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DETERMINATION OF DISCOUNT FUNCTIONS IN
RATS WITH AN ADJUSTING-AMOUNT PROCEDURE
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An adjusting-amount procedure was used to measure discounting of reinforcer value by delay. Eight
rats chose between a varying amount of immediate water and a fixed amount of water given after a
delay. The amount of immediate water was systematically adjusted as a function of the rats’ previous
choices. This procedure was used to determine the indifference point at which each rat chose the
immediate amount and the delayed amount with equal frequency. The amount of immediate water
at this indifference point was used to estimate the value of the delayed amount of water. In Exper-
iment 1, the effects of daily changes in the delay to the fixed reinforcer (100 ml of water delivered
after 0, 2, 4, 8, or 16 s) were tested. Under these conditions, the rats reached indifference points
within the first 30 trials of each 60-trial session. In Experiment 2, the effects of water deprivation
level on discounting of value by delay were assessed. Altering water deprivation level affected the
speed of responding but did not affect delay discounting. In Experiment 3, the effects of varying
the magnitude of the delayed water (100, 150, and 200 ml) were tested. There was some tendency
for the discounting function to be steeper for larger than for smaller reinforcers, although this
difference did not reach statistical significance. In all three experiments, the obtained discount
functions were well described by a hyperbolic function. These experiments demonstrate that the
adjusting-amount procedure provides a useful tool for measuring the discounting of reinforcer value
by delay.

Key words: choice, self-control, impulsivity, delayed reinforcement, reinforcer magnitude, nose
poke, rat

The experiments reported in this paper
use an adjusting procedure to measure dis-
counting of reinforcer value by delay. This
test procedure is patterned after one devel-
oped by Mazur (1987) to measure the effects
of delay and uncertainty on reinforcer value
(Mazur, 1989, 1991, 1995). Mazur has called
his procedure the adjusting-delay procedure
because the delay to a small reinforcer is ad-
justed until the subjects choose the small re-
inforcer and the more delayed, larger rein-
forcer with equal frequency. It is assumed
that, at the indifference point, the reinforcing
effectiveness (or subjective values) of the
small reinforcer presented after a short delay
and the larger reinforcer presented after a
longer delay are equivalent. We present here
a variation of Mazur’s procedure called the
adjusting-amount procedure because the an-
imal adjusts the amount of reinforcer.
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The adjusting-amount procedure is analo-
gous to a psychophysical procedure, and is
specifically designed to measure reinforcer
value. In humans, the psychophysical method
of adjustment is used to determine discrimi-
native sensitivity by presenting subjects with a
standard stimulus and then asking them to
adjust another stimulus until it matches the
standard stimulus (Stevens, 1975). In the ex-
periments described in this paper, we use a
similar procedure to determine the value of
reinforcers for rats. The rats are given a
choice between a delayed, large-magnitude
reinforcer and a reinforcer of adjusting mag-
nitude that is presented immediately. The
standard reinforcer (analogous to the stan-
dard stimulus in the human psychophysics
preparation above) is held constant within a
session while the magnitude of the adjusting
reinforcer is systematically varied across trials
as a function of the rat’s choices. The term
standard is used to refer to the fixed reinforc-
er, and adjusting alternative is used to refer to
the alternative reinforcer of varying magni-
tude in the discussion that follows.

Across successive trials, the magnitude of
the adjusting alternative is increased after the
animal chooses the standard and is decreased
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after the animal chooses the adjusting rein-
forcer. When the rat chooses the standard
and the adjusting reinforcers with equal fre-
quency, we infer that the reinforcing value of
the adjusted reinforcer matches the value of
the standard. This point is referred to as the
indifference point and provides the measure
of the value of the standard.

For example, a thirsty rat may be given a
choice between 100 ml of water presented af-
ter an 8-s delay (standard) and smaller
amounts of water presented immediately (ad-
justing alternative). If the animal chooses the
standard, the amount of water available as the
adjusting alternative on the next trial is in-
creased by 10%. Conversely, if the animal
chooses the adjusting alternative, the amount
of water available as the adjusting alternative
on the next trial is decreased by 10%. The
amount of immediate water is adjusted from
trial to trial in this manner until the rat
chooses the standard (100 ml of water delayed
by 8 s) and adjusting alternative (immediate
water) with equal frequency (this is assumed
to be an indifference point). The amount of
immediate water chosen by the rat at the in-
difference point is taken as the measure of
the value of the standard.

The indifference points for a series of stan-
dards can be used to produce discount curves
that describe the rate at which the value of a
particular reinforcer decreases as a function
of increases in some dimension, such as delay
to reinforcement. The effects of delay on re-
inforcer value have been studied in humans
(e.g., Green, Fry, & Myerson, 1994; Rachlin,
Raineri, & Cross, 1991), pigeons (e.g., Mazur,
1987), and rats (e.g., Bradshaw & Szabadi,
1992). In all three species, the curves that re-
sult from the devaluation of reinforcer value
by delay are well described by the hyperbolic
function of Mazur (1987):

V 5 bA/(1 1 kD), (1)

where V is the value of the delayed reinforcer,
A is the amount of the reinforcer, D is the
length of the delay, k is a free parameter that
describes the steepness of the discount func-
tion, and b is a free parameter representing
bias for either the standard or the adjusting
alternative that is independent of the delay
associated with the standard reinforcer. Larg-
er values of k indicate that the rats discount

the value of the delayed reinforcer more rap-
idly.

The most important difference between
the adjusting-amount procedure and Mazur’s
(1987) adjusting-delay procedure is that in
Mazur’s procedure delay to the reinforcer is
adjusted, whereas in the adjusting-amount
procedure reinforcer amount (i.e., amount of
water) is adjusted. Thus, using the adjusting-
amount procedure, the value of 100 ml of wa-
ter delayed by 8 s is measured in terms of
microliters of immediate water. In Mazur’s
adjusting-delay procedure, the rat is given a
choice between two reinforcer amounts (de-
termined by the experimenter), and the pat-
tern of choices causes the delay to the larger
one to adjust upward or downward. The re-
sult is a delay duration at which the value of
the larger reinforcer equals that of the small-
er reinforcer. In the adjusting-amount pro-
cedure, value is indicated by an amount of
immediate water, whereas in the adjusting-de-
lay procedure, value is indicated by a delay
duration. The adjusting-amount procedure
used here also differed from Mazur’s appli-
cation of the adjusting-delay procedure in
how the standard was changed. Mazur held
the standard (delay to the reinforcer) con-
stant for many sessions before a determina-
tion of the discounted value was made. In the
present study the standard was changed daily.
Changing the standard daily permits a more
rapid determination of the discount function.
Using the adjusting-amount procedure in
conjunction with daily changes in the stan-
dard allowed five data points that described
an individual rat’s discount function to be de-
termined in a single week.

Three experiments tested the ability of the
adjusting-amount procedure to rapidly gen-
erate discount functions under a variety of
test conditions. In Experiment 1, the adjust-
ing-amount procedure was used to determine
discount functions for 100 ml of water pre-
sented after delays of 0, 2, 4, 8, and 16 s. The
delays were changed daily so that five stan-
dards were tested each week. We anticipated
that, for the different standards (i.e., delays),
the amount of immediate water at which the
rats chose the adjusting alternative and the
standard equally often would decrease as the
delay associated with the standards increased.
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Fig. 1. A schematic illustration of the phases of the
adjusting-amount procedure in Experiment 1. Panels 1
through 5 indicate when the various stimuli were turned
on during the different phases of the test procedure. A
darkened stimulus marker shows that the stimulus is on.
See text for explanation.

EXPERIMENT 1

Method

Subjects. Eight Sprague-Dawley rats (Holtz-
man), weighing between 350 and 400 g at the
beginning of training, were used. The rats
were housed 2 per cage in hanging stainless-
steel wire cages. Lights were on in the colony
room from 7:00 a.m. to 7:00 p.m. Food (4%
Teklad rat chow) was available ad lib. On the
training days (Monday through Friday), the
rats received 20-min access to water at the
end of the testing session. On nontraining
days (Saturday and Sunday), the rats were giv-
en 20-min access to water between 10:00 a.m.
and 2:00 p.m.

Apparatus. Eight locally constructed exper-
imental chambers were used. The chambers
had stainless-steel grid floors, aluminum front
and back walls, Plexiglas sides, and a Plexiglas
top. The test chambers were 20 cm by 22 cm
by 23 cm (inside dimensions). The front wall
served as the test panel. As shown in Figure
1, the test panel had two water dispensers (4
cm diameter) located on either side of a cen-
trally located snout-poke hole (2.5 cm diam-
eter). The water dispensers were centered 2.5
cm above the floor and 5 cm from the closest
side wall of the chamber. Stimulus lights were
mounted above the two water dispensers and
the center snout-poke hole. The center stim-
ulus light was positioned directly above the
center snout-poke hole, 7 cm from the floor
and 11.5 cm from the side walls. The stimulus
lights for each water dispenser were posi-
tioned 5.5 cm above the floor of the chamber
and 2 cm from the closest side wall. The water
dispenser stimulus lights were arranged so
that they were level with the rat’s eyes when
the rat’s snout interrupted an infrared beam
in the center snout-poke hole. A Sonalertt
tone generator with a frequency of 4,500 cps
was mounted above the left stimulus light 9
cm from the floor and 3 cm from the left side
of the chamber. Snout pokes and head en-
tries into the water dispensers were moni-
tored with infrared detectors located 0.5 cm
behind the front panel. The water dispensers
consisted of 28-V solenoid valves (General
Valve Corporation; Model 3-424-900) each at-
tached to a separate 600- to 800-ml reservoir
with 20-mm PVC tubing. The solenoid valves
had two output ports, a normally open port
and a normally closed port. Water was dis-

pensed through the normally closed port.
The normally open port allowed release of
trapped air between operations of the sole-
noid. Operation of the solenoid valve caused
water to drip into a Plexiglas bowl through a
spout made of 18-gauge tubing. Access to the
Plexiglas bowl was arranged so that the rat
could easily reach the water with its tongue
but could not interfere with the falling water
drop with its snout. Each water dispenser was
calibrated to provide a flow rate of 1.5 ml per
centisecond by adjusting the amount of water
in the reservoir. The amount of water dis-
pensed to the rat was a linear function of the
duration for which the solenoid valve was
held open. The equation y 5 1.5x 2 2.9 pre-
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dicted the amount of water dispensed, where
y was the amount in microliters and x was the
solenoid operation duration in centisconds.
For example, opening the valve for 25, 69,
and 135 centiseconds dispensed 35, 100, and
200 ml of water, respectively. An audible click
accompanied each opening and closing of
the valve. The large size of the reservoir (600
to 800 ml) insured that the flow rate was not
appreciably altered by the decreasing water
level during an experimental session. In gen-
eral, less than 10 ml of water was dispensed
from a single dispenser during an experimen-
tal session. Distilled water was used to prevent
build-up of mineral deposits in the valves and
tubing, which could alter performance over
time. The water dispensers were tested weekly
and were adjusted if the obtained drop size
deviated from the predicted drop size by
more than 5%.

The eight chambers were connected to a
33-MHz 486DX microcomputer using a MED
Associates interface. The experimental con-
tingencies were programmed using the MED-
PCt programming language. The temporal
resolution of the system was 0.01 s.

Procedure. The adjusting-amount procedure
used in Experiment 1 is outlined in Figure 1.
Each session consisted of 60 discrete choice
trials plus a variable number of forced trials.
Each trial was separated by an intertrial inter-
val (ITI). The total time between the start of
each trial was 30 s plus the time taken for the
rat to make a choice response. During the ITI
all of the stimuli in the chamber were off
(Figure 1, Panel 1). The start of each trial was
signaled by turning on the light above the
center snout-poke hole (Figure 1, Panel 2).
The first response (snout poke) to the center
hole after the beginning of a trial caused the
stimulus light above the center hole to be
turned off and the stimulus lights above the
left and right water dispensers to be turned
on (Figure 1, Panel 3). The rat was then re-
quired to choose between the left and right
water dispensers. The standard was always
presented on the left side. Inserting the head
into this dispenser resulted in the delayed de-
livery of 100 ml of water. The adjusting
amount of water was always presented on the
right side. Inserting the head into this dis-
penser resulted in the immediate delivery of
a variable amount of water.

When the animal chose the standard, the

light above the adjusting alternative was
turned off and a tone was turned on (Figure
1, Panel 4A). This tone remained on
throughout the delay period. At the end of
the delay, a 100-ml drop of water was deliv-
ered and the tone was turned off for the re-
mainder of the 30 s trial (Figure 1, Panel 4B).
Note that when the rat chose the standard,
the ITI duration was 30 s minus the delay as-
sociated with that reinforcer. When the rat
chose the immediate alternative, the ITI du-
ration was 30 s.

When the animal chose the adjusting alter-
native, an amount of water was delivered im-
mediately and the stimulus lights above the
left and right water dispenser apertures were
turned off for the remainder of the 30 s (Fig-
ure 1, Panel 5). During each session, the
amount of water available on the adjusting
alternative was systematically varied. If the an-
imal chose the standard, the amount deliv-
ered on the adjusting alternative was in-
creased by 10% on the next trial. If the
animal chose the adjusting alternative, the
amount delivered on the adjusting alternative
was decreased by 10% on the next trial.

Forced trials were used to insure that the
rats were exposed to the consequences of
choosing both the delayed 100-ml amount of
water from the standard and the immediate
adjusted amount of water from the adjusting
alternative. Choice of either the standard or
the adjusting alternative on two consecutive
trials was followed by a forced trial in which
the rat was required to choose the opposite
side. On forced trials only the stimulus light
above the required alternative was turned on
after the central snout-poke response. Re-
sponses to the nonilluminated side had no
programmed effect.

Five experimental sessions were conducted
each week. The standard delay to the rein-
forcer was constant during each session but
changed between the daily sessions in a pseu-
dorandom fashion, as shown in Table 1. The
delay durations were 0, 2, 4, 8, and 16 s. The
sequence of delays was arranged so that in a
5-week period, each delay was presented fol-
lowing the other four delays at least once. In
addition, each delay value was tested on each
of 5 possible days of the week. For each delay,
the amount of water available on the adjust-
ing alternative at the beginning of the session
was set at high (71 ml) and low (35 ml)
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Table 1

Sequence of delays associated with the standard in Ex-
periment 1.

Training day

Mon Tues Wed Thurs Fri

Week 1
Week 2
Week 3
Week 4
Week 5

8lo

2lo

0lo

4hi

16hi

0lo

4hi

16hi

8hi

2hi

4lo

16lo

8lo

2lo

0lo

2hi

0hi

4lo

16lo

8lo

16hi

8hi

2hi

0lo

4lo

Note. Hi indicates that the amount of water available on
the adjusting side at the beginning of the test session was
71 ml. Lo indicates that the adjusting side started at 35
ml. At the end of 5 weeks the same sequence was repeated
but the hi and lo starting amounts were reversed.

Fig. 2. Adjustment across trials of the amount of immediate water when tested with different delays in Experiment
1. The dashed line indicates 30 trials.

amounts on alternate tests of that particular
delay (see Table 1).

The median drop size (in microliters of im-
mediate water) for the last 30 choice trials of
each 60-trial session was used as the estimate
of the indifference point (i.e., the value of

the delayed reinforcer). The drop size on
forced trials was not included in this calcula-
tion.

Initial training. On the first day of training,
the ITI was 10 s and the standard was 100 ml
of water presented immediately. The rats
were trained in daily 1-hr sessions under
these conditions until they completed 60 tri-
als within a 1-hr period. The rats learned to
make the center snout-poke response and
choose between the left and right water dis-
pensers in 2 to 5 days. Then the ITI was set
at 30 s, and the regular experimental proce-
dure was implemented. No further shaping
by the experimenter was required.

Experimental sessions. After initial training,
the experiment continued for 15 weeks with
delays of 0, 2, 4, 8, and 16 s. The data from
the last 5 weeks of this period were analyzed.

Results and Discussion
Adjustment across trials within a session. The

top left of Figure 2 shows the average imme-
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diate drop size delivered from the adjusting
alternative for 8 rats within each session over
the 5-week period. This plot is averaged
across high and low starting amounts on the
adjusting side (see Table 1). The top and bot-
tom right plots of Figure 2 show the average
adjusted amount of water for the 8 rats when
the adjusted amount started at high (71 ml)
and low (35 ml) immediate amounts, respec-
tively. The flat portions of the five traces in
these plots (each indicating a different delay)
indicate that the rats chose the delayed 100-
ml amount of water and the adjusted amount
with equal frequency. Inspection of the plots
for high and low starting amounts in Figure
2 shows that the amount of immediate water
was rapidly adjusted toward the indifference
point as a function of delay. For example, in
the 4-s delay condition, the high starting
amount resulted in an initial decrease in im-
mediate amount, and the low starting
amount resulted in an initial increase in im-
mediate amount. Figure 2 shows that the rats
reached the indifference point within the
first 30 trials at all delays, and these indiffer-
ence points were not affected by different
starting amounts on the adjusting side. The
table in Figure 2 shows the percentage of
choices of the adjusting alternative during
the last 30 trials of the session for the individ-
ual rats (high and low starts combined). A
value of 50% indicates that the rats chose the
standard and adjusting alternative with equal
frequency. Inspection of the table shows that
all of the rats had choice alternatives close to
50%.

As expected, when the standard was 100 ml
of water presented with no delay, the rats ad-
justed the amount of immediate water to ap-
proximately 100 ml. With longer delays, the
animals adjusted the amount of immediate
water in direct relation to the duration of the
delay. For example, the value of 100 ml of wa-
ter delayed by 16 s was approximately the
same as 25 ml presented immediately. These
data also indicate that the rats adapted within
a single session to delay conditions that
changed daily. Individual-subject plots of the
averaged group data depicted in Figure 2
show the same clear differences between de-
lay values but with more variability from trial
to trial.

Hyperbolic discount functions. Discount func-
tions for the 8 individual rats as well as for

the group average were determined. Figure 3
shows that both the group-average and indi-
vidual-animal data were well described by the
hyperbolic discount function (Equation 1).
The coefficients of determination ranged
from 0.83 to 0.99 (see Figure 3). There was
individual variability in the steepness of the
discount functions. The values of k ranged
from 0.36 to 0.07 (see Figure 3), where larger
values denote more rapid discounting. The
value of b describes a bias for either the stan-
dard (b . 1.0) or the adjusting alternative (b
, 1.0). Five of the rats had b values less than
1.0, whereas the other 3 rats had b values
greater than 1.0. The cause of bias in individ-
ual animals and its interpretation are unclear.
However it is important to take into account
because some rats showed large biases (see
Rats 631 and 638 in Figure 3).

No contrast effects caused by varying delay daily.
The adjusting-amount procedure involves
testing a different standard (delay) every day.
Changing the standard daily has the advan-
tage of permitting a rapid determination of
the discount curves shown in Figure 3. A rap-
id determination of discount curves also has
the practical advantage of permitting a more
efficient method of determining the effects
of drugs and other manipulations on the
shape of the discount function.

A potential problem with this procedure is
that there may be contrast effects due to the
order in which the delay values are tested.
For example, testing a delay of 16 s on the
day following a 0-s delay might have a differ-
ent result from testing a delay of 16 s follow-
ing an 8-s delay. During the 5-week period in
which the data for Figure 3 were collected,
each delay was preceded by the other four
delays at least once. Table 2 shows the indif-
ference points collected at each of the five
delays during this period as a function of the
delay tested on the previous day. An order
effect would be indicated by a systematic
change in the indifference points as a func-
tion of the test delay on the preceding day.
The data in Table 2 show that there was no
effect of order on testing.

The data collected in Experiment 1 indi-
cate that the adjusting-amount procedure,
used in conjunction with daily changes in the
standard, can be used to rapidly determine
discount functions for delay. At present, there
is no evidence that a similar type of 1-day pro-
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Fig. 3. The average and individual-subject discount curves for Experiment 1. The adjusted microliters of water is
plotted as a function of the standard delay for 100 ml of water. The dashed line indicates the best fitting hyperbolic
discount function.

Table 2

Mean indifference points for 8 rats organized according to delay value on the test and the
preceding training day in Experiment 1.

Delay value
on preced-
ing day (s)

Delay value on test day (s)

0 2 4 8 16

0
2
4
8

16

92.2 6 6.5
103.6 6 22.2
84.9 6 8.2
94.9 6 7.3

80.0 6 8.4

73.9 6 9.2
76.7 6 6.8
74.0 6 8.6

61.4 6 8.6
63.7 6 9.6

66.8 6 9.3
55.5 6 7.7

42.6 6 5.8
49.0 6 6.5
43.7 6 4.9

36.0 6 6.1

26.8 6 4.9
19.9 6 5.2
24.8 6 4.7
28.7 6 4.4

Note. The values are the mean 6 SEM.

cedure could not be used with adjusting de-
lays instead of adjusting amounts. The follow-
ing experiments use the adjusting-amount
procedure to examine the effects of depriva-
tion level and the magnitude of the standard
on the discount function.

EXPERIMENT 2

Previous research examining the effects of
deprivation level on choice between delayed
and immediate reinforcers has produced con-
flicting results. Some researchers have re-
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Table 3

Response latencies during the baseline, partial satiation,
and rebaseline phases at each of the delay values in Ex-
periment 2.

Delay to
reinforcer

Response latency (s)

Baseline Satiation Rebaseline

0
2
4
8

16

0.90 6 0.06
0.99 6 0.07
1.51 6 0.41
3.65 6 2.37
4.04 6 2.41

1.78 6 0.57
2.33 6 0.88
4.84 6 3.11

10.54 6 4.86
8.78 6 2.45

0.96 6 0.04
1.04 6 0.43
1.07 6 0.07
1.37 6 0.12
3.31 6 1.07

Note. The values are the mean 6 SEM. Response laten-
cies indicate the mean amount of time taken by the rats
to make the center snout-poke response after trial onset.
Trial onset was signaled by turning on the center stimulus
light.

Table 4

Choice latencies during the baseline, partial satiation,
and rebaseline phases at each of the delay values in Ex-
periment 2.

Delay to
reinforcer

Choice latency (s)

Baseline Satiation Rebaseline

0
2
4
8

16

0.65 6 0.12
0.65 6 0.09
0.67 6 0.08
0.65 6 0.07
0.72 6 0.09

0.69 6 0.07
0.74 6 0.09
0.72 6 0.07
0.80 6 0.07
0.97 6 0.16

0.66 6 0.09
0.66 6 0.08
0.65 6 0.06
0.67 6 0.07
0.73 6 0.10

Note. The values are the mean 6 SEM. Choice latency
indicates the mean time taken by the 8 rats to move from
the center snout-poke hole and respond on the test stan-
dard or adjusting alternative.

ported that increased deprivation can in-
crease preference for large delayed
reinforcers (Bradshaw & Szabadi, 1992; Chris-
tensen-Szalanski, Goldberg, Anderson, &
Mitchell, 1980). Other researchers have re-
ported that increased levels of deprivation
are associated with decreased preference for
large delayed reinforcers (Eisenberger &
Masterson, 1987; Snyderman, 1987). Still oth-
er researchers have reported no effect on
preference (Logue, Chavarro, Rachlin, &
Reeder, 1988; Logue & Peña-Correal, 1985).
The current study was conducted to deter-
mine the effects of water deprivation level on
discounting.

Method

Subjects and apparatus. The same subjects
and apparatus were used as described for Ex-
periment 1.

Procedure. Following the 5 weeks of Exper-
iment 1, the rats were given an additional 20
min of water 4 hr prior to the session as well
as the usual 20-min access to water immedi-
ately after the session. This partial satiation
period lasted for 8 weeks. Performance on
the task for the last 4 weeks of the partial
satiation period was used to determine the
effects of changing deprivation level. After
the 8-week partial satiation period, the rats
were returned to the treatment that provided
only 20-min access to water immediately after
the session. The first 4 weeks of the baseline
recovery period were used to determine the
effects of reinstating the previous level of wa-
ter deprivation.

Results and Discussion

Increased access to water resulted in in-
creased body weight. At the beginning of the
partial satiation period, the average weight of
the rats immediately before testing was 416 6
8 g (M 6 SEM). During the last 4 weeks of
the partial satiation period, the average
weight of the rats immediately before testing
was 469 6 7 g. After the partial satiation pe-
riod, the average weight of the rats during the
baseline recovery period was 440 6 9 g.

Decreasing deprivation level increased re-
sponse latency (Table 3). The response laten-
cy was the time it took a rat to make a snout-
poke response after the center stimulus light
that signaled trial onset was turned on. The
data in Table 3 were analyzed using a two-
factor within-subject analysis of variance
(ANOVA) with repeated measures on depri-
vation level (three) and delay (five). There
were significant main effects of both partial
satiation, F(2, 14) 5 5.30, p , .05, and delay,
F(4, 28) 5 12.23, p , .0001. The interaction
was not significant, F(8, 56) 5 1.57, p . .05.
These results indicate that decreasing depri-
vation level and increasing delay systematical-
ly increased the response latencies.

Decreasing deprivation level also signifi-
cantly increased choice latency (Table 4).
The choice latency was the time it took a rat
to move from the center snout-poke hole and
choose either the standard or the adjusting
alternative. The data in Table 4 were analyzed
in the same way as those for response laten-
cies: a two-way ANOVA with repeated mea-
sures on deprivation level (three) and delay
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Fig. 4. The k values of the best fitting hyperbolic discount functions indicated that increasing access to water did
not effect discounting of reinforcer value by delay in Experiment 2. The table indicates the r2 and best fitting values
of k and b for the individual rats. The Ave row of the table (in bold) indicates the best fitting k and b values for the
average indifference points shown in the plot. The indifference points for the individual animals are provided in
Appendix A.

(five). There were main effects of deprivation
level, F(2, 14) 5 13.53, p , .001, and delay
on choice latency, F(4, 28) 5 3.77, p , .05.
The interaction was not significant, F(8, 56)
5 1.95, p . .05. These data indicate that in-
creasing both satiation and delay systemati-
cally increased the choice latencies.

Figure 4 shows that partial satiation did not
affect the rate of discounting of reinforcer
value by delay. (Indifference points for indi-
vidual animals are presented in Appendix A.)
There were no significant changes in the val-
ue of k or b associated with changing levels of
water deprivation. These results indicate that
decreasing the level of water deprivation did
not affect discounting by delay. The observed
increases in body weight and increases in the
response and choice latencies indicate that
the levels of partial satiation used in this ex-
periment were sufficient to produce physio-
logical and behavioral changes. These results
indicate that speed of responding (indicated
by response and choice latencies) and dis-
counting can change independently.

As noted in the Introduction, some re-
searchers have found that decreasing depri-
vation level causes an increase in preference
for the delayed reinforcer (Bradshaw & Sza-
badi, 1992; Christensen-Szalanski et al.,

1980), whereas others have found that de-
creasing deprivation level causes an increase
in preference for the immediate reinforcer
(Eisenberger & Masterson, 1987; Snyderman,
1987). However, the present results are con-
sistent with those of Logue and her col-
leagues (Logue et al., 1988; Logue & Peña-
Correal, 1985), who also reported no effect
of deprivation level on choice between de-
layed and immediate reinforcers. Logue and
Peña-Correal (1985) also found that decreas-
ing deprivation level increased the latency of
pigeons to eat from the food hopper. Logue
(1988) suggested that one way to interpret
these results is that deprivation level affects
the value of both the immediate and delayed
reinforcers proportionally so that there was
no change in the relative values of the de-
layed and immediate reinforcers.

An interesting result of this experiment is
that the speed of responding (response and
choice latencies) became slower as delay to
the reinforcer was increased. This effect was
independent of satiation, because it occurred
during both the baseline phases of the ex-
periment and in the satiation phase. The rats
responded just as fast (or slowly) when choos-
ing the immediate adjusting alternative as
when they chose the delayed standard alter-
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native. This pattern of results is consistent
with the interpretation that response and
choice latencies reflect the discounted value
of the delayed reinforcer. Presumably, the
rats responded more slowly to the delayed
100-ml standard because its value was dis-
counted. Similarly, the rats responded more
slowly to the immediate adjusting alternative
because the smaller amounts of water pro-
duced by this choice reflected the discounted
value of the delayed 100-ml standard.

EXPERIMENT 3

In humans, the rate of discounting has
been shown to be related to the size of the
standard. That is, the value of a smaller stan-
dard amount decreases more rapidly with in-
creasing delay than does the value of a larger
standard amount (Green et al., 1994; Kirby &
Marakovic, 1996; Myerson & Green, 1995;
Raineri & Rachlin, 1993). For example,
Green et al. showed that humans discounted
the value of a hypothetical $1,000 reinforcer
more rapidly than a hypothetical $10,000 re-
inforcer. In the present experiment we ex-
amined whether discounting varies with the
amount of delayed water available as the stan-
dard. The rats were tested with three differ-
ent standard amounts (100, 150, and 200 ml)
presented in combination with five different
delays (0, 2, 4, 8, and 16 s).

Method

Subjects and apparatus. The same subjects
and apparatus as described in Experiment 1
were used. The data from only 7 rats are pre-
sented because one of the original rats de-
veloped a tumor during the experiment.

Procedure. At the end of the 4-week baseline
recovery period described in Experiment 2,
we began to vary the amount of water as well
as the delay to water delivery associated with
the standard reinforcer. Three different
amounts of water (100, 150, and 200 ml) and
five different delays (0, 2, 4, 8, and 16 s) were
combined, creating a total of 15 different
standards to be examined. The three
amounts were varied so that each amount was
combined with each of the five delays during
a 3-week period in a pseudorandom order.
The rats were tested under these conditions
for 15 weeks. The last 12 weeks were ana-
lyzed.

Results and Discussion

The rats readily adapted to the three dif-
ferent reinforcer amounts (Figure 5, top).
This is particularly clear at the 0-s delay value,
where the adjusted amounts approximately
matched the amounts of the standards. Or-
derly discount functions were obtained for
the three different amounts of water (Figure
5). The k values tended to increase as the
amount of reinforcement increased, indicat-
ing that the rate of discounting increased as
a function of amount. The data were also
plotted as a proportion of the three standard
amounts (Figure 5, bottom). When viewed in
this manner, the differences in the three dis-
counting curves appear to be small. The k val-
ues for the individual animals were subjected
to statistical analysis using a one-factor within-
subject ANOVA. The increase in the value of
k as a function of amount fell just short of
statistical significance, F(2, 12) 5 3.08, p 5
.08. Indifference points for individual ani-
mals are presented in Appendix B.

Data from studies with humans indicate
that small amounts of money are discounted
more rapidly than large amounts of money
(Green et al., 1994; Kirby & Marakovic, 1996;
Myerson & Green, 1995; Raineri & Rachlin,
1993). In the present study, rats did not dis-
count small amounts of water more rapidly
than large amounts of water, and, in fact,
tended to discount small amounts less rapidly
than large amounts. There are many poten-
tial explanations for the different results. In
most of the studies with humans, the amounts
and delays were hypothetical. Using real re-
wards, Kirby and Marakovic (1995) reported
no effect of reinforcer amount on discount-
ing. However, in another study, subjects who
received real reinforcers discounted small
amounts of money more than large amounts
of money (Kirby & Marakovic, 1996). In both
cases (hypothetical and real), the volunteers
did not make choices based on previous ex-
perience with receiving delayed money within
the context of the experimental situation. In
contrast, the rats in the present study made
their choices based on experience with re-
ceiving delayed water during the experimen-
tal situation. When the subject has experi-
ence with receiving reinforcers in the
experimental situation, value discounting
may be influenced not only by the amount of
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Fig. 5. The data depicted in the top graph show discounting by delay of the value of three different standard
amounts (100, 150, and 200 ml) in Experiment 3. The data depicted in the bottom graph are normalized by dividing
the immediate value (in microliters) at each delay by the standard amounts of 100, 150, and 200 ml. The table
indicates the r2 and best fitting values of k and b for the individual rats. The indifference points for the individual
animals are provided in Appendix B.

the reinforcer earned after each individual
choice but also by the cumulative amount of
reinforcer earned during the experimental
session. Thus, the choices of the rats in the
present experiment may have been influ-
enced not only by the amount of water
earned after each individual choice but also
by the cumulative amount of water earned
during the experimental session. More rapid
discounting of value would lead to less cu-
mulative water intake at the end of the ses-
sion. When the standard amount is small,
smaller cumulative amounts of the reinforcer
are earned, and the subject may be more sen-
sitive to reductions in the cumulative amount
of the reinforcer earned because of discount-
ing. In contrast, when the standard amounts
are large, larger cumulative amounts of the
reinforcer are available, and the subject may
be less sensitive to reduction of cumulative
amount of reinforcer earned because of dis-
counting. It may be that actual experience of
reinforcers and delays is an important deter-
minant of discounting.

Another explanation could be that there
was a floor effect; that is, an asymptotic min-

imum reinforcer value for a given amount, no
matter what the length of the delay. A floor
effect could have prevented the 100-ml stan-
dard amount from being discounted more
steeply than the 200-ml standard amount. Us-
ing human subjects, Kirby and Marakovic
(1995) also failed to obtain increased dis-
counting with smaller reinforcers, and sug-
gested that this was because the amounts of
money they used as standard amounts were
too small. There are many other method-
ological differences between the previous
studies with humans and the present study
(e.g., money vs. water as reinforcers, the time
scale, and the species), making it impossible
to identify the reason for the discrepancy.
However, the present results indicate that
small reinforcers are not always discounted
more rapidly then large reinforcers.

This experiment demonstrated that rats
are capable of adjusting to 15 different con-
ditions that were changed daily. This flexibil-
ity indicates that the adjusting-amount pro-
cedure is sensitive to day-to-day changes in
reinforcer value. This point may be particu-
larly important for testing the effects of drugs
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and other acute treatments. Charrier and
Thiebot (1996) recently reported that acute
(single-session) changes in delay and amount
did not affect choice behavior in rats trained
to choose between a large five-pellet reinforc-
er given after a long 30-s delay and a small
one-pellet reinforcer given after a short 5-s
delay. These authors concluded that their op-
erant paradigm was not sensitive to acute
changes and therefore would not be useful to
evaluate the effects of acute treatments such
as drugs. In contrast, the results of the pres-
ent experiments indicate that the adjusting-
amount procedure is sensitive to acute treat-
ments.

GENERAL DISCUSSION

The data collected in Experiments 1, 2,
and 3 indicated that the adjusting-amount
procedure, used in conjunction with daily
changes in the standard, can be used to rap-
idly determine discount functions for delay.
The studies showed that stable hyperbolic dis-
count functions could be obtained under a
variety of experimental conditions, including
satiation and changing the standard amounts.
Whether a similar 1-day procedure could be
used in conjuction with adjusting delays in-
stead of adjusting amounts has yet to be de-
termined. Two unexplored aspects of the ad-
justing-amount procedure that may influence
the results are the use of forced trials and the
use of a 10% step size for the adjusting alter-
native. The purpose of the forced trials was
to insure that the subjects experienced both
alternatives. It is not clear from the present
results what, if any, effects forced trials had
on the obtained results. The 10% adjustment
was used because many perceptual judgments
are known to be better described by logarith-
mic or power functions than by linear func-
tions (Stevens, 1975). One possible disadvan-
tage of the 10% adjustment procedure is that
it may produce a floor effect because the ad-
justments may become so small as the
amount decreases that the animal fails to
reach an indifference point within the allot-
ted 60 trials. However, this did not occur in
the present experiments: Figure 2 shows that
the choice ratios were close to 50% during
the last 30 trials at the longest (16-s) delay,
indicating indifference between the two alter-
natives.

There are two potential problems related
to inferring discount functions from data
generated by the adjusting-amount proce-
dure. First, in finding the best fitting hyper-
bolic function (i.e., Equation 1) to the data,
we made the assumption that A is linearly re-
lated to the amount of water. In other words,
we are making the assumption that 200 ml is
exactly twice as valuable as 100 ml. This may
not be true. It is possible to design experi-
ments that would address this issue directly.
For now, we argue that the adjusting-amount
procedure produces at least a rough estimate
of reinforcer value. The exact relationship be-
tween reinforcer value and amount will need
to be addressed in future experiments.

Second, when interpreting the results from
the adjusting-amount task, we assume that the
rat chooses the alternative that has the great-
est reinforcing value on each trial. However,
consideration of the adjusting-amount task
reveals that the rats could learn to maximize
the overall amount of water available during
the test session by repeatedly choosing the
test standard in order to drive the amount of
the adjusting reinforcer up and then switch-
ing between the test standard and adjusting
alternative for the rest of the session. If the
rats did this, the amount of water on the ad-
justing side would not reflect the reinforcing
value of the standard. However, the results
show that the rats did not learn to optimize
water intake in this way. Experiment 3 showed
that when the test standard was set at 100,
150, and 200 ml presented with no delay, the
rats matched these values on the adjusting
side. They did not drive the adjusting alter-
native above the value of the standard, as
would be predicted if they had learned to
maximize the overall water amount.

In future studies, the adjusting-amount
procedure can be used to determine indiffer-
ence points for a variety of different kinds of
consequences. For example, the standard
could be an immediate quantity of water pre-
sented with a probability of less than 1.0 while
the adjusting alternative is a varying quantity
of water presented at a probability of 1.0. We
would expect that the indifference point
would decrease as the probability of water de-
creased. Alternatively, the standard could be
immediate water paired with a punishing
stimulus such as electric shock. In this case,
we would expect that the indifference point
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would decrease as the intensity of the shock
associated with the standard was increased. A
variety of different consequences could be
evaluated using the adjusting-amount proce-
dure with only the nature of the standard be-
ing varied. The value of the standard is always
measured in terms of equivalent immediate
microliters of water on the adjusting side.
Thus equivalent immediate microliters of wa-
ter serves as a common currency to measure
the value of the standards across experi-
ments. The concept of a common currency is
important because it permits a direct com-
parison across different kinds of conse-
quences.

A number of authors (Ainslie, 1975; Herrn-
stein, 1981; Logue, 1988; Rachlin, 1995) have
proposed a discounting model of impulsive
behavior. According to this model, the value
of future consequences is discounted more
rapidly as a function of delay for impulsive
individuals than for nonimpulsive individuals.
Consequently, impulsive individuals make de-
cisions that do not adequately weigh future
(delayed) consequences. The present data in-
dicate that the adjusting-amount procedure
may be an effective way to measure how rap-
idly the value of reinforcers diminishes with
delay for different individuals. Thus, the ad-
justing-amount procedure may provide a use-
ful laboratory model of impulsive behavior.
The basic metric of this model is the value of
k in Mazur’s hyperbolic discount function.
Large values of k indicate steeper discounting
and greater impulsivity.

In summary, the experiments presented in
this paper indicate that the adjusting-amount
procedure is a useful way to measure dis-
counting by delay. The rats adjusted to daily
changes in both delay and amount so that
discount functions could be rapidly deter-
mined. The results obtained with the adjust-
ing-amount procedure were consistent with
those previously reported by Mazur (1987)
using an adjusting-delay procedure. The ob-
tained discount functions were hyperbolic,
and their steepness could be quantitatively
described using the value of k in Mazur’s hy-
perbolic discount function.
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APPENDIX B
Indifference points obtained for the individual rats in Experiment 3. The indifference points
are in microliters of water.

Rat

Amount 5 100

0 2 4 8 16

Amount 5 150

0 2 4 8 16

Amount 5 200

0 2 4 8 16

631
632
633
634
635
636
638

81
104
112
82

135
116
87

63
62
90
63
94

118
53

48
76
72
50
71
91
43

56
35
52
27
50

100
33

38
36
35
19
49
58
16

137
173
203
132
171
147
147

91
113
120
99

131
155
75

89
61

102
81

111
132
62

100
48
53
50
60

126
46

53
34
45
44
47
76
41

149
256
256
184
251
171
150

128
112
136
128
180
183
137

109
89

114
61

136
145
71

84
78
76
74
91

110
50

61
34
45
38
45

107
24

APPENDIX A
Indifference points obtained for the individual rats in Experiment 2. The indifference points
are in microliters of water.

Rat

Baseline

0 2 4 8 16

Satiation

0 2 4 8 16

Rebaseline

0 2 4 8 16

631
632
633
634
635
636
637
638

153
86

105
76
90
98
93
56

103
51
81
61
87

110
88
50

58
58
68
51
77
96
73
42

37
37
51
32
44
66
65
32

17
17
31
19
30
32
47
15

97
95
87
79
82
90

109
84

118
64
74
43
52
91

105
53

82
44
70
38
52
79
81
37

65
23
57
26
21
65
58
24

47
14
29
13
8

46
57
15

111
92

119
72

112
105
106
105

95
59
88
62
83

117
88
60

83
46
72
57
72

100
79
50

66
34
40
35
43
89
58
30

46
16
24
18
26
55
47
15
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