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Abstract

Episodic Future Thinking has proven efficient in reducing impulsive behavior in several adult

populations. Whether it also has a beneficial impact on decision making in adolescents is

not known. Here the impact of episodic future thinking on discounting behavior was investi-

gated in a sample of healthy adolescents (n = 44, age range 13–16 years). Discounting

behavior in trials including episodic future thinking was significantly less impulsive than in

control trials (t = 2.74, p = .009, dz = .44). In a subsample we controlled for executive func-

tion, alcohol use and developmental measures. Neither executive function nor alcohol use

but developmental measures explained variability in the effect of episodic future thinking.

These findings reveal that episodic future thinking can improve adolescent decision making

while the effect is to some degree modulated by developmental measures.

Introduction

Adolescents are often described as an especially impulsive population [1]. Their impulsive

decisions can have both short- and long-term negative consequences, e.g. when experimenting

with substances such as alcohol and nicotine: The majority of people who begin daily cigarette

smoking during adolescence are addicted to nicotine well into adulthood [2], and the age of

initiation of alcohol consumption predicts the degree of alcohol misuse in adult life [3]. Since

adolescents may not take such future consequences into account when making decisions, it is

important to investigate factors that can modulate adolescent impulsive decision making,

thereby attenuating potentially harmful behavior.

Several previous studies both in adult and child populations have shown that Episodic

Future Thinking can have a positive influence on impulsive decision making. In this study, we

aimed at investigating this effect in an adolescent population.

One widely used measure of impulsivity is delay discounting behavior. In the delay dis-

counting paradigm participants make a series of choices between smaller-but-sooner and

larger-but-later rewards. People will generally prefer larger over smaller rewards, but imposing

a delay typically induces a devaluation, thereby engaging participants to trade-off between

value and time. Increased choices of smaller-sooner over larger-later rewards reflects increased

impulsivity in this task. While discounting behavior is reasonably well characterized by a
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hyperbolic function [4], the degree of discounting varies considerably across individuals. In

particular, populations suffering from addictive disorders, typically show increased discount-

ing [5]. In line with their propensity for impulsive behavior [6], adolescents also show

increased discounting compared to young adults [7]. And the trade-off between value and

time invoked in the experimental discounting-paradigm resembles many situations in adoles-

cent’s real life. E.g. indulging in immediately available social pleasures with peers, as opposed

to studying hard in school, pursuing future educational goals. This measure is thus suitable for

the characterization of impulse control in adolescence.

Episodic Future Thinking is one factor that has repeatedly proven successful in modifying

delay discounting behavior. Episodic future thinking is the capacity to imagine personal future

events, and is also known as mental time travel or prospection [8,9]. This capacity might be

specific to humans, and is central for our ability to withstand short-term impulses in favor of

long-term benefits [10,11]. Peters & Büchel (2010) [12] found that presenting short verbal cues

referring to personal episodic future events (episodic tags) during a delay discounting task

reduced discounting behavior. This effect (the episodic effect) was subsequently replicated a

number of times, e.g. in healthy adults [13], in obese women and children [14,15], in alcohol

dependent adults [16], and in patients with hippocampal amnesia [17]. A positive relation

between the extent to which the episodic tags provoked mental associations, in the sense of

evoking thoughts and / or feelings related to the event, and the size of the episodic effect [12],

suggests that the effect to some degree relies on the ability and use of episodic future thinking.

It has previously been shown that the ability to vividly imagine future events is related to delay

discounting in adolescents [18]. However, to our knowledge no data has yet been reported on

the episodic effect in adolescents. Because adolescents are both prone to show risk-seeking and

impulsive behavior, and at the same time make a sensible target-group for prevention pro-

grams [19], it is particularly relevant to explore the episodic effect in the adolescent population.

To this end, we investigated the episodic effect in a group of 44 adolescents aged 13 to 16. Sup-

ported by the previously observed association between episodic future thinking and delay dis-

counting in adolescents [18], as well as previous successful use of episodic tags, not only in

adults but also in a group of children [14], we expected to confirm the episodic effect in our

adolescent sample. We also hypothesized the adolescent episodic effect to be related to the

extent to which the episodic tags would invoke mental associations [12].

Besides investigating the episodic effect, we also investigated the influence of several control-

variables on the effect, in a subsample of 32 adolescents. First, impulsive decision making is

related to numerical age [7,20–22]. However, age-related changes in impulsive decision making

during adolescence might be characterized more precisely by other measures than numerical

age, such as physical maturation and gonadal hormonal levels [23,24]. These developmental

measures are especially relevant during adolescence, including the age-range in our sample. We

therefore extended the measure of numerical age with individual differences in self-reported

physical development and circulating testosterone levels. Second, executive functions such as

working memory have been shown to interact with the episodic effect [13,25]. To this end, we

assessed individual differences in two measures of executive function. Finally, due to the robust

association of problematic alcohol use with impulsive choice behavior [5], and with future

thinking ability [26,27] we included individual differences in alcohol use in the control analysis.

Taken together, the aim of the present study was to investigate the effect of episodic future

thinking on impulsive decision making in a sample of healthy adolescents. Furthermore, we

controlled for the impact of several variables: development, executive function and alcohol use

on the main effect in a control analysis. The aim of the study was achieved by showing the epi-

sodic effect in our sample of adolescents. Of the control-variables investigated, only develop-

mental measures had an impact on the main effect.

Episodic future thinking and temporal discounting in adolescents

PLOS ONE | https://doi.org/10.1371/journal.pone.0188079 November 22, 2017 2 / 15

https://doi.org/10.1371/journal.pone.0188079


Materials and methods

Participants

Data from 53 adolescents (age = 13–16 years, 21 male) was obtained. Participants, and their

parents or legal guardians, provided informed written consent, and the study procedure was

approved by the local ethics committee (Hamburg Board of Physicians). All participants were

fluent German speakers and were predominantly from white families. Adolescents were

recruited from three schools in a large City in northern Germany. Two researchers presented

the study to eighth and ninth graders during class, and handed out recruitment packages. Stu-

dents were encouraged to study the recruitment packages at home, together with their parents

or legal guardians. Participants signed up via mail, E-mail or telephone. Exclusion criteria for

adolescents included any diagnosed psychiatric disorder or estimated IQ< 70. Adolescent

participants were also screened for physical health.

General procedure

Data assessment was conducted individually in the same room, by one of two researchers, on

two separate days. Each session lasted app. 1.5 to 2 hours, during the afternoon. On day one a

pre-test delay discounting-task, an interview on personal episodic future events, saliva samples

for testosterone-level and executive function constructs were assessed. On day two the episodic

delay discounting-task, further saliva samples for testosterone-level, self-reported physical

development and alcohol use were assessed. Participants were compensated for their participa-

tion with a fixed amount of € 40 and a variable amount between € 10 and € 15, depending on

their choice behavior in the Episodic Discounting Task (see below).

Pre-test delay discounting

On the first day of data assessment delay discounting was assessed using an adaptive com-

puter-based procedure, previously used and described elsewhere [28]. Participants made

choices between a smaller-sooner reward of 10 EUR available immediately and a larger-later

reward of varying size, encompassing seven delays (1, 2, 7, 14, 30, 90 and 180 days). Using a

staircase-procedure each participants’ indifference-points (ID-points) were determined. The

staircase-procedure allows for a large range in larger-later reward sizes (range = 10,20–410,00

EUR, median = 18,50 EUR). These ID-points reflect the amount where the participant is

expected to be indifferent to the SS and LL option. Individual discount rates were estimated as

described below (Computational Modelling). The experiment was performed using the Pre-

sentation software package Version 17.1 (Neurobehavioral Systems Inc., Berkeley, CA). All

rewards were hypothetical.

Pre-test interview

On day one, participants were asked to report between five and 12 relevant personal events

expected to take place soon. Specifically, events from the following time-windows were

required: Within the following week, within the next 2–4 weeks, within the next 2–4 months,

within the next 5–7 months. After documenting the events, participants were asked to rate

each event for its personal relevance, valence and arousal on a six-point scale. Then, for each

event, a short description was chosen (episodic tag), e.g. the event ‘In six weeks (42 days) I am

going to visit my uncle’ could be tagged as ‘Visit_Uncle’. For the Episodic Discounting-task

(see below) five to seven of these episodic tags were selected. Only tags with positive or neutral

valence were included. Preference was given to tags high in relevance and arousal.
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Episodic discounting-task

The individual discount rates that had been estimated based on the pre-test delay discounting-

task were used to generate subject-specific trials in this episodic delay discounting-paradigm

to test the episodic effect. Each participant completed 2 sessions containing 56 choices each

(yielding a total of 112 trials), covering 7 delays, between 10 EUR available immediately and a

larger reward available after a delay. For 3 participants, the 2 sessions contained only 54

choices each, covering 6 delays, because only 6 future events had been reported. The smaller-

sooner reward, which was always the same, was known to the participants and was therefore

not presented on the screen. The task contained two conditions: During half of the trials the

larger amount available in euro (e.g. ‘25 EUR’) was presented together with the delay in days

(e.g. ‘42 days’), as well as the timely matching episodic tag (e.g. ‘Visit_Uncle’). Importantly the

delays presented would exactly match the reported timing of the episodic tag (episodic condi-

tion). In this sense the delays in this task differed somewhat between participants, but always

stayed within the predefined time-windows, as described above on the Pre-test Interview. Dur-

ing the other half of the trials only the larger amount available was presented together with the

delay (control condition), as well as a short line of the number sign (‘#####’), aiming at match-

ing the perceptual visual stimuli of the episodic condition. The larger-later reward amounts

were subject-specific to the individual discount-rates estimated based on the pretest discount-

ing task, within a lower limit of € 10,50 and an upper limit of € 50,00 (Episodic condition:

range = 10,50–49,60 EUR; Median = 21,40 EUR. Control condition: range = 10,50–49,70 EUR;

Median = 20,20 EUR.) Importantly, the reward amount sizes do not differ between the two

conditions ((t(40) = 0.10, p = .90; CI = [-0.40 0.40]). The participants would make their choice

by pressing the advised keys on a keyboard, and received visual feedback about their choice

(Fig 1). The participants were instructed to perform the task in the same way as the pre-test

delay discounting-task. Furthermore, they were informed that whenever a delay would match

the previously reported events timewise, the episodic tag for that event would appear on the

screen along with the larger-later reward, and that it would appear to help them discriminate

the timing of the delay. No further instruction was given about the episodic tag, especially

there was no explicit instruction to use future simulation. Participants were informed, that

after finishing the task, the computer would randomly pick one choice of theirs per which they

would be compensated in accordance with the choice made. Compensation was given as a gift

card for Amazon and was either handed out immediately (if the SS had been chosen), or send

via mail at the time of the chosen delay (if the LL had been chosen). The value of the gift card

was limited to amounts between €10 and €15. After finishing the task participants rated for

the episodic tags the degree to which it elicited episodic associations, and the vividness of these

associations on a six-point scale. Individual discount-rates were estimated using the estimation

procedures as described below (Computational Modelling).

Developmental stage

In our subsample of 33 adolescents, developmental stage was characterized. First, we measured

testosterone levels via saliva samples. To account for rhythmic fluctuations in circulating tes-

tosterone levels, three to four saliva samples were collected during each of the two assessment

sessions. The saliva samples were pooled and analyzed by a local lab (Innovation Beyond Lim-

its, Hamburg, Germany).

Second, we assessed self-reported physical development using the Pubertal Development

Scale [29]. Both sexes reported growth in height, growth of body hair, changes in skin, and a

self-evaluation whether development was considered early or late. Girls further reported their

growth of breasts. Boys further reported changes in voice and changes in facial hair. Relative

Episodic future thinking and temporal discounting in adolescents
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scores were calculated for each participant by dividing the individual score by maximum possi-

ble score (girls max. score = 21; boys max. score = 25, relative scores range from 0.2 to 1.0).

Third, numerical age was assessed in days.

Additional neuropsychological measures

In our subsample of 33 adolescents, we assessed Matrix Reasoning as well as Working Mem-

ory, using two subscales from the German version of the Wechsler Intelligence Scale for Chil-

dren (WISC-IV) [30]. The subscale Matrix Reasoning assesses the capacity of fluid reasoning,

requiring participants to fill in pictorial matrices of varying difficulty. Maximum score = 35.

The subscale Digit Span assesses working memory, requiring participants to repeat dictated

series of digits, forwards and backwards. Maximum score = 32.

Fig 1. Episodic discounting-task. The Episodic Discounting task.

https://doi.org/10.1371/journal.pone.0188079.g001
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Substance use

In our subsample of 33 adolescents, we assessed the self-report questionnaire ESPAD (www.

espad.org). This includes estimates of alcoholic units as well as alcohol-binges consumed in a

life-time, during the last 12 months and during the last 30 days. Participants are asked to report

the number of occasions where they have consumed alcohol. Alcohol-binges are defined as

having 5 or more drinks on one occasion. The latest ESPAD-Report from 2015 (www.espad.

org), covering data from 96046 students (age 15–16 years) from 35 European countries, report

average consumption only in percentage as reported use independent of number of occasions,

as follow: life-time alcohol use in 80% of the students (range across countries = 35–96%), a last

12 months use in 71% (range across countries = 24–90%), and a last 30 days use in 48% of stu-

dents (range across countries = 9–73%). Alcohol-binges are reported for last 30 days in 13% of

students (range across countries = 3–32). The number of occasions, which we use for our anal-

ysis, however are not reported. In our sample we see very similar use with life-time alcohol use

in 75%; last 12 months alcohol use in 69%; last 30 days alcohol use in 41% and last 30 days alco-

hol binges in 9%. Descriptive statistics on the reported number of occasions of alcohol con-

sumption in our sample is listed in Table 1.

Sample and outliers

Of the 53 adolescent participants seven were excluded prior to data analysis due to technical

faults in data assessment. One was dismissed due to nonsystematic indifference points in the

pre-test delay discounting-task [31]. Furthermore, one outlier (i.e. scoring ± 3 SD from the M)

was detected in discount-rate for the episodic condition. The main adolescent sample for anal-

ysis included data from 44 participants. In the subsample one outlier was detected in the epi-

sodic tag effect, leaving 32 participants for this additional analysis.

Data analysis

Data analyses were conducted using R, version 3.2.3 (R Core Team, 2015) and the R-packages

corrplot, version 0.73; ez, version 4.3; ggplot2, version 2.0.0; grid, version 3.2.3; gridextra, ver-

sion 2.0.0; lmtest, version o.9-34; plotrix, version 3.6–1; plyr, version 1.8.3; psych, version 1.5.8

tidyr, version 0.4.0; Rstudio, version 0.98.1091 as well as Matlab (MathWorks, Natick, MA).

Effect-sizes for paired samples are reported as Cohens dz, otherwise as Cohens d [32]. For the

linear regression model, we used the z-transformed scores of variables involved.

Table 1. Descriptive statistics on reported alcohol consumption.

Number of

occasions

Lifetime Alcohol Last 12 months

Alcohol

Last 30 days

Alcohol

Lifetime Binge Last 12 months

Binge

Last 30 days

Binge

0 8 2 2 11 0 0

1–2 7 11 11 4 5 5

3–5 9 5 5 3 1 1

6–9 2 1 1 1 3 3

10–19 2 1 1 0 1 1

20–39 0 3 3 3 1 1

>40 4 1 1 0 0 0

Note: Listed are the number of participants who reported the indicated ‘Number of Occasions’ in the alcohol- and binge-consumption categories.

https://doi.org/10.1371/journal.pone.0188079.t001
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Computational modelling

For the discounting task data we approximated the devaluation of value over time using a

hyperbolic model [33] in the form of:

SV ¼
R

ð1þ k �DÞ

where SV = subjective value; R = reward; D = delay in days; k = discount rate. We performed

maximum likelihood parameter estimation [34] using optimization procedures implemented

in Matlab (Mathworks, Natic, MA, fminsearch) with a softmax action selection function in the

form of:

Pchosen ¼
expðSVchosen=tempÞ

expðSVchosen=tempÞ þ expðSVother=tempÞ

where Pchosen = probability of the chosen option; SVchosen = subjective value of the chosen

option; SVother = subjective value of the other available option; temp = temperature, to fit the

model to all trials from each participant. This estimation procedure provides estimates of each

participant’s individual discount rate (k). The free parameter (k) is considered a direct behav-

ioral measure of impulsivity, with higher values reflecting more impulsive choice behavior.

The free parameter (temp), which describes the noise in the decision-making behavior, was

not further analyzed.

In line with our hypothesis of attenuated delay discounting in the episodic condition, sepa-

rate models were fit to the control and episodic trials.

Furthermore, we compared the goodness of fit of the hyperbolic discounting model [33] to

the fit of an exponential discounting model [35] in the form of:

SV ¼ A� bDe

for the Episodic Delay Discounting behavior with the Bayesian Information Criterion (BIC).

The hyperbolic model overall proved a superior fit as compared to the exponential model (see

Fig 2). For individual model fits we further calculated McFaddens adjusted Pseudo R2 in the

form of

Pseudo adjR2 ¼ 1 �
lnL1 � K

lnL0

Where L1 = the model of interest; K = number of model parameters; L0 = the zero model [36].

These proved good individual model fits with values> .25 and further proved the hyperbolic

model fit to be superior to the exponential model fit (see Fig 2 right). Accordingly, after log-

transformation, yielding appropriate distributions, the log-transformed estimated discount

rates (k) from the hyperbolic model were used for further analyses.

Model-free analysis

To further test our main hypothesis with a model-free measure of impulsive discounting

behavior, in line with the Area under the Curve approach (AUC) [37], we estimated ID-points

of the Episodic Discounting Task behavior by fitting a logistic curve to the proportion of

choices of the LL reward as a function of the LL amount, per delay and condition [38]. We

then calculated the Area under the Curve for each participant per condition [37], which were

used for testing our main hypothesis. All delays, which are specific to each participant based

on their personal events, were normalized individually as a proportion of the longest delay per
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condition. For visualization of the AUC-Group effect (see Fig 3 (right)) we further averaged

the ID-points for each normalized delay across all participants who had 7 delays. The 3 partici-

pants who only had 6 delays (see Episodic Discounting Task above) were not included in this

graph. All 3 however confirm the overall relation AUC-episodic > AUC-control. Descriptive

statistics are listed in Table 2.

Fig 2. Goodness of fit for the exponential and the hyperbolic model. left: Summed BIC-scores as a Goodness of fit, comparing the exponential

and the hyperbolic model by condition (light grey = control; dark grey = episodic); Fig 2 right: Individual Pseudo adjusted R2 values as a Goodness of fit,

comparing the exponential (x-axis) and the hyperbolic (y-axis) model by condition (light grey = control; dark grey = episodic).

https://doi.org/10.1371/journal.pone.0188079.g002

Fig 3. The episodic effect, n = 44. The episodic effect. Mean discount rate (parameter log(k) values); p = .009 (left); mean area under the curve (AUC)

values; p < .001 (middle); n = 44. Averaged ID-points (right); n = 41.

https://doi.org/10.1371/journal.pone.0188079.g003
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Results

The developmental measures were positively correlated: Age_testosterone-level, r(32) = .39,

95% CI [.05, .65], p = .03; Age_physical developmental scale, r(32) = .48, 95% CI [.15, .71], p =

.01; physical developmental scale_testosterone level, r(32) = .30, 95% CI [-.05, .59], p = .09. Sex

differences in the developmental scores were found for testosterone-level, Estimated Differ-
ence(32) = 1.13, 95% CI [.57, 1.69], p< .001. For the physical development scale a trend level

difference was found, Estimated Difference(30) = .60, 95% CI [-.07, 1.27], p = .08. (Reported

scores are z-transformed). There was no sex difference in numerical age, measured in days.

Due to the strong correlation between numerical age and the physical development scale, we

aggregated these measures for further analyses, by averaging z-transformed raw scores into

one measure of developmental stage [18]. No sex difference was found for developmental

stage, the episodic effect, matrix reasoning or working memory.

The post-test ratings on vividness and occurrence of associations during the episodic condi-

tion were highly correlated, r(42) = .78, 95% CI [.63, .87], p< .001. In line with Peters & Büchel

(2010) [12] we aggregated these post-trial ratings across all events into a single imagery-score

by averaging z-scored values. As the six subscales of the ESPAD were highly correlated, rang-

ing from r(26) = .64 to r(26) = .95, all p < .001, we summarized overall substance use in a single

mean score on alcohol use, across all sub-scores. There were no sex differences in imagery, nor

in alcohol use. Descriptive statistics are listed in Table 3.

Table 2. Descriptive statistics of discounting variables.

Sample Measure M SD Min Max

Main Sample, n = 44 Episodic log(k) -4.17 1.23 -6.75 -0.89

Control log(k) -3.98 1.26 -6.72 -0.57

Episodic AUC .50 .21 .09 .93

Control AUC .44 .22 .04 .93

Subsample, n = 32 Episodic log(k) -4.04 1.16 -6.43 -1.47

Control log(k) -3.84 1.19 -6.72 -1.50

Episodic effect 0.19 0.47 -1.03 1.53

M = mean; SD = standard deviation; Min = minimum range value; Max = maximum range value; Episodic log(k) = episodic condition, log-transformed

parameter k; Control log(k) = control condition, log-transformed parameter k; AUC = Area under the curve; Episodic effect = episodic tag effect as the

dependent variable for regression analysis.

https://doi.org/10.1371/journal.pone.0188079.t002

Table 3. Descriptive statistics of control variables for subsample (n = 32).

Variable M SD Median Min Max

Matrix Reasoning 25.53 4.06 26.50 12.00 31.00

Working Memory 19.41 4.07 19.50 13.00 32.00

Numerical Age in days (years) 5413 (14.8) 261 (.72) 5432.5 (14.9) 4937 (13) 5842 (16)

Physical Development .69 .14 .71 .40 .95

Testosterone Level 36.08 30.31 28.50 1.97 109.70

Alcohol Use (Aggregated) .02 .92 -.24 -.95 2.30

Development (Aggregated) .01 .87 .06 -1.83 1.50

Note: M = mean; SD = standard deviation; Min = minimum range value; Max = maximum range value; Aggregated measures (Alcohol Use and

Development) are z-standardized.

https://doi.org/10.1371/journal.pone.0188079.t003
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Main analysis

We tested our main hypothesis on the episodic effect (control condition discount-rate log(k)

minus episodic condition discount-rate log(k)) with a two-tailed paired t-test. The episodic

effect was significantly different from zero (t(43) = 2.74, p = .009, dz = .44, with a smaller log(k)

in the episodic condition M = -4.17, SD = 1.23, as compared to the control condition M =

-3.98, SD = 1.26). As a control of our result, we further tested the difference in AUC between

the two conditions, also with a two-tailed paired t-test, which confirmed our result (t(43) =

4.56, p = .00004, dz = .65, with a larger AUC in the episodic condition M = 0.50, SD = 0.21, as

compared to the control condition M = 0.44, SD = 0.22). A Bonferroni correction for multiple

testing did not change the significance of the test results (p = .009 and p< .001, respectively)

(Fig 3).

The association of compound imagery score and the episodic effect was positive but not sig-

nificant (robust regression, t(42) = 1.49, p = .14). To further investigate the imagery-scores we

divided the sample with a median split into a high-imagery and a low-imagery group. The epi-

sodic effect in the high-imagery group was significantly larger than zero (one-sample t-test,

t(21) = 3.17, p = .01, d = .68), whereas it was not different from zero in the low-imagery group

(one-sample t-test, t(21) = .97, p = 1, d = .21). However, the difference between the two groups

was not significant (Welch two-sample t-test, t(40) = 1.25, p = .65, d = .38).

Control analyses

To control for developmental stage, executive function and substance use, we first confirmed

the main episodic effect in the sub-sample (n = 32) (one-tailed paired t-test: t(31) = 2.28, p =

.03, dz = .40, replicating a lower log(k) in the episodic condition M = -4.04, SD = 1.16, as com-

pared to the control condition M = -3.84, SD = 1.19).

We next set up a linear multiple regression model (with z-standardized variables) with the

episodic effect as the dependent variable, and developmental stage, testosterone-level, sex,

working memory, matrix reasoning and alcohol use as predictors. The episodic effect in the

sub-sample was normally distributed, and there were no outliers in the sense of ± 3 SD from

the mean. The model proved to significantly (p = .01) explain approximately 42% of the vari-

ability in the episodic effect (adjusted R2 = .42). Significant predictors were developmental

stage, testosterone-level and the interaction-term sex�developmental stage. Sex showed a trend

Table 4. Regression analysis.

Predictor (z-scores) Estimate Standard Error t-value p-value

Model predicting the Episodic effect, (n = 32), adjusted R2 = .42

Working memory .008 .162 .05 .96

Matrix Reasoning .044 .155 .28 .78

Alcohol use (Aggregated) -.176 .155 -1.14 .27

Development (Aggregated) 1.361 .302 4.50 .00

Testosterone Level -1.260 .313 -4.01 .00

Sex -1.301 .647 -2.01 .06

Sex*Testosterone Level .685 .802 .85 .40

Sex*Development -1.710 .579 -2.96 .00

Development*Testosterone L. -.210 .191 -1.07 .29

Sex*Dev.*Testosterone L. -.718 .817 -.88 .39

Dev = Development. The symbol ‘*’ indicates an interactive effect between variables. All variables in the model were z-standardized.

https://doi.org/10.1371/journal.pone.0188079.t004
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level effect (see Table 4). The sample size of sub-groups (dividing participants per developmen-

tal stage and sex) were too small (less than 5 participants per cell) to test the underlying nature

of the interaction between developmental stage and sex. The predictors working memory,

matrices and alcohol use were not significant.

Discussion

We investigated the effect of episodic future thinking on delay discounting in healthy adoles-

cents, by incorporating episodic future information in a delay discounting paradigm. We

found that episodic tags (short verbal cues referring to real future events planned by the partic-

ipant) reduced adolescent discounting behavior. Choice behavior was less impulsive in the

episodic condition as compared to the control condition with an effect size of dz = .44. An

association between post-test imagery scores and the main effect was positive but not signifi-

cant. Finally, in a subsample we show that the episodic effect is not significantly influenced by

alcohol use or executive measures, but by developmental measures (pubertal development,

numerical age and testosterone level), partly interacting with sex.

Most importantly we show that episodic tags attenuate adolescent delay discounting behav-

ior. Trials that included a tag referring to a personal future event, were associated with reduced

delay discounting compared to control trials without future event tags. The effect size of dz =

.44 found in our adolescent sample is similar to a previously published study in a group of

young adults (d = .40) [12]. Our model-free AUC-control analysis confirms the effect, inde-

pendently of the model used to describe the discounting behavior. While this and related epi-

sodic effects have been shown repeatedly in adult groups [13,15,39], the modification of

adolescent delay discounting is of special interest. A recent study concluded that adolescent

impulsivity is determined by the adolescent’s relative future orientation, rather than their sen-

sitivity to immediate rewards [40]. In another study individual differences in future time per-

spective as measured by self-report were negatively associated with delay discounting behavior

in a large sample of 14 to 22 year old participants [41]. Also, adolescents who are high in gen-

eral episodic future thinking ability discount future rewards less steeply [18]. These studies

emphasize the value of enhancing adolescent future orientation in decision making, which is

further supported by our finding of an episodic effect in adolescents. Episodic future thinking

has previously proven successful in increasing self-control in individuals with self-control defi-

cits such as eating disorders [15]. Similarly, Bickel et al. (2015) [42] suggested to add episodic

future thinking training in addiction treatment, aiming at increasing self-control. This

approach proved effective in a group of 50 alcohol dependent adults [16], where future related

cues induced less impulsive behavior, also related to the substance of abuse. Following this line

of thought, our results suggest that further investigation of episodic future thinking as a poten-

tial tool in substance abuse prevention in adolescence might be warranted [19].

In our adolescent sample we did not replicate the previously reported association between

the episodic effect and post-trial imagery-scores [12]. The estimated regression parameter was

positive, and a median-split analysis showed that the episodic effect of those high in imagery

differed significantly from zero, whereas the episodic effect of those low in imagery did not dif-

fer significantly from zero. While our data does point towards the same direction as in Peters

& Büchel, (2010) [12], this association might be too small to be detected in our entire sample.

Future investigations into the episodic effect may want to add further controls, besides the rat-

ings used here, to clarify what quality of the future episodic events trigger the effect.

Our regression-model, including the covariates developmental stage, executive function,

testosterone level, sex and alcohol use, proved an overall significant influence on the episodic

effect (Table 4). The positive influence by developmental stage is dependent on the interaction
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with sex. However, our sample-size is too small to evaluate any sub-samples (divided by sex

and developmental stage), and draw any conclusions about the nature of this interaction,

which calls for further studies with larger sized subgroups. The effect of testosterone-level on

the episodic effect was negative. The role of endocrine parameters in adolescent decision mak-

ing is presently not well understood [43], and the literature on the relation between testoster-

one-level and discounting behavior is sparse. While one animal study reported decreased

discounting in testosterone-treated rats compared to control rats [44], adolescent humans

high in testosterone level contrarily showed a trend towards increased discounting [18]. Stud-

ies in healthy young male students showed that cutaneous administration of topical testoster-

one gel did not influence discounting behavior [45], whereas higher testosterone levels in non-

impulsive subjects did correlate with increased discounting behavior [46]. Whether increased

levels of testosterone may boost impulsive decision making, thereby potentially attenuating the

effect of episodic tags can only be speculated, and would need to be evaluated in further stud-

ies. Contrarily to previous results in adults where the episodic effect was stronger for partici-

pants high in working memory [13], executive function did not modulate the episodic effect in

our adolescent sample, possibly due to these functions not being fully developed until young

adulthood [47]. Also the tasks used here might tap into different aspects of executive function

than the task used by Lin & Epstein (2014) [13]. While alcohol abuse is positively related to dis-

counting behavior [5] and EFT ability has been shown to be negatively related to problematic

alcohol use [26,27] our data show no influence of alcohol use on the episodic tag effect. This

contrasts to a report by Snider et al., [16] where a beneficial impact of EFT on discounting

behavior was more readily apparent in alcohol dependent individuals with less severe abuse,

showing some modulation of the episodic effect by alcohol use. Our sample of adolescents

however differ strongly from the alcohol dependent sample in Snider et al., being much youn-

ger and without individual substance abuse diagnostics. Furthermore, the self-reported use of

alcohol in our sample is relatively low (with approximately half of our participants in the lower

quarter of the distribution, see Tables 1 and 2), and is likely too low to detect a potential rela-

tion with the episodic effect.

Some limitations in our study need to be acknowledged. The use of number-signs in our

control condition can only to some degree match the perceptual qualities of the visual experi-

mental stimulus (the personal events). In line with Peters & Büchel (2012) [12], qualitative

characteristics of the experimental condition, especially the saliency of these personal events,

were not matched using this relatively simple control condition. Other studies that also show

the episodic effect have used more elaborate control conditions, such as engagement in events

from non-personal stories [15,39], or personal recent or present events [13,14], attempting to

match the qualitative features of the experimental stimuli. These studies confirm the episodic

effect even when using such elaborate control conditions. Future studies on the episodic effect

in adolescents might benefit from the inclusion of such additional control conditions. The

gold-standard for assessing physical development, namely conducting an examination by a

physician [48], was beyond the scope of our study. Finally, our exploratory regression analysis,

controlling for several potential modulators, proved that our sample size was too small to draw

any conclusions about the interaction between developmental stage and sex.

In summary, we show an episodic effect in adolescents, similar in size to the effect previ-

ously reported in healthy young adults [12]. This finding supports the potential of further

investigating episodic future thinking as a factor that can support improving health-related

choice behavior [15,42]. Crucially, showing this effect in an adolescent sample extends the

potential of episodic future thinking to be useful also in preventive work with young subjects,

before addictive disorders actually develop [19,49].
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