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Abstract

Several variants in the methods used to estimate delay discounting (DD) have been associated with within-subject differences in degree of DD.
This study compared variants in the order of presentation of reward and delay values during assessment of DD of hypothetical cash. Participants
were randomly assigned to one of two groups. For one group, the immediate reward values were presented in Ascending order and for the other,
they were presented in Descending order. In addition, all participants completed a DD task with the reward values presented in a Random order.
Degree of DD, calculated as area under the curve (AUC), was similar between the Ascending and Descending procedures, and was significantly
higher with the Random procedure. Within-subjects AUC were positively correlated. Reaction times within choice trials changed systematically as
a function of order of presentation of the immediate rewards, and distance to the indifference point within each delay value. Reaction times appear
to parallel the effort involved in making the individual choices. Some procedural variants in the assessment of DD yield differences in behavior
during the assessment task that affect the magnitude of the estimated delay discounting. Thus, the absolute magnitude of DD may not be directly
comparable between methods.
© 2007 Elsevier B.V. All rights reserved.
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A systematic reduction of a reward’s subjective value as a
function of delay has been extensively demonstrated in animal
(Ainslie, 1975; Mazur, 1987; Richards et al., 1997; Rodriguez
and Logue, 1988) and human subjects (Bickel et al., 1999; Green
et al., 1994; Madden et al., 1997; Rachlin et al., 1991). In gen-
eral, the value of a reward decreases hyperbolically as delay to
the reward increases (Mazur, 1987). This relationship appears
remarkably consistent across species, rewards, and measure-
ment procedures. For example, hyperbolic delay discounting
has been found in pigeons (Mazur, 1987; Rodriguez and Logue,
1988), rats (Richards et al., 1997), and humans (e.g., Rachlin
et al., 1991). Hyperbolic discounting has also been demon-
strated in relation to food (Lagorio and Madden, 2005), water
(Richards et al., 1997), sucrose solution (Farrar et al., 2003);
cartoons (Navarick, 1998), real and hypothetical cash (Johnson
and Bickel, 2002), hypothetical cigarettes (Bickel et al., 1999),
hypothetical heroin (Madden et al., 1999), and hypothetical alco-
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hol (Petry, 2001). In terms of assessment procedures, hyperbolic
delay discounting has been obtained with animals using meth-
ods that systematically adjust delay (Mazur, 1987) or reinforcer
magnitude (Richards et al., 1997) in concurrent schedules. With
human subjects, hyperbolic discounting has been obtained using
tasks that require subjects to choose between various amounts
of immediate and delayed rewards where there is either a fixed
(Rachlin et al., 1991) or variable number of trials (Johnson and
Bickel, 2002); a preset (Rachlin et al., 1991) or an adjusting
series of choice trials (Johnson and Bickel, 2002); a short or
a long series of choice trials (Lane et al., 2003); a series of
delay and reward values presented in ascending, descending or
random order (Epstein et al., 2003; Johnson and Bickel, 2002;
Petry and Casarella, 1999; Rachlin et al., 1991; Richards et al.,
1997); with tasks that include forced choice trials (Lagorio and
Madden, 2005); with tasks that involve actual exposure to the
contingencies (Lagorio and Madden, 2005; Lane et al., 2003;
Reynolds, 2006); with multiple exposures to the task (Lagorio
and Madden, 2005), with manual or computerized tasks (Epstein
et al., 2003; Rachlin et al., 1991; Johnson and Bickel, 2002), and
others.

0376-6357/$ – see front matter © 2007 Elsevier B.V. All rights reserved.
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A small number of studies have explicitly compared delay
discounting assessment tasks and found that all the tasks com-
pared can detect hyperbolic delay discounting (Epstein et al.,
2003; Lane et al., 2003; Lagorio and Madden, 2005). However,
these studies have also revealed that some methods yield signifi-
cantly different rates of subjective value decay when used within
subjects. Because such differences in degree of discounting have
been observed when other factors are assumed to remain con-
stant, they are likely related to the procedural variants between
assessment tasks. For example, Epstein et al. (2003) found
different degrees of discounting within subjects when they
used a computerized procedure compared to a paper-and-pencil
questionnaire. The methods differed in other aspects as well.
For example, the computerized task used an adjusting-amount
procedure where the computer generated a variable number of
questions, and the specific values were based on the subject’s
previous choices (Richards et al., 1999). On the other hand, the
questionnaire contained a fixed number of choice trials in a pre-
determined sequence of delay and reward values (Kirby et al.,
1999). Because the compared procedures varied on more than
one dimension, it is not possible to determine why the estimates
differed. It is possible, however, that these procedural variants
may involve unspecified local contingencies of reinforcement,
or differential contexts during responding that may affect
individual choice patterns and, indirectly, delay discounting
rate. These effects may be better appraised by direct comparison
of parametric variations of the delay discounting assessment
tasks.

In our laboratory, the need to investigate the effect of procedu-
ral variants in methods of delay discounting assessment became
apparent when subjects were observed to take longer to choose
during trials prior to the point of indifference than afterward
(i.e., before switching from the immediate to the delayed reward,
in tasks where the immediate reward value was systematically
decreased from trial to trial). Upon examination of the actual
choices, it became clear that once a subject had chosen to receive
the higher delayed amount over the smaller immediate amount,
it was no longer necessary for the subject to ponder the specific
values in order to select the preferred option on the remaining tri-
als for a given delay value. All that was needed at that point was
for the subject to always select the delayed amount for the rest of
the trials within that delay value. In turn, consistently selecting
the delayed amount takes much less time than deciding between
the options. It appears then that the behavior involved in choos-
ing before and after the indifference point may be qualitatively
different.

Procedurally, one possible solution to this problem is to
terminate the trial series once the indifference point has been
identified for a given delay value. However, terminating the
series of choice trials once the indifference points are found,
results in tasks with a variable number of trials; the behavioral
effects of such a procedure are unknown. Another possible
solution is to present the fixed set of choice trials in a random
order. When a long series of trials is involved, presenting the
combinations of delay and reward values randomly may compel
the subject to respond similarly at each trial. The purpose of
this study was to evaluate the effects of variations in the order

of presentation of a fixed number of choice trials on degree of
delay discounting, and on within-trial reaction time.

1. Method

1.1. Participants

Ninety-eight college students between 19 and 45 years old
volunteered to participate in the study in exchange for class
credit. Of all participants, 68% were female, 61% Caucasian,
20% Latino, 11% African American, 5% Asian, and 3% Native
American. All participants signed a consent form approved by
the university’s Institutional Review Board.

1.2. Procedure

For each participant, data collection was completed during
one experimental session that lasted approximately 40 min. Each
participant was asked to complete two computerized delay dis-
counting tasks where the delayed reward was a hypothetical US$
1000. One of the tasks presented a series of eight delay magni-
tudes (6 h, 1 day, 1 week, 2 months, 6 months, 1 year, 5 years, 25
years) in either ascending (n = 47) or descending (n = 51) order,
and within each delay magnitude, 30 hypothetical cash rewards
(US$ 1000, 999, 995, 990, 960, 940, 920, 850, 800, 750, 700,
650, 600, 550, 500, 450, 400, 350, 300, 250, 200, 150, 100, 80,
60, 40, 20, 10, 5, 1) to be had immediately. The combination of
these values yielded 240 choice trials. The ranges of delay and
cash values tested in this study have been explored in previous
research (e.g., Petry and Casarella, 1999; Rachlin et al., 1991).
In addition to the Ascending or Descending procedure, each
participant was asked to complete a delay discounting task that
presented the same 240 choice trials in a computer-generated
random order. Half of the subjects were randomly assigned to
complete the Random task first.

After participants entered their identification data, the
computer program presented a screen with the following instruc-
tions:

“This program will show you a series of screens where you
will be asked to choose between an amount of money avail-
able now and $1000 available after some delay. The money
in this program is hypothetical, “pretend money”, but please
make your selections as if you were really going to get the
amounts you choose. We don’t expect you to choose one in
particular, so please don’t select what you think we might
want you to choose, but click on the alternative you really
would prefer. After each choice the program will go on to
the next screen, and it will tell you when you are done. Now
click on the START button when you are ready to begin.”

Participants chose between the two options by clicking the
left button of the computer mouse over a SELECT command
button associated with that option. There was no limit to the
amount of time that the subjects could take to choose between
the two options; and they were not instructed as to how quickly
they should respond. Once a choice was made, the computer
stored the time it took the participant to choose (reaction time,
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RT) along with the rest of the trial’s information, and showed
a full size computer screen for the 2-s intertrial interval, dur-
ing which responses had no effect. Variations in the duration of
the delay discounting task, therefore, depended on the subject’s
behavior. After completion of the first assessment task, a com-
puter screen instructed participants to relax in their place, and
displayed a 120-s count-down timer. At the end of the 2-min
break, participants were required to click on a button to initiate
the second assessment task. All data collection and management
software was written in Microsoft Visual Basic 6.0.

2. Results

Of the initial 98 subjects, 27 were not considered for analysis
because they did not show indifference in preference at one or
more delay values. All analyses were based on the 71 remaining
subjects, of whom 39 were exposed to the Ascending procedure
and 32 to the Descending procedure.

2.1. Degree of delay discounting

Individual degree of delay discounting was calculated by non-
linear regression of the eight indifference points using both the
hyperbolic and exponential models:

vd = V

1 + kd
(1)

vd = Ve−kd (2)

where vd is the current subjective value of a delayed reward
(the indifference point), V the value of the delayed reward (US$
1000), d the delay duration, e the Euler’s number, and k is an
empirically derived constant proportional to the degree of delay
discounting. As expected, the hyperbolic model fit the Ascend-
ing, Descending, and Random group median indifference points
better (see Fig. 1, R2 of .83, .99, and .94, respectively) than the

Fig. 1. Change in subjective value of US$ 1000 as a function of delay. The
lines show fit of the hyperbolic model on median indifference points estimated
with delay rewards presented in Ascending (k = .0005; R2 = .83), Descending
(k = .0004; R2 = .99), and Random order (k = .001; R2 = .94).

exponential function (R2 of .64, .94, .87, respectively). As for
individual data, the hyperbolic model explained 80% of the vari-
ance or better in 57% of the cases for all groups, and none of
the variance in 24% of the cases. On the other hand, the expo-
nential model explained 80% of the variance or better in 54% of
the cases for all groups, and none of the variance in 26% of the
cases.

Due to the non-normal distribution of k, area under the dis-
counting curve (AUC) was used for comparisons of degree
of delay discounting, as proposed by Myerson et al. (2001).
Individual AUC obtained with the Ascending and Descend-
ing procedures were compared using a two-tailed t-test for
independent samples; no significant differences in degree
of delay discounting were observed (ASC = .51, DESC = .44,
t(69) = 1.06, p = .29). Then, a two-tail t-test for paired scores was
used to compare degree of delay discounting as AUC obtained
with the Ascending or Descending procedure versus the Ran-
dom procedure. A significantly smaller mean area under the
discounting curve (.40 versus .48) was observed with the Ran-
dom procedure (t(70) = 3.17, p < .01), indicating a higher degree
of delay discounting estimated by this procedure.

The associations between AUC values obtained with the
Ascending or Descending procedure and the Random proce-
dure were assessed by Pearson’s Product-Moment correlations.
Significant positive correlations between the Ascending and
Random procedures (R2 = .38, N = 39, p < .0001) and between
the Descending and Random procedures (R2 = .59, N = 32,
p < .0001) were observed.

2.2. Duration of the assessment

The total time used to complete each DD task was com-
puted by subtracting the time of the first choice from the time
of the last choice. Task duration data were compared with a t-
test for independent samples (Ascending versus Descending),
and with a t-test for paired samples (Ascending/Descending
versus Random). Paralleling findings on degree of discounting,
total duration of the assessment task was similar between the
Ascending and Descending procedures (mean = 511.5 s versus
547.2 s), and significantly longer when the Random procedure
was used, compared to the Ascending and Descending proce-
dures (mean = 875.4 s, t(70) = −19.12, p < .001).

2.3. Reaction times

Reaction time (RT) – the time between presentation of the
choice stimuli and the subject’s response – was collected for
every trial. This measure was used to describe the observed
changes in the time it took subjects to choose within each trial.
Visual inspection of individual subject’s reaction times within
each delay series revealed a bimodal distribution with one peak at
the first trial, and another peak at or about the indifference point
trial. Also, starting with the second trial, a systematic change in
RT duration was observed in the individual data obtained with
the Ascending and Descending procedures. Thus, in order to
show this gradual change in RT for group data, we first ordered
the trials in the three procedures (Ascending, Descending, and
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Fig. 2. Relative frequency of the longest RT in each delay series occurring during
successive trials in relation to the trial showing indifference (position zero)
obtained with the Random procedure, and with the Ascending and Descending
procedures combined.

Random) from lowest dollar amount (US$ 1) to highest dollar
amount (US$ 1000) within each delay series, and from shortest
(6 h) to longest (10 years) delay interval for all subjects. Then,
we assigned each trial in each delay series a sequential num-
ber in such a way that the trial representing indifference would
always be centered at position 0; immediately preceding trials
were assigned positions −1, −2, −3, etc., and successive trials
were assigned positions 1, 2, 3, etc. Then, the relative frequency
of the longest RT in the delay series occurring at each position
relative to the trial showing indifference was calculated for each
procedure. Note that the resulting distributions do not depict
RT duration; instead, they are relative frequency distributions
of only the longest RT from each series for all subjects. Also,
as noted above, the RT corresponding to the first choice trial in
each delay value series tended to be among the longest in each
series. However, because the first choice trial in each delay value
series falls at various positions in relation to the trial showing
indifference, and including it would obscure the orderly changes
occurred thereafter, the first RT was not included in the analy-
sis. Fig. 2 shows the relative frequency of the longest RT in each
position relative to the indifference point trial obtained with the
Random procedure, and with the Ascending and Descending
procedures combined. Data for the Ascending and Descending
procedures were collapsed because the individual distributions
were very similar. The mode of the Random procedure distri-
bution coincided with the trial showing indifference, while the
mode for the Ascending and Descending procedures was shifted
to the left. Also, note that the probability of the longest RT
falling at each position increases and decreases gradually around
the point of indifference with the Random procedure, while the
distribution generated by the Ascending and Descending pro-
cedures increases gradually but decreases drastically after the
mode.

2.4. Consistency

During the assessment task, sometimes subjects switched
back and forth between choosing the immediate and the delay
reward. Of all subjects completing the Ascending task, 47%
switched at least once, and of all subjects completing the
Descending task, 50% switched at least once. On the other hand,
74% of those completing the Random order task switched at least
once.

3. Discussion

This study shows that varying the order of presentation of the
reward and delay values in a DD assessment produces within-
subject differences in the magnitude of estimated degree of
discounting, duration of the assessment, and response time dis-
tribution. Compared to the Random sequence, presenting the
choice trials in Ascending or Descending order produced similar
behavior characterized by lower degree of discounting, shorter
assessment durations, and a distribution of response times
shifted to the left. Within subjects, degree of delay discount-
ing expressed as area under the curve was positively correlated
between the Ascending or Descending and the Random order
procedures. In addition, median indifference points estimated by
the three methods were better described by a hyperbolic model
than by an exponential model.

The distributions of response times appear to reflect the
amount of work or level of difficulty involved in making the
choices. For example, the first choice in each delay magnitude
series was often associated with the longest response time. This
appears to reflect the time involved in becoming familiar with
the new delay value and the resetting of the immediate reward
series. After that initial orientation, however, reaction times
increased gradually as choice options approximated the indif-
ference point, presumably reflecting the increasing difficulty in
choosing between options having more similar subjective value.
Then, reaction times decreased abruptly following the indiffer-
ence point for the Ascending and Descending sequences, but
decreased gradually for the Random sequence. In the case of the
Ascending and Descending series, once the indifference point
has been determined, the subject can quickly choose without
having to spend time evaluating the options remaining in that
delay value series; thus the abrupt decrease in reaction times.
On the other hand, when the options are presented in a random-
ized sequence, given that it is extremely difficult to remember
past choices in the 240-trial series, each choice must be made
mostly on the basis of the information provided in that trial.
Thus, the reaction times are longer with this procedure, and they
are distributed more “normally”, gradually increasing as a func-
tion of the difficulty in making each choice. In turn, the longer
mean reaction times associated with the randomized sequence
translated into longer task durations.

Consistency in choosing and degree of discounting may be
related to the context in which choices are made; specifically,
to the information available at the time of choosing. During the
Ascending and Descending order tasks, subjects are aware of
their previous responses within each series and are thus better
able to choose consistently. During the randomized procedure,
limited recollection of previous responding favors independent
within-trial evaluations which may lead to more “noisy” indi-
cation of preference between immediate and delayed rewards.
Also, choosing during the Ascending and Descending order
tasks provides the subjects the opportunity to weight their pref-
erences as they gradually approximate the point of indifference.
It is possible that the lower delay discounting associated with the
Ascending and Descending order tasks depends on such grad-
ual approximation to the point of indifference, which may also
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explain why the distribution of the longest RT was shifted to the
left in these procedures, but not in the randomized procedure.
If that were the case, the Random presentation of choice trials
would provide a closer approximation to choosing in daily life.

Since degree of delay discounting was strongly correlated
between methods, and since estimates by the three methods
were best described by a hyperbolic model, the results pre-
sented here do not appear to meaningfully affect interpretation
of existing data. However, these results concur with previous
findings suggesting that the absolute magnitude in degree of
delay discounting may not be directly comparable between
methods. Also, it is important to keep in mind that the com-
parisons between the Ascending and Descending methods, and
between the Random and Ascending or Descending methods
presented here were not symmetrical; since the former was a
between-subjects comparison, the lack of significance in the dif-
ference between the Ascending and Descending methods should
be taken cautiously.

Delay discounting assessment procedures reliably estimate
reduction in the individual’s subjective value of a reward as a
function of delay. In addition, delay discounting assessment pro-
cedures can be seen as functional experimental environments
having direct effects on the subject’s behavior. From that per-
spective, a subject’s behavior during the assessment and the
resulting estimated degree of discounting may be a product of
both the instructions the subject receives on how to respond
during the assessment, and the contingencies of reinforcement
embedded in the assessment task. Although no contingencies
of reinforcement were actively specified in the procedures used
in this study, choosing appeared to require more or less effort
under different circumstances, and was likely controlled by dif-
ferent antecedent stimuli. In other words, the behavior involved
in choosing before and after the indifference point may be qual-
itatively different.

The data reported here show that the order of presentation of
the delay and reward values during the assessment of delay dis-
counting may yield subtle and significant differences in behavior
and the estimated degree of delay discounting. We believe these
findings suggest that systematically characterizing the effects of
the various parameters involved in the methods used to estimate
delay discounting may help to better understand this fundamen-
tal phenomenon.
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