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Abstract
Two experiments tested the effects of food deprivation on discounting in pigeons. An adjusting-
amount procedure was used to estimate the subjective value of food at delays ranging from 1 to 24
s. Experiment 1 compared pigeons’ discounting of delayed food reinforcers at 75-80% and
90-95% of free-feeding weight. Experiment 2 compared discounting under 1-hr and 23-hr food
deprivation. In both experiments at both deprivation levels, discounting was well described by the
hyperboloid discounting function. No systematic effect of level of deprivation on degree of
discounting was observed in either experiment. This finding is consistent with the view that
pigeons’ choices are controlled by the relative, rather than the absolute, value of reinforcers.

The choices made by humans and other animals often follow simple rules when the
alternatives differ on a single dimension: larger rewards are preferred to smaller rewards;
certain rewards are preferred to uncertain rewards; and immediate rewards are preferred to
delayed rewards. When alternatives differ on two or more dimensions, however, predicting
an organism’s choices becomes more difficult (Green & Myerson, 2004; Keeney & Raiffa,
1993). For example, consider the case when the choice is between a smaller, sooner reward
and a larger, later reward. Delay discounting refers to the increase in the tendency to choose
the smaller, sooner reward as the delay to the larger, later reward increases, and is assumed
to reflect a decrease in the subjective value of the delayed reward. Both human and
nonhuman discounting data are well described by a hyperboloid discounting function of the
form:

(1)

where V is the present, subjective value of a delayed reward of amount A, D is the delay to
its receipt, k is a parameter that reflects the discount rate, with larger values representing
steeper discounting, and s is a parameter that represents the nonlinear scaling of the delay to
the reward and its amount (Green, Fry, & Myerson, 1994).

Although Equation 1 describes the discounting results for every species and reinforcer
studied to date (Green & Myerson, 2010), several differences between the discounting
behavior of human and nonhuman animals have been consistently observed. With
nonhumans, for example, the s parameter rarely differs significantly from 1.0 (Green,
Myerson, Holt, Slevin, & Estle, 2004), so that Equation 1 reduces to a simple hyperbola
(Mazur, 1987), whereas with humans, the value of s is often significantly less than 1.0 (for a
review, see Green & Myerson, 2004).
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Another difference concerns the occurrence of magnitude effects, which are a reliable
finding with human subjects. For example, Green, Myerson, and McFadden (1997) studied
humans’ discounting of four different amounts of delayed hypothetical rewards ($100,
$2,000, $25,000, and $100,000) and found that the degree of discounting decreased as the
amount of the delayed reward increased. A similar magnitude effect has been obtained with
real delayed monetary rewards (Johnson & Bickel, 2002) and also with real delayed liquid
rewards (Jimura, Myerson, Hilgard, Braver, & Green, 2009). In contrast, using an adjusting-
amount procedure similar to that used in human studies to assess subjective value,
researchers have found that the degree to which nonhuman animals discount delayed
rewards is usually not affected by the amount of the reward (Calvert, Green, & Myerson,
2010; Green et al., 2004; Richards, Mitchell, de Wit, & Seiden, 1997). Grace, Sargisson, and
White (2012) have reported a magnitude effect in pigeons using relative rate of key pecking
as a measure (cf Grace, 1999), but this measure is quite different from that used to establish
magnitude effects in humans.

The degree to which humans discount delayed monetary rewards also is affected by their
income level but in a manner opposite to what might be expected based on the magnitude
effect: Individuals with lower incomes discount delayed rewards more steeply than
individuals with higher incomes, as first predicted by Fisher (1907), and subsequently
observed in both economic data (e.g., Hausman, 1979; Lawrance, 1991) and laboratory
studies (e.g., Green, Myerson, Lichtman, Rosen, & Fry, 1996). This finding is somewhat
surprising given the magnitude effect, because one might have expected that individuals
with lower incomes, who are presumably more deprived, would place a greater value on
monetary rewards and therefore discount them less steeply. However, the reverse appears to
be true: Poorer individuals discount more steeply. Similarly, depriving drug-dependent
individuals of their drug of choice (nicotine or opiates), thereby increasing the value of the
drug reward, increases the degree of discounting (e.g., Field, Santarcangelo, Sumnall,
Goudie, & Cole, 2006; Giordano, Bickel, Loewenstein, Jacobs, Marsch, & Badger, 2002).
Further research is needed to resolve the paradoxical relations among deprivation, value, and
discounting.

Of course, one cannot experimentally manipulate people’s income levels and thereby affect
their level of deprivation. One can manipulate people’s hypothetical incomes (Weatherly,
2012), but another approach to this issue would be to use an animal model and manipulate
level of deprivation directly. Past research with animal models investigating the relation
between deprivation and delay to different rewards has yielded inconsistent results. Some
studies have reported that choice of a larger or more highly valued reinforcer was greater at
higher deprivation levels than at lower deprivation levels (e.g., Bradshaw & Szabadi, 1992;
Christensen-Szalanski, Goldberg, Anderson, & Mitchell, 1980; Hastjarjo & Silberberg,
1992), a pattern reminiscent of a magnitude effect. However, other studies have reported
that choice of a larger reinforcer was greater at lower deprivation levels (e.g., Eisenberger,
Masterson, & Lowman, 1982; Snyderman, 1983), a result similar to Green et al. (1996), or
that deprivation had no systematic effect on choice (e.g., Logue & Peña-Correal, 1985).

More recently, the effect of deprivation on discounting has been examined by mapping out
the delay discounting function in rats. Richards et al. (1997) examined the effect of water
deprivation and found no systematic effect. Ostaszewski, Karzel, and Szafrańska (2003)
examined the effect of restricting access to food on delay discounting in two experiments. In
the first experiment, there were no significant differences in rate of discounting between
deprivation conditions; in the second experiment, older rats discounted more steeply under
strong deprivation but younger rats did not. The present study, unlike these previous efforts,
addresses this issue by manipulating deprivation level in pigeons in two separate ways so as
to unconfound two important aspects of deprivation: In Experiment 1, body weight was
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manipulated while time since last feeding was held constant, and in Experiment 2, time
since the last feeding was varied while body weight was held constant.

The question of whether deprivation affects discounting has taken on additional significance
in the light of recent studies examining the effect of reinforcer value on discounting rate.
Calvert et al. (2010) examined rats’ discounting of highly preferred and less preferred
reinforcers, and no systematic differences in discounting rates were observed, regardless of
whether liquid reinforcers or flavored food pellets were used for the comparison. Similarly,
Freeman, Nonnemacher, Green, Myerson, and Woolverton (2012) found that monkeys
discounted delayed 10% and 20% sucrose solutions at equivalent rates, despite the fact that
they preferred the sweeter solution. The present study takes a different approach to the issue
of the discounting of reinforcers of higher and lower value by using deprivation as a way to
manipulate reinforcer value.

EXPERIMENT 1
Method

Subjects—Five female White Carneau pigeons (Columba livia), all of whom had previous
experience with discounting procedures, were used as subjects. Four completed all three
phases of an ABA design; the fifth pigeon died after completing the first two phases. In the
different phases of the experiment, the pigeons were maintained at two different levels of
food deprivation: high deprivation (75-80% of free-feeding weight) and low deprivation
(90-95% of free-feeding weight). Deprivation level was maintained by providing post-
session feeding when necessary. The pigeons were housed in individual home cages where
they had continuous access to water and grit and were maintained on a 12:12 hr light:dark
cycle.

Apparatus—Two experimental chambers (Med Associates, Inc.), each measuring 29-cm
long by 25-cm wide by 28.5-cm high, were located within sound- and light-attenuating
enclosures equipped with ventilation fans. Three response keys, spaced 8 cm apart, center to
center, were mounted on the front panel of the chamber. The right- and left-most keys,
located 23.5 cm above the grid floor and 3.5 cm from the side walls of the chamber, could
be transilluminated with green and red light, respectively. The center key, located 19 cm
above the floor, could be transilluminated with yellow light, and a triple-cue light, equipped
with green, yellow, and red bulbs, was located 7.5 cm above the center key. Two food
magazines, mounted directly below the right and left keys and 4 cm above the grid floor,
were each equipped with an infrared head entry detector and a 7-W white light that was
illuminated during reinforcement. Two pellet dispensers (Med Associates, Inc.), mounted
behind the front panel, delivered 14-mg precision food pellets (TestDiet®) at the rate of one
pellet every 0.6 s. A 7-W houselight was mounted centrally on the ceiling of the chamber.
Med-PC™ software (Med-Associates, Inc.) was used to control experimental events and
record responses.

Procedure—The first phase of the ABA design was low deprivation for three pigeons
(P65, P75, and P77) and high deprivation for two pigeons (P61 and P64). Within each phase,
each pigeon experienced the six conditions (delays of 1, 2, 4, 8, 16, and 24 s to the larger
reinforcer) in a different order.

Each experimental session consisted of both free-choice and forced-choice trials. On free-
choice trials, the pigeons chose between a smaller, immediate reinforcer, which was
associated with the left (red) choice key, and a larger, but delayed reinforcer, which was
associated with the right (green) choice key. Only one choice key was transilluminated on
forced-choice trials. Each session began with four forced-choice trials, two of each kind,
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presented in a random order, which were followed by 20 free-choice trials. If a pigeon chose
the same key on four consecutive free-choice trials, a single forced-choice trial involving the
other alternative would follow. Sessions were conducted daily and ended after the subjects
had completed the 20 free-choice trials or 75 minutes had passed, whichever occurred first.

The beginning of a free-choice trial was signaled by the illumination of the center yellow
response key and the houselight. A single response on the yellow key turned off the center
key light, and illuminated the red and green choice keys and the corresponding cue lights; on
forced-choice trials, only one key and its corresponding cue light were illuminated. A single
response on the green choice key darkened both choice keys, the red cue light, and the
houselight, and initiated the delay to reinforcement during which the green cue light
remained illuminated. After the delay interval had elapsed, the cue light was extinguished,
the right magazine light was illuminated, and 32 food pellets were delivered. A single
response on the red choice key darkened both choice keys, the green cue light, and the
houselight. The red cue light remained illuminated for 0.5 s, after which the cue light was
extinguished, the left magazine light was illuminated, and an adjusting number of pellets
was delivered. The magazine remained illuminated throughout pellet delivery and until 3 s
had elapsed without the pigeon breaking the infrared beam, after which the magazine light
was turned off and the pigeon remained in blackout for the remainder of the trial. All trials
had a fixed duration of 70 seconds regardless of which alternative was chosen.

An adjusting-amount procedure was used to estimate the subjective value of the delayed
reinforcer in each condition. If a pigeon preferred the smaller, immediate reinforcer on more
than 60% of the trials for three consecutive days, the amount of immediate reinforcer was
decreased beginning with the next session; similarly, if the pigeon preferred the smaller,
immediate reinforcer on less than 40% of the trials for three consecutive days, the amount of
immediate reinforcer was increased. Indifference was defined as a period of three
consecutive sessions in which the pigeon chose the smaller, immediate reinforcer on 40 to
60% of the trials (i.e., between 8 and 12 out of 20 free-choice trials in each session). The
subjective value of a delayed reinforcer was estimated as the number of pellets available
immediately when the pigeon was indifferent between the smaller, immediate amount and
the 32-pellet, delayed amount.

At the beginning of each delay condition, pigeons chose between 32 delayed pellets and 16
immediate pellets. If the pigeon preferred the delayed reinforcer, then the immediate amount
was increased to 24 pellets (i.e., half of the difference between the smaller and larger
rewards); if the pigeon preferred the immediate reinforcer, its amount was decreased to 8
pellets. Each subsequent adjustment was half the size of the preceding adjustment until the
size of the adjustment was one pellet, after which the immediate amount was increased or
decreased by one pellet until indifference was observed. The mean number of sessions was
26.8 (SD = 6.3) for the low deprivation phase and 29.7 (SD = 12.5) for the high deprivation
phase. For eight conditions, replications were conducted, and for these conditions, the
average was used in all data analyses.

Results and Discussion
Figure 1 shows the number of immediate food pellets at indifference (i.e., the subjective
value of the 32-pellet reinforcer) plotted as a function of delay. As may be seen, the
subjective value of the delayed 32-pellet reinforcer tended to decrease systematically as the
delay to its receipt increased. For P61, the s parameter was significantly less than 1.0 for
both the high and low deprivation phases, t(4) = 3.77 (p = .02) and 7.81 (p = .001),
respectively, and the s parameter was nearly significantly less than 1.0 for P77 in the first
low deprivation phase, t(4) = 2.56 (p = .06). In all other cases, the s parameter was not
significantly less than 1.0 for either deprivation phase, all ts < 1.50 (all ps > .20). Excluding
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P61, the fits of the simple hyperbola (Eq. 1 with s = 1.0) to the data from each deprivation
phase were generally good, with a median R2 of .85. Estimates of the k parameter and R2s
for each pigeon in each deprivation phase are provided in Table 1. There was no significant
difference between the logarithms of the k values for the high and low deprivation phases;
t(4) = 1.73, ns.

The degree of discounting in the low and high deprivation phases also was compared using
the atheoretical Area-Under-the-Curve (AuC) measure. The AuC is calculated based on the
obtained indifference points (rather than a fitted curve) and can vary between 0.0 and 1.0;
the steeper the discounting, the closer the AuC will be to 0.0 (for details, see Myerson,
Green, & Warusawitharana, 2001). Figure 2 shows the AuCs for the different deprivation
phases. For each pigeon, data are presented in the order in which the phases were studied.
The grand means for the low and high deprivation phases (lower right panel) were
calculated based on one low-deprivation AuC and one high-deprivation AuC for each
pigeon (after averaging across the two A conditions of the ABA design). There was no
significant difference between the AuCs for the high and low deprivation phases; t(4) < 1.0.
Thus, regardless of whether the degree of discounting is measured by the AuC or the
individual estimates of the k parameter, there was no systematic difference in discounting
under low and high deprivation.

The finding that pigeons’ discounting of delayed food is apparently unaffected by their level
of deprivation is somewhat surprising. At the least, it suggests that high and low body
weight may not be good analogs of low and high income levels in humans, because humans
with lower incomes discount more steeply than those with higher incomes (Green et al.,
1996). It is possible, however, that the present results are peculiar to the specific way in
which deprivation was operationalized in Experiment 1. Accordingly, in Experiment 2 we
held body weight constant and manipulated deprivation by varying the time from last
feeding to the beginning of the experimental session.

EXPERIMENT 2
Method

Subjects and Apparatus—Six experimentally naïve male White Carneau pigeons
(Columba livia) were used as subjects. The pigeons were maintained at 80-85% of their free-
feeding weight. As in Experiment 1, the pigeons were housed in individual home cages on a
12:12 hr light:dark cycle with continuous access to water and grit. The experimental
chambers were the same as those used in Experiment 1 but without infrared photo detectors.

Procedure—The procedure was similar to that used in Experiment 1, with the most
significant difference being that in both low (1 hr) and high (23 hr) deprivation phases of the
experiment, pigeons were at 80-85% of their free-feeding weight at the start of the session.
To accomplish this, pigeons in the low deprivation phases were weighed and given
supplemental food if necessary right after each experimental session, and weighed again and
fed 15 grams of pigeon checkers 1 hr prior to the session, whereas pigeons in the high
deprivation phases were weighed, but not fed, prior to the session and fed right after the
session when necessary. In both phases, pigeons were not run on days on which they did not
meet the 80-85% weight criterion. Each pigeon was exposed to five delay conditions (1, 3,
6, 12, and 24 s) at each level of deprivation in a unique order. Another notable difference in
procedure was that deprivation level alternated between 23 hr and 1 hr every time the delay
condition changed (e.g., for P81, the first four conditions, out of the ten total conditions,
were 24-s delay at low deprivation, followed by 1-s delay at high deprivation, then 12-s
delay at low deprivation, and 6-s delay at high deprivation).
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As in Experiment 1, sessions consisted of four forced-choice trials followed by free-choice
trials. Daily sessions ended after 20 free-choice trials or after 60 min had elapsed, whichever
occurred first. Unlike in Experiment 1, the food magazine light remained illuminated for 5 s
after the last pellet was delivered. Also as in Experiment 1, an adjusting-amount procedure
was used to determine the subjective value of delayed reinforcers, and indifference was
defined as a period of three consecutive sessions in which preference was between 40 to
60%. However, the procedure differed from that in the preceding experiment in that the
smallest adjustment in immediate amount was 2 pellets, rather than l.

The procedure used to determine the subjective value of the delayed reinforcers also was
modified from that in the preceding experiment. In the present experiment, a delay condition
was terminated after a single determination of subjective value only if the pigeon was
indifferent between 16 pellets immediately and 32 pellets later (in which case the subjective
value of the delayed 32-pellet reinforcer was taken to be 16 pellets) or if the pigeon’s
choices resulted in the immediate amount being adjusted to either of the two extreme values
(2 or 30 pellets). If the immediate amount was adjusted to one of the extreme values, and the
pigeon was then indifferent, that immediate amount was taken to be the subjective value of
the delayed reinforcer. If, however, the pigeon maintained its preference for either the
immediate or the delayed reinforcer, then the subjective value of the delayed reinforcer was
taken to be either 1 or 31 pellets, respectively.

If none of the preceding occurred, then the immediate amount was increased or decreased,
depending on the pigeon’s preference, until its preference reversed. In this case, the pigeon’s
indifference point was assumed to be midway between the amount that resulted in the
reversal and the preceding amount, and a second determination of indifference was made.
Again, the amount of immediate reinforcer was increased or decreased based on the
pigeon’s choices until either a second preference reversal occurred or the immediate amount
reached an extreme value. If a reversal occurred, then the second indifference point, like the
first, was assumed to be midway between the amount that resulted in the reversal and the
preceding amount. If a reversal did not occur, and therefore the immediate amount was
ultimately adjusted to an extreme value, then the indifference point was assumed to be either
the extreme value, if the pigeon was indifferent at that point, or if the pigeon still showed a
preference, midway between the immediate amount and either 0 or 32 pellets, whichever
was appropriate. Finally, the average of the first and second indifference points was used as
the point of subjective equality between the immediate and delayed reinforcers. The mean
number of sessions was 23.8 (SD = 9.2) for the low (1 hr) deprivation phases and 24.3 (SD
= 7.2) for the high (23 hr) deprivation phases.

Results and Discussion
Figure 3 shows the number of immediate food pellets at indifference (i.e., the subjective
value of the 32-pellet reinforcer) plotted as a function of delay for each of the six pigeons.
Similar to what was observed in Experiment 1, the subjective value of the larger reinforcer
decreased systematically for each pigeon as the delay to its receipt increased at both low and
high deprivation. In 11 out of 12 cases (6 pigeons in 2 deprivation phases), discounting was
well described by a simple hyperbola, with a median R2 of .87. The one exception was P82
in the 23-hr deprivation phase, for whom the s parameter in Equation 1 was significantly
less than 1.0, t(3) = 4.33, p < .05. In only one other case, P81 in the 1-hr deprivation phase,
was s significantly less than 1.0, t(3) = 3.35, p < .05. Estimates of the k parameter and R2s
for each pigeon in the two deprivation phases (and s, where appropriate) are provided in
Table 2. There was no significant difference between the logarithms of the k values for the
23-hr and 1-hr deprivation phases; t(5) < 1.0, ns.
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Finally, Figure 4 shows individual AuCs in the two deprivation phases. Again, no systematic
differences in degree of discounting were observed between the two deprivation phases:
group mean = .201 for 1-hr deprivation and .202 for 23-hr deprivation; t(5) < 1.0. Taken
together with the results of the first experiment, the present findings suggest that degree of
discounting is not significantly affected by level of deprivation, regardless of the way in
which deprivation is manipulated, be it in terms of body weight (Experiment 1) or hours
without food (Experiment 2).

General Discussion
Humans with lower incomes discount delayed monetary rewards more steeply than those
with higher incomes (Green et al., 1996; Lawrance, 1991). One possible interpretation of
that finding is that discounting is affected by level of deprivation, in that those with less
money may be thought of as being more deprived than those with more money. The present
study examined whether this interpretation is supported by results obtained when
deprivation is experimentally manipulated, thereby eliminating the possible confounds that
exist in comparable human data (e.g., individuals with lower income also tend to be less
well educated). The results of the present study, however, provide no support for an
interpretation of the Green et al. findings based on differences in deprivation.

In the present study, pigeons’ level of food deprivation was manipulated in two ways. In
Experiment 1, subjects were studied under two body-weight levels (75-80% and 90-95% of
free-feeding weight), whereas in Experiment 2, subjects were studied at the same body-
weight (80-85% of free-feeding weight) and tested under 1-hr and 23-hr food deprivation.
The degree to which the delayed food reinforcers were discounted was not affected by level
of deprivation in either experiment, but discounting was for the most part well described by
a simple hyperbola (Eq. 1 with s = 1.0) at both low and high levels of deprivation.

The logic of inferential statistics does not allow one to accept the null hypothesis based on
experimental data. Nevertheless, null results are often important, and in the absence of
statistical support, it is helpful to provide converging evidence using different analytical
approaches that examine different aspects of the data. Accordingly, we conducted further
analyses of the data from Experiments 1 and 2 based on the difference scores (number of
food pellets at indifference in the high deprivation phase minus number of food pellets at
indifference in the low deprivation phase) at each delay in each experiment. As may be seen
in Figure 5, the confidence interval about the group mean difference scores included zero in
every case, indicating a consistent failure to find a deprivation effect. These results are
consistent with the absence of an effect of deprivation on discounting rate in other, related
studies. Richards et al. (1997) examined the effect of water deprivation in rats and also
found no systematic effect on discounting. Ostaszewski et al. (2003) examined the effect of
restricting access to food on delay discounting in rats in two experiments and observed no
consistent effect of deprivation.

It is possible that studies in which the smaller, sooner reinforcer is of one type and the
larger, later reinforcer is of a different type, as they are in many everyday choice situations,
would find effects of deprivation on discounting in animals when subjects are more deprived
of one of the two types of reinforcer. Nevertheless, the issue of the difference between the
present finding of no effect of deprivation on discounting and Green et al.’s (1996) finding
that discounting is affected by income, remains because in both studies, subjects chose
between smaller, immediate and larger, delayed reinforcers of the same type (i.e., food
pellets for the pigeons in the present study, and hypothetical money for the humans in Green
et al.).
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To what may one attribute the discrepancy between the results obtained with humans and
those obtained with pigeons and rats? One obvious possibility is that it represents a species
difference. Before reaching this conclusion, however, one would have to rule out some
other, equally obvious possibilities. As already noted, Green et al. (1996) studied
discounting of hypothetical, monetary rewards whereas the present study, like those of
Ostaszewski et al. (2003) and Richards et al. (1997), examined discounting of real, directly
consumable reinforcers (i.e., food and water). There is growing evidence for differences in
the discounting of various types of outcomes, even within the same species (for a review,
see Green & Myerson, in press), and the different rewards/reinforcers used in the human and
animal studies considered here may account for the difference in results. It also is possible,
of course, that differences in degree of food and water deprivation simply are not analogous
to differences in level of income.

Another relevant finding is that drug-dependent humans show steeper discounting when they
are drug-deprived than when they are not (Field et al., 2006; Giordano et al., 2002). As in
the Green et al. (1996) study of income, however, the types of rewards studied (cigarettes,
heroin, and money) in these experiments were different than those in the studies of
deprivation in animals, and future studies of discounting using more comparable rewards
(e.g., real foods or liquids in humans, or drugs in animals) might shed light on this issue.

The present finding that pigeons’ discounting is not affected by deprivation is consistent
with the view, exemplified by the matching law (Herrnstein, 1970), that pigeons’ choices are
controlled by the relative, rather than the absolute, value of reinforcers. That is, assume that
on a discounting task, deprivation results in (proportionally) equivalent changes in the value
of both the immediate and delayed reinforcers, at least when both are the same commodity.
Then, if choices are made on the basis of relative value, they should be unaffected by
whether the immediate and delayed reinforcers are both of lower value or both of higher
value.

McSweeney (1975) studied the effects of food deprivation on pigeons’ choice on concurrent
VI schedules and found that as body weight increased, overall response rates decreased but
choice, as measured by relative rates of responding, did not change. Logue and Peña-Correal
(1985) examined the effects of deprivation on pigeons’ choices in a situation more similar to
the present one (discrete trials with smaller, sooner and larger, later reinforcers), and they
also found that changes in deprivation did not affect choice, whereas other aspects of
behavior were affected (e.g., latencies to eat when food reinforcement was delivered). The
results of both of these studies support our hypothesis that food deprivation results in
proportionally equivalent changes in the value of alternative reinforcers, leaving preference
between these alternatives unchanged, which would explain why deprivation did not affect
discounting rates in either experiment of the present study.

Other evidence consistent with the idea that discounting is controlled by relative value is the
finding that when rats chose between immediate and delayed amounts of the same
reinforcer, the degree to which they discounted was the same regardless of the quality of the
reinforcers involved (Calvert et al., 2010). That is, although the rats in the Calvert et al.
study strongly preferred saccharin-flavored water to quinine-flavored water, their choices
between immediate and delayed liquids were the same regardless of whether both were
saccharin-flavored or quinine-flavored. The relative choice view also is consistent with the
fact that in both pigeons and rats the subjective value of a reinforcer available after a given
delay, when expressed as a proportion of the amount of the delayed reinforcer, is
approximately the same regardless of the delayed amount (Green et al., 2004; Richards et
al., 1997). In addition to providing further support for the relative choice view as applied to
discounting, the present findings contribute to the growing evidence for the generality of the
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hyperboloid model by showing that it provides an equally good description of pigeons’
discounting of delayed food reinforcers under both low and high deprivation conditions.
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Figure 1.
Number of immediate food pellets at indifference (i.e., the subjective value of the 32-pellet
reinforcer) plotted as a function of delay for Experiment 1. Symbols represent the estimated
indifference points, and the curves represent the best-fitting hyperboloid discounting
function (Eq.1) with s = 1.0 (i.e., a simple hyperbola), for all pigeons except P61 for whom s
was a free parameter (see text). The high-deprivation phases are represented by solid curves
and filled symbols; the low-deprivation phases are represented by dashed curves and open
symbols. For individual pigeons, circles represent the first determination and triangles
represent the second determination; for the group mean, symbols represent the average of
the first and second determinations. (In cases where symbols appear to be missing, it is
because data values from different deprivation phases are nearly equivalent.)
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Figure 2.
Area under the Curve for the low and high deprivation phases for each pigeon and for the
group mean in Experiment 1. For the group means (bottom right panel), bars represent the
standard errors.

Oliveira et al. Page 12

Learn Behav. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Number of immediate food pellets at indifference (i.e., the subjective value of the 32-pellet
reinforcer) plotted as a function of delay for all pigeons in Experiment 2. The curves
represent the best-fitting hyperboloid discounting function (Eq.1) with s = 1.0 (i.e., a simple
hyperbola), for all pigeons.
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Figure 4.
Area under the Curve for the 1-hr and 23-hr deprivation phases for each pigeon in
Experiment 2.
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Figure 5.
Group mean difference between the number of food pellets at the indifference points at each
delay in the high and low deprivation phases of Experiment 1 (top panel) and Experiment 2
(bottom panel). Error bars represent the 95% confidence intervals about each mean
difference.
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Table 1

Proportion of variance accounted for and parameters of Equation 1 for the high and low deprivation phases for
each pigeon in Experiment 1, presented in the order in which the phases were studied. Rk

2 indicates the

proportion of variance accounted for by Equation 1 with s = 1.0, and Rk,s
2 indicates the proportion of variance

accounted for by Equation 1 with s as a free parameter for the one pigeon (P61) for which s was significantly
different from 1.0.

Pigeon Deprivation
Phase*

Rk
2

[Rk,s
2]

k
[k; s]

61

High .62
[.81]

0.383
[2.25; 0.411]

Low .00
[.34]

0.734
[4.56; 0.152]

64

High .75 0.123

Low .96 0.319

High .88 0.232

65

Low .86 0.116

High .85 0.188

Low .88 0.227

75

Low .71 0.350

High .72 0.600

Low .96 0.653

77

Low .94 1.173

High .68 0.631

Low .65 1.468
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Table 2

Proportion of variance accounted for and parameters of Equation 1 for the 1-hr and 23- hr deprivation phases
for each pigeon in Experiment 2. Rk

2 indicates the proportion of variance accounted for by Equation 1 with s

= 1.0, and Rk,s
2 indicates the proportion of variance accounted for by Equation 1 with s as a free parameter in

cases where s was significantly different from 1.0 (Pigeon 81 in the 1-hr deprivation phase and Pigeon 82 in
the 23-hr deprivation phase).

Pigeon Deprivation
condition

Rk
2

[Rk,s
2]

k
[k; s]

81
1-hr .90

[.97]
1.51

[3.77; 0.644]

23-hr .82 0.939

82

1-hr .97 1.04

23-hr .34
[.81]

1.70
[16.9; 0.407]

83
1-hr .92 0.212

23-hr .90 0.231

84
1-hr .83 0.407

23-hr .87 0.356

85
1-hr .74 0.958

23-hr .97 0.733

86
1-hr .87 0.341

23-hr .87 0.339
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