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Abstract

Delay discounting (DD) and probability discounting (PD) refer to the reduction in the subjective
value of outcomes as a function of delay and uncertainty, respectively. Elevated measures of
discounting are associated with a variety of maladaptive behaviors, and confidence in the validity
of these measures is imperative. The present research examined (1) the statistical equivalence of
discounting measures when rewards were hypothetical or real, and (2) their 1-week reliability.
While previous research has partially explored these issues using the low threshold of
nonsignificant difference, the present study fully addressed this issue using the more-compelling
threshold of statistical equivalence. DD and PD measures were collected from 28 healthy adults
using real and hypothetical $50 rewards during each of two experimental sessions, one week apart.
Analyses using area-under-the-curve measures revealed a general pattern of statistical
equivalence, indicating equivalence of real/hypothetical conditions as well as 1-week reliability.
Exceptions are identified and discussed.
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1. Introduction

Reductions in the subjective value of a reward as a function of delay to (Bickel et al., 1999;
Rachlin et al., 2000) or uncertainty of (Myerson and Green, 2004; Rachlin et al., 1991) the
reward are normative. However, excessive discounting of delayed rewards is associated with
engagement in a range of health compromising behaviors (Bickel et al., 2012; Melanko &
Larkin, 2012); elevated rates of delay discounting (DD) are observed in licit and illicit drug
users (Reynolds, 2006; Yi et al., 2010), pathological gamblers (Petry, 2001), binge eaters
(Davis et al., 2009), obese individuals (Weller et al., 2008), and other populations that
exhibit deficits of impulse control. In contrast, the literature on discounting of probabilistic
outcomes is mixed. Elevated rates of probability discounting (PD) are observed in cigarette
smokers (Reynolds et al., 2004; Yi et al., 2007), obese women and women with binge eating
disorder (Manwaring et al., 2011; but see Madden et al., 2009 regarding pathological
gamblers). Both DD and PD have been suggested as possible predictors of treatment
response and/or markers of progress in treatment of addictive behaviors (Bickel & Marsch,
2001; Krishnan-Sarin et al., 2007; Landes et al., 2012; Petry, 2012; Sheffer et al., 2012).
Thus, confidence in the reliability and validity of discounting measures is imperative.

1.1 Discounting of Real and Hypothetical Rewards

Discounting studies with human subjects typically employ a fungible commodity such as
money, and it has been suggested that using real money rewards increases the likelihood that
the participant will respond based on his or her actual preferences (Madden et al., 2004).
Paradigms in which subjects experience the consequences of every trial are used almost
exclusively in animal research, and are uncommon in human subjects research (for
exceptions, see Lagorio & Madden, 2005; Lane, Cherek, Pietras, & Tcheremissine, 2003;
Johnson, 2012; Scheres, Dijkstra, Ainslie, Balkan, Reynolds, Sonuga-Barke, Castellanos,
2006). Unfortunately, the use of real rewards significantly increases costs associated with
conducting discounting research, and limits the magnitude of rewards and the duration of
delays that can be queried (specifically for DD; Johnson and Bickel, 2002; Lawyer et al.,
2011), even in paradigms in which participants experience the consequences of one choice
trial that is randomly selected from all trials (i.e., potentially real or lottery-style rewards).

Hypothetical rewards are often used to avert these logistical challenges, and participants are
instructed to respond as if the choices were real (e.g., Johnson & Bickel, 2002). To address
concerns that participants may respond differently to real and hypothetical rewards (Kirby,
1997), a number of studies have compared DD of real rewards and hypothetical rewards,
consistently finding no statistical difference (Baker et al., 2003; Johnson & Bickel, 2002;
Lagorio & Madden, 2005; Lawyer et al., 2011; Madden et al., 2003; 2004). In addition,
fMRI conducted during DD of real and hypothetical rewards indicates congruence of
regions of brain activation when real and hypothetical rewards are considered (Bickel et al.,
2009). Though fewer studies have compared real and hypothetical rewards on PD outcomes,
at least two studies have found no significant difference in probability discounting of real
and hypothetical rewards (Hinvest & Anderson, 2010; Lawyer et al., 2011; see Jikko &
Okouchi, 2007 for contradictory results). Moreover, delay and probability discounting of
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potentially-real rewards is highly correlated with discounting of hypothetical rewards
(Lawyer et al., 2011; Yi & Landes, 2012).

Because the preponderance of available data indicates no statistical differences in
discounting of real and hypothetical rewards, and evidence indicates a statistical relationship
between them, some researchers have perhaps inaccurately interpreted real and hypothetical
rewards as equivalent and interchangeable. Extant research, however, has used the relatively
low statistical bar of non-significant difference, rather than the more compelling threshold of
significant equivalence. Statistical equivalence testing offers a more rigorous test of the
equivalence of real and hypothetical rewards, supporting the prudent use of hypothetical
rewards in discounting research.

1.2 Test-Retest Reliability of Delay and Probability Discounting

In addition to the statistical equivalence of discounting of real and hypothetical rewards, the
stability of these assessments over the course of repeated administrations has conceptual and
methodological significance. Discounting is commonly conceptualized as a trait variable
(Odum, 2011). Therefore, an individual’s discount rate should be relatively unchanged over
repeated administrations in the absence of any systematic source of variance. Adequate test-
retest reliability is critical to determine whether the procedure accurately measures the
construct of interest without excessive measurement error.

Two indices of test-retest reliability are common: relative reliability and absolute reliability
(Baumgartner, 1989; Weir, 2005). Relative reliability refers to the consistency of an
individual’s rank position (relative to others) over repeated measurements. Absolute
reliability refers to absolute differences in the group’s mean score over successive
procedurally identical assessments (e.g., stability). Relative and absolute test-retest
reliability provide complementary information about the reliability and repeatability of a
measure, both of which are critical to make inferences about the stability of discounting, or
mark changes in discounting as a function of other factors.

Studies investigating the relative reliability of DD of real rewards have shown modest-to-
strong relative reliability at test-retest intervals of 1 week (Baker et al., 2003; Johnson et al.,
2007), 6 weeks (Kirby, 2009; Beck & Triplett, 2009), 17 weeks (Peter and Biichel, 2009),
and 1 year (Kirby, 2009). A similar pattern has been observed with DD of hypothetical
rewards at test-retest intervals of 1 week (Simpson & Vuchinich, 2000; Baker et al., 2003;
Johnson et al., 2007), 5 weeks (Jimura et al., 2011), and 12 weeks (Ohmura et al., 2006). Of
the two studies that assessed absolute reliability of DD for real rewards, one reported a trend
for increasing discount rates over successive administrations (Kirby, 2009), while the other
found no significant effect of time on DD of real rewards (Beck & Triplett, 2009). Of the
three studies that assessed absolute stability of DD of hypothetical rewards, none found
significant effects of time on discounting (Audrain-McGovern et al., 2009; Simpson &
Vuchinich, 2000; Ohmura et al., 2006). The reliability of PD is less clear, as we are aware of
only two discounting studies incorporating this analysis of PD. These studies on PD of real
(Peters & Biichel, 2009) and hypothetical (Ohmura et al., 2006) rewards indicate high
relative reliability, and no statistical difference between testretest assessments (Ohmura et
al., 2006). Thus, the preponderance of evidence appears to support good reliability of
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discounting assessments. However, particularly in the domain of absolute reliability, this
conclusion may be based on the conflation of non-significant difference with statistical
equivalence.

1.3 Statistical Equivalence

Despite consistent evidence that discounting of real and equivalent rewards do not differ
significantly, and that there are not significant differences in discounting as a function of
time, statistical or methodological equivalence remains in question; null hypothesis
significance testing alone cannot support these conclusions. Because null hypothesis
significance testing cannot support an absence of effect (Wagenmakers, 2007), statistical
equivalence testing is appropriate for cases in which the focal hypothesis concerns the
absence of an effect (Gallistel, 2009).

In equivalence testing, the null hypothesis is that the two sets of measurements differ, and
the alternative hypothesis is that the measurements are statistically equivalent (Welleck,
2010). To establish statistical equivalence between discounting of real and hypothetical
rewards requires evidence that measurements do not differ appreciably; acceptance of the
alternate hypothesis supports the interpretation that there is no effect of an independent
variable (e.g., reward type, time) on the dependent variable (e.g., discounting). Although the
results of null hypothesis significance testing and statistical equivalence testing may not lead
to dramatically different conclusions, there is a clear need for theoretical precision both in
the formulation of hypotheses and the analytic approach chosen to test hypotheses. If the
research is motivated by the question of equivalence of two experimental conditions,
statistical equivalence testing offers a more compelling test. However, statistical equivalence
testing is not widely adopted in the field of psychology (Gallistel, 2009; Rouder et al.,
2011), and has not yet been applied in the study of discounting.

1.4 Current Study

The aim of the current study was to (1) examine the relationship between discounting of real
and hypothetical rewards for DD and PD; and (2) to examine the one-week test-retest
reliability of DD and PD of real and hypothetical rewards, using the appropriate threshold of
statistical equivalence. Consistent with previous research on DD and the limited literature on
PD, which suggest the absence of differences in discounting as a function of reward type, we
hypothesized that discounting of real and hypothetical rewards would be statistically
equivalent for both delay and probability. In addition, given previous work indicating good
test-retest reliability of discount rates over brief test-retest intervals, we hypothesized
statistical equivalence of repeated assessments, separated by one week, of DD and PD.

2. Material and Methods

2.1 Participants

Twenty-eight participants (11 females, 17 males) between 19 and 60 years of age were
recruited locally via flyers, advertisements, and word of mouth referrals. Participants did not
meet dependence criteria for any substance, were free from major psychiatric and medical
disorders, and females were not pregnant at the time of participation.
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2.2 Measures

2.2.1 Delay discounting procedure—DD was assessed using a binary-choice
computerized program based on Holt, Green, and Myerson (2003). Participants were
presented with a series of trials in which they were asked to choose between $50 that was
delayed and a smaller sum of money that was available immediately. The value of the
immediate outcome was titrated across 6 trials to determine the present, subjective value
(indifference point) of $50 at each delay. In the hypothetical reward condition, indifference
points were determined for $50 delayed by 1 day, 1 week, 1 month, 6 months, 1 year, 5
years, and 25 years. In the real reward condition, indifference points were determined for
$50 delayed by 1 day, 1 week, 1 month, and 6 months. One of the trials was randomly
selected from the DD of real rewards procedure at the conclusion of each session. If the
randomly selected trial was for the immediate reward, participants were compensated at the
end of the experimental session; if the randomly selected trial was for the delayed reward,
the reward was sent to the participant by mail following the delay specified for the selected
trial. Consistent with the conventions of human discounting research, and to avoid logistical
challenges associated with administering real rewards at protracted delays, a smaller range
of delays was assessed in the real reward condition than in the hypothetical reward
condition.

2.2.2 Probability discounting procedure—PD was assessed using a similar
computerized binary choice paradigm. Participants were presented with a series of trials in
which they were asked to choose between $50 that was probabilistic and a smaller sum of
money that was certain. In the hypothetical reward condition, indifference points were
determined for $50 with probabilities of 95%, 75%, 50%, 25%, 5% and 1%. In the real
reward condition, indifference points were determined for $50 with probabilities of 50%,
25%, 5%, and 1%. The smaller range of probabilities in the real reward condition (vs.
hypothetical reward condition) was intended to mirror the DD procedure. In the real reward
condition, one of the trials was randomly selected at the conclusion of each session. If the
selected trial was one in which the participant had selected the certain reward, the participant
was compensated at the end of the experimental session. If the selected trial was one in
which the participant had selected the probabilistic reward, the participant drew a marble
from an opaque bag with a distribution of win/no-win marbles that mirrored the probability
specified in the randomly selected trial. Participants who won were compensated at the end
of the experimental session.

2.3 Procedure

Participation was completed over the course of 3 visits, consisting of an informed consent
session and 2 experimental sessions. During the informed consent session, participants
completed a screening for significant medical, psychiatric, and drug use history, in addition
to other self-report measures not included in the current analyses. The following 2
experimental sessions were procedurally identical, and completed 1 week apart. In each
experimental session participants completed the DD and PD measures for both real and
hypothetical rewards. At the end of each experimental session, one trial from the real
rewards condition for both DD and PD was selected at random and participants received the
outcome he or she chose for that trial. The order of discounting procedures was
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counterbalanced across participants (i.e., half completed DD first; half completed the real
reward condition first). For each participant, order of conditions was consistent in both
sessions.

2.4 Data Scoring and Analysis

3. Results

Discounting rates were determined using the model-free Area-Under-the-Curve (AUC;
Myerson et al., 2001), where high and low AUC values indicate less and more discounting,
respectively. The relation between time and subjective value was a negatively decelerating
function, as was the relation between probability of reward and subjective value. To
facilitate direct comparisons of AUC values for real and hypothetical rewards, the AUC
values in the hypothetical reward conditions were calculated using the same four delays and
probabilities as in the real reward conditions. Spearman rank correlations were calculated to
evaluate the relation between discounting of real and hypothetical rewards within each
session, and to establish relative reliability across sessions. Analyses were conducted
separately for DD and PD.

Tests of statistical equivalence require specification of an equivalence region, within which
two values can be said to be essentially equal, while allowing for minor deviations (Wellek,
2010). Because it is unclear which of the two measures will be greater, the bounds of the
equivalence region are defined as ratios of the two measurements of central tendency:
eediani/medianyee A typical statistical equivalence region is 4/5 and 5/4, which has been
adopted in biomedical research to establish the bioequivalence of new pharmacological
agents to established treatments (FDA, 2001; Luzar-Stiffler and Stiffler, 2002); in other
words, according to these guidelines, two measurements may be considered equivalent if
one value is between 80 and 125% of the other value. To establish statistical equivalence,
two conditions must be met. First, the 100(1-2<alpha>)% confidence interval must fall
within the bounds of the established equivalence region (.8 to 1.25). Second, the 100(1-
<alpha>)% confidence interval must cover 1.0; if this confidence interval does not include
1.0, the two measures are statistically different at the specified alpha level. If two measures
are statistically different, then convention says they cannot also be statistically equivalent,
even if the defined confidence interval lies within the defined equivalence region.

Statistical equivalence of discounting of real and hypothetical rewards was determined by
comparing discounting of real and hypothetical rewards in session 1, and again for
measurements taken in session 2. Absolute reliability of discounting was determined by
comparing across session 1 and 2. Analyses were conducted separately for DD and PD.

3.1 Discounting of Real and Hypothetical Rewards

Figure 1A presents raw discounting estimates for the ratio of DD of real/hypothetical
rewards, and the ratio of PD of real/hypothetical rewards. Filled points fall within the
designated equivalence region, while open points do not. Figure 1B summarizes the
evidence for statistical equivalence of DD of real and hypothetical rewards, and PD of real
and hypothetical rewards within each experimental session. Each horizontal line is marked
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at the median ratio of discounting of real/hypothetical rewards for each condition. The thick
bars represent the 90% (1-2[alpha]%) confidence interval for the median ratio. The thin bars
represent the 95% (1-[alpha]%) confidence interval for the median ratio. Recall that there
are two criteria for statistical equivalence: first, the 90% confidence interval must fall within
the bounds of the established equivalence region (.8 to 1.25), marked here with broken
vertical lines. Second, the 95% confidence interval must include 1.0, to establish that the
two measurements are not, in fact, statistically different.

Figure 1B reveals that the 90% confidence interval for the ratio of DD of real/hypothetical
rewards fell within the established equivalence region for both sessions. In addition, for both
sessions, the 95% confidence interval for the ratio of DD of real/hypothetical rewards
included 1.0, providing support for the statistical equivalence of DD of real and hypothetical
rewards. Likewise, in both sessions, the 90% confidence interval for the ratio of PD of real/
hypothetical rewards fell within the specified equivalence region and, in both sessions, the
95% confidence interval included 1.0. Thus, PD of real rewards was statistically equivalent
to PD of hypothetical rewards.

Correlational analyses provide further evidence of the statistical relations between
discounting of real and hypothetical rewards (Table 1): DD of real rewards was highly
correlated with DD of hypothetical rewards (p = .80 to .85), and PD of real rewards was
moderately correlated with PD of hypothetical rewards (p = .52 to .66).

3.2 Test-Retest Reliability of Delay and Probability Discounting

Figure 2A provides the ratio of DD in session 1/session 2, and the ratio of PD in session 1/
session 2, for each subject as a function of reward type. Filled points fall within the
designated equivalence region, while open points do not. Figure 2B summarizes the
evidence for statistical equivalence (i.e., absolute stability) of DD and PD over one week. As
before, each horizontal line is marked at the median ratio of discounting in session 1/session
2. The thick bars represent the 90% confidence interval for the median ratio, and must fall
entirely within the bounds of the equivalence region (.8 to 1.25) to support statistical
equivalence. The thin bars represent the 95% confidence interval for the median ratio of
session 1/session 2, and must include 1.0 to support statistical equivalence.

Figure 2B shows that DD of real rewards in session 1 was statistically equivalent to DD of
real rewards in session 2. However, for DD of hypothetical rewards, the 90% confidence
interval for the median ratio of session 1/session 2 fell outside the lower boundary of the
equivalence region, indicating that these measurements were not statistically equivalent. In
fact, the 95% confidence interval for the median ratio did not cross 1.0, suggesting that DD
of hypothetical rewards differed significantly in session 1 and session 2. PD of real rewards
in session 1 was statistically equivalent to PD of real rewards in session 2. Likewise, PD of
hypothetical rewards was statistically equivalent across sessions.

Table 1 reveals relations of discounting across sessions, an index of relative reliability. For
DD of real and hypothetical rewards, correlations revealed a significant, positive
relationship between the discount rates obtained in each session (p = .70 to .73). For PD,
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correlations revealed a significant, positive relation for hypothetical rewards (p = .51), and a
non-significant, positive relation for real rewards (p = .34, p =.08).

3.3. Post-Hoc Analyses

The unexpectedly low correlation of PD of real rewards across sessions led us to suspect that
the outcome of the real money procedures in session 1 may have affected choice in the
session 2 real money procedures. Recall that, as part of the real reward conditions in each
experimental session, participants’ compensation was determined by randomly selecting one
trial from the DD procedure and another from the PD procedure. Thus, in the DD of real
rewards condition, participants experienced one of two outcomes during the first session: (1)
receive an immediate amount of money of less than $50, or (2) receive a delayed $50
reward. Participants experienced one of three different outcomes during the first session in
the PD of real money condition: (1) receive an amount of money smaller than $50 (certain),
(2) win $50, or (3) not win any money. Post-hoc analyses were conducted to explore the
possibility that the outcome experienced in the real rewards PD trial affected PD of real
rewards on the subsequent trial.

Participants were categorized on the basis of their real reward outcomes for delay (smaller
immediate vs. larger, delayed) and probability discounting (certain vs. probabilistic). There
were 3 who received smaller, immediate and certain outcomes, 4 who received the smaller,
immediate and probabilistic outcomes, 10 who received the larger, delayed and certain
outcomes, and 11 who received the larger, delayed and probabilistic outcomes. (With one
exception, all participants who received the delayed outcome in the first session received
their compensation after the second session). Within each type of discounting (delay or
probability), a difference score was calculated by subtracting each participant’s session 1
AUC from the session 2 AUC. These differences were analyzed in a repeated measures
ANOVA accounting for outcomes received, discounting type (delay or probability), and
their interaction. The latter two were within-subject factors, for which we used an
exchangeable (i.e., compound symmetric) structure to model the within-subject covariance.
Error degrees of freedom were estimated with the Kenward-Roger method.

For delay discounting, participants who received the smaller, immediate reward in session 1,
showed a decrease of .067 in Session 2 (i.e., showed an increase in discounting). Those who
received the larger delayed reward in session 1 showed an increase of .086 (i.e., showed a
decrease in discounting). The 0.153 difference approached statistical significance
(t[43.5]=1.94, p=.059).

For probability discounting, those who received a probabilistic outcome in session 1 showed
a 0.175 increase in AUC in session 2; this was a statistically significant increase
(t[43.5]=3.29, p=.002) from session 1 values. Those who received a certain outcome showed
a .083 decrease in their session 2 AUC. The 0.258 difference from the change experienced
by those receiving probabilistic outcomes was significant (t[43.5]=3.25, p = .002). Follow-
up analyses revealed that those who did not win the probabilistic reward showed a decrease
in discounting of .114 in session 2, and those who won the probabilistic reward showed a
decrease of .184. The .070 difference was not statistically significant (t[25]=0.71, p=.48).
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4. Discussion

The current study sought to demonstrate the statistical equivalence of discounting (delay and
probability) of real and hypothetical monetary rewards. In addition, this study examined the
one-week test-retest reliability of discounting using indices of absolute and relative
reliability. First, findings support statistical equivalence of DD of real and hypothetical
rewards. Likewise, findings indicate that PD of real rewards is statistically equivalent to PD
of hypothetical rewards. By using the more compelling threshold of statistical equivalence,
the current analyses allow us to conclude that, not only is discounting of real and
hypothetical rewards not significantly different, but that it is equivalent. This is an important
distinction, since the current results provide perhaps the most convincing evidence of the
acceptability of using hypothetical rewards in DD and PD research. While secondary, the
high correlation of discounting of real and hypothetical rewards also serves to increase
confidence in the acceptability of using hypothetical rewards. Insofar as hypothetical reward
procedures are less costly, easier to administer, and allow researchers to consider extended
delays and large sums of money, the established equivalence of real and hypothetical
rewards has noteworthy practical implications.

With regard to the test-retest reliability of discounting, findings were less consistent, varying
as a function of type of discounting, reward, and reliability analysis. In keeping with
previous research, (Johnson and Bickel, 2002; Baker et al., 2003; Johnson et al., 2007), the
present findings support both absolute and relative reliability of DD of real rewards. In other
words, discounting of real, delayed rewards was equivalent when assessed 1 week apart (i.e.,
absolute reliability), and the rank order of each participant in the group was highly
consistent over that time span (i.e., relative reliability). In contrast, DD of hypothetical
rewards was not statistically equivalent when measurements were taken 1 week apart,
despite exhibiting relative stability; in fact, the two measurements differed significantly.
Mixed evidence for absolute stability of DD of hypothetical rewards suggests that the
overall levels of discounting may show short-term intra-individual fluctuations, suggesting
the need for additional research to identify factors that promote (in)stability of DD.
However, given the relative consistency of all other results of the current study, as well as
that of the existing literature, we believe this aberrant finding could be a result of type-I
error.

Next, the present findings extend knowledge of the test-retest reliability of PD. Results
suggest absolute reliability of PD for both real and hypothetical rewards. However, in
contrast to earlier studies, which reported good relative test-retest reliability of PD for real
(Peters and Biichel, 2009) and hypothetical rewards (Ohmura et al., 2006), the present study
found a nonsignificant correlation across sessions for PD of real rewards. Although low rank
order correlations may be interpreted as evidence of poor test-retest reliability, and therefore
call into question the psychometric soundness of this measure of PD, our post-hoc analyses
suggest an alternative explanation.

In the first session, participants experienced different outcomes with probabilistic real
rewards. Half of the participants were compensated based on a choice trial for which they
selected a certain, smaller (<$50) reward, six participants were compensated based on a trial
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in which they chose the probabilistic reward but did not win anything, and the remaining
eight participants were compensated based on a trial for which they chose a probabilistic
reward and won $50. Our findings indicate that experiencing a certain outcome on the first
probabilistic trial was associated with slightly greater risk aversion in the next session. In
contrast, whether or not they won, participants who had direct experience with probabilistic
rewards in session 1 showed less PD in the second session. This effect was modest in the
group that did not win the probabilistic reward, and dramatic in the group that won the
probabilistic reward, suggesting that favorable experience with probabilistic outcomes may
be associated with greater risk seeking. Although this analysis is qualified by the small
sample, findings suggest that PD procedures that use real reward outcomes have the
potential for non-independence of observations over multiple assessments.

A potential caveat of these findings is that the study employed a potentially-real, or lottery-
style, real rewards condition, in which participants” compensation was determined by a
randomly selected trial from the real rewards condition. Other types of real reward
paradigms, for instance, those in which the participant experiences the contingencies of
every single trial of the choice procedure (Lagorio & Madden, 2005) or experiences choice
contingencies in real time (Reynolds, 2006) may not evidence the same patterns of statistical
equivalence with respect to reward type or consistency over time. Despite this limitation, the
current study provides a rigorous test of the empirical equivalence of procedural variations
in discounting research, and extends knowledge of the test-retest reliability of discounting
measures for real and hypothetical monetary rewards. Findings serve to enhance confidence
in the reliability and validity of delay and probability discounting assessments.
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Figure 1. Equivalence of discounting of real and hypothetical rewards as a function of type of
discounting and session

(A) Observed discounting expressed as a ratio of real/hypothetical rewards, jittered
vertically to better distinguish individual points. S1 and S2 represent session 1 and session 2,
respectively. The vertical dashed lines represent the equivalence region (0.8, 1.25). Filled
points fall within the equivalence region, and open points do not.

(B) Observed discounting expressed as a ratio of real/hypothetical rewards. S1 and S2
represent session 1 and session 2, respectively. Each line is marked at the the median ratio of
real/hypothetical rewards. Thick bars represent the 90% confidence intervals for the median
ratios, and thin bars represent the 95% confidence intervals for the median ratios. The
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nonparametric nature of the 90% and 95% confidence intervals is such that an upper or
lower bound can be common to both. Two measurements are considered statistically
equivalent if (i) the endpoints of the thick bar fall entirely within the equivalence region,
(0.8, 1.25), and (ii) the thin bar covers 1.0. If the thin bar does not cross 1.0, the two
measures are statistically different, and therefore cannot be statistically equivalent.
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Figure 2. Equivalence of two measures of discounting taken one week apart, as a function of type
of discounting and reward type (real, hypothetical [hyp])

(A) Observed discounting expressed as a ratio of session 1/session 2, jittered vertically to
better distinguish individual points. The vertical dashed lines represent the equivalence
region (0.8, 1.25). Filled points fall within the predeterimined equivalence region (0.8, 1.25);
open do not.

(B) Observed discounting expressed as a ratio of session 1/session 2. Each line is marked at
the median ratio of session 1/session 2 discounting. Thick bars represent the 90% confidence
intervals for the median ratios, and thin bars represent the 95% confidence intervals for the
median ratios. The nonparametric nature of the 90% and 95% confidence intervals is such
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that an upper or lower bound can be common to both. Two measurements are considered
statistically equivalent if (i) the endpoints of the thick bar fall entirely within the equivalence
region, (0.8, 1.25), and (ii) the thin bar covers 1.0. If the thin bar does not cross 1.0, the two
measures are statistically different, and therefore cannot be statistically equivalent.
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Table 1

Spearman correlation coefficients for delay and probability discounting (AUC) of real and hypothetical
rewards.

Session 1 Session 2
Real | Hypothetical | Real | Hypothetical
Real .52* .34
Session 1
Hypothetical | gg* 51*
Real .73* .66*
Session 2
Hypothetical 70* 80"

Note. Values below the diagonal are correlations for delay discounting, while values above the diagonal are correlations for probability
discounting.

*
p<.05
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