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Abstract 

Discounting the value of delayed rewards such that even a relatively small, immediately 

available reward is preferred to a larger delayed reward is a commonly observed human trait. 

Children are particularly steep discounters of delayed rewards as evidenced by delay of 

gratification studies. In recent years, however, a growing literature indicates that cueing 

individuals to imagine personal future events attenuates their discounting of delayed rewards. 

The present studies extend this literature by examining whether cueing future thinking 

promotes patient choices in children and adolescents. In Experiment 1 we found that cueing 

future thinking had no effect on 8-11-year-olds’ (n = 177) delay discounting of either real or 

hypothetical rewards. In Experiment 2 we found that cueing adolescents (12-14-year-olds, n 

= 126) and adults (n = 122) to think about personal future events decreased their discounting 

of delayed rewards relative to three other conditions: a no cue control, an episodic memory 

condition and a novel ‘future other’ condition in which individuals imagine future events that 

might happen to a significant other person in their life. Cueing adults and adolescents to think 

about personal future events did not however affect how connected they felt to their future 

selves or their subjective sense of how close future time points felt to them – two constructs 

that have previously been shown to be related to delay discounting.   
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The Effects of Cueing Episodic Future Thinking on Delay Discounting in Children, 

Adolescents, and Adults 

 It is said that good things come to those who wait. However, waiting for delayed 

rewards can be a painful business. People typically find delays to be aversive, and it is well-

established that they will often accept a fraction of a delayed reward’s value in the present in 

exchange for the whole reward in the future. Empirical studies quantify this in terms of the 

degree to which future rewards are discounted, typically as a function of their distance in the 

future. For example, when Thaler (1981) asked students how much money they would 

require in a year’s time in order to make it just as attractive as $15 now, the median response 

was $60 (equivalent to an annualized compound discount rate of 139%). Decisions that 

involve weighing present costs/benefits against future costs/benefits are called intertemporal 

choices and people face versions of such choices with great regularity in their daily lives, 

such as when choosing financial products, considering adopting a healthy behavior regime or 

deciding whether to make a lifestyle change to reduce one’s carbon footprint. For many such 

decisions, while opting for immediate rewards may be attractive, it can have negative impacts 

on future health or well-being.  

In this context, interventions that limit short-termism and encourage individuals to 

take a longer term view are considered to be highly desirable (Lempert & Phelps, 2016; 

Rung, Peck, Hinnenkamp, Preston, & Madden, 2018; Rung & Madden, 2018). One such 

intervention, much studied in recent years, is the cueing of episodic future thinking (hereafter 

EFT) during intertemporal decision making. EFT refers to the imaginative pre-experiencing 

of personal future events (Tulving, 2005). It is closely analogous to episodic memory and 

indeed it has been argued that EFT and episodic memory both rely on a common core neural 

network, referred to as the ‘default network’ (Schacter et al., 2012). There is now 

considerable evidence indicating that cueing future thoughts during intertemporal decision 
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making attenuates the discounting of the delayed reward and thereby increases the propensity 

to make patient choices (e.g., Benoit, Gilbert, & Burgess, 2011; Bromberg, Lobatcheva, & 

Peters, 2017; Daniel, Sawyer, Dong, Bickel, & Epstein, 2016; Lin & Epstein, 2014; 

O’Donnell, Hollis-Hansen, & Epstein, 2019; Peters & Buchel, 2010), with Rung and 

Madden’s (2018) meta-analysis suggesting that the effects of cueing EFT on intertemporal 

choice are consistent and sizeable. However, despite the consistency of such findings, there 

are still considerable gaps in our knowledge about when and how EFT has such an effect on 

decision making (Bulley, Henry, & Suddendorf, 2016; Ciaramelli, Sellito, Tosarelli, & de 

Pellegrino, 2019; O’Donnell et al., 2018; Rung & Madden, 2018, 2019) 

In the present set of experiments we built on this body of research in three ways. First, 

we examined whether the effect of EFT cueing on delay discounting, previously 

demonstrated in adults and adolescents, extends to children (Experiment 1). It is well-

documented that there are large age-related improvements in the ability to delay gratification. 

Not only does the ability to choose to delay gratification improve over the preschool period 

(see Garon, 2016, for review), developmental improvements are also observed on delay 

discounting tasks across childhood and over the adolescent period (Green, Fry, & Myerson, 

1994; Steinberg et al., 2009), although, as in adults, there are also substantial individual 

differences in child and adolescent populations (e.g., Burns, O’Connor, Atance, & 

McCormack, 2021; Khurana, Romer, Betancourt, & Hurt, 2018). Given children’s well-

documented difficulties with delaying gratification, an intervention that promotes patient 

decision making in this population may have valuable applications. However, it is also 

known that EFT improves only slowly over childhood and into adolescence (e.g., Coughlin, 

Lyons, & Ghetti, 2014; Gott & Lah, 2014; Wang, Capous, Koh, & Hou, 2014), raising the 

possibility that cueing with EFT may be less effective in childhood. Second, we introduced a 

novel control condition (Experiment 2) to the study of adult and adolescent delay discounting 
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– a ‘future other’ condition in which participants were cued to think about specific future 

events that would happen to a significant other person they know. Employing this control 

condition enabled us to examine whether cueing effects hinge specifically upon engaging in 

EFT (which by definition concerns one’s personal future), or instead result from more general 

future-oriented cognition. And, third, we examined two possible mechanisms that might 

connect EFT cueing to decreased discounting: (1) increased future self-connectedness 

(Bartels & Rips, 2010) and (2) changes to one’s subjective sense of future time (Kim & 

Zauberman, 2009; 2013).  

EFT cueing studies 

 An influential commentary by Boyer (2008) helped precipitate the many recent 

studies that have examined the effect of EFT cueing on temporal discounting. He argued that 

the evolutionary advantage of Mental Time Travel (MTT; Suddendorf & Corballis, 2007) in 

general, and EFT in particular, stems largely from its functional significance for future 

oriented decision-making. His claim was that EFT allows one to vicariously pre-experience 

future events and in doing so accurately gauge the emotional impact that future outcomes will 

have for the future self, and thus act as a counter weight to impulsive desires in the present. 

Since Boyer’s (2008) suggestion, a number of published studies have reported that 

EFT cueing reduces the discounting of delayed rewards relative to various control conditions 

(see Bulley et al., 2016; Rung & Madden, 2018 for review). The majority of these studies 

followed a similar procedure: participants generate cues in a structured interview in which 

they are asked to think of particular future events that will occur during specified time 

windows. Participants are typically asked to describe the events in as much detail as possible 

and then create an episodic ‘tag’ that will serve as the cue in the subsequent intertemporal 

choice task. During trials of a discounting task, participants are presented with the EFT tag 

and asked to think about the event in detail prior to making an intertemporal choice. 



 6 

Performance is compared to that on control trials on which either no cue is present or some 

alternative cue is presented (e.g., episodic memory cue, semantic memory cue).  

 The majority of EFT cueing studies have assessed intertemporal preferences with a 

form of the delay discounting task that utilizes choice lists of hypothetical monetary rewards, 

though a smaller number have additionally examined the effect of EFT cueing on actual 

health-related behaviors such as ad libitum eating or smoking (Daniel, Stanton & Epstein, 

2013; Daniel et al., 2015; Dassen, Dassen Jansen, Nederkoorn, Houben, 2016; Stein et al., 

2016). However, it remains unclear exactly how EFT cueing affects delay discounting. We 

interpret Boyer’s (2008) original suggestion to be that EFT serves to make salient the 

emotional consequences of a future event and thus reduces discounting of future rewards 

associated with the event. Nevertheless, EFT cueing has been found to be effective even 

when participants imagine future events unrelated to receiving the reward in question, when 

imagining a neutral or negative rather than a positive future event, or when imagining future 

events located at times quite different to the times specified in the intertemporal choice 

(Bulley et al., 2019; Lin & Epstein, 2014; O’Donnell et al., 2018). A variety of explanations 

of the effect have been considered, ranging from the suggestion that the effect is simply a 

result of demand characteristics (Rung & Madden, 2018; though see Rung & Madden, 2019) 

to the idea that it somehow modifies how participants spread their attention over time 

(Kaplan, Reed, & Jarmolowicz, 2016). As we will describe below, one aim of our studies was 

to examine some particular mechanisms that may underpin the effect.  

Developmental studies of DoG and EFT  

Although both EFT and intertemporal choice have each been studied extensively in 

children (Atance & Mahy, 2016; McCormack & Hoerl, 2020; Staubitz, Lloyd, & Reed, 

2018), little is known about their developmental relation. Some studies with adolescents have 

examined the association between EFT and delay discounting. Bromberg, Wiehler, and Peters 



 7 

(2015) examined the association between EFT abilities, assessed through a standard 

autobiographical interview, and individual differences in discounting behaviour in a sample 

of 12-16-year-olds. After controlling for a number of variables, there was a significant 

relation between EFT and the degree of discounting. A subsequent study by McCue, 

McCormack, McElnay, Alto, and Feeney (2019) examined the connection between delay 

discounting, EFT abilities, and a number of other measures in a large adolescent sample. EFT 

was again related to performance on the delay discounting task even when controlling for 

episodic memory ability. Thus, there is evidence in adolescence suggesting that better EFT 

skills are linked to more patient choice (although see Gollner, Ballhausen, Kliegel, & 

Forstmeier, 2018).  

There is also evidence that EFT cueing can reduce discounting of future rewards in 

older children/adolescents. Bromberg, Lobatcheva, and Peters (2017) conducted an EFT 

cueing study with adolescents aged 13-16-years. In a pre-interview task participants reported 

personal events that were likely to occur during various future time windows. Episodic tags 

were created from the participant descriptions of the events and used to cue future thinking in 

a subsequent delay discounting task. EFT cued trials were intermixed with no cue baseline 

trials. As seen in adult studies, Bromberg et al. (2017) found that adolescent participants 

chose delayed rewards significantly more often on cued trials than on non-cued trials. Daniel 

et al. (2015) cued obese children and adolescents 9-14 years of age with recordings of 

themselves referring either to episodic future events or episodic recent past events during an 

ad libitum eating session, and with visual cues during a delay discounting task. In comparison 

with episodic recent thinking cues, EFT cues attenuated discounting on the delay discounting 

task and attenuated caloric intake during the ad libitum eating session.  

In summary, although only a limited number of studies have examined the relations 

between EFT and measures of delay discounting in adolescents, the findings consistently 



 8 

suggest that adolescents show similar patterns to those observed in adults. However, it is not 

known whether this is also the case for younger children. The age range in Daniel et al.’s 

(2015) cueing study – 9-14-years – means that some younger children were included in the 

study, but it is not reported whether there were developmental changes in the effectiveness of 

cueing in their sample. There is, though, emerging evidence from studies at the other end of 

the lifespan that developmental decline in cognitive abilities may reduce or even eliminate 

the effectiveness of EFT cueing in attenuating the discounting of future rewards (Mok et al., 

2020; Sasse, Peters, & Brassen, 2017). These lifespan developmental findings suggest the 

possibility that children, whose EFT skills are lower than those of adolescents and adults, 

may also benefit less from EFT cueing.  

Future time perception, future self-connectedness, and DoG 

Future time perception. As mentioned above, there is considerable uncertainty about 

the mechanism by which EFT affects intertemporal choice (Bar, 2010). In the current study, 

we addressed the possibility that EFT cueing affects discounting by affecting future time 

perception, i.e., the subjective perception of the temporal distance between the present and 

future time points. When people make judgments about how far away different future time 

points feel subjectively, the relative difference between them may not match the actual 

objective ratio. Rather, events farther away in time may seem closer together to one another 

than events in the near future. That is, there may be increasing compression of subjective 

time as objective time increases. What this would mean subjectively is that an event a week 

from now might feel only 5 or 10 times closer than a year from now, rather than 52 times 

closer. In studies of future time perception, participants typically make subjective judgments 

about the distance of future time points through the use of spatial analogies (Kim & 

Zauberman, 2009; 2013; Takahashi, 2005). Kim and Zauberman, for example, had 

participants ‘pull and extend’ a small line presented on a computer screen to the right in order 
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to indicate how far away future time points felt to them. These authors found that the line 

length individuals produced had a monotonic relation with objective time. However, the 

relation was not a linear one-to-one mapping; rather, subjective judgments and objective 

future time seemed to be related by a power function, in which there is diminishing 

differentiation of distant time horizons, as given by Equation 1.  

Equation 1. 𝑇  𝛼𝑡  

In Equation 1, T refers to subjective time and t refers to objective time; the alpha and 

beta parameters capture aspects of the compression of time. The alpha parameter functions as 

a scaling factor that fixes the overall height of the time function; it has been argued by Kim 

and Zauberman (2009) that the alpha parameter is not an arbitrary scaling factor but rather 

serves to capture individual differences in, overall, how far away future time points are 

perceived to be. The beta exponent, which is restricted to values between 0 and 1, can be seen 

as an index of the extent to which future time is compressed. If the relation between objective 

time and subjective time were linear, the value of beta would be 1; values less than 1 indicate 

that time is compressed, with smaller values indicating greater time compression.  

Future time perception and delay discounting. A number of studies that have 

measured future time perception in adults have found relations between delay discounting 

functions and either (or both) the alpha and beta parameters (Kim & Zauberman, 2009; 2013; 

Takahashi, 2005), and a recent developmental study also found such a relation in children 

(Burns et al., 2021). These findings suggest that increased impatience in intertemporal 

decision making is associated with an increasing departure from a linear representation of 

future time. As beta reduces below one, this means that future time is increasingly 

compressed – in subjective time, for example, a week might feel almost as far away as a 

month. Notably, it has previously been suggested that cueing of EFT may affect delay 

discounting by means of altering the perception of or attention to future times or changing 
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what has been termed participants’ ‘temporal horizon’ (e.g., Kaplan et al., 2016; Lin & 

Epstein, 2014; Rung & Madden, 2019; Snider, LaConte, & Bickel, 2016). However, to the 

best of our knowledge, there is no direct evidence in support of such suggestions. Although 

Rung and Madden’s (2019) EFT cueing study explored this issue by including a measure of 

the breadth of participants’ temporal horizon (Petry,  Bickel, & Arnett, 1998), they did not 

find that the effects of EFT cueing were mediated by performance on the temporal horizon 

task. Since no previous EFT cueing studies have measured future time perception, in both 

experiments reported here we included a future time perception task that allowed us to 

directly examine the role of this aspect of temporal cognition.  

Future self-connectedness. An alternative (but possibly related) mechanism by 

which EFT may affect future reward discounting is described by O’Connell, Christakou, and 

Chakrabarti, (2015), who argue that cueing EFT increases the sense of connectedness to 

one’s future self. Indeed, the results of McCue et al.’s (2019) study of adolescents also 

underline the importance of considering the role of future self-connectedness. Extending 

work by Bartels and Rips (2010) and Bartels and Urminsky (2011), they found that the 

degree of connection adolescents felt to their future selves was inversely associated with their 

discounting of delayed rewards. However, as would not be predicted if future self-

connectedness wholly mediated a relation between EFT skills and delay discounting, McCue 

et al. reported that each of these measures was an independent predictor of delay discounting. 

Thus, as things stand, there is little positive evidence to support the idea that EFT cueing has 

its effect by enhancing future self-connectedness. In Experiment 2 (with adolescents and 

adults), we included a measure of self-connectedness in order to examine whether it is indeed 

altered by EFT cues in a delay discounting paradigm. 

Current study 
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In Experiment 1 we investigated whether cueing children aged 9-to-11 years to think 

about events in their personal future promoted prudent intertemporal decision making. 

Children completed two tasks assessing intertemporal decision making: a delay choice task 

involving real rewards and a delay discounting task involving hypothetical monetary rewards, 

under one of three conditions. We used two different choice tasks – one with real and one 

with hypothetical rewards – in order to examine the possibility that EFT cueing might be 

primarily effective in tasks involving hypothetical rewards, because this is the type of task 

used in most other studies. In an episodic future thinking condition (EFT), children were cued 

to think about events from their personal future prior to making intertemporal decisions on 

both types of intertemporal choice tasks. In an episodic memory condition (EM), children 

were cued to think about events from their personal past prior to making intertemporal 

choices, and in a control condition, children completed the same intertemporal choice tasks 

without any cues. If cues that direct children to think specifically about personal future events 

are necessary to promote patient intertemporal decisions then we should expect attenuated 

discounting of delayed rewards in the EFT group compared with both EM and control 

conditions. We also examined the role of future time perception in EFT cueing by measuring 

participants’ perceptions of how far away future time points felt using a task adapted from 

studies with adults (Kim & Zauberman, 2009; 2013) and then testing whether performance on 

this task was affected in cueing in the same way as the decision making tasks. Experiment 2 

was conducted with an older population – adolescents and adults – and in addition to 

examining cueing effects of EFT on delay discounting, it also included a novel measure of 

future time perception and a measure of future self-connectedness. Together, both of these 

experiments allowed us to examine the developmental profile of EFT cueing and explore 

potential mechanisms.  

Experiment 1 
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Method 

Participants. One hundred seventy-eight children (96 female) participated in this 

study. Participants were recruited from schools local to the first author’s university and 

informed written consent for all tasks was sought from parents/guardians prior to testing; 

children provided verbal assent for their participation. The large majority of the participants 

in this experiment and in Experiment 2 were White, due to the demographics of the local 

population. One child was removed from the study and their data destroyed when they 

indicated they did not want to complete the testing session. The final sample of 177 

participants consisted of eighty-six 8-9-year-olds (Mage = 9 years 1 month, SD = 4.3 months, 

range = 102 – 122 months) and ninety-one 10-11-year-olds (Mage = 11 years 0 month, SD = 

4.0 months, range = 126 – 144 months). Children were randomly assigned to one of three 

conditions: the episodic future thinking (EFT) condition (n = 56), the episodic memory (EM) 

condition (n = 57) and the control condition (n = 64). Ethical approval for this study was 

received from the Faculty Research Ethics Committee of the lead author’s institution. 

Measures. All participants completed 4 tasks in the same order across two sessions 

on consecutive days. Session 1 began with a measure of participants’ future time perception, 

followed by an interview in which children described events from their personal future (EFT 

condition), personal past (EM condition) or television and YouTube viewing habits (control 

condition). The final task in Session 1 was a delay choice task. In Session 2, participants first 

completed a delay discounting task and then repeated the future time perception measure that 

they had first completed at the beginning of Session 1, but under the condition of cueing for 

those assigned to the EFT and EM conditions. Given that the future time perception task was 

a novel one for use with children, we used the data from Session 1 in order to check that 

children produced similar data to adults.  
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Interview. Participants assigned to the cued conditions (EFT and EM) were asked to 

describe five events they have experienced or will experience and which occur within each of 

five temporal windows: yesterday/tomorrow, a few days ago/a few days from now, 1 week 

ago/1 week from now, a few weeks ago/a few weeks from now and a few months ago/a few 

months from now. The time periods were probed in chronological order from closest to the 

present to furthest from the present. Participants were instructed that the event they describe 

should be “something nice” that will happen to them (or has happened to them) “just one 

particular time” and that they should describe the event in as much detail as possible. The 

experimenter then gave an example in which they described either yesterday or tomorrow 

going shopping with their family to buy new shoes. For each event that the participant 

described the experimenter made notes to assist in the subsequent cue creation (participants’ 

descriptions were also recorded on a Dictaphone for later transcription and coding). Further 

information was elicited with a series of question prompts, as used in Coughlin et al. (2014): 

(1) “Can you tell me more about what will happen/happened?” (2) “Can you tell me more 

about where this will happen/happened?” (3) “Can you tell me more about who will be 

there/was there?” Once the participant had exhausted their description of the event, the 

experimenter, with the help of the participant, created a cue on a blank piece of card that 

summarized the event. This was typically a single sentence and always included reference to 

the event timing. Examples of generated cues are, “Went for lunch in the Courthouse 

[restaurant] last week” or “Going to the swimming pool during mid-term break in a few 

weeks”. After the cue generation participants made three ancillary judgements about the 

event they described; for reasons of conciseness we describe these judgments and associated 

data analyses in the Supplementary Materials only.  

Two independent coders scored the transcribed interviews for internal and external 

event details using a procedure devised by Levine and colleagues (Autobiographical 
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Interview Scoring Manual, Levine et al., 2002). Internal details are those clauses that refer 

directly to the main event described and can be sorted into one of five mutually exclusive 

categories: event, place, time, perceptual and emotion/thought. External details are those that 

pertain to events other than the main event, semantic details that do not require episodic 

recollection and repetitions of clauses. The first coder coded all of the event descriptions and 

the second coder separately coded 35% of them. Intra-class correlations established that inter-

rater reliability for the number of internal details was high (r = .89) but lower for the number 

of external details (r = .63). Internal detail scores only were used in subsequent analyses; 

again, for reasons of conciseness, these analyses are only reported in the Supplementary 

Materials. 

Future time perception. This task was adapted from a similar task devised by Kim 

and Zauberman (2009). Participants were asked to consider how far away four time points in 

the future felt to them (3 days, 1 week, 3 weeks and 3 months). In the task run by Kim and 

Zauberman participants made their judgments by pulling an imaginary string across a 

computer screen. In our task, participants made their judgments by pulling an actual length of 

string from a specially constructed box. The box had dimensions of 40 x 15 x 15 cm and 

housed a 100 m reel of cord that rotated on an axle. There was a small aperture on one side of 

the box from which the cord could be pulled. A handle on the side of the box rotated the axle 

such that the dispensed cord could be wound back into the box. A specially constructed gear 

mechanism inside the box measured the cord length as it was pulled through the aperture and 

displayed the measurement on a screen at the rear of the box. The displayed measurements 

had previously been calibrated against a tape measure and were accurate to approximately 5 

mm at lengths of up to 10 m.  

In the task, participants were instructed to think about how far away different times 

felt to them in the future, and told that they would pull string from the box to indicate how far 
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in the future they felt time points to be. The experimenter gave two demonstrations of how to 

use the box. In the first, participants were told, “I’m thinking about a time very soon, so I pull 

it out a short bit”. The experimenter then pulled the string such that the handle on the side of 

the box rotated for half a revolution (approximately 90 mm in length). In the second 

demonstration the experimenter told the participant “Now I’m thinking about a long time 

from now, so I’ll pull it out a long way”. The experimenter pulled the string out such that the 

handle underwent two full revolutions. Participants were told that they would be asked to 

think about how far away 3 days felt to them, how far away 3 months felt to them and how 

far away a number of times between 3 days and 3 months felt to them. They then completed 

eight trials in which they were asked about each delay length twice using the same trial order 

for all participants: 3 days, 3 months, 1 week, 3 weeks, 3 days, 3 weeks, 1 week and 3 

months. In Session 1 participants completed the task without any cues. In Session 2, children 

in the EFT and EM conditions were cued to think about an event they had generated in the 

interview task prior to making subjective time judgements in order to examine whether 

cueing impacted time perception judgments. Before making each judgment children were 

presented with the cue card of the event most closely corresponding in distance from the 

present that they were asked to make the future time perception judgment about (e.g., the 

cued event from “a few months’ time” for the 3 month interval). The experimenter read the 

cue aloud and then reminded children of two details of the event that they described. 

Participants were asked to think about the event before making their subjective time estimate. 

Children in the control condition completed the same uncued version of the task they had 

completed in Session 1. 

Delay choice. This task comprised 12 trials on which participants were offered a 

choice between a low value reward, available immediately, and a higher value reward 

available after a specified delay. Three delay periods were used: 1 day, 1 week and 3 weeks, 
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with 4 trials at each delay. On each trial, one of four reward pairs (once at each delay) were 

offered: trading cards (1 vs. 2), novelty erasers (1 vs. 2), novelty pens/pencils (1 vs. 2) and 

candy (1 vs. 2). Participants in the EFT and EM conditions were cued to think about the 

yesterday / tomorrow event they had generated prior to the 1 day delay trials, the last week / 

next week event prior to the 1 week delay trial and the few weeks ago / few weeks from now 

event prior to the 3 week delay trials.  

Participants sat at a table across from the experimenter, with two trays, one labelled 

‘now’ and one labelled ‘later’, placed in front of them. The experimenter showed children 3 

types of trading card, each from a different theme (e.g., Star Wars characters) and two types 

of novelty erasers (Lego shaped and emoji). Each child’s preferred trading card and eraser 

was used in the subsequent delay choice trials. On trials on which the trading card was the 

reward the cards were placed inside a small opaque envelope to hide the characters on the 

cards, ensuring that the specific cards used did not affect children’s choices. Prior to the very 

first trial, the children were given a ‘pretend’ trial as a check to ensure they understood the 

task parameters. Children were given the hypothetical choice of one marble right now, or two 

marbles tomorrow. They were then asked two check questions, (1) “If you choose this 1 

marble, when will you get it?” and (2) “If you choose these two marbles, when will you get 

them?” Any errors made by participants were corrected and the question was then repeated. 

Prior to commencing the test trials children were assured that the trials were ‘for real’ and 

that they would receive the actual rewards they chose. 

On each delay choice trial, participants in the EFT and EM conditions had the 

corresponding cue card from the interview task presented and read aloud to them by the 

experimenter. Furthermore on the first trial of each delay length, they were provided with two 

additional pieces of information about the event (typically the two most salient event details). 

Participants were asked to imagine the event while they considered the following choice. The 
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rewards were then placed in the two boxes and children were asked the following question: 

“You can either have 1 [reward] right now or you can have 2 [reward] when I come again 

[delay]. What would you like to do? Point to the box to show me which you would like.” 

Two pseudorandom trial orders were employed, counterbalanced across participants. 

Participants were scored a 0 on a trial if they chose the immediate reward, and a 1 if they 

chose the delayed reward. 

Delay discounting. This was a computerized task programmed in E-prime 

(Psychology Software Tools, Pittsburgh, PA) and administered on a 15 inch Dell laptop with 

touchscreen. The task involved hypothetical monetary rewards (denominated in UK pounds): 

the immediate reward varied in value from £0.65p to £19.40p, while the delayed reward was 

fixed at £20. On each trial the delayed reward was available at one of four delays (3 days, 1 

week, 3 weeks and 3 months). Participants completed five trials at each delay and trials of the 

same delay length were block presented (participants completed the blocks in chronological 

order from shortest delay [3 days] to longest delay [3 months]). On each trial in a delay block 

the value of the immediate reward was set as the mean value of two parameters H and L, i.e. 

immediate reward = (H + L) / 2. On the first trial H was set to £20 and L was set to 0 such 

that the immediate reward was £10. If the participant chose the immediate reward then for the 

subsequent trial H was adjusted down to take the value of the immediate reward on the 

previous trial. If the participant chose the delayed reward then on the subsequent trial L was 

adjusted upwards to take the value of the immediate reward on the previous trial. After 5 

trials the values of H and L converge such that the difference between H and L is less than or 

equal to £0.35p. The midpoint between the final values of H and L is the participant’s 

indifference point for that delay, i.e., the value that the delayed reward has for the participant 

in the present. 



 18 

At the beginning of the task children were told that they would see two sums of 

money on screen, one available immediately and one available after a delay. They were told 

to imagine that they could receive one of the amounts of money and they had to decide which 

they would prefer. They were given two practice trials after which they were reminded that 

this was a ‘pretend game’ and that they were to pick the reward they would choose if they 

had the choice for real. On each trial, the rewards and the temporal information were 

introduced sequentially and accompanied by audio and visual supports (see Figure 1 for a 

depiction of how each trial unfolded).  

For participants in the cued conditions, prior to each block of five trials the cue 

corresponding to that delay was presented on screen. The experimenter read the cue aloud 

and provided two additional pieces of information about the event (as in the delay choice 

task). Children were asked to imagine the cued event whilst they made their choices. For each 

of the subsequent trials in a block the cue appeared initially on the top of the display before 

the decision was itself displayed, and then remained on display in the upper portion of the 

screen (see Figure 1). Children in the control condition completed the task without any cues. 
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Figure 1. Sample trial from the delay discounting task. The presentation of the initial screen 
containing the cue is not time limited rather the presentation length is determined by the time 
it takes the experimenter to remind the child of the event. The subsequent screens are each 
presented for 2000ms with the exception of the final screen, which remains present until the 
participant makes a response. During the initial screen, the experimenter read the cue aloud 
and also reminded the children about two salient aspects of the event. Accompanying audio 
for the rest of the trial is shown on the right of the figure.  

Data processing.  

Future time perception task. The mean value of the two estimates that children 

produced at each delay length was used in the subsequent fitting of subjective time functions. 

We first identified participants who failed to produce estimates that increased as objective 

time increased. Two specific exclusionary criteria were applied, failing either of which led to 

removal from subsequent analyses: (1) producing a mean estimate for a time point that was 

more than 20% shorter in length than their estimate for the preceding (in calendar time) time 

point and (2) producing a mean estimate for the furthest time point (3 months) that was not at 

least 50% greater in length than their mean estimate for the shortest time point (3 days). This 
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removed 18% of participants from the Session 2 version of the task (n = 31) and 7% of 

respondents (n = 13) from the Session 1 version of the task.1 In this task, producing the 

function relating subjective to objective time involves initially converting string lengths into 

units of subjective time; this was done using group mean string length for the shortest time 

point as corresponding to 1 unit. This mean length was then used to standardize all other 

estimates made by participants and then the least square method was used to fit power and 

linear functions to each participant’s data from Session 1 and from Session 2 to obtain alpha 

and beta values (see Supplementary Materials for further details). 

Delay discounting. Johnson and Bickel (2008) recommend identifying and removing 

participants from analysis that produce unsystematic discounting data. We applied one of the 

two criteria they outline by removing any participant who produced an indifference point 

increase of greater than 20% from one time point to the next2. This removed 23% (n = 40) of 

the sample from the analysis. A larger proportion of the 8-9-year-olds produced unsystematic 

data (38%, n = 33) than did the 10-11-year-olds (8%, n = 7), χ2 = 22.07, p < .001. For 

participants producing systematic data, analysis proceeded in a two-step process. First, a 

number of discount functions were fitted to each participant’s data. These discount functions 

were selected based on their normative (exponential discount function) or putative descriptive 

status (hyperbolic and quasi-hyperbolic discount functions). A fourth ‘y-intercept’ model, a 

y-intercept model based on the mean indifference point that captures insensitivity to 

variations in delay was also fitted. The best fitting model for each participant was determined 

on the basis of Bayesian Information Criterion scores (BIC; Schwarz, 1978). Exploratory 

analysis revealed no effect of condition on model fit (see Supplementary Information for a 

                                                 
1 Note that the analysis of the full data set (i.e., without exclusions) from Session 2 does not produce a different 
pattern of significant results to that reported below.  
2 We did not apply the second criteria - removing anyone whose indifference point for the longest delay was not 
at least 10% less than their indifference for the shortest delay – because the longest delay in the present task (3 
months) was relatively short for a discounting study.  



 21 

breakdown of model fit by condition). In step two we calculated the precise area subtended 

by the individual’s discount function and the X-axis and Y-axis, which we refer to as the 

model-based Area Under the Curve (model AUC) (Gilroy & Hantula, 2018). The model 

AUC is expressed as a proportion of the total area of quadrant 1 and is a summary statistic of 

the overall level of discounting of the delayed reward across the delay period. Smaller model 

AUC scores signify steeper discounting of delayed rewards.  

Results 

 We initially confirmed that children’s data from the future time perception task 

approximated the power function seen in adults on similar tasks; see Supplementary 

Materials for a demonstration that this was indeed the case. Given that the data set derived 

from the interview task may be of independent interest to researchers interested in EFT/EM 

in middle childhood, analyses of the number of internal details in the two cued conditions as 

a function of condition and time point, alongside analyses of the data from the ancillary 

judgments children made in the interviews, are also reported in the Supplementary Materials. 

Our main analyses, which are reported below, examined the effects of cueing on the two 

intertemporal choice tasks and on the future time perception task.  

Delay choice. Figure 2 shows delay choice scores (0-4) as a function of delay and 

condition. Inspection of the figure suggests that the EFT manipulation did not increase delay 

choice scores relative to the other conditions, but that scores varied with delay length. A 

mixed Analysis of Variance (ANOVA) on delay choice scores with delay length (1 day vs. 1 

week vs. 3 weeks) as a within subject factor and condition (control vs. EFT vs. EM) and age-

group (8-9-year-olds vs. 10-11-year-olds) as a between subject factors yielded a main effect 

of delay only, F(2, 342) = 66.07, p < .001, η2
G  = .12. Post hoc comparisons collapsing across 

age group and condition revealed higher delay scores for 1 day in comparison to 1 week (MD 

= 0.84, 95% CI [ 1.16, 0.51]) and 1 day in comparison to 3 weeks (MD = 1.12, 95% CI [ 
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1.45, 0.80]) but no difference between 1 week and 3 weeks (MD = 0.29, 95% CI [ 0.61, -

0.03]).  

 

Figure 2. Delay of gratification scores (0-4) by delay length and condition.  

Delay discounting. Figure 3 shows the model AUC values as a function of condition; 

and suggests that AUC scores did not vary by condition.  This was confirmed in a two-way 

ANOVA on model AUC scores with condition (control vs. EFT vs. EM), age group (8-9-

year-olds vs. 10-11-year-olds) and the interaction of condition and age group factors yielding 

no significant main effects or interaction (all p values > .09). 3 

 

                                                 
3 We also checked whether there were condition effects on performance in the first trial on each block, with 
participants receiving a score from 0-4 depending on how many times they chose the delayed option in the 
initial trial of the 4 blocks. We did this because children received enhanced verbal cueing from the experimenter 
on each initial trial, which may have bolstered any cueing effect. A two way ANOVA on first trial score with 
Age Group (8-9 years vs 10-11 years) and Condition (Future, Past and Control) as between subjects factors 
revealed no main effect of either Condition, F(131, 2) = 0.36, p = .70 or Age Group, F(131, 1) = 1.98, p = .16, 
nor an interaction between the two, F(131, 2) = 0.92, p = .82.  
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Figure 3. A violin plot displaying the model AUC scores across the three conditions. The 
central kernel represents the means and the error bars around the kernel the standard error. 

Future time perception. We conducted analyses on the parameters derived from 

subjective time judgments from Session 2 in order to examine whether cueing had an impact 

on future time perception. A two-way ANOVA was conducted on beta values with condition 

and age group as between subject factors. Neither condition, F(2, 140) = 0.58, p = .56, η2
G < 

.01, nor age group, F(1, 140) = 1.06, p = .31, η2
G < .01, nor the interaction of condition and 

age group, F(2, 140) = 2.23, p = .11, η2
G = .03, had an effect on beta values. A similar 

analysis for alpha values revealed no effect of condition, F(2, 140) = 0.25, p = .78, η2
G < .01, 

age group, F(1, 140) = 0.53, p = .47, η2
G < .01, or the interaction of condition and age group, 
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F(2, 140) = 0.22, p = .81, η2
G < .01. These analyses indicate that the cueing manipulation did 

not affect these judgments. 4 

Finally, because we found no overall cueing effect of EFT, we checked whether such 

an effect might be present in children who produced richer EFT descriptions. Children in the 

EFT condition were split into two groups on the basis of the median score, and t-tests were 

conducted on AUC scores and delay choice scores. In neither case was there a significant 

difference in scores (both ps > .25) 

Discussion 

 This study examined the effects of EFT cueing on two measures of intertemporal 

choice, and a novel measure of future time perception. Our main finding was that cueing 

children to think about events either from their personal future or past prior to making 

intertemporal decisions had no effect on their propensity to discount delayed rewards. This 

was true for both a delay choice task involving real rewards and a delay discounting task with 

hypothetical monetary rewards. In the light of this null finding, we will consider a number of 

potential concerns about our tasks that might explain the lack of a cueing effect.  

One potential concern may be that the delay discounting task, which involved 

hypothetical monetary rewards, may not have been suitable for this age range. However, 

recent studies suggest that the majority of children of this age do produce systematic data on 

this type of task (Burns et al., 2019; Burns et al., 2021), and this was also the case in the 

current experiment. Moreover, as in Burns et al. (2021), performance on the delay 

discounting task correlated well with that on the simpler delay choice task (r[N]= 137) = .42, 

                                                 
4 We also examined whether performance on the future time perception measure changed in the EFT condition 
between Day 1 (uncued) and Day 2 (after cueing). A repeated measures t-test on Beta scores in the Future 
condition was non-significant, t(45) = 0.7, p = .49. That is, in the EFT condition, the future time perception 
measure did not change significantly between the two times it was measured in this group. This again indicates 
that cueing did not affect future time perception.  
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p < .001 that used real rewards, which provides some indication of the validity of our version 

of the former task for use with this age group. The fact that no cueing effect was observed for 

the real-reward delay choice task either also suggests that the null effect was not due to 

children’s difficulties with a delay discounting task with hypothetical monetary rewards.  

A further concern, though, may be that children of this age may not have a good grasp 

of the time periods used in either of the delay tasks, given that the tasks required that children 

understood that days are shorter in duration than weeks (both tasks), and that weeks are 

shorter in duration than months (delay discounting task only). Indeed, some aspects of the 

data might potentially hint towards such an interpretation: although children were more likely 

to delay gratification in the real reward choice task when the delay was one day versus one 

week, they were as likely to delay gratification when the delay was 3 weeks as when it was 

one week (see Figure 2). Moreover, in the delay discounting task some children’s judgments 

did not vary as a function of delay 5. However, we believe that it is unlikely that the children 

in our experiment did not understand the relative durations of the conventional time periods 

referred to in the tasks. Existing studies show that, by 8-9 years (the youngest age group in 

our experiment) children typically understand that there are objective differences in the 

durations of these time periods as a result of explicit teaching in school (McCormack, 2015; 

Tillman & Barner, 2015; Tillman, Marghetis, Barner, & Srinivasan, 2017). Our future time 

perception task was an attempt to establish the subjective differences in how far away future 

time points feel to the participant, and even adults show time compression (discriminating 

less well between distant time points) in this type of task (Kim & Zauberman, 2019). 

                                                 
5 As can be seen in the Supplementary Material, a proportion of the children produced data on the delay 
discounting task that were best captured by a Y-intercept model. The Y-intercept model is one that fits a straight 
line that intersects the y axis, rather than a curve. Children whose indifference point does not differ as a function 
of delay will have data that is best fitted by such a model; such responses are not necessarily unsystematic (we 
removed unsystematic data prior to modelling as described above).  
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Children produced functions relating subjective and objective time that were similar in nature 

to those of adults, albeit with a greater degree of compression.  

One reason for including the future time perception task was to examine whether EFT 

cueing might be potentially explicable in terms of an effect of engaging in EFT on the 

subjective distance of future time points. However, not only did we not find that EFT affected 

the propensity to wait for a reward, we also found no evidence for the idea that EFT cueing 

may affect future time perception. One possible explanation of the lack of a cueing effect on 

either the decision to delay rewards or on future time perception could be that children did 

not generate appropriate episodic descriptions in the interview session. However, in both the 

EFT and EM conditions, children produced on average at least 10 internal details in their 

descriptions of events from all of the time periods (see Supplementary Materials) and the 

experimenter was always able to generate a cue. We also found no evidence that children 

who produced more internal details in the EFT condition performed differently on the 

intertemporal choice tasks than children who produced fewer details.  

In summary, we believe that the null effects of cueing reported in this experiment are 

unlikely to be due to children’s difficulties understanding or engaging with the tasks 

themselves, and instead indicate that there may be developmental changes in the extent to 

which cueing with EFT may affect intertemporal choice. In Experiment 2, we examined 

whether adolescents showed similar cueing effects to those observable in adults.  

Experiment 2 

 In Experiment 2 we examined whether cueing adolescents and adults to think about 

the future reduces the discounting of delayed rewards. Although there are now a large 

number of published studies that have examined the effectiveness of future thinking cues in 

promoting patient decision making among adults, there have been relatively few such studies 

with adolescents (though see Bromberg et al., 2017; Daniel et al., 2015), and none to our 
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knowledge that have compared adult and adolescent samples on the same tasks. The present 

study followed Experiment 1 closely, albeit with a number of differences. As with 

Experiment 1 we compared participants in an EFT condition to those in an EM condition and 

in a control condition. However, we also introduced a fourth novel condition that to our 

knowledge has not previously been used in the literature: a future thinking other condition 

(FT-other) in which participants were cued with self-generated future events that they will 

not personally experience. Participants in this novel condition were asked to think about 

future events that may happen to a significant other person that they know (for example, a 

friend or family member). Such cues share many features with cues generated in standard 

EFT interviews: the events are specific to future time points, and are generated using 

identical time point prompts. They are likely to involve similar specific future events, and, 

arguably, involve some of the same generative and imaginative abilities that have been 

assumed to be integral to mental time travel, particularly since they involve close others 

(O’Connell et al., 2015; Suddendorf & Corballis, 2007). However, crucially, FT-other events 

are not located within one’s own personal future. The inclusion of this new control condition 

can shed light on the exact nature of the future thinking cue associated with reduced 

discounting of delayed rewards. 

In this experiment we also returned to an issue we sought to examine in Experiment 1, 

that is, the role of future time perception in delay discounting and cueing. We developed a 

novel computerized task to measure future time perception. In addition, we also included, for 

the first time in an EFT cueing study, a measure of future self-connectedness. Both the future 

time perception measure and the self-connectedness measure allowed us to examine possible 

mechanisms underpinning the EFT cueing effect. In both tasks, the same cueing procedure as 

used in the delay discounting task was used in every trial.  

Method 
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Participants. The sample consisted of 248 participants; 126 adolescents (73 males; 

Mage = 14 years, 1 month; range = 12 years 1 month – 14 years 11 months) and 122 adults (41 

males; Mage = 34 years; range = 19 years – 69 years).  A further 15 participants were recruited 

for this study but did not complete all of the tasks; their data was excluded from analysis.  

Four additional adolescent participants were also tested but their data was not included 

because they did not provide a minimum of four acceptable cues. A cue was deemed 

unacceptable if it met any of the four criteria: 1) there was no cue provided by the participant; 

2) it was nonsensical or did not refer to a specific event; 3) the wrong tense was used; or 4) 

the wrong personal perspective was used in the cue.  

Adolescent participants were recruited from schools local to the first author’s 

university and informed written consent for all tasks was sought from both participants and 

parents/guardians prior to testing. Adults were recruited through email and poster 

advertisements at the first author’s institution. Adults provided written consent to take part in 

the study. Ethical approval for this experiment was received from the Faculty Research Ethics 

Committee of the lead author’s institution. Participants were randomly assigned to one of 

four experimental conditions: the episodic future thinking condition (EFT, n = 62), the 

episodic memory condition (EM, n = 62). The future thinking other condition (FT-other, n = 

58) and the control condition (n = 66).  

 Measures and Procedure. Participants completed the study in a single session in the 

presence of an experimenter. Adolescent participants were tested in groups in the Information 

Technology classroom of their respective schools. Adult participants were tested in a research 

lab at the lead author’s institution. All tasks were administered using the Qualtrics software 

package, using personal computers and accessed via Google Chrome web browser. 

Participants in the control condition completed the delay discounting task followed by the 

future self-connectedness task and then the future time perception. Participants in the three 
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cued conditions completed the event generation task first, followed by delay discounting, 

future self connectedness and future time perception.   

Event generation. In each of the cued conditions, participants were asked to write 

five brief descriptions detailing different events and then to summarize the event in a single 

sentence. In the EFT condition, participants were asked to describe events that might happen 

to them at various future time points. In the EM condition they were asked to describe events 

that have happened to them at particular past time points and in the FT-other condition they 

were asked to imagine and describe events that plausibly might happen to a significant other 

person (of their choice) at future time points. The five time points employed for the past and 

future conditions respectively were yesterday / tomorrow, one week ago / one week from 

now, one month ago / one month from now, six months ago / six months from now and one 

year ago / one year from now. The events were completed in order from nearest to the present 

to further from the present.  

Participants in the event generation task were provided with the following guidelines 

prior to commencing the task: 1) the event should be one which the participant experienced 

(EM condition) or will experience (EFT-self condition) or should be something that someone 

they know will experience (FT-other condition); 2) the event should occur at approximately 

the time period given; 3) the event should be one which occurs at a specific time and at a 

specific place and should extend for no longer than half a day; 4) the event should be one that 

is positively valenced. Participants were provided with an example event description and 

summary sentence, adapted to the condition to which they were assigned. Participants typed 

their event description into a text box (the instructions were “In this box, please describe a 

nice event that will happen to you [time period]. Take a couple of minutes to write down 

some specific details of the event”) and also generated a summary sentence. The summary 

sentence they produced was used as the cue in the subsequent tasks. Participants also made 
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ancillary judgments similar to those made by children in Experiment 1; for reasons of 

conciseness analysis of these is not reported.  

Two independent coders scored the descriptions of generated events for internal and 

external details using the procedure outlined by Levine and colleagues (Autobiographical 

Interview Scoring Manual, Levine et al., 2002) and previously used in Experiment 1. The 

first coder coded all of the event descriptions and the second coder separately coded 43% of 

them. The intra-class correlation for internal details was very good (r = .92), and for external 

details was acceptable (r = .76). Analyses of these data is reported in the Supplementary 

Materials only.   

Delay discounting task. The structure of the delay discounting task was very similar 

to that used in Experiment 1, though some of the parameter values were adjusted. The 

delayed reward was set at £32 (UK pounds) and five delay periods were used: 1 day, 1 week, 

1 month, 6 months and 1 year. The setting of the immediate reward value employed the same 

adjusting procedure as used in Experiment 1. For each of the implemented delays two 

parameters, H and L, were set at £32 and 0 respectively. H was adjusted downwards 

whenever an immediate reward was selected and L was adjusted upwards when a delayed 

choice was made. After 5 trials at a delay the difference between H and L is reduced to £1 

and the midpoint between the two values is taken as the individual’s indifference point for 

that delay. By contrast to Experiment 1, trials were presented in a pseudo random order rather 

than blocked, with five filler trials involving a delayed reward of £50 included, making 30 

trials in total.  

At the beginning of the task participants were informed that they would see two sums 

of money, one available immediately and one available after a delay. The rewards were 

hypothetical; however, participants were instructed to imagine that they could receive one of 

the rewards and had to select the reward they would choose if they were making the choice 
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for real. In the three cued conditions, on each trial prior to the choices being offered, a cue 

generated from the event generation task and matched to the trial delay, was displayed at the 

top of the screen for 10 seconds. Participants were instructed to imagine the cued event. The 

rewards and associated delays were then displayed below the cue. Participants made their 

choice by clicking in the box displaying their preferred choice. Participants in the control 

condition completed the task without any cues.  

Future self-connectedness. In this task participants were asked to compare the person 

they are in the present, to the person they will be 1 year in the future (see Bartel & Ripps, 

2010; Hershfield, 2011; McCue et al., 2019). They were asked to judge how much overlap 

their current self has with their future self one year hence. To do so they used a linear scale 

running from 0 (“the present self and the future self are completely different”) to 100 (“The 

present self and the future self are exactly the same”). To help illustrate the concept of 

overlapping selves each end of the scale was anchored with a pair of Euler circles, labelled 

present self and future self. The circles did not overlap at the 0 end of the scale and almost 

completely overlapped at the 100 end of the scale. For participants in the cued conditions, the 

cue they generated for the 1-year time point was displayed for 10 seconds prior to the test 

question appearing. They were asked to imagine the event while they were answering the test 

question.  

Future time perception. This task was structurally similar to the physical future time 

perception task we used in Experiment 1. However, rather than use spatial length as the 

source for future time perception judgments we used temporal duration. The main rationale 

for using this rather than spatial length was that on a computer screen it is difficult to produce 

a convincing display in which length is unbounded because this necessarily involves an 

extension beyond the width of the screen. On each trial, participants were presented with two 

interlocking cogs placed inside a small square. When the cursor was positioned inside the 
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square and the left mouse button was held down the cogs rotated. Participants first watched a 

video that demonstrated how to perform the task. In the video the experimenter sat at a desk 

beside the laptop. The experimenter explained that the participant’s task was to think about 

how far away different times in the future feel to them. To do so they would position the 

cursor in the square on the screen and press and hold to indicate how far each time point felt. 

The experimenter then performed two demonstrations using the displayed laptop. On the first 

demonstration the experimenter said that they were thinking of a “short time from now” and 

then using an off camera clock for reference they positioned the cursor in the square and 

pressed and held the mouse key for approximately 2 seconds. When the mouse key was 

released a message popped up on screen over the square informing that the response had been 

recorded. On a second trial the experimenter said that they were thinking of a “long time 

from now” and then pressed and held the cursor in the square for approximately 8 seconds. 

Participants were informed that they would be asked to think about how far away a month 

from now feels, how far away a year from now feels and how far away a number of times 

between a month from now and a year from now feels. 

The task consisted of 12 trials, with judgements in 1-month increments from 1 month 

to 1 year. Trials were administered in the same pseudorandom order for all participants. For 

participants in the cued conditions a self-generated cue (identical to one of the cues used in 

the delay discounting task) initially appeared at the top of the screen on each trial. 

Participants were instructed to imagine the relevant cued future (EFT-self, FT-other 

conditions) or past (EM condition) events before they made their response to the test 

question. The three shortest duration estimates (1 month through to 3 months) were paired 

with the 1-month cue, the 5 medium duration estimates (4 months through to 8 months) were 

paired with the 6 month cue and the 4 longest duration estimates (9 months through to 1 year) 

were paired with the 1 year cue. Participants in the control condition completed the task 



 33 

without cues. On each trial, the duration of the mouse press (measured in milliseconds) was 

recorded.  

Data processing.  

Delay discounting. Applying the same criteria used in Experiment 1 to identify 

unsystematic discounters, we removed 13.7% (n = 34) of the sample from further analysis. 

Unsystematic discounters were equally as likely to be found among adolescents (n = 22) as 

adults (n = 12), Χ2(1) = 2.44, p = .12. For those participants producing systematic data we 

performed the same two-step process in analysing the data as in Experiment 1, first 

calculating the best fitting discount function for each participant based on BIC scores for four 

prominent models (exponential, hyperbolic, beta-delta and y-intercept) and then calculating 

the precise area under the curve (model AUC) for each participant’s selected model. For both 

adolescents and adults the majority of individual discount functions were best described by 

hyperbolic and quasi hyperbolic schedules (79% and 75% respectively; the Supplementary 

Materials gives a precise breakdown of the model numbers of each age group).  

Future time perception task. Data from four adolescents was lost due to browser 

problems during the running of the task. Responses less than 200 ms were regarded as invalid 

and were removed from the data set (3.7% of all responses). Participants that produced more 

than 3 responses less than 200ms (n = 6) were removed from further analysis concerning 

future time perception. For the remaining participants two further exclusionary criteria were 

applied: (1) participants whose response to the furthest time point (12 month trial or the 

nearest valid response trial) was not at least 50% greater than the response to the nearest time 

point (1 month trial or nearest valid response trial) were removed and (2) participants who 

produced three or more trials on which their response decreased by more than 20% over the 

preceding valid time point (in calendar time) were also removed. This resulted in the removal 
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of a further 36 participants from analysis (14.5%).6 For the remaining participants, each age 

group’s responses were transformed into monthly subjective time units by dividing by the 

median response for the 1 month trial (2452 ms for adolescents and 2092 ms for adults). We 

modelled adult and adolescent data using the same power function as in Experiment 1. We 

used the lme4 package in R (Bates et al., 2014; R Core Team, 2015) to allow the model 

parameters to vary by participant. The final model for both adolescents and adults indicated a 

high degree of time contraction (adolescent power function = 0.85t0.50, adult power function 

1.42t0.42 ). Transformed responses of each participant were then fitted with power functions 

using the least squares method and the alpha and beta parameters were used in the subsequent 

analysis.    

Future self-connectedness. Data from 9 participants (EM, n = 2; FT-other, n =4; EFT, 

n = 3) was removed from the analysis due to a failure to generate an appropriate cue for the 

1-year time point. 

Results 

 Descriptive statistics of performance on each of the tasks are given in the 

Supplementary Materials. The main analyses reported below examined the effects of cueing 

on the delay discounting task, the time perception task, and the future self-connectedness 

measure.    

Figure 4 below displays the mean model AUC scores along with the distribution of 

AUC scores as split by age group and condition. We examined the effect of condition and age 

group on discounting with a two-way ANOVA: model AUC was the dependent variable with 

age group (adolescents vs. adults) and condition (EFT vs. EM vs. FT-other vs. control) as 

between subject factors. There was a main effect of age group, F(1, 206) = 64.04, p < .001, 

                                                 
6 Note that the analysis of the full data set (i.e., without exclusions) does not produce a different pattern of 
significant results to that reported below. 
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η2
G = .24, and main effect of condition, F(3, 206) = 13.77, p < .001, η2

G = .17, but no 

significant interaction between age group and condition on discounting, F(3, 206) = 0.61, p = 

.61, η2
G < .01. On average, adults had larger AUC scores than adolescents (MD = 0.24, 

95%CI [0.17, 0.30]), indicating greater patience. Although there was no significant 

interaction between age group and condition, we checked the effect of cueing on AUC for 

each age group by comparing each of the cued conditions to the control condition in a series 

of independent sample t-tests. For the adolescents, AUC scores in the EFT condition were 

significantly higher than in the control condition, MD = 0.27, 95% CI[0.16, 0.39], t(52) = 

4.67, p < .001, Cohen’s ds = 1.27. There was no significant difference between the EM 

condition and the control condition, t(57) = 0.23, p = .82, Cohen’s ds = 0.06, nor was there a 

significant difference between the FT-other condition and the control condition, t(51) = 0.39, 

p = .70, Cohen’s ds = 0.11; the EM and the FT-other conditions also did not differ 

significantly from each other, t(48) = 0.14, p = .89, Cohen’s ds = 0.04. This pattern was 

repeated in the adult sample: scores in the EFT condition were significantly higher than the 

control condition, MD = 0.19, 95% CI[0.07, 0.31], t(54) = 3.22, p = .002, Cohen’s ds = 0.86. 

However, there was no difference between the EM condition and the control condition, t(53) 

= -0.31, p = .76, Cohen’s ds = 0.08, the FT-other condition and the control condition, t(53) = 

0.75, p = .46, Cohen’s ds = 0.20, or the EM and FT-other conditions, t(52) = 1.17, p = .25, 

Cohen’s ds = 0.32. 

   



 36 

 

Figure 4. AUC scores for adolescents (left panel) and adults (right panel) as a function of 
condition. The central kernel represents the mean and the error bars around the kernel the 
standard error. 

Future self-connectedness 

 We examined the effect of age group, condition and the interaction of age group and 

condition on future self-connectedness ratings with a two way ANOVA. There was no effect 

of age group, F(1, 231) = 0.96, p = .33, η2
G < .01, no effect of condition, F(3, 231) = 1.29, p = 

.28, η2
G = .02, and no significant interaction between age group and condition on future self-

connectedness scores, F(3, 231) = 0.81, p = .49, η2
G = .01.  

Future time perception 

 The effects of age group (adolescents vs. adults) and condition (EFT vs. EM vs. FT-

other vs. control) on alpha and beta values were explored in two independent group 

ANOVAs. For alpha values there was no effect of age group, F(1, 194) = 2.20, p = .14, η2
G = 

.01, no effect of condition, F(3, 194) = 0.56, p = .64, η2
G < .01, and no significant interaction 
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between age group and condition, F(3, 194) = 2.04, p = .11, η2
G = .03. Likewise for beta 

values there was no effect of age group, F(1, 194) = 1.22, p = .27, η2
G < .01, no effect of 

condition, F(3, 194) = 1.37, p = .25, η2
G = .02, and no significant interaction between age 

group and condition, F(3, 194) = 1.41, p = .24, η2
G = .02.  

Discussion 

Adolescents tended to discount future rewards across all conditions to a greater extent 

than adults, replicating the developmental pattern commonly reported elsewhere (e.g., de 

Water, Cillessen, & Scheres, 2014; Whelan & McHugh, 2009). The findings of this study 

also replicate previous studies (Bromberg et al., 2017; Daniel et al., 2015) in demonstrating 

that EFT can reduce adolescents’ discounting of future rewards in a delay discounting task. 

However, rather than simply acting as a replication of previous results, our findings also 

extend previous research in three ways. First, we demonstrated that the magnitude of the EFT 

cueing effect in adolescents is at least as large as that in adults. We note that this was despite 

the fact that we found an age difference in the number of internal details produced in the EFT 

task (see analyses in Supplementary Materials), a measure typically viewed as reflecting EFT 

skill. To the best of our knowledge, there is limited existing evidence regarding the extent to 

which EFT skills improve between adolescence and adulthood (though see Abram, Picard, 

Navarro, & Piolino, 2014); given this gap, it would be useful to examine whether the 

developmental difference reported here between adolescents and adults is replicable in other 

sorts of EFT tasks. The current procedure differs from that used in the majority of EFT tasks 

in that participants gave written rather than verbal responses (though see McCue et al., 2019; 

Sze, Stein, Bickel, Paluch, & Epstein, 2017), and the task was self-paced. Under these 

circumstances, it is possible that adolescents may have been less motivated to provide 

detailed descriptions compared to adults. 
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The second way our findings extend previous research stems from our use of a novel 

control condition, the Future Thinking-Other condition, in which participants described a 

specific future event that they anticipated may be experienced by a close associate. Despite 

this task differing only from the EFT condition in terms of whether the event was to be 

personally experienced or not, the cueing effect on delay discounting was observed only in 

the EFT condition. Our results are in this respect consistent with Rung and Madden’s (2019) 

findings that have indicated that only future thinking cues that specifically relate to EFT, 

which by definition involves thinking about a particular event in one’s personal future, affect 

delay discounting. They found that delay discounting was unaffected by simply cueing 

participants to think about a specific time in the future (e.g., one year from now) without 

imagining a specific event at that time. Our results extend their findings by indicating that 

simply thinking about a specific event at a specific time in the future is also ineffective: what 

seems to be required is imagining specific events located in one’s own personal future.  

The third way in which our findings contribute to the existing literature results from 

the inclusion of measures of future time perception and future self-connectedness. The cueing 

manipulation was also employed during the trials of both of these tasks, but we found no 

evidence that this manipulation had any effect on performance. The failure to find a cueing 

effect on future time perception was consistent with the findings of Experiment 1 with young 

children, but in that study, a cueing effect was not observable in the delay discounting tasks 

either. Experiment 2 shows that even in circumstances in which an EFT cueing effect on 

delay discounting is observable, such an effect is not seen in a task measuring future time 

perception, nor is it seen in a task measuring the degree to which participants feel similar to 

their future selves.  

We note, though, this last finding requires replication given certain features of our 

tasks. Our future time perception task differed from that typically used in other studies (e.g., 
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Bradford, Dolan, & Galizzi, 2019; Kim & Zauberman, 2009): previous studies have typically 

required participants to map their subjective impressions of the distances of future time point 

on to some type of spatial scale. The use of a spatial scale itself is potentially problematic, 

because spatial extents are usually bounded, which restricts the range of judgments that 

participants can give (a task feature that in itself could inadvertently lead to time 

compression). Kim and Zauberman attempted to get round this problem by allowing 

participants to extend a line ‘beyond’ the width of a computer screen but we were concerned 

that participants would be reluctant to do this. By contrast, the duration of button presses is, 

at least in principle, unbounded. Nevertheless, we recognize that the length of participants’ 

button presses could be, at least in part, constrained by their level of patience. Moreover, we 

also note that in our future time perception task, participants may have used the 

experimenter’s demonstration button presses corresponding to short and long future temporal 

distances as anchors, which could also have constrained the range of button press durations 

that participants were likely to use. Ideally, our findings of a lack of an EFT cueing effect on 

future time perception judgments would be replicated in a study that used a more typical 

spatial scale. A final consideration is that, following McCue et al. (2019), we only measured 

future self-connectedness for a period of one year into the future; further studies could 

potentially examine whether cueing of EFT has an impact on future self-connectedness over a 

wider range of future time periods. 

General Discussion 

The two experiments here contribute to what is currently very limited developmental 

research regarding the effects of EFT cueing on delay discounting. In Experiment 1, we 

found no evidence that EFT led to more prudent choice in children aged 8-11 years, and this 

was the case both in a delay choice task involving real rewards and in a delay discounting 

task involving hypothetical monetary rewards. In Experiment 2, we replicated previous 
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studies in showing that EFT cueing impacts delay discounting in adolescents, and extended 

the findings of such studies by showing that the magnitude of this effect was at least as large 

as that observed in adults. Taken together, the findings of Experiments 1 and 2 suggest that 

EFT cueing may not be effective before the adolescent period, at least in the form usually 

employed in EFT cueing studies, but once this effect emerges it is robust. In Experiments 1 

and 2, we also examined whether EFT cueing has an effect on future time perception, in order 

to test the hypothesis that such cueing operates by affecting the perceived subjective distance 

of future times. Although we obtained systematic data in the future time perception tasks 

from children, adolescents, and adults, EFT cueing did not affect these judgments. 

Experiment 2 examined a further possible mechanism underpinning the EFT cueing effect, 

namely that it may increase level of future self-connectedness, but again found no evidence 

of a cueing effect on this measure. Experiment 2 also demonstrated that the EFT cueing effect 

is specific to the cueing of specific events in one’s personal future.  

By comparing across the findings of Experiment 1 and Experiment 2, we have 

interpreted our results as indicating that there is a developmental change between childhood 

and adolescence in the effectiveness of EFT cueing. However, it is important to acknowledge 

that the procedures used in the two experiments were not identical. The delay discounting 

task in Experiment 1 was simplified for use with younger children, and the exact method of 

EFT cueing of participants also differed between the experiments. Arguably, the procedures 

could have been more closely matched across the two experiments in order to bolster 

confidence about drawing developmental conclusions based on a comparison of their 

findings. Nevertheless, we believe that the differences in the procedures across the tasks were 

justifiable given the need to ensure children could understand and engage with the tasks. In 

particular, the fact that Experiment 1 also included a delay choice task, with real rewards, 

which should allay concerns that our demonstration of a lack of an EFT cueing effect in 
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children did not hinge solely on the findings from the delay discounting task with its 

hypothetical monetary rewards. We will now consider our findings first in terms of their 

developmental significance and then in terms of their implications for theoretical accounts of 

the EFT cueing effect.  

EFT cueing and development 

As we outlined in the Introduction, the only study we are aware of that suggests that 

there may be an EFT cueing effect on delay discounting in children is that of Daniel et al. 

(2015). These researchers included a large age range – 9-14 years – and the sample size in 

that study (17 participants in an EFT condition and 17 in a control group) suggests that 

analysis of age effects would not be possible with their data set. Two other related studies 

have examined the effects of talking to pre-schoolers about their personal futures on 

performance in a range of tasks examining aspects of future-related cognition. In Chernyak, 

Leech, and Rowe’s (2017) study, pre-schoolers discussed some personal future events with 

the experimenter before completing a series of five tasks. Two of these were single-trial delay 

choice tasks that involved deciding whether to wait for a better sticker reward. While 

Chernyak et al. found that, relative to discussing other time periods, discussing the future 

enhanced performance on tasks relating to planning for the future, there was no effect on 

delay choice. Leech, Leimgruber, Warneken, and Rowe (2019) used a cueing procedure in 

which children initially were read a picture book describing things happening to their 

future/present selves or a future/present other. Consistent with the findings of Chernyak et al., 

hearing about their future selves did not enhance performance on a delay choice task, 

although it did improve performance on a prospective memory task.  

These two studies with pre-schoolers differed from the current study, and indeed other 

studies of EFT cueing, in that participants were not cued to think about a specific event from 

their personal futures immediately before making a decision about whether to delay a reward: 
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in both cases, children were encouraged to consider the future only in a separate pre-task 

period. It may be possible to argue that their failure to find effects on pre-schoolers’ delay 

choice stems from this aspect of the procedure. However, our failure to find such effects in 

considerably older children, despite using a method (cueing on every trial) that is very similar 

to that used with adults, suggests that there is a developmental period in which EFT cueing is 

ineffective in enhancing patient choice. There are two distinct reasons why this may be the 

case. The first possibility is that EFT skills are still relatively underdeveloped even in older 

children, with such skills being insufficient to impact on the relevant decision making, at least 

when cued in a manner similar to that used with adults. A second possibility is that the cueing 

effect depends on other types of cognitive abilities that are not fully established in children.  

The first possibility is compatible with existing research that indicates that, even in 

middle to late childhood, EFT skills are still weaker than in adults, with children requiring 

more prompting than adults and producing descriptions that are less episodic in nature 

(Coughlin et al., 2014; Wang et al., 2014). The failure to find an EFT cueing effect in a 

population of children is also consistent with evidence at the other end of the lifespan. Studies 

of older adults, who tend to have reduced EFT skills compared to younger adults, suggest that 

EFT cueing is either less effective or absent in the older population (Mok et al., 2020; Sasse, 

et al., 2017). However, it is not yet fully understood why older adults benefit less from EFT 

cueing than younger adults, and whether this is indeed due to a reduction in EFT skills. In 

fact, Sasse et al. reported that there was no relation between EFT scores and discounting rates 

in their study of elderly adults, although their sample size (n = 22) was small for a 

correlational analysis. Mok et al. note an alternative possibility: that EFT cueing may be less 

effective in older adults because this group already discount future rewards to a lesser extent 

than younger adults, meaning that there is less scope for cueing to be effective. It is 

improbable that the ineffectiveness of EFT cueing in our child sample is due to already low 
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levels of discounting in this population, given that it is well-established that discounting of 

future rewards is more marked in middle to late childhood than in adolescence and adulthood 

(de Water et al., 2014; Green, Frye, & Myerson, 1994; Steinberg et al., 2009). However, it is 

also difficult to straightforwardly conclude that the ineffectiveness of EFT cueing in our child 

population purely reflects weaker EFT abilities, particularly given that there is controversy 

over whether a certain threshold of EFT ability is required for such cueing to be effective 

(Kwan et al., 2015; Palombo, Keane, & Verfaellie, 2015, 2016). 

An alternative explanation is that the effectiveness of EFT cueing hinges on other 

cognitive abilities that are not yet fully developed even in middle to late childhood. Sasse et 

al. (2017) argue that the ineffectiveness of EFT cueing in older adults stems from their 

difficulties in attentional control. These authors administered a measure of attentional control 

to the older adults in their study and report both behavioral and fMRI evidence in support of 

their claim about the role of this aspect of executive functioning in EFT cueing. Their 

suggestion is that engaging in EFT and making decisions in the delay discounting task 

compete with each other for limited attentional resources, and older adults, who on average 

have poorer control of attention, find it difficult to appropriately manage these resources. The 

suggestion that attentional control difficulties (or indeed difficulties in some other aspect of 

executive functions) mean that children do not benefit from EFT cueing is plausible but 

would require testing in future studies that included appropriate additional cognitive 

measures or directly manipulated the attentional requirements of the EFT cueing procedure. 

We note that in our procedure, as is standard in the cueing studies with adults, a visual EFT 

cue appeared on the same screen as a depiction of the decision that participants had to make. 

Indeed, although in our study the experimenter also read out the cue and supplied additional 

information verbally, (and a verbal description of the intertemporal choice was also then 

provided via the laptop), it is possible that the provision of a visual EFT cue that competed 
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for visual attention with the depicted decision could potentially have impacted on the 

effectiveness of the cue.  

Further research is required to fully understand the developmental pattern that we 

report here, and in particular to explore whether there may be other, more scaffolded, ways to 

use EFT to enhance decision making in children. For example, in line with the procedure 

typically used with adults, children were not asked to imagine the future event of actually 

receiving a reward; rather, they generated a personal future event within the same time 

window. Perhaps for populations with less attentional control or weaker EFT skills, it may be 

more effective to cue EFT about the future reward event itself, although this might present 

empirical challenges if the delay discounting task involved making a series of judgments 

about hypothetical monetary rewards (because the future events in question - multiple events 

of receiving specific quantities of money - may not easily lend themselves to rich or 

distinctive instances of EFT). Another possibility is that getting children to think about events 

that in some way relate to the content of the rewards on offer or their future goals may prove 

more effective than cueing with unrelated events, given that there is some preliminary 

evidence from studies with adults that such cueing may be more effective (Dassen et al., 

2016; O’Donnell, Daniel, & Epstein, 2017).  

Mechanisms underpinning the EFT cueing effect 

 It is particularly important to understand the mechanism by which EFT cueing affects 

delay discounting because there is a growing interest in the use of such cueing as a scalable 

real-life intervention tool with a number of different populations that may struggle with 

delaying gratification (e.g., Bickel, Crabbe, & Sher, 2019; Leahey, Gorin, et al., 2020; Stein, 

Tegge, Turner, & Bickel, 2018; Sze et al., 2017).  The least theoretically interesting 

explanation of EFT cueing effects on delay discounting is that such effects result from 

demand characteristics, with participants deducing that the experimenter expected them to 
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choose to wait for a larger reward in EFT cueing conditions (but not so, or to a lesser extent, 

in the other conditions). A small number of existing findings suggest that this cannot, or 

cannot fully, explain the EFT cueing effect (Rung & Madden, 2019; Stein et al., 2018). As 

we have already pointed out, in Experiment 2, the EFT condition identically mirrored the FT-

other condition in all respects except that in the former condition participants reported a 

future personal event and in the latter condition a future event involving a close associate. In 

Rung and Madden’s (2019) terms, the EFT but not the FT-other condition involves 

generating a theoretically significant cue, because EFT by definition involves personal 

events. Arguably, our finding that cueing in the FT-other condition was not effective can be 

seen as further evidence against the idea that the EFT cueing effects result from demand 

characteristics, as it seems unlikely that participants would interpret the purpose of providing 

the cue in the two conditions differently (although in the absence of a measure of 

participants’ hypotheses about the task we cannot be certain).  

 Our findings, though, mean that the exact nature of the mechanism by which EFT 

cueing affects delay discounting remains mysterious. We found no evidence that such cues 

operate by affecting future self-connectedness or future time perception, despite the fact that 

both these measures have previously been linked to levels of delay discounting (Bartels & 

Rips, 2010; Kim & Zauberman, 2009, 2013; Urminsky, 2017) and have both been suggested 

as potential explanations of the EFT cueing effect (Bulley et al., 2019; O’Connell et al., 2015; 

Mok et al., 2020). Unlike in Rung and Madden’s (2019) attempt to examine whether changes 

in temporal horizon underpinned the EFT cueing effect, in Experiment 2 we used the same 

cueing procedure in the future self-connectedness and the future time perception tasks as we 

used in the delay discounting task, but nevertheless found no differences between conditions. 

It is important to emphasize that it has previously been demonstrated that it is possible to 

experimentally manipulate both future self-connectedness and future time perception, and 



 46 

that such interventions also affect performance on measures of delay discounting (Bartels & 

Urminsky, 2011; 2015; Kim & Zauberman, 2013, 2019; Urminsky, 2017). Moreover, our 

measures of both these constructs were based on tasks used in these previous studies. 

Although the null effect of condition that we report here cannot definitively rule out these 

mechanisms as underpinning the EFT cueing effect, our findings regarding future self-

connectedness can potentially be seen as consistent with those of McCue et al. (2019). In 

their correlational study, those authors found that, while measures of EFT and future self-

connectedness were correlated with each other, each measure independently predicted delay 

discounting in their adolescent sample. Thus, although EFT and future self-connectedness 

may be related, and it may seem intuitively plausible that EFT bolsters future self-

connectedness, in fact their effects on decision making may be distinct. 

 As Rung and Madden’s (2018) meta-analysis makes clear, a large array of different 

manipulations on delay discounting have been studied – indeed, they distinguish between 24 

different types and conclude that as yet there is no clear theoretical understanding of how 

successful manipulations actually influence performance. It would be particularly useful to 

establish whether any of these manipulations in fact rely on similar underlying psychological 

mechanisms. As Rung and Madden suggest, it remains possible that EFT manipulations are 

successful because they are a sub-type of construal-level manipulation (Trope & Liberman, 

2003) that make the delayed reward as concrete as the immediate reward. In fact, 

developmental studies could prove to be an important context in which the mechanisms 

underpinning discounting manipulations are examined, because of the opportunity to examine 

links with emerging cognitive skills and whether different manipulations show different 

developmental profiles.        

Conclusion 
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 The effects on impulsive choice of engaging in EFT have attracted much recent 

attention, both in terms of such effects’ theoretical significance regarding the adaptive 

function of EFT and in terms of suggesting new, and potentially scalable, ways to enhance 

prudent choice. The findings of the current study contribute to existing knowledge and 

theorizing about the EFT cueing effect. They indicate that EFT cueing is ineffective before 

adolescence, at least as typically employed in the context of delay discounting studies. It 

remains to be seen whether modifications of cueing techniques may be possible that are 

effective when used with children. By adolescence, such effects are robust, and we found that 

they were observable only when theoretically significant cues were used that specifically 

involved EFT. However, we found no evidence for two plausible hypotheses about the 

mechanism underpinning EFT cueing – that such cueing affects the degree to which 

participants feel connected to their future selves, or that it affects the subjective distance of 

future points in time. There are numerous different types of experimental manipulations that 

affect delay discounting performance; what is not yet known is whether the EFT cueing effect 

relies on a mechanism that is in interesting ways distinct from these other manipulations. 

Answering this question would seem to be important when considering the potential real-life 

applications of EFT cueing.     
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