
Test-Retest Reliability and Construct Validity of the Experiential
Discounting Task

Rochelle R. Smits,
Department of Psychology, Utah State University

Jeffrey S. Stein,
Department of Psychology, Utah State University

Patrick S. Johnson,
Department of Psychology, Utah State University

Amy L. Odum, and
Department of Psychology, Utah State University

Gregory J. Madden
Department of Psychology, Utah State University

Abstract
Delay discounting (the devaluation of delayed rewards) has been studied extensively using animal
models with psychophysical adjustment procedures. Similar procedures have been developed to
assess delay discounting in humans and these procedures most often use hypothetical rewards and
delays. The Experiential Discounting Task (EDT) was developed to assess human delay
discounting using real rewards and delays. In the present study we examined the test-retest
reliability and construct validity of the EDT. Construct validity was evaluated by comparing it to a
standard delay discounting task. The EDT had poor test-retest reliability and discounting rates
obtained with this task were uncorrelated with those obtained in the standard delay discounting
task. Area under the EDT discounting curve was negatively correlated with scores on a measure of
boredom proneness (i.e., individuals prone to boredom more steeply discounted delayed money in
the EDT). This correlation may underlie previous reports that discounting in the EDT is correlated
with addictions, as some evidence suggests boredom proneness is correlated with gambling,
cigarette smoking, alcohol consumption, and sensation-seeking. Boredom proneness scores were
correlated with no other measure of discounting. These findings suggest the EDT measures a
different construct than that measured by traditional delay discounting tasks.
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Delay discounting is the systematic devaluation of an outcome as the delay to its receipt
increases (for review see Madden & Bickel, 2010). Delay discounting is thought to underlie
a specific type of impulsive choice (Ainslie, 1975)—one characterized by preference for a
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smaller-sooner reward (SSR) over a larger-later reward (LLR). For example, pay-day loan
services profit from those who choose to obtain a small amount of cash now (SSR) over a
larger amount of money dispersed later (LLR), when the next paycheck arrives. Choosing
the SSR indicates that the value of the LLR is discounted below the undiscounted value of
immediate cash.

The seminal work in delay discounting was conducted in nonhuman animal labs and used
titrating procedures borrowed from psychophysics (e.g., Mazur, 1987). In these studies, the
shape and steepness of the delay discounting function were investigated by giving rats or
pigeons repeated choices between SS and LL amounts of food at a range of delays. At each
delay, the animal’s choices were used to quantify the discounted value of the LLR. One
commonly used method for accomplishing this is to make choice-dependent adjustments to
the amount of the immediate reward until the animal is indifferent between the LLR and
SSR (e.g., Green, Myerson & Calvert, 2010; Richards, Mitchell, de Wit, & Seiden, 1997).
The rate at which delayed rewards are discounted is reflected in the steepness of the curve
relating these indifference points to delay and is quantified as the k-parameter in the
hyperbolic discounting equation proposed by Mazur (1987):

(1)

where V is the present value of a reward of amount (A), available after a delay (D). Higher k
values reflect steeper discounting.

In the last 20 years, a considerable amount of research has explored variants of these
methods to examine the shape and steepness of the delay discounting function in humans.
Most of these studies employ hypothetical monetary outcomes and an adjusting-amount
procedure similar to the one described above (e.g., Rachlin, Raineri & Cross, 1991).
However, three concerns have often been raised about the procedures used to study delay
discounting in humans: a) the vast majority, if not all, of the rewards used in these studies
are hypothetical prospects rather than real consequences of choice (e.g., Lawyer, Schoepflin,
Green & Jenks, 2011), b) the delays to the LLRs are verbal descriptions of delays rather than
delays that will be experienced (e.g., Lagorio & Madden, 2005), and c) steady-state
procedures characterizing the animal literature are not used with humans (e.g., Lagorio &
Madden, 2005).

These types of concerns motivated the development of the Experiential Discounting Task
(EDT) as an alternative method of assessing human delay discounting (Reynolds &
Schiffbauer, 2004). In the EDT, humans make repeated choices involving real SSRs and
LLRs, real delays to LLR delivery are imposed, and an adjusting-amount procedure is used
to obtain stable indifference points (Reynolds, Penfold & Patak, 2008; Reynolds, Richards
& de Wit, 2006; Shiels et al. 2009; Voon et al. 2010). Four findings support the use of the
EDT as a measure of delay discounting. First, the EDT yields characteristically hyperbolic
discounting curves in a single session. Second, choice under the EDT is sensitive to acute
experimental manipulations (e.g., alcohol, Reynolds, 2006; and other drugs, Voon et al.,
2010, Shiels et al., 2009), whereas choices made in traditional delay discounting tasks
(DDTs) with humans are not (see review by de Wit and Mitchell, 2010). Third, the EDT has
differentiated substance-dependent populations from matched controls (Fields, Collins,
Leraas, & Reynolds, 2009; Reynolds, 2006), a robust finding when traditional DDTs are
used (see MacKillop et al., 2011 for a meta-analysis). Fourth, one study using the EDT
(Krishnan-Sarin et al., 2007) revealed that individuals whose choices yielded steeper
discounting functions tended to have poorer outcomes in a cigarette-smoking treatment trial
(an oft-reported finding when traditional DDTs are used, e.g., MacKillop & Kahler, 2009;
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Sheffer et al., 2012). While the latter finding with the EDT was not replicated among
marijuana-dependent individuals (Peters, Petry, LaPaglia, Reynolds, & Carroll, 2012), the
relation between steep delay discounting (as measured by traditional DDTs) and marijuana
dependence is not strong (e.g., Johnson et al., 2010; Stea, Hodgins, & Lambert, 2011). Thus,
with the exception of the finding that EDT-choice is sensitive to acute experimental
manipulations where DDT-choice is not, the EDT and DDT have a similar profile and would
appear to measure the same construct – delay discounting. Indeed, the advantage would
appear to go to the EDT because it arranges real rewards and real delays.

Although the EDT was designed to approximate the choice procedures arranged in
nonhuman laboratories, there are three notable differences between these procedural
approaches to quantifying delay discounting. First, in the EDT, LLRs are delivered
probabilistically (p = .35) whereas they are delivered with certainty after the delay in the
animal laboratory. To remove the effects of the probabilistic reward arrangement from the
EDT’s measure of delay discounting, the standard practice is to normalize indifference
points obtained at delays greater than zero to the indifference point obtained when the delay
is zero. However, the adequacy of this normalization procedure has not been rigorously
assessed. Second, the EDT arranges no post-reward inter-trial interval (ITI), a common
procedure in nonhuman studies arranging real delays to real rewards (e.g., Evenden & Ryan,
1996; Mazur, 1988; Richards et al., 1997). Omitting the ITI allows EDT participants to
obtain several SSRs in the time it takes to obtain a single LLR. As such, choosing the SSR
may reflect a) sensitivity to local rates of reward (Logue, Peña-Correal, Rodriguez, &
Kabela, 1986), b) boredom proneness (i.e., individuals who perceive the delay to the LLR to
be particularly boring may choose the SSR as a means of avoiding having to monitor a blank
computer display while waiting for the opportunity to collect the reward), or c) discounting
the value of the LLR. Third, the delays arranged in the EDT are delays to the delivery of
points or coins which cannot be exchanged for goods/services within the session. Hyten,
Madden, and Field (1994) referred to the delay to a non-consumable reward as a “point
delay” and found that humans exclusively preferred the LL monetary reward when point
delays were in the range used in the EDT (see also Belke, Pierce, & Powell, 1989; Flora &
Pavlik, 1992; Logue, King, Chavarro, & Volpe, 1990; Logue et al., 1986). Similarly,
Jackson and Hackenberg (1996) reported that pigeons most often chose the LLR (a token
reinforcer) when the delay to the reward was a point-delay, but strongly preferred the SSR
when the delay was to a consumable LLR. Given these findings, why humans discount
monetary rewards across the point delays arranged in the EDT is unclear and raises the
possibility that the EDT does not measure delay discounting but a separate, yet potentially
important behavioral process.

Given the robust findings in the human delay discounting literature (e.g., orderly effects of
delay on reward value, systematic relation between steep delay discounting and substance
abuse, steep delay discounting predicts the outcome of substance-abuse treatment trials, see
MacKillop et al., 2011; Odum, 2011a, 2011b), it is important to evaluate if the EDT
measures the same construct as traditional DDTs. The existing literature addressing this
question is mixed. Two studies have reported significant positive correlations between EDT
and DDT discounting rates (Reynolds, 2006: r = .52; Reynolds et al., 2008: r = .26) but five
others found no significant correlation (Krishnan-Sarin et al., 2007; Melanko, Leraas,
Collins, Fields, & Reynolds, 2009; Paloyelis, Asherson, Mehta, Faraone, & Kuntsi, 2010;
Reynolds et al., 2006; Shiels et al., 2009). While traditional DDTs are known to produce
stable measures of delay discounting across re-testing intervals ranging up to 1 year (Kirby,
2009; Ohmura, Takahashi, Kitamura, & Wehr, 2006; Simpson & Vuchinich, 2000) little is
known about the test-retest reliability of the EDT. Acheson, Richards and de Wit (2007)
reported that EDT discounting rates did not differ significantly when reassessed 10 hours
later. However, the short re-test interval raises the possibility that choices made in the first
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session influenced those made in the second. In addition, test-retest reliability (i.e., the
correlation between test and retest EDT discounting rates) was not reported by Acheson et
al.

Given the frequent use of the EDT and the socially significant findings that are emerging
from studies using the EDT, it is important to further evaluate the relation between the
discounting rates produced by the EDT and those produced by more traditional measures of
delay discounting. The present study evaluated the construct validity and one-week test-
retest reliability of the EDT. Construct validity was evaluated by comparing EDT
performance to that obtained using a standardized DDT (Richards, Zhang, Mitchell, & de
Wit, 1999), the same DDT used in the two studies that reported a significant positive
correlation between delay discounting rates in the EDT and DDT. To explore the role of
probability discounting in EDT decision-making, we also examined the relation to measures
obtained from a standard probability discounting task (Richards et al., 1999). Boredom
proneness (Farmer & Sundberg, 1986) was also assessed to evaluate the hypothesis that
those who find particularly aversive no-stimulation intervals might be those participants
who, in the EDT, choose the SSR so as to avoid within-task periods in which they must
attend to a computer monitor that provides no stimulation (i.e., during delays to the LLR).

Method
Participants

Forty-nine undergraduate students and community members (33 female) participated (M =
21 years, SD = 2.9). The majority of participants (n = 26) completed two 1-hour sessions
(separated by seven days) to assess test-retest reliability. The remaining 23 participants
completed one session to evaluate correlations between discounting tasks. Participants were
compensated between $7 and $15 per session, depending upon choices made in the EDT.
Compensation was provided at the end of each session. All procedures were approved by the
Utah State University Institutional Review Board.

Procedure
Sessions were completed in a small room (9.5 ft. by 6.5 ft.) containing two tables, one chair,
and a desktop computer. During each session participants completed three different
behavioral procedures and one self-report task. Sessions began with either the EDT or the
combined delay and probability discounting tasks (DDT/PDT); the order in which these
tasks were completed was counterbalanced across participants and, for those who completed
two sessions, was the same across sessions. These tasks were completed on a computer
using applications programmed in Visual Basic 2008. The Boredom Proneness Scale (BPS)
was given last and was completed with paper and pencil.

Experiential discounting task (EDT)—The EDT was programmed and implemented
exactly as described by Reynolds and Schiffbauer (2004). Specifically, prior to the EDT
task, the experimenter read standardized instructions (see Leraas, Patak, Shroff & Reynolds,
2009) and answered any questions by paraphrasing or referring to the relevant portion of the
instructions. The experimenter remained in the room as the participant completed one
practice trial block (ranging from 16 to 40 trials with the delay equal to 7 s) for which they
received no money. Choices were made by pressing one of two on-screen light-bulb buttons.
The alternative on the left (standard) offered $0.30 and was unchanged throughout the
session. Pressing the standard-alternative button darkened the light bulbs on both buttons
(signaling that further button presses had no programmed consequences) and initiated the
delay, after which the reward was either available (p = .35) or the next trial began with the
re-illumination of the light bulbs. The button on the right side of the screen was the adjusting
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alternative; the amount available for pressing this button was initially $0.15 (amount
displayed below the button) and adjusted based on the participant’s choices. Pressing the
adjusting-alternative button illuminated immediately a button with a picture of a bank on it
(with p = 1.0). Clicking the bank button once added the reward to the total within-block
earnings that were displayed at the bottom of the screen. On trials in which the standard
alternative was selected and the probabilistic reward was to be delivered, the bank icon was
presented after the delay.

The EDT was composed of four trial-blocks (not including the practice trial-block), each
arranging a different delay to the standard-alternative (0, 7, 14 or 28 seconds); delays were
completed in ascending order. These delays were chosen to reflect the most recent EDT
methodology (Fields, et al., 2009; Melanko et al., 2009; Peters et al., 2012; Reynolds et al.,
2008; Shiels et al., 2009; Voon et al., 2010). Each trial-block included a minimum of 16
choice trials. Following each trial the adjusting-amount was increased (decreased) if the
participant selected the standard (adjusting) alternative on the preceding trial. Amount
adjustments were made in accordance with the standard titrating procedure used in all EDT
studies (Reynolds & Schiffbauer, 2004). Briefly, choosing the adjusting alternative initially
decreased the amount of that reward by 15%; further choices of the adjusting alternative
decreased the percent of the decrease by 2% each time. Choosing the standard alternative
inversely changed the amount of the adjusting alternative according to the same percentage-
adjustments. If participants selected an alternative four consecutive times, they were forced
to select the dis-preferred alternative (i.e., only one choice button was presented).

In accord with standard EDT procedures, stability was evaluated following trial 16 and after
each subsequent choice. Choice was considered stable when the standard alternative was
selected on three of the previous six free-choice trials. When stability was achieved, all
buttons were darkened for the remainder of the trial-block. The duration of a trial block was
equal to the delay to the standard alternative arranged in that trial block (e.g., 28 s) times 20
(e.g., 560 s). The timer controlling trial-block duration elapsed only during delays to the
standard alternative and during the post-stability portion of the trial block. If participants
chose the standard alternative 20 or more times, the trial block was terminated after stability
was reached. At the end of the session, an on-screen message displayed the amount earned
in each trial block, the total amount earned in the session, and a message to alert the
researcher that the session was over.

Delay and probability discounting tasks (DDT/PDT)—The DDT and PDT replicated
the procedures used by Richards et al. (1999; see also Baker, Johnson & Bickel, 2003).
These are the most commonly used procedure (as well as amounts, delays and probabilities)
in studies comparing EDT, DDT, and PDT performance, as well as the task used when a
positive relation was found between EDT and DDT performance (Reynolds, 2006;
Reynolds, et al., 2008). Before the task began, the experimenter read aloud the on-screen
instructions (specifying the hypothetical nature of the outcomes and to click on the amounts
to make a selection) and answered participant questions in the same manner as above. For
the DDT, the standard alternative was described as $10 to be delivered after a delay (1 week,
2 weeks, 1 month, 6 months and 1 year). For the PDT, the standard alternative was
described as $10 delivered probabilistically (p = 1.0, .9, .75, .5, or .25). The standard
alternative was presented on the left side of the screen on all trials. As in previous studies,
delay and probability trials were intermixed, presented in a randomized sequence, and were
separated by a 1-s ITI. The amount of the adjusting alternative (SSR or smaller-certain
reward) was chosen within decreasing-limits as described by Johnson and Bickel (2002).
The limits (for each delay and probability) adjusted until the maximum-upper and
maximum-lower limits (the two extremes) were within $0.50, the average of which was then
taken as the indifference point. When an indifference point had been determined at a given
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delay or probability, choice alternatives were no longer presented from that delay/
probability. As described previously (Richards et al., 1999), following 70 choices, distractor
questions were used to disguise the adjusting algorithm. Distractor questions were randomly
chosen delays (and probabilities) and amounts; choices in these distractor questions did not
influence the adjusting-amount algorithm.

Boredom proneness scale (BPS)—We used a 7-point Likert-scale version of the BPS
which has been shown to have good internal consistency and test-retest reliability (Farmer &
Sundberg, 1986; Vodanovich & Kass, 1990; Watt & Blanchard, 1994; Watt & Ewing,
1996).

Data Analysis
Indifference points from all trial blocks of the EDT were normalized by dividing by the
indifference point obtained in the 0-s delay block (Reynolds & Schiffbauer, 2004). For the
DDT and PDT, indifference points were divided by $10 to express as a proportion of the
standard alternative. The area under the empirically determined indifference points was
calculated for individual participants (AUC; Myerson, Green & Warusawitharana, 2001). A
single outlier (EDT z-score > 3) was excluded from all analyses. Repeated measures
ANOVAs were used to evaluate the main effects of delay and session (i.e., test & retest) on
AUC. Test-retest reliability was evaluated with either Pearson, or given violations of
homoscedasticity, Spearman correlation coefficients. Wilcoxon signed-rank tests were used
to assess systematic variation across the test and retest sessions that might not be detected by
correlations (Rousson, Gasser, & Seifert, 2002). Cohen’s (1988) d was used to quantify
between-session changes in behavior. All analyses were conducted using GraphPad software
(Ver. 5.01) and SPSS (ver. 19.0, SPSS Inc., Chicago, IL). Boredom proneness scores were
calculated as the summed scores for all items (with some items reverse coded); scores could
range from 27–189 with higher numbers indicating greater proneness to boredom.

Results
The top panel of Figure 1 shows median normalized EDT indifference points as a function
of delay for the 26 participants who completed two sessions. The repeated measures
ANOVA applied to indifference points revealed a significant main effect of delay (F(3, 23)
= 5.913, p < .001), no main effect of session (p = .09), and no session × delay interaction (p
= .55). Similarly, Wilcoxon’s test applied to AUC revealed no significant effect of session
(see Table 1).

The middle and bottom panels of Figure 1 show median indifference points in the DDT and
PDT as a function of delay or odds against (i.e., [1−p]/p). The pattern of results was the
same across these discounting tasks: main effect of delay (F(3, 23) = 13.32, p < .0001) and
of probability (F(3, 23) = 87.5, p < .0001), no main effect of session (DDT: p = .21; PDT: p
= .08), and no interaction (DDT: p = .56; PDT: p = .06). The Wilcoxon’s tests indicated that
AUC values did not change significantly from the test to the retest (see Table 1).

Table 1 also shows the test-retest correlations obtained in the three discounting tasks as well
as on the BPS. Test-retest reliability of the DDT and BPS were significantly positive and
classified as “good” (i.e., >.80). By contrast, the one-week test-retest reliability of the EDT
and PDT were poor as neither exceeded .40, and neither achieved statistical significance.

The correlation matrix shown in Table 2 addresses the construct validity of the EDT. For
these analyses, AUC values obtained with all 49 participants were used. For those
participants who completed two sessions, across-session mean AUC-values were used (a
procedure that did not affect the qualitative outcomes of the results that follow). As shown
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in Table 2, and in the top panel of Figure 2, AUC-values obtained in the EDT were not
correlated with those obtained in the DDT, nor were they correlated with AUC-values
obtained in the PDT (scatterplot not shown). However, choices made in the PDT were
positively correlated with indifference points obtained in the 0-sec delay trial block of the
EDT (r = .40, p < .01). Thus, when delays were removed from the EDT but the larger
reward was probabilistic, participants’ choices in the EDT and PDT were reflective of the
same probability-discounting process.

The bottom panel of Figure 2 illustrates that AUC-values from the EDT were significantly
negatively correlated with total BPS scores (see Table 2). That is, those who reported that
they were generally more susceptible to boredom tended to more often choose the SSR
during the EDT. No other significant correlations between BPS scores and the remaining
discounting tasks were observed.

Discussion
The goals of the present experiment were to assess the test-retest reliability and the construct
validity of the EDT by comparing discounting rates between this task and a widely used and
reliable DDT. The 7-day test-retest reliability of the DDT was good (r = .86) whereas it was
poor (r = .32) for the EDT. In addition, delay discounting rates (AUC values) in the EDT
were not correlated with those obtained in the DDT, despite having ample power to detect
such a correlation and using the same DDT used in the two previous studies that have
reported a significant correlation (Reynolds, 2006; Reynolds, et al., 2008). When combined
with past studies showing that discounting in the EDT is uncorrelated with discounting in a
DDT (Krishnan-Sarin et al., 2007; Melanko et al., 2009; Paloyelis et al., 2010; Reynolds et
al., 2006; Shiels et al., 2009), the consensus of the evidence suggests that the EDT measures
a different construct than is measured by traditional DDTs.

In the remainder of this paper we will discuss three points about the EDT and what it may
and may not measure. First, the EDT arranges probabilistic LLRs and this may influence the
measure of reward discounting that it provides. In the present study, participants’ choices in
the PDT were positively correlated with their choices in the portion of the EDT in which the
larger reward is probabilistic but not delayed. Thus, it is clear that probability discounting
processes influence choices made in at least this portion of the EDT. What is not known is
how probability- and delay-discounting processes combine to affect choice at non-zero
delays in the EDT. The most straightforward interaction would be that proposed by Rachlin,
Logue, Gibbon, and Frankel (1986) – that probability and delay discounting are a single
process wherein repeated trials until a probabilistic reward is received produce a de facto
delay to reward. Mazur (1989) provided empirical support for an amended version of this
proposal in experiments with pigeons making choices for delayed and probabilistic food. We
will raise two objections to applying the findings of Mazur to the EDT. First, the EDT uses
non-consumable rewards and, as noted earlier, when non-consumable reinforcers are
arranged, delays to the delivery of these rewards do not have the same function as delays to
consumable rewards. That is, non-consumable rewards arranged after the range of delays
used in the EDT are not discounted in value by humans (e.g., Hyten et al., 1994) or pigeons
(Jackson & Hackenberg, 1996); thus, applying the logic of Rachlin et al. to a procedure that
arranges a nonfunctional delay appears inappropriate. Second, studies of delay discounting
in nonhumans (including those of Mazur, 1989) arrange choice opportunities to occur at
regular intervals that are not influenced by the choices made. Thus, animals cannot obtain
several SSRs in the time required to obtain a single LLR. Under these conditions, choosing
the SSR may be unambiguously described as “impulsive” because it reflects the forgoing of
more in favor of now. One cannot make the same unambiguous interpretation of SSR
choices in the EDT because choices are not made at regular experimenter-controlled
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intervals. As a result, EDT participants need not sacrifice income to obtain a reward now
and, therefore SSR choices may reflect reward rate-maximization rather than steep delay
discounting. When these procedural differences between the EDT and DDTs used with
animals are considered in light of the present lack of a correlation between EDT and DDT
discounting rates, it suggests that the EDT does not provide a valid measure of delay
discounting.

Our second discussion point is to speculate about what the EDT does measure. This may be
an important question to answer because some evidence suggests that the EDT differentiates
drug-dependent individuals from controls (Fields et al., 2009; Meda et al., 2009; Melanko et
al., 2009) and is predictive of addiction-treatment trials (Krishnan-Sarin et al., 2007;
although see Peters et al., 2012). Revealing an additional behavioral process that
differentiates these populations holds promise for understanding and treating substance
dependence.

In the present study, the significant negative correlation between scores on the BPS and
AUC values obtained in the EDT (but not the DDT) reveal a potentially important difference
between these putative delay discounting tasks. Delays in the DDT are not experienced and,
even if they were, these would be delays in which the participant would be free to go about
their daily lives until the delayed reward was delivered, for example, in 6 months. By
contrast, the brief delays experienced in the EDT are periods in which the participant must
wait for the reward while monitoring the computer screen for the presentation of the bank
icon (presented on LLR trials in which this probabilistic reward is delivered) or the start of
the next trial. Thus, choices made in the DDT reveal the rate at which the reward is devalued
because of the delay to its delivery (with no constraint on behavior during the delay),
whereas choices made in the EDT would appear to reveal the rate at which the reward is
devalued because of the nominal delay plus the costs associated with waiting (see Paglieri,
in press, for a discussion of these costs). One cost of EDT delays is, as discussed above, the
opportunity cost of the SSRs forgone while waiting for the LLR. Another cost, related to
boredom proneness, is the cost of having to observe a blank computer screen while waiting
for the bank icon to appear (or not) after the EDT delay. In the EDT, one can avoid these no-
stimulation periods by choosing the SSR1; a pattern of choice interpreted previously as steep
delay discounting. However, the significant correlation between EDT discount rates and
BPS scores suggests that preference for the SSR in the EDT may have more to do with
avoidance of the cost of boredom than the devaluation of rewards because they are delayed.

There is some evidence to suggest that the flip-side of avoiding boredom is sensation-
seeking. For example, Dahlen, Martin, Ragan, and Kuhlman (2005) reported that BPS scores
were significantly correlated with scores on the Arnett Inventory of Sensation Seeking
(Arnett, 1994). Similarly, Kass and Vodanovich (1990) reported that boredom-prone and
sensation-seeking individuals (the latter measured with the Sensation Seeking Scale;
Zuckerman, Eysenck, & Eysenck, 1978) reported a tendency to seek environments in which
frequent and novel stimulus changes occurred. Sensation seeking is known to correlate with
addictions (Birkley & Smith, 2011), and the same appears to be true of scores on the BPS
and problematic gambling (Blaszczynski, McConaghy, Frankova, 1990; Hopley & Nicki,
2010) and tobacco smoking and alcohol problems (Stoltenberg, Lehmann, Christ, Hersrud,
& Davies, 2011). If choices made in the EDT are influenced by the participants’ intolerance

1The EDT uses fixed-duration trial-blocks; thus, any delays avoided during the choice portion of the EDT are experienced at the end
of the trial block. One might question why boredom-prone participants would choose to avoid boredom now only to experience
boredom later. A discounting of delayed aversive events argument could be invoked but it may simply be that choice in the EDT is
influenced by within-trial events and not by waiting periods experienced when no choices can be made. Mazur (1989) has reported the
same general finding in pigeons – i.e., choice is influenced by choice-dependent delays but not by choice-independent inter-trial
intervals.
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of boring situations, then past reports of differences between smokers and nonsmokers
(Fields et al., 2009; Melanko et al., 2009) on the EDT may be related to boredom-proneness
or sensation-seeking. Future investigations of the construct measured by the EDT should
include a validated measure of sensation-seeking.

A second behavioral process that the EDT might measure was suggested by informal
questioning of a subset of our participants who had just completed the EDT. Most of these
participants (7 of 11) indicated that they discriminated within the EDT the contingent
relation between choosing the LLR and the subsequent adjusting-amount of the SSR. These
participants reported that they exploited this contingency by choosing the (probabilistic)
LLR to drive up the SSR amount. This contingency bears formal similarity to what
Herrnstein, Loewenstein, Prelec, and Vaughan (2003) referred to as an “internality;” that is,
the consequences of current choices are determined by the distribution of past choices.
Heyman and Dunn (2002) arranged a choice task (the Harvard Game) containing an
internality such that choosing the currently advantageous reward increased the interval
between choice opportunities (worsening the consequences for both alternatives) whereas
choosing the currently disadvantageous reward decreased the interval between choice
opportunities (improving the consequences for both alternatives). Under this game, when
compared to matched control participants, substance abusers were less likely to learn to
exploit the internality and, as a result, did not maximize their earnings. If the EDT measures
an individual’s ability to detect and exploit an internality, this may account for the ability of
the EDT to differentiate drug-dependent from control participants (Fields et al., 2009; Meda
et al., 2009; Melanko et al., 2009). Future research should compare EDT performance to an
internality-detection task (e.g., Heyman & Dunn).

Our final discussion point concerns delay-discounting tasks other than the EDT that arrange
real rewards and real delays. The EDT was designed to address critiques of DDTs that
arrange hypothetical rewards and delays. The present findings suggest the EDT does not
provide an unambiguous means of assessing delaying discounting and, as a result, the search
for a practical real-outcome delay-discounting preparation will continue. Two procedures
warrant comment. The first of these is referred to as the Quick Discounting Operant Task
(QDOT; Johnson, 2012). The QDOT, arranges real monetary rewards (delivered with
certainty) following real delays. Like the EDT, the QDOT employs point delays (Hyten et
al., 1994) and does not arrange post-reward ITIs. As a result, it will be difficult to interpret
QDOT scores as reflective of delay discounting instead of reward rate-maximization and/or
boredom-proneness/sensation-seeking. Johnson reported that QDOT and EDT discounting
rates were significantly correlated, but neither outcome was correlated with discounting
rates in a DDT similar to the one used in the present study. Future research should explore
the relation between QDOT scores and boredom-proneness/sensation-seeking.

The second real-outcome delay-discounting procedure involves brief periods of liquid
deprivation and subsequent choices between SS and LL liquid rewards (Jimura, Myerson,
Hilgard, Braver, & Green, 2009). In this procedure, delays to the LLRs are experienced and
choice-opportunities are presented at regular inter-trial intervals regardless of the outcome
selected. By using an efficient adjusting-amount algorithm, Jimura et al. (2009) obtained
complete hyperbolic delay discounting curves in a single session. Thus, the Jimura et al.
procedure closely mirrors the procedures used with nonhumans (real delays within a range
commonly employed with nonhumans, rewards that are consumed at the moment they are
received, post-reward ITI). In a second study using this task, Jimura et al. (2011) reported
that discount rates obtained under this liquid-reward discounting task were uncorrelated with
rates obtained under a traditional hypothetical-outcome DDT. Jimura et al. (2011)
interpreted this lack of a correlation as evidence that delay discounting rates vary across
domains (e.g., commodity type). Other interpretations are possible but these are beyond the
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scope of the present paper. Of primary importance for the present purposes is that a domain-
independence argument cannot be applied to the present findings because the rewards
employed in the EDT and the DDT were both monetary.

In sum, the EDT has proven sensitive to decision-making differences between, for example,
smokers and nonsmokers, and it may be sensitive to decision-making differences that
underlie success in drug-treatment. The present findings suggest that the EDT measures a
construct other than delay discounting, with the strongest evidence suggesting that boredom
proneness, or perhaps sensation-seeking, influences EDT choice.
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Figure 1.
Median indifference points from the discounting tasks in the first and second sessions. Error
bars depict standard error of the mean. n = 26.
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Figure 2.
Scatterplot of individual EDT AUC as a function of individual DDT scores (top) and
individual boredom proneness scores (bottom) as well as the lines of best-fit. n = 48.

Smits et al. Page 15

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2014 March 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Smits et al. Page 16

Ta
bl

e 
1

M
ea

n 
de

pe
nd

en
t m

ea
su

re
s 

ob
ta

in
ed

 in
 S

es
si

on
s 

1 
an

d 
2 

(±
SD

) 
in

 th
e 

th
re

e 
di

ff
er

en
t d

is
co

un
tin

g 
ta

sk
s 

an
d 

on
 th

e 
B

or
ed

om
 P

ro
ne

ne
ss

 S
ca

le
. R

es
ul

ts
 o

f 
a

W
ilc

ox
on

 S
ig

ne
d-

R
an

k 
T

es
ts

 c
om

pa
ri

ng
 s

co
re

s 
ac

ro
ss

 s
es

si
on

s 
ar

e 
gi

ve
n 

by
 W

, p
, a

nd
 C

oh
en

’s
 d

. P
ea

rs
on

 o
r 

Sp
ea

rm
an

 (
bo

ld
) 

be
tw

ee
n-

se
ss

io
n

co
rr

el
at

io
n 

co
ef

fi
ci

en
ts

 a
re

 s
ho

w
n.

D
is

co
un

ti
ng

 T
as

k
A

U
C

W
ilc

ox
on

’s
 T

es
t

T
es

t-
re

te
st

 C
or

re
la

ti
on

Se
ss

io
n 

1
Se

ss
io

n 
2

W
p

d
ρ/

r
p

E
D

T
0.

82
 (

0.
19

)
0.

88
 (

0.
26

)
−

11
7

.1
4

0.
27

.3
2

.1
1

D
D

T
0.

56
 (

0.
29

)
0.

53
 (

0.
33

)
43

.5
2

0.
05

.8
6

<
.0

1

PD
T

0.
41

 (
0.

13
)

0.
47

 (
0.

15
)

−
14

3
.0

7
0.

41
.3

8
.0

6

B
PS

94
.0

 (
19

)
94

.0
 (

17
)

4
.9

6
0.

00
.8

9
<

.0
1

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2014 March 19.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Smits et al. Page 17

Table 2

Correlation matrix for all dependent measures

1 2 3 4

1. EDT AUC 1.0

2. PDT AUC .15 1.0

3. DDT AUC .04 .33* 1.0

4. BPS −.32* .15 .05 1.0

Note.

*
p < .05.

Bold indicates Spearman’s ρ was used. n = 48.
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