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Episodic future thinking (EFT) denotes our capacity to imagine
prospective events. It has been suggested to promote farsighted
decisions that entail a trade-off between short-term versus long-
term gains. Here, we meta-analyze the evidence for the impact
of EFT on such intertemporal choices that have monetary or
health-relevant consequences. Across 174 effect sizes from 48
articles, a three-level model yielded a medium-sized effect of g =
0.44, 95% CI [0.33, 0.55]. Notably, this analysis included a sub-
stantial number of unpublished experiments, and the effect re-
mained stable following further adjustments for remaining pub-
lication bias. We exploited the observed heterogeneity to deter-
mine critical core components that moderate the impact of EFT.
Specifically, the effect was stronger when the imagined events
were positive, more vivid, and related to the delayed choice. We
further obtained evidence for the contribution of the episodicity
and future-orientedness of EFT. Of note, EFT had a greater im-
pact in samples characterized by choice impulsivity (e.g., in obe-
sity), suggesting that EFT can ameliorate maladaptive decision
making. Additional analyses indicated that the effect is unlikely
to merely reflect demand characteristics. Together, these results
highlight the potential of EFT in promoting long-term goals, a
finding that extends from the laboratory to real-life decisions.
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Introduction

Many of our decisions entail a trade-off between short-term
gains and long-term consequences. They range from the triv-
ial (e.g., having a second helping versus leaving room for
dessert) to the highly consequential (e.g., splurging on a new
car versus saving for retirement). In the laboratory, these in-
tertemporal choices are typically examined by having partic-
ipants choose between small and sooner rewards (e.g., Euro
5 now) versus larger but more delayed rewards (e.g., Euro
10 in two months). A rich line of research has documented
that, everything else being equal, people are more likely to
forego the larger reward with increasing delay until its de-
livery (Amasino et al., 2019; Berns et al., 2007; Green &
Myerson, 2004; Peters & Büchel, 2011). That is, we tend
to assign a smaller subjective value to the otherwise identical
reward when we would have to wait longer for it. This phe-

nomenon is most commonly referred to as delay discounting
(DD; Green & Myerson, 2004; Mazur, 1987).

Although DD is a ubiquitous feature of intertemporal
choices, individuals vary with the extent to which they dis-
count delayed rewards. Importantly, steeper discounters tend
to make poorer health-relevant decisions (Amlung et al.,
2019; Peters & Büchel, 2011; Story et al., 2014). For ex-
ample, exaggerated monetary DD has been associated with
detrimental behaviors such as physical inactivity (Story et al.,
2014), overeating (Appelhans et al., 2011; Rollins et al.,
2010), and substance abuse (Bickel et al., 1999; Kollins,
2003; MacKillop et al., 2011). These behaviors implicitly
constitute intertemporal choices between immediately avail-
able rewards (i.e., indulging in the moment) versus tempo-
rally protracted rewards (i.e., being in good health) (Bulley
& Schacter, 2020; Epstein et al., 2003; Hollis-Hansen et al.,
2019). DD thus generally characterizes choice impulsivity
and may constitute a critical trans-disease process (Amlung
et al., 2019; Hamilton et al., 2015).

The link between DD and maladaptive behaviors has
stimulated research on interventions that may prove effec-
tive in nudging individuals towards more farsighted deci-
sions (Peters & Büchel, 2011; Rung & Madden, 2018).
These include mindfulness-based approaches (Hendrickson
& Rasmussen, 2013; Morrison et al., 2014), framing (Dshe-
muchadse et al., 2013; Read et al., 2005) and other contex-
tual effects (Dai & Fishbach, 2013; Green et al., 2005), as
well as pharmacological interventions (de Wit, 2002). We
here examine the impact of episodic future thinking (EFT):
the imagination of episodes that may take place in one’s per-
sonal future (Atance & O’Neill, 2001; Schacter et al., 2017).

EFT draws on memories of the past that get recom-
bined into simulations of prospective events (Addis, 2020;
Schacter et al., 2017). EFT allows humans to not only con-
sider the immediate outcomes of an action but also its ex-
tended consequences (Atance & O’Neill, 2001; Baumeister
& Masicampo, 2010; Boyer, 2008; Suddendorf & Corbal-
lis, 2007). It thereby renders an otherwise intangible future
more concrete (Lee et al., 2020; Thorstad & Wolff, 2018) and
can guide our intertemporal decisions (Baumeister & Masi-
campo, 2010; Benoit et al., 2018; Boyer, 2008; Bulley et al.,
2016).
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The Current Meta-Analysis. Over the last decade since the
initial reports (Benoit et al., 2011; Peters & Büchel, 2010),
there has been rapidly accumulating evidence that EFT in-
deed attenuates DD of monetary rewards (Rung & Madden,
2018 for an earlier meta-analysis of a very limited number of
studies). It also seems to foster more advantageous health-
relevant decisions (e.g., Daniel et al., 2013; Dassen et al.,
2016). The current meta-analysis has two objectives.

First, we aim to establish the presence and to gauge the
effect size of EFT on intertemporal choices. We thus exam-
ine the pertinent literature on the discounting of monetary
rewards (with a 5-fold increase in studies compared to Rung
& Madden, 2018) and assess the generalizability to health-
relevant choices (e.g., smoking, alcohol, food). Importantly,
we include a large number of unpublished data sets (16% of
the included studies) and use several procedures to detect and
adjust for the presence of publication bias.

Second, EFT is a complex capacity and we are still lack-
ing a clear understanding of the core components that render
it effective in reducing discounting. The behavioral proce-
dures typically ask participants to imagine specific prospec-
tive episodes (i.e., the EFT condition) or to engage in one
of various other tasks (i.e., the control condition), before
they have to make an intertemporal choice (that either affects
their monetary pay off or has possible health-relevant conse-
quences). Across studies, however, there is a great hetero-
geneity in the nature of both the EFT and control conditions.

We make use of that heterogeneity to determine core
features of EFT that lead to more farsighted decisions. We
accomplish this by conducting a number of targeted mod-
erator analyses. These analyses focus on the (i) valence of
the imagined event, its (ii) vividness, (iii) episodicity and (iv)
future-orientedness. We also examine the impact of the (v)
content specificity of the imagined event (i.e., whether the
imagination entails the consumption of the delayed reward or
its possible consequences). Finally, we assess whether EFT
is more effective in people who are characterized by greater
(vi) choice impulsivity (e.g., individuals with obesity). In the
following, we introduce these candidate core components.

Candidate Core Components of Episodic Future Thinking.
(i) Valence. When we are faced with an intertemporal choice,
we do not experience the positive emotional impact that a de-
layed reward would hold (e.g., Rick & Loewenstein, 2008).
EFT conveys this affective experience by allowing us to men-
tally visit that future moment (Benoit et al., 2018; Schacter
et al., 2015). This positive experience has been hypothesized
to add value to the delayed reward and thus to act as a break
on impulsive tendencies (Benoit et al., 2011; Boyer, 2008;
Frederick et al., 2002; Loewenstein & Lerner, 2003; Rick &
Loewenstein, 2008). In contrast, imagining negative episodes
may even have the opposite effect of further devaluing the fu-
ture (Bulley et al., 2016; Liu et al., 2013).

However, the few studies that have directly examined

the effect of valence have provided mixed evidence (Bulley
et al., 2019; Calluso et al., 2019; Liu et al., 2013; Zhang et al.,
2018). We here used the heterogeneity of the episodes’ va-
lence across all studies to systematically examine whether
EFT more strongly promotes farsighted decisions when the
imagined events are positive rather than neutral or negative.

(ii) Vividness. EFT may have a stronger impact on
one’s future-oriented decisions when the prospective events
are imagined more vividly (Bromberg et al., 2015; Ciaramelli
et al., 2019; Peters & Büchel, 2010). Related to the previ-
ous point, more vividly imagined events elicit stronger af-
fective responses (D’Argembeau & Van der Linden, 2012;
Holmes & Mathews, 2010). In addition, vividly imagined
events are also deemed more likely or plausible to actually
occur (Gregory et al., 1982; Sherman et al., 1985; Szpunar
& Schacter, 2013; J. Q. Wu et al., 2015). Vivid imaginings
might thus partially attenuate discounting by rendering the
future more certain (Bulley et al., 2016). To date, there is
only limited evidence that participants who imagine future
episodes more vividly are also more likely to choose delayed
rewards (Bromberg et al., 2015; Ciaramelli et al., 2019; Pe-
ters & Büchel, 2010). To gauge vividness as a potential mod-
erator, we focused on the studies that have reported such rat-
ings for both the EFT and control condition. Specifically, we
determined the effect sizes of the difference between condi-
tions and included them as a moderator.

(iii) Episodicity. Though intertemporal choices inher-
ently entail a trade-off with the future, there is evidence that
people who are apparently stuck in the present do not nec-
essarily show atypical patterns of DD. Specifically, amnesic
patients with damage to the medial temporal lobes are also
severely impaired in simulating future episodes (McCormick
et al., 2018; Race et al., 2011). Yet, per se, they do not
discount future rewards more strongly than neurotypical per-
sons (De Luca et al., 2018; Kwan et al., 2012, 2013). Crit-
ically though, unlike neurotypicals, amnesic individuals do
not show reduced delay discounting when given the oppor-
tunity to engage in EFT before making their choices (Kwan
et al., 2015; Lebreton et al., 2013; Palombo et al., 2015).

The neuropsychological data thus indicate that the abil-
ity to construct episodic imaginings of the future contributes
to the impact of EFT. To further test this hypothesis regarding
the episodicity of future thoughts, we specifically examined
the studies that compared EFT to a non-episodic, yet also
future-oriented control condition (i.e., semantic future think-
ing; Atance & O’Neill, 2001; Suddendorf & Corballis, 2007).

(iv) Future-Orientedness. EFT makes prospective
events more salient and thus changes people’s time per-
spective further into the future (Kurth-Nelson et al., 2012;
Lin & Epstein, 2014). This shift towards a greater future-
orientedness may lead to more farsighted decisions (Sheffer
et al., 2016; Shevorykin et al., 2019).

Supporting this account, there is some general evidence
that more future-oriented individuals discount monetary re-
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wards less steeply (Daugherty & Brase, 2010; Joireman et al.,
2008; Steinberg et al., 2009) and that they make better health-
relevant choices (e.g., Hall et al., 2015).

There is also more specific evidence that episodic future
thinking reduces discounting and promotes health-relevant
choices - even compared with other forms of episodic think-
ing (e.g., recall of recent or remote past events; Daniel et al.,
2016; Dassen et al., 2016; Stein et al., 2018; cf. Ciaramelli
et al., 2019). We systematically examined these studies to
test the hypothesis that a temporal shift towards the future is
a contributing core component of EFT.

(v) Content Specificity. The studies on EFT and in-
tertemporal choice differ with respect to the degree that the
future imaginings were content-specific, that is, that they
directly incorporated the future payoffs. Some studies did
instruct participants to specifically imagine the impact of
choosing the delayed monetary option (e.g., Benoit et al.,
2011; Palombo et al., 2015) or the health-relevant conse-
quences (Chiou & W.-H. Wu, 2017; Dassen et al., 2016).
Others required their participants more generally to imagine
any future event of their choosing (e.g., Cheng et al., 2012;
Wu et al., 2017).

Content-specific EFT may particularly motivate far-
sighted decisions by explicitly binding the delayed option
to one’s personal future goals (Boyer, 2008; Ernst et al.,
2018). However, the few studies that have directly com-
pared the influence of content-specific versus generic EFT
have yielded inconclusive results (Dassen et al., 2016; Hollis-
Hansen et al., 2019; O’Donnell et al., 2017). We here made
use of the methodological variance in the literature to further
examine this account across all included studies.

(vi) Choice Impulsivity. An individual tendency for
steeper delay discounting has been linked to maladaptive out-
comes and diverse clinical disorders (Amlung et al., 2016,
2017, 2019; Paret et al., 2017). It thus is particularly impor-
tant to gauge whether people who are characterized by choice
impulsivity (e.g., individuals with obesity or with substance
use disorder) may benefit from EFT (Peters & Büchel, 2011).
Indeed, given their generally greater disregard for the future,
it seems possible that their choices may in fact be more mal-
leable to the influence of directed EFT.

Further Procedural Moderators.
In addition to the theoretically-motivated moderators, we also
examined a number of additional moderators that are of more
procedural interest. Specifically, we tested whether there are
systematic differences in the observed effect sizes (vii) for
between- versus within-subject designs and for studies con-
ducted (viii) in person (e.g., the physical laboratory) versus
online (e.g., MTurk). We also classified the studies to the
degree that they were (ix) prone to demand effects (Rung &
Madden, 2019) by evaluating the probability that their pur-
pose could be discerned. Finally, in an attempt to gauge
the impact of publication bias (Rothstein et al., 2005), we

included a moderator analysis based on the (x) publications
status of the experiment. This was possible due to the identi-
fication of a large number of unpublished experiments (16%
of the included effect sizes).

Summary. This meta-analysis provides a comprehensive
quantitative review of the impact of EFT on intertemporal
choices. It examines the influence on delay discounting of
monetary rewards and, for the first time, on health-relevant
behavior. The targeted moderator analyses critically inform
our understanding of the core components of EFT that are in-
volved in nudging choices towards more farsighted decisions.

Method

Our meta-analysis was guided by the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
checklist (Moher et al., 2009; Fig. 1). The full coding
sheet is included in the Supplemental Material. All data and
R analysis scripts are publicly available at the Open Sci-
ence Framework (https://osf.io/9rejf/?view_
only=fee62b3cadd4405b8aafdac75015f60b).

Literature Search. We sought to identify all studies that had
investigated the impact of EFT on intertemporal choices in-
volving either monetary or health-relevant decisions. We
therefore searched PubMed and the Web of Science data
bases for articles published before February 2020 using the
following search terms:

• PubMed: (("episodic future thinking") OR ("episodic
simulation") OR ("episodic prospection") OR ("mental
time travel") OR ("prospective thinking") OR ("coun-
terfactual thinking") OR (foresight)) AND (discount*)

• Web of Science: (TS=("episodic future thinking"
OR "episodic prospection" OR "episodic simula-
tion" OR "mental time travel" OR foresight) AND
TS=(discount*))> OR "prospective thinking"> OR
"counterfactual thinking")

In addition, we retrieved all 364 unique references cited
in the identified articles on EFT and health-relevant deci-
sions. We were further concerned that our database search
had missed relevant work from a prolific lab in the field, and
thus examined all of their 314 published articles. We also
reviewed the reference section of recent surveys of the lit-
erature (Bulley et al., 2016; Rung & Madden, 2018), which
added 7 relevant citations.

To mitigate the likely influence of publication bias, we
moreover aimed to retrieve pertinent studies that had not been
published in peer-reviewed journals. We first searched the
data bases ProQuest and (the German-language alternative)
Thesius for otherwise unpublished Master and PhD theses:
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• ProQuest: (episodic AND future AND thinking NEAR
discount OR episodic AND simulation NEAR discount
OR episodic AND prospection NEAR discount OR
mental AND time AND travel NEAR discount OR
prospective AND thinking NEAR discount OR coun-
terfactual AND thinking NEAR discount OR foresight
NEAR discount)

• Thesius: (delay AND discounting AND Zukunft) as
well as (delay AND discounting AND episodisch)

In addition, to identify further unpublished experiments,
we emailed all 25 corresponding or senior authors of perti-
nent publications for which we could retrieve current contact
information (on 18th of February 2020). This resulted in the
additional inclusion of n = 2 studies. In total, our literature
search thus yielded 1,625 hits after removing duplicates (Fig.
1).

Inclusion and exclusion criteria.
We included all studies that (i) entailed a condition that in-
duced EFT prior to the intertemporal choices, (ii) compared
this condition to a non-EFT control condition, (iii) included
either monetary or health-relevant intertemporal choices, (iv)
were written up in English. We did not include data of am-
nesic individuals, given their well-documented deficiency in
EFT (McCormick et al., 2018; Race et al., 2011).

S.R. and D.F.S. independently screened the titles and ab-
stracts. When there was any doubt about an article’s eligibil-
ity, it was retained for further review. This approach led to
the selection of 234 potentially relevant articles for full-text
reading. Based on the above criteria, we eventually retained a
total of 48 articles that contained a combined 58 studies (Fig.
1).

Data Extraction. Data were extracted and coded by S.R. and
a trained research assistant (MSc level), including informa-
tion required for the calculation of effect sizes (i.e., sample
sizes, means and standard deviations, t-, F- or p-values). We
calculated the standard deviations from their respective stan-
dard errors when only the latter were available.

Forty-three percent of the reports only presented relevant
statistics as graphs. In these cases, we used the WebPlotDig-
itizer (Rohatgi, 2019) to extract the data to the second deci-
mal with perfect inter-rater reliability (intraclass correlation
coefficient = 1.00). For studies that did not provide sufficient
information to compute effect sizes, we emailed the authors.
Of all studies that had met the inclusion criteria, we thus only
had to exclude a single study due to missing data.

Moderator Coding. The moderators were coded by S.R. and
a trained research assistant (MSc level), who discussed and
resolved discrepancies throughout the coding process. The
coding criteria are detailed in Table 1.

Statistical Analysis. We computed a series of meta-
analyses in R 3.6.1 (R Core Team, 2019) with the package
metafor 2.4 (Viechtbauer, 2010) to assess the impact of EFT
on monetary and health-relevant intertemporal choices.

Deriving Effect Sizes. We computed effect sizes as the bias-
corrected Hedges’ g (using the escalc function; measure op-
tion set to SMD). For between-subjects designs, this rep-
resents the bias-corrected standardized mean difference be-
tween the EFT and control groups. For within-subjects de-
signs, we derived its equivalent (Morris & DeShon, 2002),
the standardized mean change using raw score standardiza-
tion (Becker, 1988; using the escalc function; measure op-
tion set to SMCR). d-values were converted via the Hedges’g
function of the esc package (Lüdecke, 2019).

Determining the effect sizes for within-subject designs
requires the correlation between EFT and control conditions.
This correlation has rarely been reported in the surveyed lit-
erature. As recommended (Borenstein et al., 2009), based
on pertinent data from our and other labs (Martínez-Loredo
et al., 2017; Strickland et al., 2019; Weafer et al., 2013), we
thus estimated the coefficient as r = .6. (Note that additional
sensitivity analyses, using alternative correlation coefficients
of r = .2 and r = .8, yielded qualitatively identical results. See
Supplemental Material).

Some outcome measures were reverse-coded, i.e.,
greater numbers reflected less patient choices (e.g., k-values
as in Mellis et al., 2019). In these cases, we multiplied the re-
ported value by -1 to ensure that positive effect sizes consis-
tently represented more farsighted decisions. All effect sizes
are reported in Table 2.

Data Synthesis. Seventy-seven percent of the reports re-
ported multiple effect sizes, including multiple studies per
report (applicable for 17% of the reports), outcomes for both
monetary and health-relevant choices, different dependent
variables for the same outcome (e.g., k and percentage of im-
mediate choices), and different groups (e.g., two EFT groups
versus the same control group).

The data thus entail two types of dependencies: corre-
lated effects (i.e., effect sizes derived from overlapping sam-
ples) and hierarchical effects (i.e., effect sizes nested within
studies; Tanner-Smith & Tipton, 2014). These dependencies
violate assumptions underlying traditional meta-analytic ap-
proaches (Lipsey & Wilson, 2001) and could artificially nar-
row confidence intervals and shrink standard errors, and, as a
consequence, increase type I error (Hox, 2010; Viechtbauer,
2010).

We employed two methods to account for both types of
dependencies while retaining all provided information and
without losing statistical power (see Cheung, 2014, 2019).
First, due to the hierarchical dependency, we adopted a three-
level random-effects meta-analytic model. This model ac-
counts for the variance in the observed effect sizes (level 1),
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variance between effect sizes within a report (level 2), and
variance between reports (level 3; Cheung, 2014). This ap-
proach allowed us to estimate the random variation at level
2 to account for dependence (i.e., clustering of effect sizes)
among effect sizes from the same article (Konstantopou-
los, 2011). Model parameters in the three-level model were
estimated using restricted maximum likelihood estimation
(REML; Cheung, 2014; Viechtbauer, 2010) with the Knapp
& Hartung (2003) method for calculating regression coeffi-
cients and confidence intervals (Assink & Wibbelink, 2016).

Second, due to the correlated dependencies, we per-
formed statistical tests on cluster-robust standard errors and
confidence intervals (Hedges et al., 2010) that we generated
for the estimates from the three-level meta-analytic model
(via the robust function of the metafor package; Viecht-
bauer, 2010). Individual coefficients were tested using a t-
distribution and all model coefficients were tested using an
F-distribution (i.e., omnibus test; excluding the intercept).

Assessment of Heterogeneity. We evaluate the heterogene-
ity of the reported models by reporting total I²-values along
with the components for the second (I²Level2; variance within
the same studies) and third level (I²Level3; variance between
studies). These values indicate the percentage of variability
that is based on differences between studies rather than sam-
pling error. Heterogeneity thus provides information regard-
ing the influence of study-level characteristics (e.g., valence
of the imagination) on the observed effect size. We classified
heterogeneity, following the Cochrane Handbook (Higgins &
Green, 2011), with I²-values above 50% as substantial and
above 75% as considerable.

We determined the significance of the heterogeneity at
each level using the Q-statistic. This approach entailed sep-

arate one-tailed log-likelihood-ratio tests in which the de-
viance of the full model was compared to the deviance of
the model excluding one of the variance parameters (Assink
& Wibbelink, 2016). A significant Q-value at either of the
levels suggests systematic differences beyond what would be
expected from sampling error alone, potentially due to sig-
nificant moderating factors accounting for heterogeneity.

Moderator Analysis. An important aim of our analysis was
the assessment of the critical core components that influence
the impact of EFT on intertemporal choices. We thus took
advantage of the heterogeneity of the reported effect sizes
and conducted a series of moderator analyses. These were
targeted at hypothesized candidate components and at further
procedural factors. The potential moderators varied either
between and within studies (e.g., monetary versus health-
relevant choices) or between studies (e.g., publication status).

We dummy-coded all categorical moderators with more
than two levels (e.g., for the moderator valence) before enter-
ing them into meta-regression equations. Due to the limited
number of studies that contributed to the levels of the mod-
erators, we focused on a series of single-moderator analyses.
We also report a model that included all moderators with sig-
nificant univariate effects to reduce multicollinearity (Hox,
2010). Moderator analyses need a large amount of observa-
tions and low heterogeneity to achieve high power (Hedges
& Pigott, 2004). Null effects in tests of moderation should
thus be interpreted cautiously.

Model Comparisons. We informed our moderator analyses
by assessing whether each model provided a better fit to the
data than a more parsimonious intercept-only model. These
model comparisons were based on the Akaike Information
Criterion (AIC; Akaike, 1973) with small-sample correction.

Rösch et al. | Episodic future stimulation and intertemporal choices



pr
ep

rin
t

The AIC values were transformed to conditional probabili-
ties for each model, i.e., AIC weights (AICw; Wagenmakers
& Farrell, 2004). This was done using the AIC (from the
metafor package) and the Weights (from the MuMIn pack-
age) functions in R.

However, AIC is not suitable for comparing models that
differ in their fixed effects structure and that have been es-
timated via REML. Therefore, we based these comparisons
on models that were refitted using the Maximum Likelihood
method, again with the Knapp & Hartung (2003) correction.

To obtain a measure of statistical significance, we further
compared the single-moderator models using Likelihood Ra-
tio Tests. These outperform omnibus moderator tests in terms
of statistical accuracy (i.e., Type I error rates; López-López
et al., 2017).

Assessment of Publication Bias. Meta-analyses are prone to
provide exaggerated effect size estimates due to publication
bias, i.e., the selective reporting of studies yielding significant
effects (Carter et al., 2019; Renkewitz & Keiner, 2019). To
minimize this bias, we sought to identify studies without a
peer-reviewed publication record. Notably, 16% of our effect
sizes stem from such unpublished sources. In addition, we (i)
examined the degree to which our results remain bias-inflated
and (ii) attempted to adjust for such effects. To accomplish
these goals, we employed several complementary methods,
given that none of them is without their particular drawbacks
(Carter et al., 2019; Renkewitz & Keiner, 2019) or capable to
remedy all questionable research practices (Simonsohn et al.,
2014).

The first set of analyses was directly based on the three-
level model: First, we used publication status as a moderator
to examine whether there is a systematic difference in the
reported effect sizes. Second, we visually inspected contour-
enhanced funnel plots for asymmetries that are likely indica-
tive of publication bias: lack of non-significant findings to the
left side of the meta-analytically estimated effect size and an
overrepresentation of low-powered findings to its right side.
Visual inspection, however, is inherently subjective in its in-
terpretation. Moreover, because the plots do not consider the
data’s three-level-structure, clusters of data points and ensu-
ing asymmetry may be mistaken as bias (Lau et al., 2006).

Third, to formally assess funnel plot asymmetry, we con-
ducted Egger’s test (with p < 0.1 as the critical value; Eg-
ger et al., 1997). This test evaluates whether the precision
of the effect (i.e., the standard error) is associated with the
size of the effect. We adapted it to the three-level meta-
analytic model by adding random effects for between- and
within-study variance to account for dependency and by in-
cluding the precision of the effect as the informative mod-
erator (Fernández-Castilla et al., 2019). A statistically sig-
nificant slope indicates bias by suggesting that effect sizes
are systematically different for high- versus low precision
studies. Fourth, we similarly interrogated the funnel plot us-

ing the Macaskill regression test that examines whether ef-
fect sizes can be regressed on sample sizes (Macaskill et al.,
2001). Though this test has fairly low power, it typically out-
performs Egger’s test in controlling Type I error (Kromrey &
Rendina-Gobioff, 2006; Macaskill et al., 2001).

A second set of analyses required that the included effect
sizes are all independent (Assink & Wibbelink, 2016). Thus,
they could not be based on our three-level model. For the
following analyses, we ensure independence by aggregating
all dependent effect sizes (via the agg function of the MAd
package; del).

The first two methods examine the distribution of p-
values. They are based on the rationale that the distribution of
significant p-values contains more low- (p ≤ .01) than high-
(p > .04) p-values for a true effect that is not influenced by
publication bias.

First, we applied p-curve (Simonsohn et al., 2014) via
the pcurve function of the dmetar package (Harrer et al.,
2019). We estimated the true effect (effect.estimation option
set to TRUE) with the search space set between g = 0.00 and
g = 1.0. We report results for the “full” (for all p-values < .05)
and “half” p-curve (for all p-values < .025). The half p-curve
is more sensitive to stronger cases of p-hacking, though at the
cost of reduced statistical power (Simonsohn et al., 2015). P-
curve attempts to correct for publication bias by computing
the probabilities of observing the significant reported effect
sizes contingent on the meta-analytical effect size being the
true underlying one. Importantly, in the case of highly het-
erogeneous data, the estimates provided by p-curve should
be considered estimates of the average true effect sizes of
only the statistically significant set of studies (van Aert et al.,
2016).

Second, we implemented p-uniform* (van Aert & van
Assen, 2020) via the puni_star function of the puniform pack-
age (van Aert, 2019). This method, in contrast to p-curve,
also takes nonsignificant effects into account and thus allows
for a direct estimation and test of (full) between-study vari-
ance. It thus attempts to safeguard against the overestima-
tion of the effect size that could arise from including signif-
icant effects only and, more generally, as a consequence of
between-study variance (Carter et al., 2019; van Aert et al.,
2016).

Finally, we created a funnel plot of the aggregated effect
sizes and applied the trim-and-fill method (Duval & Tweedie,
2000). Trim-and-fill seeks to restores the symmetry of the
funnel plot by imputing presumably missing effect size es-
timates. These are then entered into a new random-effects
meta-analytical model. We note, however, the current de-
bate regarding the validity of this method (Carter et al., 2019;
Renkewitz & Keiner, 2019; van Aert et al., 2016), and thus
suggest to interpret the results with caution (Sutton et al.,
2000).
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Results

Descriptive Statistics. The current meta-analysis included
48 articles that reported 58 independent studies and com-
prised a total of 174 effect sizes. They were published
between 2010 and 2020. The overall sample size was N
= 3,882, with individual sample sizes ranging from n = 8
(Cooper, 2013) to n = 200 (Bulley et al., 2019). Most articles
examined monetary intertemporal choices only (n = 32, 67%
of effect sizes), some included both monetary and health-
relevant choices (n = 13, 27%), and a few were focused on
health-relevant choices only (n = 3, 6%).

Overall Effect. Overall, we obtained a significant, medium-
sized effect, g = 0.439, SE = 0.053, t = 8.324, p < .001,
95% confidence interval (CI) = [0.333, 0.545], with substan-
tial overall heterogeneity, QE(173) = 684.42, p < .001, I² =
79.21, 95% CI [72.48, 85.23] (Fig. 2).

Variance of the Overall Effect Size. We next sought to ex-
amine the distribution of the variance across the three-levels
of our meta-analytical model. The choice of this model was
corroborated by an intraclass correlation coefficient of ρ =
.483, indicating that the underlying true effects within reports
were strongly correlated. Moreover, the variance was signifi-
cant at both the within-study level (estimate = .083, p < .001)
and the between-study level (estimate = .077, p < .001).

Follow-up analyses indicated that variance was dis-
tributed across the sampling, within-study, and between-
study levels as 20.79%; 40.94%, 95% CI [26.47, 61.89];
and 38.27%, 95% CI [16.34%, 78.47%], respectively. The
low percentage of variance attributed to the samples further
motivates the exploration of potential moderators (Hunter &
Schmidt, 1990).

Moderator Analyses. An important goal of the present
meta-analysis was the examination of possible core compo-
nents of EFT that influence intertemporal choices. These
moderator analyses were clearly further motivated by the
substantial heterogeneity and low contribution of samples
to the effect-size variance. Specifically, we report a series
of moderator analyses that examined theoretically-motivated
candidate core components (Fig. 3) as well as additional,
more procedural factors of the employed study designs (Fig.
4). First, however, we examine whether EFT is differentially
effective in influencing monetary versus health-relevant in-
tertemporal choices. (All moderator results are further de-
tailed in Table 3.)

Choice Domain. The model for the moderator choice domain
(monetary versus health-relevant), AICw = 33.3%, χ²(2) =
0.71, p = .401, did not show a better fit to the data than the
intercept-only model. Accordingly, the effect of choice do-
main was not significant, F(1, 46) = 0.98, p = .328, QE(172)
= 681.75 p < .001. This analysis thus provides no evidence

that EFT has a stronger impact on either kind of intertemporal
choice. Indeed, consistent with our hypothesis, we obtained
significant effect sizes for both monetary, g = 0.462, t(46) =
7.83, p < .001, and health-relevant choices, g = 0.385, t(46)
= 5.05, p < .001.

Theoretically-Motivated Moderators.
(i) Valence. We had hypothesized that EFT would have the
strongest impact on intertemporal choices when the simu-
lated episodes are positive, and possibly the weakest – or
even reversed – impact when they are negative in nature. In-
deed, the model including the valence moderator showed a
superior fit to the data, carrying approximating 100% of the
cumulative model weight. It was thus significantly better than
the intercept-only model, χ²(3) = 29.21, p < .001.

Consistent with these results, the main effect of valence
was significant, F(3, 44) = 3.02, p = .04, QE(170) = 555.73,
p < .001. As predicted, positive episodes yielded the largest
and significant effect, g = 0.52, t(44) = 8.79, p < .001, fol-
lowed by positive-to-neutral episodes, g = 0.438, t(44) = 4.37,
p < .001, with only a trend for neutral episodes, g = 0.184,
t(44) = 1.83, p = .074. Indeed, negative episodes were associ-
ated with the smallest, and non-significant effect, g = -0.179,
t(44) = -0.52, p = .607.

Our predictions were further largely corroborated by the
comparisons between the levels of the moderator. The effect
for positive episodes was significantly larger than for neutral
episodes, β = 0.336, t(44) = 2.96, p = .005, and marginally
larger than for negative episodes, β = 0.699, t(44) = 1.94, p =
.059. Positive-to-neutral events yielded trends for a larger
effect compared with neutral, β = 0.254, t(44) = 1.8, p =
.08, and negative episodes, β = 0.617, t(44) = 1.71, p = .094.
For all other direct comparisons, t was smaller than 1.29, p
greater than .2 (Fig. 3A).

(ii) Vividness. We next tested the hypothesis that imag-
ined events should be particularly impactful when they are
experienced as more vivid. We thus determined the differ-
ence in vividness between the EFT and respective control
condition and used the effect sizes as a moderator. (Note
that we could not compare this model with the intercept-only
model, because it was only based on the subsample of studies
that had provided vividness ratings.)

As predicted, the moderator analysis yielded the signif-
icant main effect of vividness, F(1, 13) = 8.43, p = .012,
QE(58) = 126.51, p < .001. Across studies, a vividness in-
crease of one standard deviation was associated with an in-
crease of β = 0.180, t(13) = 2.91, p = .012, in the standardized
mean difference (Fig. 3B).

(iii) Episodicity. We also examined whether the episodic
nature of the future simulations constitutes a core component
of EFT with respect to its influence on intertemporal choices.
We thus performed a moderator analysis with two groups:
One group included effect sizes that compared an EFT con-
dition with control conditions that were closely matched in
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sizes). Bars denote 95% Confidence Intervals.

all aspects but the episodicity (i.e., studies requiring seman-
tic future thinking). The other group included the effect sizes
for comparisons with all other control conditions. The corre-
sponding moderator model did not show a significantly better
fit to the data than the intercept-only model, AICw = 29.5%,
χ²(1) = 0.35, p = .552, and there was accordingly no main
effect of the moderator, F(1, 46) = 0.77, p = .384, QE(172)
= 678.38, p < .001. Critically, however, we corroborated that
we did not only obtain a significant effect for the more dis-
parate control conditions, g = 0.433, t(44) = 8.10, p < .001,
but also for those that only differed from EFT in their lack of
episodicity, g = 0.553, t(44) = 4.15, p <.001, β = 0.12, t(45)
= 0.88, p = .383 (Fig. 3C).

(iv) Future-Orientedness. Analogously to the previous
analysis, we sought to determine the contribution of the tem-
poral orientation. We therefore split the effect sizes based on
whether the control condition was closely matched in all as-
pects (including the episodicity) but the future-orientedness
(e.g., episodic recent thinking) or whether the control con-
ditions were more disparate. This model did not fit the data
better than the intercept-only model, AICw = 26.7%, χ²(1) =
0.08, p = .779 and there was no main effect of the modera-
tor, F(1, 46) = 0.07, p = .789, QE(172) = 663.1, p < .001.
Importantly though, we observed not only a significant effect
for the more varied non-episodic control conditions, g = 0.45,
t(46) = 6.51, p < .001, but also for those that were matched
in all facets but the future-orientedness of the imagination, g
= 0.430, t(46) = 6.57, p = <.001, β = 0.-0.02, t(45) = 0.27, p
= .789 (Fig. 3D).

(v) Content Specificity. We next tested the hypothesis
that EFT exerts a stronger influence on intertemporal choices
if the simulation directly incorporates the future pay-off (e.g.,

the enjoyment of the later reward). Indeed, the model for con-
tent specificity (content-specific versus general EFT) showed
a good fit to the data, carrying 90.5% of the cumulative model
weight, and outperformed the intercept-only model, χ²(1) =
6.61, p = .01. The moderator was significant, F(1, 46) = 9.21,
p = .004, QE(172) = 657.19, p < .001, reflecting that the ef-
fect was stronger for content-specific, g = 0.707, t(46) = 6.95,
p < .001, β = 0.317, t(45) = 3.03, p = .004 than general future
simulations, g = 0.391, t(44) = 7.46, p <.001 (Fig. 3E).

(vi) Choice Impulsivity. We finally tested the hypoth-
esis that the impact of EFT would be larger for individuals
characterized by choice impulsivity than for neurotypical in-
dividuals. If the former tend to put less weight on the future
consequences of their actions, they may particularly benefit
from such an intervention. The moderator model did fit the
data significantly better than the intercept-only model, AICw
= 76.8%, χ²(1) = 4.49, p = .034, and choice impulsivity had
a significant main effect on the effect size, F(1, 46) = 6.23, p
= .016, QE(172) = 639.37, p < .001. Even though neurotyp-
ical samples do benefit from EFT, g = 0.367, t(44) = 6.44, p
<.001, the effect was significantly larger for individuals char-
acterized by choice impulsivity, g = 0.604, t(45) = 8.02, p <
.001, β1 = 0.237, t(45) = 2.5, p = .016 (Fig. 3F).

However, we observed the effect of choice impulsivity
across monetary and health-relevant choices (e.g., alcohol
consumption). The latter choices were clearly more relevant
for the impulsive groups (e.g., people with alcohol substance
abuse) than for their respective controls. We thus wanted to
establish whether this moderator influences both, pertinent
health-relevant and also general monetary choices.

For health-relevant choices only, choice impulsivity was
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Fig. 3. Effect Sizes (Hedges’ g) of the Theoretically-Motivated Moderators. Each dot shows the observed effect size for a single study for the respective moderator level.
Studies with larger samples (i.e., greater precision) are displayed with larger dots. Black squares indicate the mean, whiskers the standard error. The shape illustrates the
distribution of effect sizes for the respective moderator level. Panel A: Valence. Panel B: Vividness. Panel C: Episodicity. Panel D: Future-orientedness. Panel E: Content
specificity. Panel F: Choice impulsivity.

again a significant moderator, F(1, 14) = 12.58, p = .003,
QE(69) = 189.43, p < .001. Samples characterized by choice
impulsivity did make more health-beneficial choices follow-
ing EFT, g = 0.572, t(14) = 6.64, p < .001, β1 = 0.445, t(14)
= 3.55, p = .003, whereas the neurotypical samples did not
show such an effect, g = 0.128, t(14) = 1.24, p =.22.

For monetary choices only, choice impulsivity consti-
tuted just a marginal moderator, F(1, 43) = 3.67, p = .062,
QE(101) = 424.17, p < .001. This reflected a trend for a
greater effect in samples characterized by choice impulsivity,
g = 0.619, t(45) = 6.8, p < .001, β1 = 0.21, t(42) = 1.91, p =
.062. Importantly, for the monetary choices, the neurotypical
individuals also showed a significant effect, g = 0.41, t(42) =
6.32, p <.001.

Procedural Moderators. In the following, we test possible
moderators that reflect major procedural differences rather
than theoretically-relevant components of EFT.

(vii) Design. We tested whether effect sizes would differ
for studies that had employed between- versus within-subject
manipulations. The model for design, AICw = 72.2%, χ²(1)
= 4.0, p = .045 showed a significantly better fit to the data
than the intercept-only model, though the moderator was only
marginally significant, F(1, 46) = 3.8, p = .057, QE(172) =
621.71, p < .001. There was a trend for effect sizes from
between-subjects designs, g = 0.509, t(46) = 7.26, p < .001 to
exceed those from within-subjects designs, g = 0.319, t(46) =
4.89, p < .001, β1 = 0.19, t(45) = 1.95, p = .057 (Fig. 4A).

(viii) Study Site. The model comparing experiments
conducted in person versus online did not fit the data better
than the intercept-only model, AICw = 28.4%, χ²(1) = 0.24, p
= .623, and was not a significant moderator, F(1, 46) = 1.02,
p = .278, QE(172) = 678.74, p < .001. Both in-person ex-
periments, g = 0.451, t(46) = 7.50, p < .001, and experiments
conducted online, g = 0.377, t(46) = 8.27, p < .001 yielded
significant effects (Fig. 4B).

(ix) Proneness to Demand Effects. The model that in-
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larger samples (i.e., greater precision) are displayed with larger dots. Black squares indicate the mean, whiskers the standard error. The shape illustrates the distribution of
effect sizes for the respective moderator level. Panel A: Design. Panel B: Study site. Panel C. Proneness to Demand effects. Panel D: Publication status.

cluded the proneness of studies for demand effects exhibited
a significantly better fit to the data than the intercept-only
model, AICw = 77.3%, χ²(1) = 6.67, p = .036. The modera-
tor was also significant, F(2, 45) = 3.97, p = .026, QE(171) =
597.01, p < .001 (Fig. 4C). Critically, we observed that those
studies that were the least likely to be affected by demand ef-
fects actually showed the numerically largest effect size, g =
0.532, t(45) = 8.5, p < .001. This effect size was larger than
the one for studies with an intermittent chance of inferring
the experimenter’s intent, g = 0.201, t(45) = 1.97, p = .055, β
= 0.331, t(45) = 2.76, p = .008, but did not differ from effect
sizes where the study intent was most likely to be inferred,
g = 0.381, t(45) = 3.97, p < .001, β = 0.151, t(45) = 1.32,
p = .194. There was no significant difference in effect size
between the latter type of studies and the intermittent ones, β
= 0.18, t(45) = 1.28, p = .207. Thought this moderator was
significant, it thus indeed yielded evidence against demand
effects.

(x) Publication Status. The model that differentiated
between published and unpublished studies did not fit the
data better than the intercept-only model, AICw = 38.5%,
χ²(1) = 1.16, p = .282 – consistently, publication status was
also not a significant moderator, F(1, 46) = 0.55, p = .463,
QE(172) = 639.16, p < .001 (Fig. 4D). These data thus do
not provide evidence for a selective reporting of results based
on the magnitude of the effect size. However, on their own,
only published, g = 0.457, t(45) = 9.37, p < .001, but not un-
published studies, g = 0.307, t(45) = 1.53, p = .132, did show
a significant effect.

Multiple Moderator Model. We finally fit a multiple mod-
erator model that included all significant moderators (except
for the vividness moderator that was fit on only a subset of
the data). As summarized in Table 4, the omnibus test was
significant, F(7, 40) = 3.68, p = .004, QE(166) = 500.22, p
< .001, suggesting that at least one of the regression coef-
ficients of the moderators deviated significantly from zero.
Accounting for multicollinearity (Hox, 2010), these findings
revealed that content-specific (versus general) EFT had a sig-
nificant unique moderating effect on the association between
EFT and decision-making, β = 0.245, t(45) = 2.17, p = .036.
In addition, there were trends for positive (versus neutral), β
= 0.265, t(45) = 2.02, p = .051, and positive-to-neutral (ver-
sus neutral) episodes, β = 0.25, t(45) = 1.89, p = .066, to have
a greater positive impact.

Assessment of Publication Bias. We sought to minimize
the impact of publication bias on our meta-analytical results
by including studies that had not been published in peer-
reviewed journals. The analysis provided no evidence for a
moderating effect of publication status. However, we used
various complementary methods to further assess potential
publication bias. (See Supplemental Material for bias correc-
tions separately for monetary and health-related choices.)

Assessment on the Three-Level Model. The first set of anal-
yses was based on a funnel plot of our main analytical ap-
proach, i.e., the three-level model. Egger’s regression test
provided evidence for significant asymmetry, F(1, 46) =
27.64, p < .001, indicating publication bias. By contrast, this
was not the case for the Macaskill regression test, F(1, 46) =
0.64, p = .43.
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Assessment on Aggregated Effect Sizes. The second set of
analyses was based on aggregated effect sizes. Visual inspec-
tion of the funnel plot suggested publication bias (Fig. 5A.
We followed-up on this impression using various formal sta-
tistical tests:

p-curve. If there is evidential value in the pattern of
p-values, the corresponding p-curve should be right-skewed
(i.e., towards values ≤ .01; Fig. 5 B). Indeed, both the tests
for the half (i.e., p < .025; pHalf < 0.001) and full p-curve
(i.e., p < .05, pF ull < 0.001) were significant. Moreover,
the p-curve was also not flat (tests for flatness: pF ull = 1.0,
pBinomial= 1.0). The power estimate of the examined stud-
ies was high (87% [95% CI= 76.7% - 93.1%]) and the true
effect size was estimated as g = 0.677. However, given the
significant heterogeneity (> 50%), this estimate may not be
considered trustworthy (Harrer et al., 2019; van Aert et al.,
2016).

p-uniform*. P-uniform* indicated significant between-
study variance, τ² =.076 [.035, .150], L = 35.42, p < 0.001,
though the publication bias test was not significant, L = 2.42,
p= .298. This approach thus does not provide evidence for
the presence of publication bias. p-uniform* estimated the
effect size as g = 0.427 [.268, .579], L = 16.25, p < .001.

Trim-and-fill. The trim-and-fill procedure (Duval &
Tweedie, 2000) evens out the symmetry of the funnel plot
by imputing additional values and trimming the values of ex-
treme observations. It estimated that 13 studies were missing
to achieve symmetry (Fig. 5A). However, following adjust-
ment for this putative bias, the newly estimated meta-analytic
effect size remained significant at g = 0.299, 95% CI [.166,
.431].

Summary. The methods did not all converge with re-
spect to the question whether our results are still affected
by publication bias following the inclusion of the identified
unpublished results. Egger’s test and trim-and-fill did indi-
cate publication bias, whereas this was not the case ffor the
moderator analysis, the Macaskill regression test, as well as
p-curve and p-uniform*. Critically, however, the impact of
EFT on intertemporal choices remained significant following
all attempts to adjust for publication bias.

Discussion

Our pervasive tendency to devalue future rewards often leads
to myopic decisions. We forego larger amounts of money in
favor of smaller short term gains or seek the instant pleasures
of rich desserts at the cost of our long-term well-being. We
here performed the first comprehensive and quantitative anal-
ysis of the hypothesis that episodic future thinking can pos-
itively influence such intertemporal choices. Specifically, in
a three-level model, we meta-analyzed the rich literature that
has accumulated over the last decade with a total of 174 effect
sizes. Our results indicate that EFT has a statistically sig-
nificant, medium-sized effect on both monetary and health-

relevant intertemporal choices. Notably, 16% of our effect
sizes stemmed from unpublished articles and the effect stayed
stable following further attempts to adjust for remaining pub-
lication bias. Overall, this meta-analysis thus corroborates
that EFT promotes farsighted decisions.

The meta-analytical model also yielded significant and
large heterogeneity in the effect sizes, hinting at meaningful
experimental differences that do not reflect simple sampling
error. We exploited the heterogeneity in a number of modera-
tor analyses. These assessed critical core components of EFT
that may be instrumental in influencing intertemporal choices
as well as more procedural study differences.

Core Components of Episodic Future Thoughts.
Valence. The impact of EFT varied considerably with the
valence of the prospective episode. As hypothesized, we ob-
tained a graded pattern, with the largest beneficial effect for
positive events, followed by positive-to-neutral events. Neu-
tral episodes only yielded a trend and negative episodes were
also not significant.

On the one hand, EFT acts as an “affective forecast”
(Gilbert & Wilson, 2007) that conveys the anticipated pos-
itive affect that the delayed reward would hold. This antici-
pated affect may add to the valuation of the delayed reward
and thus effectively attenuate its discounting (Benoit et al.,
2018; Berns et al., 2007; Boyer, 2008; Bulley et al., 2016;
Bulley & Schacter, 2020). EFT can thus make the reward
feel worth the wait. On the other hand, EFT further conveys
utility to the wait itself by also eliciting anticipatory affect.
For example, there is evidence that people opt to defer events
that they deem particularly pleasurable, such as a promised
kiss from a movie star – presumably because they also cher-
ish the prospect in and of itself (Loewenstein, 1987).

EFT thus encourages individuals to organize their behav-
ior in accordance with anticipated and anticipatory positive
emotions (Baumgartner et al., 2008; Lempert et al., 2016).
However, given that the few studies instructing for negative
EFT did not yield a significant effect, the data did not support
the account that imagining a negative future tethers individu-
als to the immediate present (Liu et al., 2013).

Vividness. The experiments in which participants imag-
ined the events more vividly also yielded the greatest impact
of EFT on intertemporal choices. However, this analysis was
based on only 31% of the articles (34% of effect sizes) that
had reported vividness ratings for the EFT and control con-
ditions. Though inferences from across-sample correlations
are susceptible to ecological fallacy, this finding is consistent
with a few studies that had reported such associations across
subjects (Ciaramelli et al., 2019; Peters & Büchel, 2010).

There are a number of ways in which vividness could in-
fluence the impact of EFT. First, all of the included studies
required participants to imagine positive future episodes. A
greater vividness may thus have boosted the effect by elicit-
ing a stronger positive affect (D’Argembeau & Van der Lin-
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Fig. 5. Assessing Publication Bias on Aggregated Effect Sizes. Panel A: Funnel plot of effect size estimates and standard errors for aggregated effect sizes. Solid black
dots represent effect sizes included in the analysis and empty white dots represent studies imputed via trim-and-fill (Duval & Tweedie, 2000). The dashed line shows the
trim-and-fill adjusted effect size. The left funnel is centered at 0, which is the value under the null hypothesis of no effect, whereas the right funnel is centered at the model
estimate under the null hypothesis that the meta-analytic model estimate is true. Contours represent 95% confidence intervals. The dashed red line shows the regression line
from Egger’s test. Panel B: Observed p-curve of all articles, including 30 statistically significant (p < .05) results, of which 29 had a p-value < .025. An additional 18 results
were excluded from the p-curve because they had p-values > .05.

den, 2012; Holmes & Mathews, 2010; Pearson et al., 2015;
Schubert et al., 2020). Second, imagining an event with
greater vividness makes it seem more certain to occur (Gre-
gory et al., 1982; Sherman et al., 1985; Szpunar & Schac-
ter, 2013; J. Q. Wu et al., 2015). As a consequence, the
delayed reward would seem more likely to manifest and ac-
cordingly constitute a safer bet (Bulley et al., 2016). Finally,
more vivid EFT imbues the future option with more concrete
episodic details, and thereby leads to a construal at a level that
typically characterizes greater immediacy (D’Argembeau &
van der Linden, 2004; Lempert & Phelps, 2016; Trope &
Liberman, 2010). EFT may thus effectively make the future
appear closer in time.

Content Specificity. The analysis revealed that the con-
tent of the future imagining is a key feature determining the
impact of EFT on DD. This moderator provided a unique ef-
fect that was not accounted for by either the valence or vivid-
ness of the simulation. Specifically, the influence of EFT was
greater when the imagined content was closely tied to the na-
ture of the delayed choice option. This could either entail
the future moment of spending the monetary reward (e.g.,
Benoit et al., 2011; Palombo et al., 2015) or the direct con-
sequences of avoiding behavior that would be detrimental to
one’s health (e.g., positive life events after successfully quit-
ting smoking; Chiou & W.-H. Wu, 2017).

The content specificity of EFT seems particularly impor-
tant for the latter kind of choices, where the adverse long-
term consequences of impulsive decisions can seem fairly in-
tangible (e.g., protracted health issues). More generally, EFT
has been argued to foster farsighted decisions by supporting
a model-based choice process that involves the mental con-
struction of the context in which the delayed reward would be
delivered (Kurth-Nelson et al., 2012). This process thus re-
quires a correspondence between the specific content of the
imagination and the nature of the delayed choice option.

Episodicity. The analysis also yielded a significant ef-
fect for the few studies whose control conditions were tightly
matched in all aspects but the imaginings’ episodicity. The
episodic nature of EFT thus contributes to its effect beyond
what is provided by semantic future thinking (Atance &

O’Neill, 2001; Szpunar et al., 2014). This finding is con-
sistent with reports that amnesic patients do not additionally
profit from cues prompting them to engage in EFT (Kwan
et al., 2015; Lebreton et al., 2013; Palombo et al., 2015) even
though they can attenuate DD via a more semantic mecha-
nism that is also directed towards the future (Palombo et al.,
2016). EFT thus does not merely influence intertemporal
choices by inducing a generic future orientation (Lin & Ep-
stein, 2014; Rung & Madden, 2018). Instead, the data indi-
cate that the autonoetic experience of a future episode consti-
tutes a critical component (Benoit et al., 2018).

Future-Orientedness. Complementary to the previous
section, we also observed that EFT nudges towards farsighted
choices when the control condition is matched on all aspects
but the temporal direction. That is, EFT yielded an effect
even when compared with other episodic conditions that were
directed towards the distant (Banes, 2016; Ciaramelli et al.,
2019) or recent past (Daniel et al., 2013; Rung & Madden,
2019) or towards the present (Yi, 2020). This finding dove-
tails with the observed effect on content specificity, in the
sense that an orientation towards the future also aligns the
imagined episode closer with the potential moment of receiv-
ing the later reward. The temporal direction may thus con-
stitute a core component of EFT that shifts attention towards
a delayed choice option (Lin & Epstein, 2014) and thereby
provides motivational incentives for the pursuit of long-term
goals (Dreves & Blackhart, 2019).

Choice impulsivity. Finally, we also established that
the effect of EFT was particularly strong in groups charac-
terized by choice impulsivity (Hamilton et al., 2015). These
included individuals with obesity and substance dependences
(e.g., nicotine addiction). The effect in these groups sur-
passed the one in neurotypical individuals. This pattern is
consistent with a previous observation, albeit in a small sam-
ple, that EFT yields a greater benefit for people who are usu-
ally less prone to consider the future consequences of their
actions (Benoit et al., 2011).

The effect of choice impulsivity was particularly pro-
nounced for health-relevant decisions. This may simply re-
flect the more limited relevance of these decisions for the
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respective neurotypical control samples. For example, re-
ducing calories intake would clearly have a greater impor-
tance for individuals with obesity than for people with normal
weight. In fact, neurotypicals make, by definition, less im-
pulsive choices, leaving less room for EFT to nudge them to-
wards more farsighted decisions. It is thus particularly note-
worthy that we observed a similar trend for monetary choices
that are of comparable relevance for either group. Our results
thus indicate that EFT constitutes a candidate mechanism for
altering maladaptive, impulsive behavior (Levens et al., 2019;
Peters & Büchel, 2011; Rung & Madden, 2018).

Summary. The foregoing analyses yielded a number of
core components that contribute to the impact of EFT on
discounting: valence, vividness, episodicity, future orient-
edness, and content specificity. The results motivate future
research targeted at further delineating the interactions and
unique influences of these components, possibly with a par-
ticular emphasis on optimizing intertemporal choices in indi-
viduals characterized by maladaptive choice impulsivity.

Procedural Moderators. We further conducted a number
of moderator analyses targeted at salient study differences.
There was no difference in effect sizes for studies that had
been conducted in person (e.g., the laboratory) versus online
(e.g. via MTurk). This result is promising, given the potential
of online experiments to include more diverse and thus more
representative samples (Paolacci & Chandler, 2014). How-
ever, we caution that not all core components may be equally
amenable to online experiments. For example, given the typ-
ically shorter time frame, it seems more difficult to imple-
ment within-subject designs with subtle manipulations such
as episodic versus semantic future thinking.

Notably, the model including between- versus within-
subject design could account better for the data than the inter-
cept model. Between-subject designs trended to yield greater
effect sizes than within-subject designs. This is noteworthy,
given that the former generally tend to be less powerful (Lak-
ens, 2013). That finding highlights the difficulties inherent to
within-subject designs (Greenwald, 1976) where the effect of
EFT may carry over into the control condition. This is par-
ticularly the case when both conditions repeat the identical
intertemporal choices.

No Evidence for Influence of Demand Characteristics.
To ascertain that EFT constitutes a viable option for affecting
intertemporal choices, it is critical to understand whether the
observed effects may simply reflect demand characteristics
(Orne, 1962). Indeed, it has been shown that, under certain
circumstances, participants can deduce the experimenter’s in-
tention from the instructions (Rung & Madden, 2018; Stein
et al., 2018) - though accounting for such insight did not alter
the results (Stein et al., 2018).

Notably, a recent study compared EFT with a control
condition that was carefully constructed to induce a greater

demand effect (Rung & Madden, 2019). Yet, the EFT con-
dition did show a stronger beneficial impact on intertemporal
choices. EFT has also been shown to alter choices in ecologi-
cally more valid settings that are presumably less susceptible
to demand effects. For example, such studies assessed, as
dependent measures, calories intake in a food court (O’Neill
et al., 2016) and real-life weight loss (Sze et al., 2015). These
considerations are consistent with our analysis: The studies
that were least likely prone to demand effects showed in fact
the greatest effect.

Caveats.
EFT may not always be adaptive. Though exaggerated dis-
counting is clearly maladaptive (Amlung et al., 2019), there
are several reasons why it is not always beneficial to nudge
decisions via EFT. First, given the inherent uncertainty of the
future, choices focusing on the immediate present are not al-
ways myopic (Hayden, 2016). It is, for example, sometimes
better to choose a smaller but certain reward over a larger one
that may not actually materialize (Bulley et al., 2016).

Second, our analysis indicates that the impact of EFT is
also based on an “affective forecast” of the delayed choice
option (Benoit et al., 2019; Boyer, 2008). However, these
forecasts are often not very accurate. For example, there is
a tendency to overestimate the intensity and duration of pos-
itive reward-related emotions (Bulley et al., 2017; Wilson &
Gilbert, 2005), suggesting that we may, at times, overvalue
the future.

Third, the laboratory tasks indicate that EFT provides
motivational incentives for choices that can immediately be
acted upon (i.e., by foregoing an immediate but smaller re-
ward). However, long lasting behavior change may addition-
ally require the identification of possible obstacles (Oettingen
& Gollwitzer, 2018; Oettingen & Reininger, 2016). This re-
search indeed indicates that merely fantasizing about a posi-
tive future event can make it less likely that people then work
towards achieving that goal.

Finally, not all people may equally profit from EFT. Al-
though our data show that individuals with greater choice im-
pulsivity benefit from this mechanism, this may not be the
case for people with emotional disorders such as anxiety or
depression. They often find it more difficult to conjure posi-
tive imaginings of the future (Gamble et al., 2019), suggest-
ing that they would also struggle in creating a positive mental
image of the delayed reward (but see also Ji et al., 2017; Ren-
ner et al., 2017).

Publication Bias. A major strength of this meta-analysis
is its analytical approach. In our three-level model, we com-
prehensively included all effect sizes, thus avoiding selection
bias (Cheung, 2019), and accounted for dependency with ro-
bust variance estimation (Hedges et al., 2010). In addition,
we made efforts to account for publication bias. We care-
fully searched for unpublished experiments, resulting in 16%
of effect sizes stemming from such sources. We further em-
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ployed various methods to adjust for remaining publication
bias, given that there are issues with virtually any one of them
(Carter et al., 2019; Renkewitz & Keiner, 2019). Though
they were somewhat inconclusive with regards to the ques-
tion whether the study pool is still affected by bias, all adjust-
ments revealed a significant and stable effect size estimate. In
the absence of any preregistered, large-scale replication stud-
ies, we thus suggest that this meta-analysis currently provides
the best available evidence for the impact of EFT on intertem-
poral choices.

Conclusions. The current meta-analysis provides a compre-
hensive and quantitative synthesis of EFT and its influence on
farsighted decisions. Our moderator analyses highlight crit-
ical candidate core components of EFT and suggest avenues
for future research aimed at delineating their interactions and
unique contributions. By showing that EFT is particularly
effective in nudging individuals characterized by choice im-
pulsivity, we corroborate that it may be a helpful mechanism
for optimizing future-oriented decisions. We further envision
that EFT may have a similar impact in other domains that in-
herently entail a tradeoff with the future, including societal
challenges such as promoting more sustainable behavior (Bø
& Wolff, 2020; Lee et al., 2020; Williams & Benoit, 2021).

Context. Following the seminal contribution by Peters &
Büchel, 2010 and our subsequent publication (Benoit et al.,
2011), we were excited to witness the accumulation of re-
search into the impact of EFT on intertemporal choice. A par-
ticular important development was the generalization of this
work from the delay discounting of monetary rewards to the
examination of health-relevant choices (Daniel et al., 2013).
Given the progress of this field and its translational potential
(e.g., Stein et al., 2016), we found it prudent to take stock of
the extant literature. In particular, we saw the opportunity to
exploit the heterogeneity of the experimental protocols across
studies to identify critical core components of EFT. We thus
hope that the current meta-analysis does not only corroborate
the impact of EFT on intertemporal choice, but also informs
future research into the mechanisms by which EFT promotes
more farsighted decisions.
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Table 1. Moderator Coding Criteria

Moderator and levels Criteria 

 

Choice domain 

 

Monetary Any measure of monetary delay discounting (e.g., AUC, k-values) 

Health-relevant Either food (e.g., energy intake), smoking (e.g., demand intensity), or 

alcohol-related measures (e.g., demand intensity) 

 

Valence  

Positive Assignment was based on ratings if available. Otherwise, assignment 

was based on descriptions. Only conditions that were explicitly deemed 

positive were assigned to this level. When it was ambiguous whether all 

episodes were necessarily positive (i.e., some may have been neutral), 

they were assigned to the positive-to-neutral level. 

Positive-to-neutral 

Neutral 

Negative 

 

Vividness 

 

Either vividness or imagery score or any composite score of these 

scores. The standardized mean difference or standardized mean change 

between the EFT and control group was derived as a continuous 

moderator. 

 

Episodicity   

Control: others All other control conditions. 

Control: Semantic future The control task also required participants to consider the future but in 

a non-episodic fashion. 

 

Future-orientedness 

 

Control: others All other control conditions. 

Control: non future, episodic The control task also entailed simulations of episode that, however, did 

not take place in the possible future. 
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Table 1 continued

Moderator and levels Criteria 

Content specificity 

Content-specific 

 

Any episode that involved spending the reward (i.e., the money) 

Any episode that included behaviors instrumental to achieve a health-

related goal or that entailed the consequences of its achievement 

Non content-specific Any general type of EFT unrelated to the reward 

 

Choice impulsivity   

Individuals with choice impulsivity  Individuals that were overweight or obese and those with an addiction 

to nicotine or other substances 

Neurotypical individuals All other samples 

 

Design  

Between-subjects Effect size estimates from independent groups  

Within-subjects Effect size estimates from repeated measures 

 

Proneness to Demand effects a   

Most likely 

 

- Within-subjects designs: participants were informed about the 

concrete study purpose; between-subject designs: participants in 

the EFT but not in the control groups were informed that the study 

was about farsighted decisions (no equal bias for both groups). 

- No “active” control task (e.g. baseline condition only) 

- Article reported high expectancy rates for EFT group. 

 

Intermittent 

 

- Participants were not informed about the concrete study purpose, 

but performed both a EFT and control condition.  

 

Least likely 

 

- Study involved a control condition that made it difficult to discern 

the study purpose (e.g. episodic recent thinking; semantic future 

thinking). 

- Participants had to self-generate episodic cues in both the EFT and 

control condition.  

- Participants did not know about the existence of a control condition 

in between-subjects design studies. 
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Table 1 continued

Moderator and levels Criteria 

Publication status 

Unpublished Dissertations, unpublished data, in-prep manuscripts 

Published Peer-reviewed articles 

 

Study site  

On-site Any study conducted in person (mostly in-lab) 

Online Any study not conducted in person, e.g. via crowdsourcing platforms 

such as MTurk 

a Cohen's κ was run to determine if there was agreement between the two raters’ judgements on the probability 

that the study purpose was correctly discerned. There was high agreement between the two raters, κ = .92, z = 15.5, 

p < .001. 
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Table 2. Sample and Moderator Information for Studies Included in the Meta-Analysis

 

StudyID 
Choice 

Domain 
Condition Theoretically-Motivated Moderators Procedural Moderators n 

Effect 
Size 

Sampling 
Variance 

      

V
al

en
ce

 

V
iv

id
n

e
ss

 

Ep
is

o
d

ic
it

ya  

Fu
tu

re
- 

o
ri

en
te

d
n

es
sb

 

C
o

n
te

n
t 

Sp
ec

if
ic

it
y 

C
h

o
ic

e
 

Im
p

u
ls

iv
it

y 

D
es

ig
n

 

O
n

lin
e?

 

P
ro

n
en

es
s 

to
 D

em
an

d
 

Ef
fe

ct
sc  

P
u

b
lis

h
ed

? 

      

1001 m EFT familiar vs. Control pos n/a 0 0 0 n w 0 1 1 22 -0.06 0.04 

1001 m EFT unfamiliar vs. Control pos n/a 0 0 0 n w 0 1 1 22 0.00 0.04 

1002 m EFT vs. SFT pos n/a 1 0 0 n b 0 3 1 60 0.66 0.07 

1002 m EFT vs. Control pos n/a 0 0 0 n b 0 3 1 60 0.83 0.07 

1002 m EFT vs. Present self pos n/a 0 1 0 n b 0 3 1 60 0.71 0.07 

1002 m EFT vs. Control pos n/a 0 0 0 n b 0 3 1 60 0.64 0.07 

1003 m Goal: 

EFT vs. ERT 

pos  3.94 0 1 1 n b 0 3 1 52 10.94 0.09 

1003 m General: 

EFT vs. ERT 

pos  4.92 0 1 0 n b 0 3 1 52 0.67 0.08 

1004 m EFT vs. SFT pos n/a 1 0 0 y b 0 3 1 60 0.57 0.07 

1004 m EFT vs. Control pos n/a 0 0 0 y b 0 3 1 60 0.63 0.07 

1004 h EFT vs. SFT pos n/a 1 0 1 y b 0 3 1 60 0.74 0.07 

1004 h EFT vs. Control pos n/a 0 0 1 y b 0 3 1 60 0.82 0.07 

1005 m EFT vs. Control pos 0.82 0 0 0 n w 0 2 1 37 0.64 0.03 

1005 h Intensity: 

EFT vs. Control 

pos 0.82 0 0 0 n w 0 2 1 37 0.30 0.02 

1005 h Breakpoint: 

EFT vs. Control 

pos 0.82 0 0 0 n w 0 2 1 37 -0.06 0.02 
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Table 2 continued

StudyID 
Choice 

Domain 
Condition Theoretically-Motivated Moderators Procedural Moderators n 

Effect 
Size 

Sampling 
Variance 
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ss
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d
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ya  
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h
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e
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y 

D
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O
n
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P
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n
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sc  

P
u

b
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h
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? 

      

1005 h Omax: 

EFT vs. Control 

pos 0.82 0 0 0 n w 0 2 1 37 0.39 0.02 

1005 h Pmax: 

EFT vs. Control 

pos 0.82 0 0 0 n w 0 2 1 37 0.65 0.03 

1005 h Elasticity: 

EFT vs. Control 

pos 0.82 0 0 0 n w 0 2 1 37 0.00 0.02 

1007 m EFT vs. ERT pos n/a 0 1 0 y b 0 3 1 42 0.67 0.10 

1007 h EFT vs. ERT pos n/a 0 1 0 y b 0 3 1 41 0.71 0.10 

1009 m EFT vs. ERT pos n/a 0 1 0 y b 0 3 1 50 0.94 0.09 

1009 h EFT vs. ERT pos n/a 0 1 0 y b 0 3 1 37 2.19 0.17 

1009 h EFT vs. ERT pos n/a 0 1 0 y b 0 3 1 37 -0.28 0.11 

1012 m EFT general vs. EPT general pos -0.29 0 1 0 n b 0 3 1 47 0.50 0.09 

1012 m EFT food vs. EPT food pos -0.05 0 1 0 n b 0 3 1 47 0.47 0.09 

1012 h EFT general vs. EPT general pos -0.29 0 1 0 n b 0 3 1 47 -0.13 0.09 

1012 h EFT food vs. EPT food pos -0.05 0 1 1 n b 0 3 1 47 0.73 0.09 

1016 m EFT familiar vs. Control pos n/a 0 0 0 n w 0 1 1 23 0.26 0.04 

1016 m EFT unfamiliar vs. Control pos n/a 0 0 0 n w 0 1 1 23 0.27 0.04 

1019 m EFT vs. ERT pos n/a 0 1 0 n b 0 3 1 42 1.06 0.11 

1019 h EFT vs. ERT pos n/a 0 1 0 n b 0 3 1 42 0.27 0.10 

1024 m EFT vs. Baseline pos n/a 1 0 1 n w 0 1 1 13 1.26 0.12 
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Table 2 continued

StudyID 
Choice 

Domain 
Condition Theoretically-Motivated Moderators Procedural Moderators n 

Effect 
Size 

Sampling 
Variance 
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P
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1028 m EFT vs. EPT p/n n/a 0 1 0 n b 0 3 1 87 0.45 0.05 

1029 m EFT vs. Control pos n/a 0 0 0 n w 0 1 1 32 0.51 0.03 

1029 m EFT vs. Control neg n/a 0 0 0 n w 0 1 1 31 -0.46 0.03 

1029 m EFT vs. Control neut n/a 0 0 0 n w 0 1 1 30 0.01 0.03 

1031 m AUC $10: 

EFT vs. CET 

pos 0.66 0 1 0 n w 0 2 1 48 0.23 0.02 

1031 m AUC $100: 

EFT vs. CET 

pos 0.66 0 1 0 n w 0 2 1 48 0.30 0.02 

1034 m EFT vs. EPT neut n/a 0 1 0 n b 0 3 1 64 0.63 0.07 

1037 m EFT vs. Estimate p/n n/a 1 0 1 n w 0 2 1 12 0.30 0.07 

1037 m EFT vs. Estimate p/n n/a 1 0 1 n w 0 2 1 12 0.27 0.07 

1041 m EFT vs. Control p/n n/a 0 0 0 n w 0 1 1 46 0.51 0.02 

1048 m EFT vs. Control p/n n/a 0 0 0 n w 0 1 1 32 0.28 0.03 

1048 m EFT vs. Control p/n n/a 0 0 0 y w 0 1 1 30 0.54 0.03 

1050 m 1 Cue adjusting amount: 

EFT 1 vs. ERT 

pos n/a 0 1 0 y b 1 3 1 64 0.26 0.06 

1050 m 3 Cue adjusting amount: 

EFT vs. ERT 

pos n/a 0 1 0 y b 1 3 1 67 0.59 0.06 

1050 m 1 Cue delay: 

EFT vs. ERT 

pos n/a 0 1 0 y b 1 3 1 64 0.15 0.06 
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1050 m 3 Cue delay: 

EFT vs. ERT 

pos n/a 0 1 0 y b 1 3 1 67 0.82 0.06 

1051 m EFT vs. Control pos n/a 0 0 0 n w 0 1 1 34 0.91 0.04 

1051 m EFT vs. Control pos n/a 0 0 0 n w 0 1 1 34 0.58 0.03 

1051 m EFT vs. Baseline pos n/a 0 0 0 n w 0 1 1 34 0.87 0.03 

1051 m EFT vs. Control neut n/a 0 0 0 n w 0 1 1 34 0.09 0.02 

1051 m EFT vs. Control neut n/a 0 0 0 n w 0 1 1 34 0.05 0.02 

1051 m EFT vs. Baseline neut n/a 0 0 0 n w 0 1 1 34 -0.18 0.02 

1051 m EFT vs. Control neg n/a 0 0 0 n w 0 1 1 32 -1.00 0.04 

1051 m EFT vs. Control neg n/a 0 0 0 n w 0 1 1 32 -0.76 0.03 

1051 m EFT vs. Baseline neg n/a 0 0 0 n w 0 1 1 32 -0.68 0.03 

1052 m EFT vs. Control p/n n/a 0 0 0 n w 0 1 1 44 0.78 0.03 

1054 m EFT vs. ERT pos 0.05 0 1 0 y b 1 3 1 66 0.92 0.07 

1054 m EFT vs. ERT pos n/a 0 1 0 y b 1 3 1 136 0.67 0.03 

1054 m EFT vs. No ET pos n/a 0 0 0 y b 1 3 1 136 0.61 0.03 

1054 h Omax: 

EFT vs. ERT 

pos n/a 0 1 0 y b 1 3 1 136 0.53 0.03 

1054 h Elasticity: 

EFT vs. ERT 

pos n/a 0 1 0 y b 1 3 1 136 0.53 0.03 
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1054 h Breakpoint: 

EFT vs. ERT 

pos n/a 0 1 0 y b 1 3 1 136 0.34 0.03 

1054 h Intensity: 

EFT vs. ERT 

pos n/a 0 1 0 y b 1 3 1 136 0.31 0.03 

1054 h Pmax: 

EFT vs. ERT 

pos n/a 0 1 0 y b 1 3 1 136 -0.16 0.03 

1054 h Omax: 

EFT vs. No ET 

pos n/a 0 0 0 y b 1 3 1 136 0.97 0.03 

1054 h Elasticity: 

EFT vs. No ET 

pos n/a 0 0 0 y b 1 3 1 136 0.90 0.03 

1054 h Breakpoint: 

EFT vs. No ET 

pos n/a 0 0 0 y b 1 3 1 136 0.31 0.03 

1054 h Intensity: 

EFT vs. No ET 

pos n/a 0 0 0 y b 1 3 1 136 0.80 0.03 

1054 h Pmax: 

EFT vs. No ET 

pos n/a 0 0 0 y b 1 3 1 136 -0.16 0.03 

1056 m EFT vs. ERT pos 0.25 0 1 0 y b 1 1 1 117 0.37 0.03 

1056 h Demand intensity: 

EFT vs. ERT 

pos 0.25 0 1 0 y b 1 1 1 113 0.40 0.04 
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1056 h Elasticity: 

EFT vs. ERT 

pos 0.25 0 1 0 y b 1 1 1 117 0.15 0.03 

1056 h Craving: 

EFT vs. ERT 

pos 0.25 0 1 0 y b 1 1 1 117 0.16 0.03 

1072 m EFT vs. Present neut n/a 0 0 0 n w 0 2 1 21 0.47 0.04 

1072 m EFT vs. Present neut n/a 0 0 0 n w 0 2 1 21 0.10 0.04 

1072 m EFT vs. Present neut n/a 0 0 0 n w 0 2 1 22 -0.35 0.04 

1072 m EFT vs. Present neut n/a 0 0 0 n w 0 2 1 25 0.09 0.03 

1077 m EFT vs. CRT pos 0.64 0 1 0 n b 0 3 1 54 0.44 0.08 

1077 m EFT vs. EPT pos 0.1 0 1 0 n b 0 3 1 54 0.22 0.07 

1102 m EFT change vs. AAT 

or Control change 

pos n/a 0 0 0 y b 0 3 1 60 0.39 0.08 

1102 h EFT: 

pre- vs. post-training 

pos n/a 0 0 1 y w 0 3 1 20 -0.16 0.04 

1103 m AUC $10: 

EFT vs. Control 

pos  1.18 0 1 0 y b 0 3 1 26 1.42 0.19 

1103 m AUC $100: 

EFT vs. Control 

pos  1.18 0 1 0 y b 0 3 1 26 1.45 0.20 

1103 h EFT vs. Control energy intake pos  1.18 0 1 0 y b 0 3 1 26 1.05 0.18 

Rösch et al. | Episodic future stimulation and intertemporal choices



pr
ep

rin
t

Table 2 continued

StudyID 
Choice 

Domain 
Condition Theoretically-Motivated Moderators Procedural Moderators n 

Effect 
Size 

Sampling 
Variance 

      

V
al

en
ce

 

V
iv

id
n

e
ss

 

Ep
is

o
d

ic
it

ya  

Fu
tu

re
- 

o
ri

en
te

d
n

es
sb

 

C
o

n
te

n
t 

Sp
ec

if
ic

it
y 

C
h

o
ic

e
 

Im
p

u
ls

iv
it

y 

D
es

ig
n

 

O
n

lin
e?

 

P
ro

n
en

es
s 

to
 D

em
an

d
 

Ef
fe

ct
sc  

P
u

b
lis

h
ed

? 

      

1104 h Energy: 

EFT child vs. Control  

pos n/a 0 0 1 y b 0 3 1 20 0.68 0.21 

1104 h Red Foods: 

EFT child vs. Control 

pos n/a 0 0 1 y b 0 3 1 20 0.30 0.20 

1104 h Green Foods: 

EFT child vs. Control 

pos n/a 0 0 1 y b 0 3 1 20 0.00 0.20 

1104 h BMI reduction: 

EFT child vs. Control 

pos n/a 0 0 1 y b 0 3 1 20 0.35 0.21 

1104 h % overweight: 

EFT child vs. Control 

pos n/a 0 0 1 y b 0 3 1 20 0.32 0.20 

1104 m AUC: 

EFT child vs. Control 

pos n/a 0 0 0 y b 0 3 0 20 -0.38 0.21 

1104 h Ad libitum energy intake: 

EFT child vs. Control 

pos n/a 0 0 1 y b 0 3 1 20 -0.25 0.20 

1104 h Energy: 

EFT parent vs. Control 

pos n/a 0 0 1 y b 0 3 1 20 0.97 0.23 

1104 h Red Foods: 

EFT parent vs. Control 

pos n/a 0 0 1 y b 0 3 1 20 0.22 0.20 

1104 h Green Foods: 

EFT parent vs. Control 

pos n/a 0 0 1 y b 0 3 1 20 0.61 0.21 
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1104 h BMI reduction: 

EFT parent vs. Control 

pos n/a 0 0 1 y b 0 3 1 20 1.53 0.26 

1104 h % overweight: 

EFT parent vs. Control 

pos n/a 0 0 1 y b 0 3 1 20 1.60 0.27 

1104 m AUC: 

EFT parent vs. Control 

pos n/a 0 0 0 y b 0 3 0 20 0.75 0.22 

1104 h Ad libitum energy intake: 

EFT parent vs. Control 

pos n/a 0 0 1 y b 0 3 1 20 1.32 0.25 

1105 h Calories: 

EFT vs. ERT 

pos 0.34 0 1 1 y b 0 3 1 29 1.17 0.16 

1105 h % calories from fat: 

EFT vs. ERT  

pos 0.34 0 1 1 y b 0 3 1 29 1.25 0.17 

1105 h % calories from protein: 

EFT vs. ERT 

pos 0.34 0 1 1 y b 0 3 1 29 1.11 0.16 

1105 h % calories from carbs: 

EFT vs. ERT 

pos 0.34 0 1 1 y b 0 3 1 29 -0.38 0.14 

1110 m EFT vs. Control pos 0 0 1 0 n b 0 3 1 200 0.63 0.02 

1110 m EFT vs. Control pos 0 0 1 0 n b 0 3 1 200 0.62 0.02 

1110 m EFT vs. Control pos 0 0 1 0 n b 0 3 1 200 0.39 0.02 

1110 m EFT vs. Control neg -0.24 0 1 0 n b 0 3 1 198 0.52 0.02 
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1110 m EFT vs. Control neg -0.24 0 1 0 n b 0 3 1 198 0.46 0.02 

1110 m EFT vs. Control neg -0.24 0 1 0 n b 0 3 1 198 0.39 0.02 

1111 m EFT vs. ERT  pos 0.11 0 1 0 n b 0 3 1 36 0.58 0.12 

1111 m EFT vs. SET pos 0.19 0 1 0 n b 0 3 1 35 0.94 0.13 

1113 h EFT health vs. Savings Control pos  2.90 0 1 1 y b 0 3 1 24 1.98 0.25 

1113 h EFT health vs. Savings Control pos  2.90 0 1 1 y b 0 3 1 24 1.49 0.21 

1113 h EFT health vs. Savings Control pos  2.90 0 1 1 y b 0 3 1 24 0.59 0.18 

1113 h EFT health vs. Savings Control pos  2.90 0 1 1 y b 0 3 1 24 1.39 0.21 

1113 h EFT general vs. ERT pos 0.96 0 1 0 y b 0 3 1 23 0.89 0.19 

1113 h EFT health vs. ERT pos  2.16 0 1 1 y b 0 3 1 21 0.99 0.21 

1113 h EFT general vs. ERT pos 0.96 0 1 0 y b 0 3 1 23 0.27 0.18 

1113 h EFT health vs. ERT pos  2.16 0 1 1 y b 0 3 1 21 0.65 0.20 

1113 h EFT general vs. ERT pos 0.96 0 1 0 y b 0 3 1 23 0.02 0.17 

1113 h EFT health vs. ERT pos  2.16 0 1 1 y b 0 3 1 21 -0.25 0.19 

1113 h EFT general vs. ERT pos 0.96 0 1 0 y b 0 3 1 23 1.24 0.21 

1113 h EFT health vs. ERT pos  2.16 0 1 1 y b 0 3 1 21 1.18 0.22 

1114 m EFT vs. ERT pos n/a 0 1 0 n b 1 3 1 160 0.46 0.03 

1116 m EFT vs. Baseline pos n/a 0 0 0 n w 0 1 1 55 0.54 0.02 

1116 m EFT vs. Baseline neut n/a 0 0 0 n w 0 1 1 55 0.52 0.02 

1116 m EFT vs. Baseline neg n/a 0 0 0 n w 0 1 1 55 0.25 0.02 
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1118 m Episodic vs. Control pos n/a 0 0 0 n b 0 2 0 60 1.67 0.09 

1145 m k Visit 1: 

EFT vs. ERT 

pos 0.27 0 1 0 n b 0 3 0 33 -0.50 0.13 

1145 m AUC Visit 1: 

EFT vs. ERT 

pos 0.27 0 1 0 n b 0 3 0 33 -0.38 0.12 

1145 h Calories Visit 1: 

EFT vs. ERT 

pos 0.27 0 1 0 n b 0 3 0 33 -0.07 0.12 

1150 m Patient prospective:  

After vs. Before 

neut n/a 0 0 1 n w 0 1 0 8 1.67 0.28 

1169 m Cued 6 months: 

EFT vs. ERT 

pos n/a 0 1 0 n b 1 3 1 176 0.53 0.02 

1169 m Uncued 6 months: 

EFT vs. ERT 

pos n/a 0 1 0 n b 1 3 1 174 0.00 0.02 

1169 m Cued 1 year: 

EFT vs. ERT 

pos n/a 0 1 0 n b 1 3 1 176 0.90 0.03 

1169 m Uncued 1 year: 

EFT vs. ERT 

pos n/a 0 1 0 n b 1 3 1 174 0.19 0.02 

1169 m EFT-typical vs. ERT-time pos n/a 0 1 0 n b 1 3 1 145 0.51 0.03 

1169 m EFT-event vs. ERT-time pos n/a 0 1 0 n b 1 3 1 137 0.63 0.03 

1169 m EFT-uncued vs. ERT-time pos n/a 0 1 0 n b 1 3 1 136 -0.13 0.03 
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1170 m EFT vs. Control neut n/a 0 0 0 n w 0 3 1 24 0.10 0.03 

1170 m EFT vs. Control neut n/a 0 0 0 n w 0 3 1 20 0.11 0.04 

1170 m EFT vs. Control neut n/a 0 0 0 n w 0 3 1 24 0.00 0.03 

1170 m EFT vs. Control neut n/a 0 0 0 n w 0 3 1 20 0.02 0.04 

1171 m EFT vs. Baseline pos n/a 0 0 0 n w 0 3 1 22 0.16 0.04 

1171 m EFT vs. Baseline pos n/a 0 0 0 n w 0 3 1 22 0.18 0.04 

1171 m EFT vs. Baseline pos n/a 0 0 0 n w 0 3 1 22 0.29 0.04 

1193 m Process: 

EFT vs. ERT 

pos n/a 0 1 0 n b 0 3 1 42 1.25 0.11 

1193 m No Process: 

EFT vs. ERT 

pos n/a 0 1 0 n b 0 3 1 36 1.03 0.13 

1195 m EFT vs. Baseline pos n/a 0 0 0 n w 0 1 1 50 0.34 0.02 

1207 m EFT vs. EPT pos -0.43 0 1 0 n b 0 1 0 85 0.08 0.05 

1207 m EFT vs. CET pos 0.72 0 0 0 n b 0 1 0 86 0.25 0.05 

1207 h Alcohol use intention: 

EFT vs. EPT 

pos -0.43 0 1 0 n b 0 1 0 85 0.09 0.05 

1207 h Demand intensity: 

EFT vs. EPT 

pos 0.72 0 1 0 n b 0 1 0 85 0.36 0.05 

1207 h Alcohol use intention: 

EFT vs. CET 

pos -0.43 0 0 0 n b 0 1 0 86 0.19 0.05 
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1207 h Demand intensity: 

EFT vs. CET 

pos 0.72 0 0 0 n b 0 1 0 86 0.38 0.05 

1221 m EFT money vs. Past money p/n -0.2 0 1 0 n b 0 2 1 115 -0.06 0.03 

1221 m EFT money vs. Present imagine p/n -0.33 0 0 0 n b 0 2 1 131 0.06 0.03 

1221 m EFT money vs. Present attend p/n 0 0 0 0 n b 0 2 1 122 0.28 0.03 

1235 m EFT pre vs. EFT post pos n/a 0 0 0 n w 0 1 0 32 1.46 0.06 

1240 h Intensity: 

EFT vs. Present 

neut n/a 0 1 0 n b 0 2 0 80 -0.36 0.05 

1240 h Breakpoint:  

EFT vs. Present 

neut n/a 0 1 0 n b 0 2 0 80 -0.09 0.05 

1240 h Omax: 

EFT vs. Present 

neut n/a 0 1 0 n b 0 2 0 80 -0.19 0.05 

1240 h Pmax: 

EFT vs. Present 

neut n/a 0 1 0 n b 0 2 0 80 -0.05 0.05 

1240 h Elasticity: 

EFT vs. Present 

neut n/a 0 1 0 n b 0 2 0 80 -0.31 0.05 

1240 h Intensity: 

EFT vs. Control 

neut n/a 0 0 0 n w 0 2 0 40 0.03 0.02 

1240 h Breakpoint: 

EFT vs. Control 

neut n/a 0 0 0 n w 0 2 0 40 0.04 0.02 
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1240 h Omax: 

EFT vs. Control 

neut n/a 0 0 0 n w 0 2 0 40 -0.03 0.02 

1240 h Pmax: 

EFT vs. Control 

neut n/a 0 0 0 n w 0 2 0 40 0.02 0.02 

1240 h Elasticity: 

EFT vs. Control 

neut n/a 0 0 0 n w 0 2 0 40 0.00 0.02 

1241 m positive EFT vs. neutral pos n/a 0 0 0 n w 0 2 0 35 0.17 0.02 

1241 m Certain future vs. Control neut n/a 0 0 0 n w 0 2 0 32 -0.07 0.03 

1241 m Positive future pre vs. post pos n/a 0 0 0 n w 1 2 0 64 -0.04 0.01 

1330 m EFT vs. Baseline p/n n/a 0 0 0 n w 0 1 1 20 0.84 0.06 

Note. y = yes (in the case of choice impulsivity. e.g., smokers), applicable; n = no, non-applicable; AAT = Approach Avoidance Task; b = between-subjects; BMI = 

Body Mass Index; CET = Control Episodic Thinking;  AUC = area-under-the-curve; CRT = Control Recent Thinking; EFT = Episodic Future Thinking; EPT = Episodic 

Past Thinking; ERT = Episodic Recent Thinking; h = health-relevant; m = monetary; neg = negative; neut = neutral; n/a = not available; No ET = No Episodic Thinking; 

Omax = maximum expenditure; Pmax = the price point corresponding to Omax; p/n = positive-to-neutral; pos = positive; SET = Standardized Episodic Thinking; 

SFT = Semantic Future Thinking; w = within-subjects. Effect size is reported as Hedges’ g. Associations between StudyID and full references are provided in 

Supplemental Table S1. 

a 0 =Control: Others, 1 = Control: Semantic. b 0 =Control: Others, 1 = Control: Non. c 1 =most likely, 2 = intermittent, 3 = least likely. 
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Table 3. Moderator Analyses

Moderator and level ES s g 95% CI SE 
F- 

valuea 

p-

valuea 

t-

valueb 

p-

valueb 

Level 2 

variance 

Level 3 

variance 
QE(df) p-value I² 

Choice domain      F(1, 46) 

= 0.98 

.328   .081 .082 681.75 

(172) 

< .001 79.49 

[72.73, 85.49] 

Monetary 103 54 0.462 [0.343, 

0.58] 

0.06   7.83 < .001      

Health-relevant 71 18 0.385 [0.231, 

0.538] 

0.08   5.05 < .001      

Valence c 

 

     F(3, 44) 

= 3.02 

.04 

 

  .061 .064 555.73 

(170) 

< .001 74.64 

[65.88 82.49] 

Negative 8 4 -0.178 [-0.877, 

0.518] 

0.33   -0.518 .607      

Neutral 26 10 0.184 [-0.018, 

0.385] 

0.1   1.83 .074      

Positive-to-

neutral 

11 7 0.438 [0.236, 

0.639] 

0.1   4.37 < 

0.001 

     

Positive 129 42 0.52 [0.4, 

0.639] 

0.06   8.79 < .001      

Vividness 60 15    F(1, 13) 

= 8.43 

.012 2.91d .012d .013 .069 126.51 

(58) 

< .001 62.99 

[34.55, 83.55] 

Episodicity      F(1, 46) 

= 0.774 

 

.384   .084 .076 678.38 

(172) 

< .001 79.23 

[72.47, 85.27] 
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Table 3 continued

Moderator and level ES s g 95% CI SE 
F- 

valuea 

p-

valuea 

t-

valueb 

p-

valueb 

Level 2 

variance 

Level 3 

variance 
QE(df) p-value I² 

Control: 

others 

168 56 0.433 [0.324, 

0.542] 

0.054   8.0 < .001      

Control: 

Semantic future 

6 4 0.553 [0.285, 

0.821] 

0.133   4.15 < .001      

Future-orientedness      F(1, 46) 

= 0.07 

 

.789   .084 .076 663.1 

(172) 

< .001 79.22 

[72.34; 85.4] 

Control: 

others 

90 35 0.43 [0.307, 

0.553] 

0.061   6.51 < .001      

Control: non 

future, episodic 

84 28 0.45 [0.312, 

0.587] 

0.068   6.57 < .001      

Content specificity      F(1, 46) 

= 9.21 

 

.004   .084 .064 657.19 

(172) 

< .001 77.9 

[70.89, 84.23] 

Non content-

specific 

141 53 0.391 [0.285, 

0.821] 

0.13   7.46 < .001      

Content-specific 33 12 0.707 [0.502, 

0.912] 

0.11   6.95 < .001      

Choice impulsivity      F(1, 46) 

= 6.23 

.016 

 

  .086 .059 639.37 

(172) 

< .001 77.51 

[70.36, 84.03] 

Neurotypical 108 44 0.367 [0.246, 

0.487] 

0.060   6.12 < .001      
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Table 3 continued

Moderator and level ES s g 95% CI SE 
F- 

valuea 

p-

valuea 

t-

valueb 

p-

valueb 

Level 2 

variance 

Level 3 

variance 
QE(df) p-value I² 

Choice 

impulsivity 

66 15 0.604 [0.452, 

0.755] 

0.075   8.02 < .001      

Design      F(1, 46) 

= 3.8 

 

.057   .088 .055 621.71 

(172) 

< .001 77.19 

[69.97, 83.75] 

Between-subject 116 33 0.509 [0.368, 

0.651] 

0.07   7.26 < .001      

Within-subjects 58 27 0.319 [0.188, 

0.45] 

0.065   4.89 < .001      

Study site 

 

     F(1, 46) 

= 1.2 

 

 

.278 

 

 

  .082 .081 678.74 

(172) 

< .001 79.56 

[77.84, 85.54] 

On-site 144 50 0.451 [0.33, 

0.572] 

0.06   7.50 <.001      

Online 30 8 0.377 [0.285, 

0.469] 

0.046   8.27 < .001      

Proneness to 

Demand effectsd 

 

     F(2, 45) 

= 3.97 

.026   .087 .051 597.01 

(171) 

< .001 76.62 

[69.06, 83.53] 

Most likely 38 17 0.381 [0.187, 

0.574] 

0.096   3.96 < .001      
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Table 3 continued

Moderator and level ES s g 95% CI SE 
F- 

valuea 

p-

valuea 

t-

valueb 

p-

valueb 

Level 2 

variance 

Level 3 

variance 
QE(df) p-value I² 

Intermittent 31 11 0.201 [-0.005, 

0.407] 

0.102   1.97 .055      

Least likely 105 30 0.532 [0.406, 

0.658] 

.063   8.5 < .001      

Publication status      F(1, 46) 

= 0.55 

.463 

 

  .085 .071 639.16 

(172) 

< .001 78.72 

[71.71, 85.02] 

Unpublished 27 11 0.307 [-0.096, 

0.71] 

0.2   1.53 0.132      

Published 147 49 0.457 [0.359, 

0.556] 

0.049   9.37 < .001      

Note. ES = number of effect size estimates; s = number of studies; F-value = test of moderator significance; g = Hedges’ standardized difference on each level of 

the moderator; 95% CI correspond to the CIs of Hedges’ g on each level, p corresponds to the p-value for the omnibus test for the F-value or to the significance 

on the level of the moderator, respectively. The number of effect size estimates and studies often do not add up as expected because some studies provided 

multiple effect size estimates and/or did not provide data for the level of a moderator. 
a Omnibus test. b Test for the coefficient. c Follow-up-analyses showed that positive episodes have a significantly stronger beneficial effect as compared to neutral 

episodes, β = 0.336, t(44) = 2.96, p = .005, and a marginally more beneficial effect relative to negative episodes, β = 0.699, t(44) = 1.94, p = .059. Positive-to-

neutral episodes were only associated with a marginally greater effect than neutral, β = 0.254, t(44) = 1.8, p = .08, and negative episodes, β = 0.617, t(44) = 1.71, 

p = .094. None of the other direct comparisons was significant or showed a trend, all t(44) < 1.29, all p > .2. d Test for coefficient of an increase in 1 SD in vividness. 
e Follow-up-analyses showed that studies where participants were least likely to discern the study purpose showed a greater effect size than the ones with an 

intermittent likelihood, β = 0.331, t(45) = 2.76, p = .008. Other differences between the moderator levels were not significant.  
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Table 4. Results for the Multiple Moderator Model

Moderator variables β (SE) 95% CI 
p-

value 

t-

value 

Intercept 0.201 

(0.13)   

[-0.058, 

0.478] 

.121 1.58 

Negative episode (vs. neutral) -0.404 

(0.28) 

[-0.97, 

0.163] 

.158 -1.44 

Positive-to-neutral episode (vs. neutral) 0.250 

(0.13) 

[-0.017, 

517] 

.055 1.89 

Positive episode (vs. neutral) 0.265 

(0.13)  

[-0.001, 

0.53] 

.051 2.02   

Content-specific episodes (vs. non content-specific)  0.245 

(0.11)   

[0.017, 

0.473] 

.036 2.17 

Neurotypical sample (vs. sample characterized by choice 

impulsivity) 

0.015 

(0.11)  

[-0.203, 

0.233] 

.89 0.14 

Discerning study purpose intermittent (vs. least likely) -0.192 

(0.14) 

[-0.472, 

0.088] 

.173 -1.39 

Discerning study purpose most likely (vs. least likely) -0.042 

(0.13)   

[-0.214, 

0.298] 

.74 0.33 

Omnibus test F(7, 40) = 3.68, p = .004 

Variance within studies 0.062 

Variance between studies 0.053 

Number of ESs 174 

Note. CI = Confidence Interval, ES = Effect Size. 

 

 

Rösch et al. | Episodic future stimulation and intertemporal choices


