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Abstract: Delay discounting and operant demand are two behavioral economic constructs that tend
to covary, by degree, with cigarette smoking status. Given historically robust associations between
adverse health outcomes of smoking, a strong preference for immediate reinforcement (measured
with delay discounting), and excessive motivation to smoke cigarettes (measured with operant
demand), researchers have made numerous attempts to attenuate the extent to which behaviors
corresponding to these constructs acutely appear in smokers. One approach is episodic future
thinking, which can reportedly increase the impact of future events on present decision making as
well as reduce the reinforcing value of cigarettes. Graphic cigarette pack warning labels may also
reduce smoking by increased future orientation. Experiment 1 evaluated the combined effects of
episodic future thinking and graphic warning labels on delay discounting; Experiment 2 evaluated
solely the effects of episodic future thinking on delay discounting and operant demand. We observed
no statistically significant effects of episodic future thinking when combined with graphic warning
labels or when assessed on its own. These results serve as a call for further research on the boundary
conditions of experimental techniques reported to alter behaviors associated with cigarette smoking.

Keywords: episodic future thinking; graphic warning labels; cigarette smoking; behavioral eco-
nomics; delay discounting; demand

1. Introduction

Factors contributing to harmful choices have been extensively studied using behav-
ioral economics, a discipline that integrates principles of psychology and microeconomics.
An account of substance use rooted in behavioral economic theory, known as the rein-
forcer pathologies model [1,2], theorizes that cigarette smoking and other drug taking
behaviors occur within a microeconomic framework where (1) preference for immediate
reinforcement despite suboptimal long-term outcomes and (2) excessively high motiva-
tion to consume cigarettes (and/or other substances) interact, manifesting as an extended
pattern of chronically unhealthy behavior [3,4].

The first of these mechanisms, delay discounting, is perhaps the most widely re-
searched behavioral economic construct and refers to the subjective devaluation of an
outcome as a function of delay to occurrence.

There is extensive evidence linking greater delay discounting to those with substance
use disorders, with ties to cigarette smoking among the most robust [5,6]. According to
the Diagnostic and Statistical Manual of Mental Disorders [7], people who consume harmful
substances like cigarettes may experience a recurring cycle involving a desire to inhibit
unhealthy choices, failure to inhibit these choices, and subsequent self-disappointment and
regret [8]. Specifically, cigarette smokers may desire better physical health and personal
appearance while nevertheless continuing to choose the immediate rewards produced
by smoking.

Int. J. Environ. Res. Public Health 2021, 18, 12637. https://doi.org/10.3390/ijerph182312637 https://www.mdpi.com/journal/ijerph

https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0001-9772-9313
https://orcid.org/0000-0003-1828-9589
https://orcid.org/0000-0003-1077-0394
https://orcid.org/0000-0003-4376-2104
https://orcid.org/0000-0001-7068-0513
https://doi.org/10.3390/ijerph182312637
https://doi.org/10.3390/ijerph182312637
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ijerph182312637
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/article/10.3390/ijerph182312637?type=check_update&version=2


Int. J. Environ. Res. Public Health 2021, 18, 12637 2 of 15

The second mechanism of the reinforcer pathologies model, operant demand, pro-
vides a quantitative characterization of the extent to which one will continue consuming
a commodity amidst a range of constraints or prices [9,10]. Behavioral pharmacologists
have extensively employed operant frameworks in laboratory settings to understand value
and motivation associated with drug reinforcement [11,12]. Over the last 20 years, simu-
lation tasks that model demand for cigarettes and other abused substances [13,14] have
increasingly been used as an alternative to laboratory self-administration procedures and
typically require far less time and resources to administer. Importantly, there is accumu-
lating evidence suggesting that reinforcer value modeled using hypothetical outcomes
corresponds to actual consumption [15–17] and converges with measures of substance use
severity [18,19].

Given greater delay discounting and demand are associated with addiction, there
have been numerous experimental attempts to alter these behavioral processes [20–22].
Episodic future thinking (EFT) is one such method and involves directing attention to
personally relevant future events as a means of “expanding one’s temporal window” and
increasing the likelihood delayed consequences will factor into the value of immediate
reinforcement [23–25]. Stein et al. [26,27] found EFT manipulations were moderately as-
sociated with lower rates of monetary delay discounting and less demand for cigarettes
as measured through self-administration and simulated purchasing. Indeed, recent re-
views and meta-analyses highlight EFT as a generally reliable means of altering decisions
involving an intrinsic tradeoff with the future [22,28].

Another method that may influence intertemporal decisions among cigarette smok-
ers involves directing attention to graphic images of high-probability smoking-related
illnesses when individuals regularly smoke cigarettes. For example, evidence suggests
that incorporating graphic warning labels (GWLs) on packs of cigarettes in behavioral
economic decision tasks can reduce the reinforcing value of cigarettes, presumably by
increasing the salience of delayed outcomes [29]. There is also recent research linking
perceived effectiveness of cigarette warning labels to lower rates of delay discounting of
monetary rewards [30]. It thereby follows that GWLs may implicitly invoke EFT similarly
to other approaches associated with lower rates of delay discounting (e.g., the effects of
explicit-zero framing on delay discounting of monetary gains and losses [31]). By bringing
attention to future consequences, GWLs and these other methods may be conceptualized
as expanding one’s temporal window into the future, thereby increasing the degree to
which delayed consequences may mitigate the reinforcing value of immediate rewards.

The present experiments were conducted to reproduce and extend previously reported
behavioral economic findings involving EFT in cigarette smokers. In Experiment 1, we
examined the combined roles of EFT and GWLs on monetary delay discounting, and in
Experiment 2, we sought to examine the distinct role of EFT on delay discounting and
demand for cigarettes. As clinical researchers strive to bring experimental techniques such
as EFT closer to the point of application, it is important to test the robustness of these
approaches and examine possible boundary conditions of their effectiveness.

2. Experiment 1

The primary aim of Experiment 1 was to examine the combinative effects of EFT and
GWLs on delay discounting. We speculated that GWLs may implicitly invoke EFT and
hence it was possible that using these approaches in combination would have greater
effects on discounting than use of EFT alone. We therefore sought to examine monetary
delay discounting as a function of EFT and GWLs using a factorial design in an online
crowdsourced sample of adult cigarette smokers.

2.1. Method
2.1.1. Participant Sample

Two hundred and ten cigarette smokers (Mage = 36.98 years; SD = 10.12) were recruited
from Amazon Mechanical Turk (mTurk) and received monetary compensation for their



Int. J. Environ. Res. Public Health 2021, 18, 12637 3 of 15

participation in these online experimental tasks. To be eligible, participants needed to be
cigarette smokers (i.e., answer “Yes” to the question “Do you smoke cigarettes?”) and have
their work approved by mTurk requesters in no less than 95% of cases. In addition, partici-
pants needed to endorse using one of 11 cigarette brands that were presented as pictures of
the cigarette pack: Marlboro (“Reds”, “Golds”, Menthol), Camel (“Blue”, “Filters”, Men-
thol), Newport (Menthol, Non-menthol), or Pall Mall (“Blue”, “Red”, Menthol). Cigarette
brands were used as an inclusion criterion to present participants’ usual brand cigarette
packages with or without the GWL, and these brands were chosen as they comprise the
majority of cigarette sales in the United States [32,33]. Participation was voluntary, anony-
mous, and included $1 for completing the study and a $2 bonus for following instructions
and passing attention checks. The sample was predominantly White (79%; n = 166) and
approximately half identified as female (48%; n = 101). Participants reported smoking a
mean of 14 cigarettes per day (SD = 8).

2.1.2. Experimental Conditions

Participants were randomly assigned to 1 of the following 4 conditions: (1) EFT with
regular cigarette packs; (2) EFT with GWL packs; (3) episodic recent thinking (ERT) with
regular cigarette packs; and (4) ERT with GWL packs.

Episodic Events

Participants assigned to one of the EFT conditions generated three individualized
future events they were looking forward to and could vividly imagine, providing specific
details about where they would be, what they would be doing, who they would be
with, and how they would feel. Participants then typed a one-sentence summary of each
event into an entry field to be textually displayed on the screen during each choice in
the discounting tasks (see Supplementary Materials). Time frames associated with these
events were 1 month (displayed during delays 1 and 2), 1 year (displayed during delays
3 and 4), and 10 years (displayed during delays 5–7). Participants assigned to one of the
ERT conditions were asked to remember and provide positive events that happened 1 day,
3 days, and 10 days ago that were displayed across delays in the same manner as the
EFT conditions.

Cigarette Pack Labels

Participants viewed packs of their usual brand of cigarettes either featuring images of
acutely diseased lungs and the words “WARNING: Cigarettes cause fatal lung disease” [29]
or with the regular brand packaging. The respective image appeared on the screen while
participants were asked to think about their episodic events (described above) and in-
structions specified they could not advance to the next page until 1 min had elapsed (see
Supplementary Materials). Additional measures related to participants’ GWL response
were collected, however, we do not report them here.

2.2. Delay Discounting Task

Participants completed a delay discounting task using a visual analog scale (VAS; [34])
and were asked to estimate the amount of immediately available money that would be
equivalent to receiving $100 after the following delays: 1 day, 1 week, 1 month, 6 months,
1 year, 5 years, and 10 years. Instructions read:

“Imagine the following hypothetical (pretend) scenario:
You are presented with a choice between money now or later. For the money now

option, the money is deposited automatically into your bank account immediately. For the
money later option, the money is automatically deposited into your bank account after the
specified time.

Your job is to use the slider tool to tell us the amount of money that you would like to
receive immediately that would make you feel JUST AS GOOD as you would if you were
to receive money after the specified time. Although the scenarios are pretend, we ask that
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you consider each scenario as if it was real and as if it was the only scenario you would
face today. Finally, when considering each scenario, you should take into account your
financial circumstances (e.g., current account balance, rent or bills due)”.

2.3. Tobacco Use Screening Measures
2.3.1. Fagerström Test for Cigarette Dependence (FTCD)

The FTCD [35,36] is a widely used instrument measuring cigarette dependence, where
scores (0–10) are described by the categories of low dependence (0–2), low-to-moderate
dependence (3–4), moderate dependence (5–7), and high dependence (≥8).

2.3.2. Contemplation Ladder

We assessed participants’ intention to quit smoking using the Contemplation Lad-
der [37] which measures the extent to which a person is ready to consider giving up
smoking. Participants received the following instructions: “Each rung on this ladder
represents where various smokers are in their thinking about quitting. Please select the
number that indicates where you are now”. The scale ranged from 0 (no intention to quit)
to 10 (currently taking action to quit).

2.4. Data Analysis

Delay discounting data were screened for systematic responding using criteria pub-
lished previously [38], where (1) indifference points exceeding the previous indifference
point by more than 20% of the larger-delayed amount and (2) cases where the final indif-
ference point was not less than the first by more than 10% of the larger-delayed amount
were omitted listwise. As a point estimate of delay discounting, we calculated the area
under the discounting curve (AUC [39]). To conform to distributional assumptions of
parametric statistical tests, AUC values were square root transformed prior to analysis. For
demographic comparisons, categorical variables were analyzed using Pearson chi-squared
tests, ordinal variables using Kruskal–Wallis tests, and continuous variables using one-way
ANOVAs. Bivariate associations are reported for descriptive purposes using Spearman cor-
relations. Finally, between-group comparisons of AUC (where lower values indicate greater
discounting) were conducted using a 2 × 2 ANOVA. Statistical tests (across Experiments 1
and 2) were performed using SPSS version 27 and GraphPad Prism version 9.

2.5. Results
2.5.1. Sample Characteristics

Forty-seven participants failed at least one of the embedded attention checks and were
omitted listwise. An additional two cases were omitted as a result of entering nonsensical
text into the episodic event entry fields. A total of 56 participants violated at least 1 of the
criteria for systematic discounting (criterion 1 only: n = 14 cases; criterion 2 only: n = 25;
both criteria: n = 17), leaving a final sample of n = 105 (EFT: n = 25; ERT: n = 28; EFTGWL:
n = 24; ERTGWL: n = 28). Of note, previous reports [26] speculated that instances of cases
flagged for failing criterion 2 of Johnson and Bickel’s [38] algorithm (i.e., largely invariant
preference for the delayed option) may have been due to the EFT manipulation; however,
we found no differences in the number of otherwise systematic cases flagged under this
criterion across the four groups, χ2(3, N = 130) = 1.37, p = 0.71.

Randomly assigned groups did not differ significantly with respect to age (F3,101 = 1.51,
p = 0.22), sex (χ2

3, N = 105 = 1.39, p = 0.71), race (χ2
3, N = 105 = 4.40, p = 0.22), level of education

(χ2
3 = 1.59, p = 0.66), income (χ2

3 = 2.15, p = 0.54), cigarettes smoked per day (F3,101 = 1.61,
p = 0.19), scores on the FTCD (F3,101 = 1.00, p = 0.40), or intentions to quit smoking
(Contemplation Ladder; F3,101 = 0.75, p = 0.53). See Table 1 for group summary statistics.

2.5.2. Bivariate Associations

Spearman rank correlations between sample demographics, smoking variables, and
delay discounting are reported in Table 2, a subset of which we report here. There were
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significant positive associations between participant age and cigarettes smoked per day
(rs = 0.40, p < 0.001) as well as scores on the FTCD (rs = 0.27, p = 0.01). Level of education
was inversely associated with cigarettes smoked per day (rs = −0.26, p = 0.01) and scores
on the FTCD (rs = −0.22, p = 0.03), the latter of which was inversely associated with
reported intentions of quitting smoking (rs = −0.26, p = 0.01). Finally, we observed a
positive association between annual income and delay discounting (rs = 0.21, p = 0.03),
where higher income was associated with higher AUC (less discounting).

Table 1. Experiment 1 demographic characteristics (N = 105).

Variable

Experiment 1 Groups

Episodic Future Thinking Episodic Recent Thinking

Regular Packs
(n = 25)

Graphic Warning
(n = 24)

Regular Packs
(n = 28)

Graphic Warning
(n = 28)

Sex (n, % female) 9 (36.00) 12 (50.00) 14 (50.00) 12 (42.86)

Age (m ± SD) 33.76 (10.71) 37.88 (11.04) 34.79 (9.10) 38.96 (10.54)

Race/ethnicity (n, %)

White 19 (76.00) 23 (95.83) 25 (89.29) 24 (85.71)
Black 3 (12.00) 0 1 (3.57) 1 (3.57)
Asian 1 (4.00) 0 0 1 (3.57)

Hispanic/Latino 0 1 (4.17) 1 (3.57) 1 (3.57)
Native

American/Alaskan
Native

1 (4.00) 0 0 0

More than one 1 (4.00) 0 1 (3.57) 0
Other 0 0 0 1 (3.57)

Education

Bachelor’s degree or
higher (n, %) 9 (36.00) 11 (45.83) 11 (39.29) 13 (46.43)

Annual income ($, %)

<10,000 1 (4.00) 3 (12.50) 4 (14.29) 0
10,000–19,000 2 (8.00) 4 (16.67) 2 (7.14) 2 (7.14)
20,000–29,000 5 (20.00) 1 (4.17) 2 (7.14) 2 (7.14)
30,000–39,000 4 (16.00) 3 (12.50) 3 (10.71) 4 (14.29)
40,000–49,000 2 (8.00) 2 (8.33) 3 (10.71) 4 (14.29)
50,000–59,000 4 (16.00) 4 (16.67) 3 (10.71) 8 (28.57)
60,000–69,000 2 (8.00) 4 (16.67) 3 (10.71) 2 (7.14)
70,000–79,000 1 (4.00) 1 (4.17) 1 (3.57) 1 (3.57)
80,000–89,000 2 (8.00) 2 (8.33) 3 (10.71) 1 (3.57)
90,000–99,000 0 0 1 (3.57) 2 (7.14)

100,000–149,000 1 (4.00) 0 3 (10.71) 2 (7.14)
>150,000 1 (4.00) 0 0 0

Cigarettes per day
(m ± SD) 11.36 (6.45) 14.21 (9.08) 16.11 (10.58) 16.11 (9.19)

FTCD (m ± SD) 3.92 (1.98) 4.79 (2.25) 4.75 (2.24) 4.75 (2.03)

Contemplation Ladder
(m ± SD) 6.36 (2.94) 5.29 (3.11) 6.18 (2.31) 5.89 (2.36)

Note. FTCD—Fagerström Test for Cigarette Dependence.

Table 2. Spearman rank correlations among demographic characteristics, smoking, and delay dis-
counting.

Variable 1 2 3 4 5 6

1. Age
2. Education −0.03

3. Income 0.09 0.26 **
4. Cigarettes/day 0.40 ** −0.26 ** −0.07

5. FTCD 0.27 ** −0.22 * −0.05 0.72 **
6. Contemplation Ladder 0.07 −0.02 −0.01 −0.09 −0.26 **

7. AUC 0.15 0.13 0.21 * −0.01 −0.09 −0.06
Note. FTCD—Fagerström Test for Cigarette Dependence; AUC—area under the discounting curve; * p < 0.05;
** p < 0.01.
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2.5.3. Delay Discounting

Figures 1 and 2 depict the mean indifference points and AUC, respectively, for each
of the four groups. We observed no statistically significant differences in delay discount-
ing as a function of the EFT (F1,101 = 0.28, p = 0.60, η2

p = 0.003) or GWL manipulations,
(F(1,101) = 0.35, p = 0.56, η2

p = 0.003). There was, however, a significant EFT × GWL
cross-over interaction (F101 = 4.04, p = 0.047, η2

p = 0.04), where GWLs were associated with
less discounting when paired with EFT and greater discounting when paired with ERT.
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Figure 2. Mean square root transformed area under the curve (AUC) values (±SEM) for Experiment 1.
EFT—episodic future thinking; ERT—episodic recent thinking. Regular—commercial cigarette packs;
Graphic—commercial packs with graphic warning label. Note. Although no significant differences
emerged in the omnibus and pairwise tests, GWLs resulted in slightly less discounting in the EFT
conditions and slightly more discounting in the ERT conditions, resulting in a significant cross-over
interaction (see text for statistical comparisons).

2.6. Conclusions

In the present experiment, neither individual nor combined EFT and GWL manipula-
tions were associated with significant differences in monetary delay discounting. Given
previous research showing a moderate effect of EFT in decreasing monetary delay discount-
ing [26,27], we hypothesized the combinative effects of EFT and GWLs (as evidenced by
the significant cross-over interaction) may have obscured the distinct roles of each stimulus
presentation. After failing to reproduce previous EFT findings using a factorial design, we
attempted to replicate those previous findings more directly in Experiment 2. In addition
to comparing the effects of EFT on monetary delay discounting, we examined the effects of
EFT on demand for cigarettes using a simulated purchasing task, as well as the degree to
which participants could guess whether they were assigned to the experimental or control
groups [27].
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3. Experiment 2
3.1. Method
3.1.1. Participant Sample

A new mTurk sample of 412 cigarette smokers (Mage = 35.73 years; SD = 9.94) com-
pleted Experiment 2. Eligibility criteria and compensation were identical to that of Exper-
iment 1. The sample was largely White (76%; n = 312) and approximately sex-balanced
(48% females; n = 196). The average number of cigarettes smoked per day was 14 (SD = 9)
and comparable to what participants reported in Experiment 1.

3.1.2. Measures

Participants were randomly assigned to either EFT or ERT conditions and generated
the respective episodic events according to procedures outlined in Experiment 1. In
addition to the discounting task, participants completed a cigarette purchase task (CPT),
reporting the number of hypothetical cigarettes they would purchase and consume at
various prices over a 24 h period. Cigarette purchasing was assessed across the following
escalating price points: $0.01, $0.03, $0.06, $0.10, $0.30, $0.60, $1, $3, $6, $10, $30, $60, $100.
Instructions read:

“The following questions are hypothetical (pretend), but please answer as though the
consequences were real. This means you should take into account your current financial
situation and any other factors about your current life circumstances when answering.

Imagine that you have finished the study and will spend the next day in your usual
home environment. Additionally, imagine that you have the chance to buy your usual
brand of cigarettes for your own personal use within the next day (24 h). You can buy as
many cigarettes as you like, but you cannot sell, trade, or give them away, and you cannot
save them for more than a day. Other than the fact that the cigarettes are for your own use
within the next day, there is no limit to the number of cigarettes you can buy. Please do not
buy more than you will use.

The following questions will ask you how many of your usual brand of cigarettes
you would buy if they were sold at various prices. For each question, enter the number of
cigarettes you would buy, and enter zero if you would not buy any at that price. Please
consider each of the questions separately, meaning that if you buy cigarettes in one question,
pretend that you do not have them when you answer the other questions. In other words,
when you are answering each question, pretend that it is the only question being asked of
you today”.

Prices were presented one at a time with the most distal self-generated episodic events
(i.e., 10 years from now or 10 days ago for the EFT and ERT groups, respectively) displayed
on the screen at each price (cf. [26,27]).

3.1.3. Demand Characteristics

The survey concluded with a question asking participants to rate their level of con-
fidence that they were in the experimental group [27]. Participants read the following:
“Experimental studies will often assign participants to either an “experimental” group that
receives active treatment or a “control” group that does not receive the active treatment.
Outcomes from these two groups can then be compared to each other to understand the
effects of the active treatment. Please use the scale below to rate your level of confidence
that you were assigned to the “experimental” group in this study (i.e., the one that received
active treatment)”.

The scale ranged from 0 (“I definitely WAS NOT assigned to this group”) to 100 (“I
definitely WAS assigned to this group”). Previous research suggests that participants
assigned to the experimental groups were no better than controls in discerning whether
they were in the experimental or control group [27].
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3.2. Data Analysis

Methods of screening for attention and systematic discounting were the same as those
used in Experiment 1. Area under the curve was again used as the summary measure
of discounting and the resulting values were square root transformed prior to statistical
analysis. Orderliness of purchase task data was evaluated using previously published
criteria [40,41]. Cases were considered nonsystematic if (1) consumption at one price was
greater than consumption at the previous price by more than 20% and (2) consumption
greater than 0 was reported after endorsing 0 consumption at a lower price.

Responses on the CPT were analyzed using the exponential model of demand [42]:

log Q = log Q0 + k (e−α(Q
0
• C) − 1) (1)

where Q is consumption at each price (i.e., C) and Q0 is consumption when cost is minimal.
In the present experiment, the number of hypothetical cigarettes purchased at $0.01 was
used as Q0 (hereafter referred to as intensity of demand) rather than the model-derived
index. The parameter k is the range of group consumption in logarithmic units (calculated
as the difference of the logarithms of the mean maximum and mean minimum consump-
tion values; k = 2.49 in the present experiment), and α is the rate of change in elasticity
across the demand curve. To plot these data in double-logarithmic space, the first instance
of “0” consumption for each participant was replaced with 0.10, with subsequent “0”s at
higher prices not analyzed. Important to note is that participants reporting 0 or invariant
consumption across prices nevertheless provide valuable data and as such were omitted
only from analyses of the α parameter, as these response patterns result in an undefined
parameter space when nonlinear curve fitting. In addition, intensity values were examined
for outliers using the ROUT method [43] with false discovery rate (Q) set to 1%, resulting
in 18 cases flagged (8 of these cases yielded otherwise systematic data and were therefore
omitted only from demand analyses). Values of intensity and α were square root and natu-
ral log (ln) transformed, respectively, prior to statistical analysis. Categorical demographic
analyses were conducted using Pearson chi-squared tests, while ordinal and continuous
pairwise analyses were conducted using Mann–Whitney U tests and independent-samples
t tests, respectively. Bivariate associations are again reported for descriptive purposes using
Spearman correlations and between-group comparisons of AUC, intensity, and α were con-
ducted using ANCOVAs with FTCD scores entered as a covariate, due to between-group
differences in cigarette dependence (see below).

3.3. Results
3.3.1. Sample Characteristics

One hundred and twenty-five participants failed at least one of the embedded attention
checks and were omitted listwise. An additional six cases were omitted for providing
incomplete episodic event information in the entry fields. Just 1 participant provided
incomplete delay discounting data; 107 participants failed at least 1 of the criteria for
systematic discounting (criterion 1 only: n = 32; criterion 2 only: n = 31; both criteria:
n = 44); 14 participants failed at least one of the criteria for systematic demand (criterion
1 only: n = 6; criterion 2 only: n = 0; criterion 3 only: n = 6; multiple criteria (1 and 3):
n = 2), 5 of which were among those also flagged for nonsystematic discounting data. This
resulted in a final sample of n = 164 (EFT: n = 76; ERT: n = 88).

Participants did not significantly differ in age (t162 = 0.83, p = 0.41), sex (χ2
1, N = 164 = 2.69,

p = 0.10), race (χ2
1, N = 165 = 0.02, p = 0.88), level of education (U = 3189, p = 0.60), income

(U = 3328, p = 0.96), cigarettes smoked per day (t162 = 1.00, p = 0.32), or intention to quit
smoking (t162 = 0.52, p = 0.60). Scores on the FTCD were higher for the ERT group (m = 4.74,
SD = 1.71) than for the EFT group (m = 4.04, SD = 2.16; t162 = 2.32, p = 0.02) and were
therefore included as a covariate in the general linear models, reported further below.
Importantly, there were no significant differences in the degree to which participants were
confident they had been assigned to the experimental condition (t162 = 1.64, p = 0.10),
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decreasing concerns that demand characteristics may have differentially influenced par-
ticipant responding across the two groups. Group summary statistics are reported in
Table 3.

Table 3. Experiment 2 Demographic Characteristics (n = 164).

Variable
Experiment 2 Groups

Episodic Future Thinking
(n = 76)

Episodic Recent Thinking
(n = 88)

Sex (n, % female) 30 (39.47) 46 (52.27)

Age (m ± SD) 36.30 (9.93) 34.94 (8.92)

Race/ethnicity

White 62 (81.58) 70 (79.55)
Black 4 (5.26) 5 (5.68)
Asian 5 (6.58) 2 (2.27)

Hispanic/Latino 1 (1.32) 5 (5.68)
Native American/Alaskan Native 2 (2.63) 1 (1.14)

More than one 2 (2.63) 4 (4.55)
Other 0 1 (1.14)

Education

Bachelor’s degree or higher (n, %) 29 (38.16) 36 (40.91)

Annual income ($, %)

<10,000 6 (7.89) 8 (9.09)
10,000–19,000 7 (9.21) 5 (5.68)
20,000–29,000 9 (11.84) 10 (11.36)
30,000–39,000 10 (13.16) 15 (17.05)
40,000–49,000 14 (18.42) 19 (21.59)
50,000–59,000 8 (10.53) 8 (9.09)
60,000–69,000 9 (11.84) 8 (9.09)
70,000–79,000 6 (7.89) 3 (3.41)
80,000–89,000 1 (1.32) 2 (2.27)
90,000–99,000 1 (1.32) 3 (3.41)

100,000–149,000 4 (5.26) 4 (4.55)
>150,000 1 (1.32) 3 (3.41)

Cigarettes per day (m ± SD) 13.72 (6.75) 12.63 (6.02)

FTCD (m ± SD) 4.04 (2.16) 4.74 (1.71) *

Contemplation Ladder (m ± SD) 6.26 (2.59) 6.06 (2.48)
Note. FTCD—Fagerström Test for Cigarette Dependence. * p < 0.05. See text for statistical comparisons.

3.3.2. Bivariate Associations

Table 4 contains Spearman rank correlations between demographic, smoking, and
behavioral economic estimates, a subset of which are reported here. Intensity of demand
(i.e., consumption unconstrained by price) was highly and positively associated with
cigarettes smoked per day (rs = 0.70, p < 0.001) as well as scores on the FTCD (rs = 0.50,
p < 0.001). We observed the inverse for the α parameter, where lower values (indicating less
sensitivity to increases in price) were moderately associated with cigarettes smoked per
day (rs = −0.33, p < 0.001) and scores on the FTCD (rs = 0.21, p = 0.01). Participant age was
positively associated with the number of cigarettes smoked per day (rs = 0.29, p < 0.001)
and inversely associated with confidence about having been assigned to the experimental
condition (rs = −0.17, p = 0.03). Importantly, there were no significant associations between
study demand characteristics and delay discounting (rs = 0.05, p = 0.50), intensity of
demand (rs = 0.00, p = 0.96), or the α parameter (rs = −0.07, p = 0.41), further reducing
concerns that our primary outcome variables varied as a function of participants’ belief
that they were assigned to the experimental condition.
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Table 4. Spearman rank correlations among demographic characteristics, smoking, and behavioral
economic variables.

Variable 1 2 3 4 5 6 7 8 9

1. Age
2. Education 0.04

3. Income 0.21 ** 0.31 **
4. Cigarettes/

day 0.29 ** −0.11 0.02

5. FTCD 0.12 −0.16 * 0.01 0.57 **
6. Contemplation

Ladder 0.10 −0.01 0.08 −0.13 −0.08

7. AUC 0.00 0.13 0.11 0.03 −0.04 −0.03
8. Intensity 0.08 −0.11 −0.07 0.70 ** 0.50 ** −0.13 −0.01

9. α 0.06 −0.11 −0.14 −0.33 ** −0.21 ** 0.20 * −0.13 −0.35 **
10. Demand

characteristics −0.17 * 0.02 0.05 −0.04 0.06 −0.06 0.05 0.00 −0.07

Note. FTCD—Fagerström Test for Cigarette Dependence; AUC—area under the discounting curve; Demand
characteristics—the degree to which participants rated they were confident that they had been assigned to the
experimental group. * p < 0.05; ** p < 0.01.

3.3.3. Delay Discounting and Cigarette Demand

Figures 3 and 4 depict mean delay discounting indifference points and AUC, re-
spectively, for the EFT and ERT groups. Delay discounting did not significantly differ
as a function of FTCD scores (F1,161 = 0.00, p = 0.99, η2

p < 0.001) or episodic condition
(F (1,161) = 1.03, p = 0.31, η2

p = 0.01).
Hypothetical cigarette purchasing varied as an orderly function of increasing price

(Figure 5), where Equation 1 described the mean consumption data well for the EFT
(R2 = 0.96; RMSE = 0.16) and ERT (R2 = 0.97; RMSE = 0.17) groups. Results indicated a
significant effect of FTCD scores on intensity (F1,153 = 51.81, p < 0.001, η2

p = 0.25); however, no
significant differences emerged as a function of the episodic condition (F1,153 = 3.52, p = 0.06,
η2

p = 0.02). Similarly, FTCD scores significantly predicted the α parameter (F1,151 = 10.56,
p = 0.001, η2

p = 0.07), although there were no significant differences due to the episodic
condition (F1,151 = 0.45, p = 0.51, η2

p = 0.003).
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x-axis to depict the shape of the discounting function. Right panel: delays presented on an x-axis
with intervals equidistantly spaced to facilitate examination of all values.
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4. General Discussion

Results across the experiments reported here serve as call for further research into
boundary conditions of previously reported behavioral economic findings. In Experiment 1,
we employed a factorial design to compare the effects of EFT and GWLs on delay discount-
ing and found no significant main effects of either manipulation. We note, however, that
exposure to GWLs was associated with less discounting when paired with EFT and greater
discounting when paired with ERT, evidenced by the significant EFT × GWL interaction.
Future researchers may wish to clarify the conditions under which the combination of
these two techniques can produce reliable differences in delay discounting among cigarette
smokers. To better isolate the effects of EFT in Experiment 2, we recruited a new sample
of smokers and assessed delay discounting and demand for cigarettes between EFT and
ERT conditions without the use of GWLs. Results indicated no significant differences in
discounting or demand as a function of EFT.

Given successful previously published demonstrations of the effects of EFT, we offer
several hypotheses that may partially account for the discrepant findings. First, although
the least discounting in Experiment 1 occurred when EFT was paired with GWLs, it remains
plausible that the graphic images on the cigarette packs may have attenuated the effect
of EFT. Indeed, evidence suggests that negative valence of imagined future events may
temper the beneficial effects of EFT on delay discounting [44–46]. Although participants in
the EFT conditions were instructed to imagine positive future events, it bears to reason that
viewing images of acutely diseased lungs that could likely result as a future consequence
of smoking may have partially counteracted the strength of the EFT manipulation. It is
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also possible that the EFT manipulations may have been affected by subtle procedural
differences. Although the delay discounting task used in the present experiments had
been previously validated [34] across dimensions including the shape of the discounting
function (primarily hyperbolic), reward magnitude (small rewards were discounted more
than large rewards), and reward domain (cigarettes were discounted more than money),
the strength of the EFT manipulation may have been tempered by properties specific to
the task. For example, asking participants to use a VAS to estimate the amount of money
that would make them feel just as good at that moment as receiving a larger amount after a
delay (i.e., to estimate their own indifference points) may have interfered with their ability
to attend to their personally relevant future events. It is possible that these task properties
may have produced similar tempering effects in the GWL conditions in Experiment 1.

Although the possibility of negative valence and task interference may provide a
potential explanation for the null effects observed in the delay discounting assessments, it
does not explain the absence of an effect on the CPT, where the EFT manipulation produced
no differences in cigarette demand. It is possible that results similar to those reported here
may exist in unpublished datasets, resulting in a “file drawer” effect that would indirectly
inflate the robustness of these manipulations by assuring that only statistically significant
demonstrations of these effects advanced to publication (cf. [28]). Importantly, if the
effect of EFT is as sensitive to subtle procedural characteristics as the present experiments
suggest, it raises the question as to whether the effect could hold under the far more
complex conditions where decisions to smoke (or engage in other unhealthy behaviors)
occur. Further research on the boundary conditions of EFT and other techniques aimed
at reducing tobacco use is paramount. For example, evidence suggests that EFT can have
muted effects on demand for alcohol [47] and may not be effective with older adults [48,49].

The findings of these experiments must also be considered within the context of their
limitations. Although we applied best practices for ensuring mTurk data quality [50,51],
a substantial proportion of the sample were flagged and omitted for failing embedded
attention checks or providing nonsystematic data. In laboratory settings, research staff
are better able to address participant misunderstandings as well as inattentive or rushed
responding in real time; however, in online surveys, such cases can only be identified
after survey completion and often result in removal. Relatedly, although there have
been numerous successful demonstrations of EFT and GWL manipulations using online
crowdsourced samples [27,52,53], it nevertheless bears to reason that the degree to which
participants could imagine and think about their personally relevant future events and/or
attend to the graphic images on the cigarette packs, may have been dependent on whether
they were completing the tasks in environments with minimal distractions. This concern,
however, was generally allayed by the fact that all participants were required to provide
detailed descriptions of the episodic events as well as pass the embedded attention checks.
We acknowledge, as a final limitation, that although previous research suggests signif-
icant overlap between hypothetical and experienced outcomes in behavioral economic
tasks [15,16,54], the sole reliance on hypothetical outcomes in the present experiments
limits the degree to which these findings may generalize.

5. Conclusions

Taken together, these results suggest that incorporating techniques like EFT as thera-
peutic smoking cessation interventions may require additional research, as the effects of
these manipulations might be transient or impacted by subtle procedural differences. The
authors encourage other researchers to disseminate their null results which could thereby
help their respective fields avoid the pitfalls of the “file drawer” and identify boundary
conditions that, if addressed, could increase the robustness of techniques like EFT.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/ijerph182312637/s1, Example instructions for episodic future thinking conditions.

https://www.mdpi.com/article/10.3390/ijerph182312637/s1
https://www.mdpi.com/article/10.3390/ijerph182312637/s1


Int. J. Environ. Res. Public Health 2021, 18, 12637 13 of 15

Author Contributions: Conceptualization, S.B.D., M.S.B., D.J.C. and M.W.J.; formal analysis, G.P.N.;
writing—original draft preparation, G.P.N.; writing—review and editing, G.P.N., S.B.D., J.C.S., M.S.B.,
D.J.C. and M.W.J.; funding acquisition, M.W.J. All authors have read and agreed to the published
version of the manuscript.

Funding: This work was funded by National Institutes of Drug Abuse of the National Institutes of
Health (G.P.N./S.B.D./J.C.S./M.S.B./D.J.C.: T32 DA07209; M.W.J.: R01 DA042527). The funding
sources had no role other than financial support.

Institutional Review Board Statement: Study procedures were approved by the Institutional Review
Board at Johns Hopkins University (#NA_00084986).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are available upon request from the corresponding author.

Acknowledgments: Work related to this research was conducted while M.S.B. and D.J.C. were
employed at Johns Hopkins University School of Medicine. M.S.B. is now at the University of Florida.
D.J.C. is now at Endicott College and the Behavioral Health Center of Excellence.

Conflicts of Interest: The authors have no conflict of interest to declare.

References
1. Bickel, W.K.; Jarmolowicz, D.P.; Mueller, E.T.; Gatchalian, K.M. The behavioral economics and neuroeconomics of reinforcer

pathologies: Implications for etiology and treatment of addiction. Curr. Psychiatry Rep. 2011, 13, 406–415. [CrossRef]
2. Bickel, W.K.; Snider, S.E.; Quisenberry, A.J.; Stein, J.S. Reinforcer pathology: The behavioral economics of abuse liability testing.

Clin. Pharmacol. Ther. 2017, 101, 185–187. [CrossRef]
3. Bickel, W.K.; Athamneh, L.N. A reinforcer pathology perspective on relapse. J. Exp. Anal. Behav. 2020, 113, 48–56. [CrossRef]
4. González-Roz, A.; García-Pérez, Á.; Weidberg, S.; Aonso-Diego, G.; Secades-Villa, R. Reinforcer pathology and response to

contingency management for smoking cessation. Psychol. Addict. Behav. 2019, 34, 156–163. [CrossRef]
5. Amlung, M.; Vedelago, L.; Acker, J.; Balodis, I.; MacKillop, J. Steep delay discounting and addictive behavior: A meta-analysis of

continuous associations. Addiction 2017, 112, 51–62. [CrossRef] [PubMed]
6. MacKillop, J.; Amlung, M.T.; Few, L.R.; Ray, L.A.; Sweet, L.H.; Munafò, M.R. Delayed reward discounting and addictive behavior:

A meta-analysis. Psychopharmacology 2011, 216, 305–321. [CrossRef] [PubMed]
7. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders: DSM-V; American Psychiatric Association:

Arlington, VA, USA, 2013; Volume 5.
8. Madden, G.J.; Johnson, P.S. A Delay-Discounting Primer. In Impulsivity: The Behavioral and Neurological Science of Discounting;

American Psychological Association: Washington, DC, USA, 2010; pp. 11–37. [CrossRef]
9. Hursh, S.R. Economic concepts for the analysis of behavior. J. Exp. Anal. Behav. 1980, 34, 219–238. [CrossRef] [PubMed]
10. Hursh, S.R. Behavioral economics. J. Exp. Anal. Behav. 1984, 42, 435–452. [CrossRef]
11. Bickel, W.K.; DeGrandpre, R.J.; Higgins, S.T. Behavioral economics: A novel experimental approach to the study of drug

dependence. Drug Alcohol Depend. 1993, 33, 173–192. [CrossRef]
12. Hursh, S.R. Behavioral economics of drug self-administration and drug abuse policy. J. Exp. Anal. Behav. 1991, 56, 377–393.

[CrossRef]
13. Jacobs, E.A.; Bickel, W.K. Modeling drug consumption in the clinic using simulation procedures: Demand for heroin and

cigarettes in opioid-dependent outpatients. Exp. Clin. Psychopharmacol. 1999, 7, 412–426. [CrossRef]
14. Murphy, J.G.; MacKillop, J. Relative reinforcing efficacy of alcohol among college student drinkers. Exp. Clin. Psychopharmacol.

2006, 14, 219–227. [CrossRef] [PubMed]
15. Amlung, M.T.; Acker, J.; Stojek, M.K.; Murphy, J.G.; MacKillop, J. Is talk “cheap”? An initial investigation of the equivalence of

alcohol purchase task performance for hypothetical and actual rewards. Alcohol. Clin. Exp. Res. 2012, 36, 716–724. [CrossRef]
16. Amlung, M.; MacKillop, J. Further evidence of close correspondence for alcohol demand decision making for hypothetical and

incentivized rewards. Behav. Process. 2015, 113, 187–191. [CrossRef] [PubMed]
17. Wilson, A.G.; Franck, C.T.; Koffarnus, M.N.; Bickel, W.K. Behavioral economics of cigarette purchase tasks: Within-subject

comparison of real, potentially real, and hypothetical cigarettes. Nicotine Tob. Res. 2016, 18, 524–530. [CrossRef]
18. González-Roz, A.; Jackson, J.; Murphy, C.; Rohsenow, D.J.; MacKillop, J. Behavioral economic tobacco demand in relation to

cigarette consumption and nicotine dependence: A meta-analysis of cross-sectional relationships. Addiction 2019, 114, 1926–1940.
[CrossRef] [PubMed]

19. Zvorsky, I.; Nighbor, T.D.; Kurti, A.N.; DeSarno, M.; Naudé, G.; Reed, D.D.; Higgins, S.T. Sensitivity of hypothetical purchase task
indices when studying substance use: A systematic literature review. Prev. Med. 2019, 128, 105789. [CrossRef] [PubMed]

20. Acuff, S.F.; Amlung, M.; Dennhardt, A.A.; MacKillop, J.; Murphy, J.G. Experimental manipulations of behavioral economic
demand for addictive commodities: A meta-analysis. Addiction 2020, 115, 817–831. [CrossRef]

http://doi.org/10.1007/s11920-011-0215-1
http://doi.org/10.1002/cpt.443
http://doi.org/10.1002/jeab.564
http://doi.org/10.1037/adb0000500
http://doi.org/10.1111/add.13535
http://www.ncbi.nlm.nih.gov/pubmed/27450931
http://doi.org/10.1007/s00213-011-2229-0
http://www.ncbi.nlm.nih.gov/pubmed/21373791
http://doi.org/10.1037/12069-001
http://doi.org/10.1901/jeab.1980.34-219
http://www.ncbi.nlm.nih.gov/pubmed/16812188
http://doi.org/10.1901/jeab.1984.42-435
http://doi.org/10.1016/0376-8716(93)90059-Y
http://doi.org/10.1901/jeab.1991.56-377
http://doi.org/10.1037/1064-1297.7.4.412
http://doi.org/10.1037/1064-1297.14.2.219
http://www.ncbi.nlm.nih.gov/pubmed/16756426
http://doi.org/10.1111/j.1530-0277.2011.01656.x
http://doi.org/10.1016/j.beproc.2015.02.012
http://www.ncbi.nlm.nih.gov/pubmed/25712039
http://doi.org/10.1093/ntr/ntv154
http://doi.org/10.1111/add.14736
http://www.ncbi.nlm.nih.gov/pubmed/31313403
http://doi.org/10.1016/j.ypmed.2019.105789
http://www.ncbi.nlm.nih.gov/pubmed/31400376
http://doi.org/10.1111/add.14865


Int. J. Environ. Res. Public Health 2021, 18, 12637 14 of 15

21. Koffarnus, M.N.; Jarmolowicz, D.P.; Mueller, E.T.; Bickel, W.K. Changing delay discounting in the light of the competing
neurobehavioral decision systems theory: A review. J. Exp. Anal. Behav. 2013, 99, 32–57. [CrossRef]

22. Rung, J.M.; Madden, G.J. Experimental reductions of delay discounting and impulsive choice: A systematic review and meta-
analysis. J. Exp. Psychol. Gen. 2018, 147, 1349–1381. [CrossRef]

23. Atance, C.M.; O’Neill, D.K. The emergence of episodic future thinking in humans. Learn. Motiv. 2005, 36, 126–144. [CrossRef]
24. Daniel, T.O.; Stanton, C.M.; Epstein, L.H. The future is now: Comparing the effect of episodic future thinking on impulsivity in

lean and obese individuals. Appetite 2013, 71, 120–125. [CrossRef] [PubMed]
25. Peters, J.; Büchel, C. Episodic future thinking reduces reward delay discounting through an enhancement of prefrontal-

mediotemporal interactions. Neuron 2010, 66, 138–148. [CrossRef] [PubMed]
26. Stein, J.S.; Wilson, A.G.; Koffarnus, M.N.; Daniel, T.O.; Epstein, L.H.; Bickel, W.K. Unstuck in time: Episodic future thinking

reduces delay discounting and cigarette smoking. Psychopharmacology 2016, 233, 3771–3778. [CrossRef]
27. Stein, J.S.; Tegge, A.N.; Turner, J.K.; Bickel, W.K. Episodic future thinking reduces delay discounting and cigarette demand: An

investigation of the good-subject effect. J. Behav. Med. 2018, 41, 269–276. [CrossRef] [PubMed]
28. Rösch, S.A.; Stramaccia, D.F.; Benoit, R.G. Promoting farsighted decisions via episodic future thinking: A meta-analysis. J. Exp.

Psychol. Gen. 2021. [CrossRef]
29. Pacek, L.R.; Berry, M.S.; Rass, O.; Mercincavage, M.; McClernon, F.J.; Johnson, M.W. Graphic warning labels affect hypothetical

cigarette purchasing behavior among smokers living with HIV. Int. J. Environ. Res. Public Health 2019, 16, 3380. [CrossRef]
30. Tripp, H.L.; Strickland, J.C.; Mercincavage, M.; Audrain-McGovern, J.; Donny, E.C.; Strasser, A.A. Tailored Cigarette Warning

Messages: How Individualized Loss Aversion and Delay Discounting Rates Can Influence Perceived Message Effectiveness. Int.
J. Environ. Res. Public Health 2021, 18, 10492. [CrossRef]

31. Bickel, W.K.; Wilson, A.G.; Chen, C.; Koffarnus, M.N.; Franck, C.T. Stuck in time: Negative income shock constricts the temporal
window of valuation spanning the future and the past. PLoS ONE 2016, 11, e0163051. [CrossRef]

32. Center for Disease Control and Prevention. Available online: https://www.cdc.gov/tobacco/data_statistics/fact_sheets/
tobacco_industry/brand_preference/index.htm (accessed on 6 September 2021).

33. Micha, R.; Khatibzadeh, S.; Shi, P.; Andrews, K.G.; Engell, R.E.; Mozaffarian, D. Global, regional and national consumption of
major food groups in 1990 and 2010: A systematic analysis including 266 country-specific nutrition surveys worldwide. BMJ
Open 2015, 5, 8705. [CrossRef]

34. Johnson, P.S.; Herrmann, E.S.; Johnson, M.W. Opportunity costs of reward delays and the discounting of hypothetical money and
cigarettes. J. Exp. Anal. Behav. 2015, 103, 87–107. [CrossRef] [PubMed]

35. Fagerström, K. Determinants of tobacco use and renaming the FTND to the Fagerström Test for Cigarette Dependence. Nicotine
Tob. Res. 2012, 14, 75–78. [CrossRef]

36. Heatherton, T.F.; Kozlowski, L.T.; Frecker, R.C.; Fagerström, K.-O. The Fagerström Test for Nicotine Dependence: A revision of
the Fagerström Tolerance Questionnaire. Br. J. Addict. 1991, 86, 1119–1127. [CrossRef] [PubMed]

37. Biener, L.; Abrams, D.B. The Contemplation Ladder: Validation of a measure of readiness to consider smoking cessation. Health
Psychol. 1991, 10, 360–365. [CrossRef] [PubMed]

38. Johnson, M.W.; Bickel, W.K. An algorithm for identifying nonsystematic delay-discounting data. Exp. Clin. Psychopharmacol. 2008,
16, 264–274. [CrossRef]

39. Myerson, J.; Green, L.; Warusawitharana, M. Area under the curve as a measure of discounting. J. Exp. Anal. Behav. 2001, 76,
235–243. [CrossRef]

40. Bruner, N.R.; Johnson, M.W. Demand curves for hypothetical cocaine in cocaine-dependent individuals. Psychopharmacology 2014,
231, 889–897. [CrossRef]

41. Stein, J.S.; Koffarnus, M.N.; Snider, S.E.; Quisenberry, A.J.; Bickel, W.K. Identification and management of nonsystematic purchase
task data: Toward best practice. Exp. Clin. Psychopharmacol. 2015, 23, 377–386. [CrossRef]

42. Hursh, S.R.; Silberberg, A. Economic Demand and Essential Value. Psychol. Rev. 2008, 115, 186–198. [CrossRef]
43. Motulsky, H.J.; Brown, R.E. Detecting outliers when fitting data with nonlinear regression-A new method based on robust

nonlinear regression and the false discovery rate. BMC Bioinform. 2006, 7, 1–20. [CrossRef]
44. Calluso, C.; Tosoni, A.; Cannito, L.; Committeri, G. Concreteness and emotional valence of episodic future thinking (EFT)

independently affect the dynamics of intertemporal decisions. PLoS ONE 2019, 14, e0217224. [CrossRef] [PubMed]
45. Liu, L.; Feng, T.; Chen, J.; Li, H. The value of emotion: How does episodic prospection modulate delay discounting? PLoS ONE

2013, 8, e81717. [CrossRef]
46. Zhang, S.; Peng, J.; Qin, L.; Suo, T.; Feng, T. Prospective emotion enables episodic prospection to shift time preference. Br. J.

Psychol. 2018, 109, 487–499. [CrossRef]
47. Bulley, A.; Gullo, M.J. The influence of episodic foresight on delay discounting and demand for alcohol. Addict. Behav. 2017, 66,

1–6. [CrossRef] [PubMed]
48. Mok, J.N.; Kwan, D.; Green, L.; Myerson, J.; Craver, C.F.; Rosenbaum, R.S. Is it time? Episodic imagining and the discounting of

delayed and probabilistic rewards in young and older adults. Cognition 2020, 199, 104222. [CrossRef]
49. Sasse, L.K.; Peters, J.; Brassen, S. Cognitive control modulates the effects of episodic simulation on delay discounting in aging.

Front. Aging Neurosci. 2019, 9, 58. [CrossRef]

http://doi.org/10.1002/jeab.2
http://doi.org/10.1037/xge0000462
http://doi.org/10.1016/j.lmot.2005.02.003
http://doi.org/10.1016/j.appet.2013.07.010
http://www.ncbi.nlm.nih.gov/pubmed/23917063
http://doi.org/10.1016/j.neuron.2010.03.026
http://www.ncbi.nlm.nih.gov/pubmed/20399735
http://doi.org/10.1007/s00213-016-4410-y
http://doi.org/10.1007/s10865-017-9908-1
http://www.ncbi.nlm.nih.gov/pubmed/29270887
http://doi.org/10.1037/xge0001148
http://doi.org/10.3390/ijerph16183380
http://doi.org/10.3390/ijerph181910492
http://doi.org/10.1371/journal.pone.0163051
https://www.cdc.gov/tobacco/data_statistics/fact_sheets/tobacco_industry/brand_preference/index.htm
https://www.cdc.gov/tobacco/data_statistics/fact_sheets/tobacco_industry/brand_preference/index.htm
http://doi.org/10.1136/bmjopen-2015-008705
http://doi.org/10.1002/jeab.110
http://www.ncbi.nlm.nih.gov/pubmed/25388973
http://doi.org/10.1093/ntr/ntr137
http://doi.org/10.1111/j.1360-0443.1991.tb01879.x
http://www.ncbi.nlm.nih.gov/pubmed/1932883
http://doi.org/10.1037/0278-6133.10.5.360
http://www.ncbi.nlm.nih.gov/pubmed/1935872
http://doi.org/10.1037/1064-1297.16.3.264
http://doi.org/10.1901/jeab.2001.76-235
http://doi.org/10.1007/s00213-013-3312-5
http://doi.org/10.1037/pha0000020
http://doi.org/10.1037/0033-295X.115.1.186
http://doi.org/10.1186/1471-2105-7-123
http://doi.org/10.1371/journal.pone.0217224
http://www.ncbi.nlm.nih.gov/pubmed/31136620
http://doi.org/10.1371/journal.pone.0081717
http://doi.org/10.1111/bjop.12284
http://doi.org/10.1016/j.addbeh.2016.11.003
http://www.ncbi.nlm.nih.gov/pubmed/27837662
http://doi.org/10.1016/j.cognition.2020.104222
http://doi.org/10.3389/fnagi.2017.00058


Int. J. Environ. Res. Public Health 2021, 18, 12637 15 of 15

50. Chandler, J.; Shapiro, D. Conducting clinical research using crowdsourced convenience samples. Annu. Rev. Clin. Psychol. 2016,
12, 53–81. [CrossRef] [PubMed]

51. Strickland, J.C.; Stoops, W.W. The use of crowdsourcing in addiction science research: Amazon mechanical turk. Exp. Clin.
Psychopharmacol. 2019, 27, 1–18. [CrossRef] [PubMed]

52. Sze, Y.Y.; Stein, J.S.; Bickel, W.K.; Paluch, R.A.; Epstein, L.H. Bleak present, bright future: Online episodic future thinking, scarcity,
delay discounting, and food demand. Clin. Psychol. Sci. 2017, 5, 683–697. [CrossRef]

53. Shi, Z.; Wang, A.L.; Emery, L.F.; Sheerin, K.M.; Romer, D. The importance of relevant emotional arousal in the efficacy of pictorial
health warnings for cigarettes. Nicotine Tob. Res. 2017, 19, 750–755. [CrossRef]

54. Johnson, M.W.; Bickel, W.K. Within-subject comparison of real and hypothetical money rewards in delay discounting. J. Exp.
Anal. Behav. 2002, 77, 129–146. [CrossRef] [PubMed]

http://doi.org/10.1146/annurev-clinpsy-021815-093623
http://www.ncbi.nlm.nih.gov/pubmed/26772208
http://doi.org/10.1037/pha0000235
http://www.ncbi.nlm.nih.gov/pubmed/30489114
http://doi.org/10.1177/2167702617696511
http://doi.org/10.1093/ntr/ntw322
http://doi.org/10.1901/jeab.2002.77-129
http://www.ncbi.nlm.nih.gov/pubmed/11936247

	Introduction 
	Experiment 1 
	Method 
	Participant Sample 
	Experimental Conditions 

	Delay Discounting Task 
	Tobacco Use Screening Measures 
	Fagerström Test for Cigarette Dependence (FTCD) 
	Contemplation Ladder 

	Data Analysis 
	Results 
	Sample Characteristics 
	Bivariate Associations 
	Delay Discounting 

	Conclusions 

	Experiment 2 
	Method 
	Participant Sample 
	Measures 
	Demand Characteristics 

	Data Analysis 
	Results 
	Sample Characteristics 
	Bivariate Associations 
	Delay Discounting and Cigarette Demand 


	General Discussion 
	Conclusions 
	References

