
2010), but closely resembled other studies that have given similarly explicit instructions (Daniel et al., 2013b; Lin & Epstein, 2014).
Participants were also told they did not need to imagine spending
the money during the event, meaning the imagination component of
the task was ostensibly unrelated to the decision-making component.
A titrating adjusting-amount procedure converged on the ‘indifference
point’ for each of the delays at which point the subjective value of the
immediate (smaller) and future (larger) reward was indistinguishable.
The program was set to terminate after converging (or making a substantial number of attempts to converge) on an indifference point for
each delay. The indifference points for each delay produced by the ICT
were used to generate area under the indifference curve (AUC) values,
with higher AUC values representing lower delay discounting. For
more information on this calculation see (Myerson, Green, &
Warusawitharana, 2001; Reed, Kaplan, & Brewer, 2012). Because participants completed two intertemporal choice tasks (once with episodic
cues, once with control cues), we calculated AUC values separately for
both iterations of the ICT.
2.4.2. Alcohol purchase task (APT)
Alcohol demand was assessed with a state-oriented hypothetical
APT modelled after MacKillop et al. (2010), which requires participants
to list how many drinks they would purchase and consume at various
prices. The APT instructions speciﬁed that drinks had to be consumed,
not stockpiled, and that ‘a drink’ was deﬁned as standard sized beer,
wine, or shot of liquor (straight or mixed). Participants were presented
with nineteen price intervals, one by one, alongside a text-box wherein
they entered the number of drinks they would buy at that price. The
price intervals were zero (free), 1¢, 5¢, 13¢, 25¢, 50¢, $1, $2, $3, $4, $5,
$6, $11, $35, $70, $140, $280, $560, and $1120. The approximately doubling interval spacing is common in demand tasks and is based on a progressive-ratio operant schedule (Jacobs & Bickel, 1999; MacKillop et al.,
2010). Before each price interval screen a separate display appeared
with an event cue (episodic or control), alongside instructions asking
the participant to take a few moments to imagine this event. Once participants had imagined the event for a few moments, they were free to
respond.
The APT produces ﬁve ‘demand indices’ that reﬂect different aspects
of alcohol purchasing behaviour (MacKillop et al., 2009; Murphy &
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MacKillop, 2006). Intensity of demand is the number of drinks requested
at zero cost (when drinks are free). Breakpoint is the price at which the
requested drinks equal zero (the price that ﬁrst suppresses consumption to zero demand). ‘Omax’ is the highest observed expenditure on alcohol across the price intervals (the most amount of money spent at any
one price). ‘Pmax’ is the price at which Omax occurs (i.e. the price point
at which the most money is spent on drinks). Elasticity, which is derived
from demand-curve modelling, indicates the rate of decrease in consumption as a function of cost (Murphy et al., 2009).

2.4.3. Alcohol use
Alcohol use patterns were assessed with the AUDIT, which is a 10item self-report questionnaire with questions about drinking amount,
frequency, dependence, and drinking-related problems (Saunders,
Aasland, Babor, de la Fuente, & Grant, 1993). The AUDIT is a screening
instrument for problematic drinking patterns. It has good internal reliability and test–retest reliability across various populations (e.g., university students, emergency room patients) (Daeppen, Yersin, Landry,
Pécoud, & Decrey, 2000; Dawe, Loxton, Kavanagh, & Mattick, 2002).
Scores on the AUDIT correlate with other measures of risky or harmful
drinking (O'Hare & Sherrer, 1999), and can effectively classify dependent and non-dependent drinkers (Saunders et al., 1993).

2.4.4. Cue ratings
At the end of each session, participants rated the vividness, positive
emotionality, and personal relevance of each event cue on scale from 1
(not at all) to 6 (very). Participants also rated how frequently each event
cue evoked their imagination during the tasks, from 1 (never) to 6 (every
time).

3. Results
3.1. Drinking behaviours of the sample
The mean AUDIT score was 5.73, with 14 (29%) participants scoring
above the 8+ cut-off for hazardous drinking speciﬁed by Saunders et al.
(1993). When asked how often they have a drink containing alcohol,
approximately 17% of the sample responded with ‘never’, 38% with
‘monthly or less’, 31% with ‘2–4 times a month’, 13% with ‘2–3 times a
week’ and 2% with ‘4 or more times a week’. When asked how many
standard drinks they have on a typical day when they are drinking, approximately 56% responded with ‘1 or 2’, 20% with ‘3 or 4’, 20% with ‘5 or
6’, none with ‘7 to 9’ and 2% with ‘10 or more’.
3.2. Cue ratings
One participant was missing data from the control session cue-rating
questionnaire and as such these data were estimated with Expectation
Maximisation (Dempster, Laird, & Rubin, 1977). Paired-samples t-tests
revealed that participants rated the personal relevance of the episodic
imagery signiﬁcantly higher (M = 5.34, SD = 0.54) than the personal
relevance of control imagery (M = 3.06, SD = 1.2), t (47) = 12.14,
p b 0.001, and that participants rated the positive emotionality of episodic imagery (M = 5.39, SD = 0.52) signiﬁcantly higher than control
imagery (M = 3.89 SD = 0.92), t (47) = 9.78, p b 0.001. As in previous
studies (Daniel et al., 2013a, 2013b), a general ‘imagery’ score was calculated by averaging the self-reported vividness and frequency of imagery during the tasks. Overall, participants rated the combined frequency
and vividness of their imagery signiﬁcantly higher in the episodic condition (M = 5.06, SD = 0.54) than in the control condition (M = 4.61,
SD = 0.84), t (47) = 3.92, p b 0.001. Hence, the difference between
the imagery in the two conditions was entered as a covariate in subsequent analyses.
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3.3. Episodic foresight during intertemporal choice
Some participants lacked sufﬁcient data on the ICT due to repeatedly
inconsistent responses in either the control (n = 7; 15%) or episodic
(n = 4; 8%) session. In each case, the program's adjusting-amount procedure was unable to converge on an indifference point for one of the
delays after a number of convergence attempts. Response inconsistency
is not uncommon in studies employing ICTs (Isen, Sparks, & Iacono,
2014; Jonhson & Bickel, 2008; Olson, Hooper, Collins, & Luciana,
2007). Because of the repeated measures design, the participants with
incomplete data from either of the two ICTs were excluded from the
subsequent discounting analyses, in line with previous studies using
the same procedure (e.g. Isen et al., 2014). The excluded cases did not
differ signiﬁcantly in terms of gender, general imagery scores, AUC
values, or AUDIT scores (ps N 0.05).
A one way repeated measures ANCOVA was run with condition (episodic vs. control) as the within-subjects factor and AUC as the outcome,
controlling for imagery differences. Gender was also included as a covariate because of previous studies suggesting a relationship between
gender, delay discounting and episodic thinking (Seinstra, Grzymek, &
Kalenscher, 2015). This ANCOVA revealed a signiﬁcant difference in
discounting between the episodic and control conditions, F (1, 34) =
8.42, p = 0.006, η2p = 0.198, such that engaging in episodic foresight increased AUC values (M = 0.71, SD = 0.26) compared to control imagery
(M = 0.54 SD = 0.30). Because higher AUC values represent less steep
discounting of future rewards, this suggests that episodic foresight reduced impulsivity on the task relative to control imagery (see Fig. 1).
No signiﬁcant interactions emerged between condition and any covariate (ps N 0.05), and as such the assumption of homogeneity of regression was not violated.
3.4. Episodic foresight during alcohol purchase task
Two participants did not complete the APT because they indicated
they would abstain from drinks regardless of circumstances (they
were non-drinkers), so these participants were removed from subsequent APT analyses. Data were initially screened as per previous studies

utilizing an APT (Amlung & MacKillop, 2012; Amlung & Mackillop,
2014; MacKillop et al., 2010). We were tolerant of violations of the assumptions about the directional change in consumption across price increments (e.g. bounce/preference reversals) because in both iterations
of the task participants underwent an imagination manipulation
whose inﬂuence on choice patterns or consistency could not be predicted (see Stein et al., 2015). Four participants were excluded for non-consumption (zero demand) on the APT. Raw demand data were examined
for outliers with a criterion of Z = 4 to retain maximum data (as per
MacKillop et al., 2010). A small number of high-magnitude outliers
were detected in the raw demand data, all of which were recoded to
the next highest non-outlying value. After screening the price-level
data and computing the behavioural economic demand indices, the demand indices were also examined for outliers with a standard criterion
of Z N 3.29. These demand index outliers were recoded as one unit
higher than the next highest value (Tabachnick & Fidell, 2007). The distributions of all demand indices were examined for normality with histogram plots, which indicated that Omax, Pmax, intensity and breakpoint
were positively skewed. These indices were therefore subjected to
square-root transformations, which greatly improved the skewness of
all distributions. As per Amlung and Mackillop (2012), elasticity of demand was derived by using a non-linear exponential demand curve
equation from Hursh and Silberberg (2008), and was subsequently subjected to a logarithmic transformation on account of its skewness. Because actual alcohol use behaviours have been found to be associated
with APT responses (Amlung et al., 2012), analyses of the demand indices included AUDIT scores as a covariate.
Results of repeated measures ANCOVAs with condition (episodic vs.
control) as the within-subjects factors and each of the demand indices
as the outcomes, controlling for imagery differences, AUDIT scores and
gender (on account of potential demand differences between males
and females; Gray & MacKillop, 2014) revealed a small but signiﬁcant
effect of condition on intensity of demand, which was signiﬁcantly
lower in the episodic condition relative to the control condition (see
Table 1). No signiﬁcant differences between the conditions were
found for Omax, Pmax, breakpoint or elasticity. In none of the models
was there a signiﬁcant interaction between condition and any covariate
(ps N 0.05), and as such the assumption of homogeneity of regression
was not violated.
4. Discussion
This experiment investigated the impact of episodic foresight on
intertemporal choices and alcohol demand. In line with our initial hypotheses, results demonstrated that imagining personally relevant future events during the monetary ICT attenuated the rate at which
delayed rewards were discounted. Furthermore, cued episodic future
thinking during the APT led to a small reduction in demand ‘intensity’
(demand at zero cost). However, contrary to our hypotheses, all alcohol
demand indices aside from intensity were unaffected when participants
engaged in episodic foresight during the APT. Collectively, these ﬁndings demonstrate a causal inﬂuence of cued future thinking on choice
Table 1
Comparisons between alcohol demand indices in the episodic and control imagery
conditions.
Control

Omax
Pmax
Intensity
Breakpoint
Elasticity
Fig. 1. Area under the curve values in the episodic and control imagery conditions. N = 37,
**p b 0.01. Error bars represent ±1 SEM.

Episodic

M

SEM

M

SEM

F (1, 38)

p

η2p

36.64
29.27
6.76
32.04
0.01

6.46
6.69
0.8
4.26
0.002

28.51
17.24
5.29
34.16
0.01

3.19
2.79
0.73
5.08
0.002

2.53
2.37
4.11
1.16
0.47

0.12
0.13
0.0497⁎
0.29
0.5

0.06
0.06
0.1
0.03
0.01

⁎ Indicates signiﬁcant at p b 0.05. N = 42. Non-transformed mean values reported for
interpretability. Analyses controlled for sex, AUDIT scores and between-condition imagery
differences.
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impulsivity generally, but suggest that this inﬂuence may only extend to
certain aspects of alcohol-related decision-making.
Craving for alcohol plays an important role in impulsive alcohol use
behaviours, and existing research on the cognitive and motivational aspects of this craving process place mental imagery central to potential
intervention outcomes (Connor et al., 2014; Kavanagh, Andrade, &
May, 2005; Kemps & Tiggemann, 2007; May et al., 2014). In line with recent recommendations for clinical innovation (Kavanagh et al., 2014),
the current results suggest that encouraging prospective (future-oriented) imagery may bolster the effectiveness of mental imagery in reducing impulsive behaviours. However, the small effect size and marginal
signiﬁcance value of the ‘intensity’ index mean these results should be
interpreted with caution. Additionally, none of the other four APT demand indices were attenuated in the episodic foresight condition relative to the control imagery condition.
The speciﬁc mechanisms underlying the effect of episodic foresight
on intertemporal decision-making remain unclear (for a review see
Bulley et al., 2016). It is worth noting that the episodic cues used in
this experiment were general future events and ostensibly not related
to the reward-domain at hand. One possibility is that engaging in episodic foresight serves to shift time horizons towards the future, thereby
increasing the salience of future goals and outcomes and informing
about the utility of future rewards (Boyer, 2008; Lin & Epstein, 2014).
More research remains to be done in order to determine how the specific reward content of imagined future events might inﬂuence
intertemporal choice processes (see Dassen et al., 2016), as well to discern the relative contributions of episodic and semantic processing in
this personal event cuing effect (see also Kwan et al., 2015; Palombo,
Keane, & Verfaellie, 2015; Thom & Clayton, 2015).
There are some limitations to the current study. Firstly, rewards in
both the ICT and APT were hypothetical. While choice patterns on
both of these tasks have been found to correspond with actual monetary
rewards and alcohol, respectively (Amlung et al., 2012; Lagorio &
Madden, 2005), it would nevertheless be informative to determine
whether the effect of episodic foresight operates comparably when
real access to alcohol is provided. Secondly, the current study was conducted with a relatively small college student sample that endorsed relatively low levels of problematic drinking. Future research will
therefore be needed to determine the generalizability of these results
to populations with higher rates of problematic alcohol use. Indeed, a
recent study by Snider, LaConte, and Bickel (2016), found that cued episodic future thinking reduced both delay discounting in a monetary
choice task and intensity of demand in an alcohol purchase task in a
sample of alcohol dependent individuals.
In conclusion, the present study demonstrates a causal inﬂuence of
cued episodic foresight in reducing delay discounting, and suggests a
potential role for episodic foresight in attenuating alcohol demand intensity. By coming to better understand the circumstances in which engaging in episodic foresight modiﬁes intertemporal and impulsive
choice patterns, researchers and practitioners may be able to develop
novel, prospective imagery-based intervention strategies for behavioural disorders characterized by the prioritization of immediate over longterm rewards.
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