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ABSTRACT
It previously has been reported that acute administration of opiates (e.g., morphine) increases
“impulsive” choice (i.e., shifts preference toward a smaller, sooner reinforcer). In the present
study, effects of morphine on sensitivity to reinforcement amount under a concurrent-chains
schedule were examined using a rapid-acquisition procedure. Six pigeons were given the
choice between two different reinforcement amounts. The side keys associated with the larger
and smaller reinforcers changed pseudo-randomly across sessions. Under this procedure, relatively high sensitivities to reinforcement amount were obtained (0.59-1.53). Once preference
consistently tracked the change in reinforcement amount across sessions, doses of morphine
(0.3 – 3.0 mg/kg) were administered. Typically, at intermediate doses (in which response rates
were not substantially reduced), a modest decrease in sensitivity to reinforcement amount was
observed. These results suggest one potential behavioral mechanism of morphine’s effects on
impulsive choice: a drug-induced decrease in sensitivity to reinforcement amount.

E

veryone is faced with choices in their
daily lives. These choices can be simple
(e.g., deciding what to wear in the morning)
or complicated (e.g., deciding where to attend
college). What causes us to make a certain
decision given the choice between the behavioral alternatives is fundamentally important.
For example, when a boy is sitting quietly in
a classroom, it could be said that he is making the decision to remain quietly in his seat
while the teacher is talking, rather than doing numerous other reproachable things, such
as talking to his neighbor or acting out. The
boy’s decision under these circumstances
likely is based upon the consequences of
those actions that he has experienced in the
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past. Skinner (1963) described behavior that
is controlled by its consequences as operant
behavior. In this view, choice can be considered operant behavior (i.e., our choices are
controlled by their consequences).
Behavior analysts study operant behavior
to understand the basic principles that govern
our decisions. In the above example, the boy
has the choice between multiple behavioral
options (e.g., sitting and listening, talking
with classmates, being disruptive). Through
many years of experimental analysis, it has
been found that critical variables influencing
human choice can be studied in nonhuman
animals under controlled experimental conditions (see McDowell, 1988). Considerable
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evidence suggests that choices made by all
animals (including humans) are governed by
similar principles (e.g., reinforcement and
punishment).
“Impulsive” Choice
A major topic of interest in the study of
decision making is why suboptimal decisions
are made. A subject is said to make a suboptimal decision when they choose an alternative
that may not produce the most reinforcement
in the long run. One type of suboptimal behavior is impulsive choice. When an individual is presented with the choice between
a smaller, sooner reinforcer, or SSR, and a
larger, later reinforcer, or LLR, the individual
is said to make an impulsive choice if they
choose the SSR. Conversely, if the individual chooses the LLR, they are considered to
make a self-controlled choice (e.g., Madden
& Johnson, 2010). In the above example,
the boy in the classroom is said to make an
impulsive choice if he talks to his neighbor
or acts out during class while the teacher is
talking, and is said to make a self-controlled
choice if he sits quietly and listens.
A key factor that contributes to impulsive
choice is the diminishing effect of delay on
the value of a reinforcer. This phenomenon
is known as delay discounting. Data from numerous studies have shown that the effectiveness of a reinforcer is a decreasing, hyperbolic, function of its delay (e.g., Mazur, 1987,
1988; Richards, Mitchell, De Wit, & Seiden,
1997). Another key factor is the size of the
reinforcer. All else being equal (e.g., if there
is no delay), an individual usually selects a
larger over a smaller reinforcer. Thus, there
are two important variables at work to determine impulsive choices: the difference in the
sizes of the reinforcers and the difference in
the delays to the reinforcers. The degree of
control by both these variables can influence
the type of choice. If control by reinforcement amount is relatively low (i.e., the difference in the amounts is relatively unimportant) and control by delay is relatively high
(i.e., the difference in the delays is relatively
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important), then the individual is likely to
make an impulsive choice. Conversely, if
control by reinforcement amount is relatively
high (i.e., the difference in the amounts is relatively important) and the degree of control
by delay is relatively low (i.e., the difference
in the delays is relatively unimportant), then
the individual is likely to make a self-control
choice. The degree of control that a given
parameter of reinforcement (amount or delay) has over the subject’s preference for one
choice over the other is known as the sensitivity to that parameter (see Baum, 1974).
Relatively high sensitivity to delay predicts
impulsive choice and relatively high sensitivity to amount predicts self-control choice.
Behavioral Pharmacology of Impulsive
Choice
Recent attention has been directed to the
study of the effects of drugs on impulsive
choice. (e.g., de Wit & Mitchell, 2010).
There are at least two reasons for this. First,
there has been a long history with the use of
drugs therapeutically to ameliorate problems
associated with impulsive behavior. For example, stimulants such as methylphenidate
(Ritalin®) and amphetamine (Adderall®) are
commonly prescribed to individuals diagnosed with ADHD (Sibley, Kuriyan, Evans,
Waxmonsky, & Smith, 2014). Therefore, basic researchers have been interested in determining effects of stimulant drugs on impulsive choice in laboratory animal models (e.g.,
Pitts & McKinney, 2005; Pitts & Febbo, 2004;
Richards, Sabol, & de Wit, 1999; Slezak &
Anderson, 2011). A goal in conducting basic
research with these sorts of drugs is to determine which drug classes decrease the likelihood of impulsive choice and, thus, to determine the behavioral mechanisms involved
in those effects (e.g., Maguire, Rodewald,
Hughes, & Pitts, 2009; Pitts & Febbo, 2004;
Ta, Grace, McLean, Hughes, & Pitts, 2008).
A second reason to study effects of drugs
on impulsive choice is the considerable evidence showing an association between substance abuse and impulsive behavior. (see
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Perry & Carroll, 2008). For example, opiate addicts exhibit higher levels of impulsive
choice than do non-addicted control participants (e.g., Madden, Petry, Badger, & Bickel,
1997). Although data such as those reported
by Madden et al. (1997) do not allow for a
causal inference (it also may be the case
that those who are more impulsive are more
likely to abuse drugs), they do suggest the
possibility that exposure to opiates can increase the likelihood of impulsive behavior,
which would be an undesired side-effect of
these drugs, even if used appropriately.
In a number of experiments with nonhumans, opiates (usually morphine) consistently have been shown to increase impulsive
choice (Harvey-Lewis, Perdrizet, & Franklin,
2012; Kieres et al., 2004; Pattij, Schetters,
Janssen, Wiskerke, & Schoffelmeer, 2009;
Pitts & McKinney, 2005). That is, administration of morphine increases choice of an
SSR. These findings are consistent with the
notion that opiate exposure can increase impulsive choice, and suggest that the findings
reported by Madden et al. (1997) may reflect
a direct effect of opiate exposure.
Behavioral Mechanisms of Drug Action
In addition to identifying classes of drugs
that decrease impulsive choice and classes
of drugs that increase impulsive choice, it
also is important to identify the behavioral
mechanisms of those effects (Pitts, 2014;
Thompson, 1984). As noted above, two important behavioral variables determining
impulsive choice are sensitivity to reinforcement delay and sensitivity to reinforcement
amount. One aim of basic research is to determine if one, or both, of these behavioral
mechanisms is involved in the observed effects on impulsive choice. For example, the
increase in impulsive choice produced by
opiates could reflect an increase the sensitivity to reinforcement delay; that is, opiates
could cause the individual to be hypersensitive to reinforcement delay and, thus, choose
the more immediate reinforcer. Alternatively,
the increase in impulsive behavior could
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reflect a reduced sensitivity to reinforcement
amount; that is, the difference in the size of
the reinforcers is less important and, thus, the
individual is less likely to choose the larger
reinforcer. Finally, both of these behavioral
mechanisms could operate simultaneously to
increase impulsive choice.
One approach to identifying the behavioral
mechanisms associated with opiate effects
on impulsive choice is to study each variable
(delay and amount) separately. Cummings
(2010) tested effects of morphine on the
sensitivity to reinforcement delay using a
rapid-acquisition, concurrent-chains procedure. This procedure is an effective and efficient method for characterizing sensitivity to
various parameters of reinforcement (Grace,
Brageson, & McLean 2003; Maguire,
Hughes, & Pitts, 2007), and for testing effects
of drugs on control of choice by these parameters (Maguire et al., 2009; Ta et al., 2008).
In Cummings’ study, pigeons responded under a concurrent-chains procedure with variable-interval (VI) 10-s initial links. During
the initial (choice) links, two response keys
were illuminated and the pigeon could peck
either one. Pecks on each side key lead to
separate terminal link (the outcome link).
One terminal link was a fixed-interval (FI)
4-s (shorter delay) and the other was a FI 8-s
schedule (longer delay). That is, choice responding in the initial link was based upon
the delays to reinforcement provided in the
terminal links – one choice lead to a shorter
delay and one choice lead to a longer delay.
In the rapid-acquisition feature of the procedure, the side keys associated with the shorter
and longer delays alternated unpredictably
across sessions; in some sessions the shorter
delay was on the left and in other sessions,
the shorter delay was on the right. Therefore,
within each session, the pigeons had to learn
which side key had the shorter delay, and adjust their choices accordingly. After several
sessions under this procedure, the pigeons
learned to track the reinforcement delay; in
those sessions when the shorter delay was on
the left, the pigeons learned to prefer the left
key and in those sessions when the shorter
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delay was on the right, the pigeons learned to
prefer the right key (i.e., the pigeons showed
a relatively strong sensitivity to delay). After
the pigeons learned to track the changing delays across sessions, effects of several doses
of morphine were tested. Morphine tended
to bring the allocation of responses made by
the pigeon toward indifference. That is, morphine decreased the overall sensitivity to reinforcement delay. This finding suggests that
morphine lessens the control of reinforcement delay over choice.
Interestingly, Cummings’ (2010) findings are inconsistent with those from previous studies showing that morphine increases
impulsive choice. All else being equal, a
decrease in the sensitivity to delay would
predict a decrease, rather than an increase, in
impulsive choice. However, there also is another possibility. Perhaps the effects of opiates on impulsive choice are related mainly
to effects on sensitivity to reinforcement
amount. The current study investigated that
possibility.

behavioral mechanism of morphine’s effects
on impulsive choice.

Current Study

Each pigeon was placed in its own operant
chamber. The dimensions for chambers 1-4
were 32 cm x 25.4 cm x 32.6 cm; those for
chambers 5 and 6 were 32 cm x 24.6 cm x
33 cm (henceforth, when measurements differ, those for chambers 1-4 are listed first).
The side walls and ceiling were made of
Plexiglas. The front and back walls were
made of aluminum. Each chamber was enclosed in a light- and sound-attenuating cubicle which was equipped with an air-circulation fan. White noise was broadcast by
speakers to mask extraneous noises. Pigeons
received food from a feeder opening (6.0 cm
x 4.8 cm; 6.3 cm x 5.7 cm) which was centered on the front wall of the chamber, 6.4
cm/5.5 cm above the floor. Located within
the opening was a small aperture from which
the pigeons received milo grain reinforcement via a hopper. Three response keys, each
2.5 cm in diameter, were arranged horizontally 12.8/11 cm above the feeding window.
The center key was 6.85 cm/5.15 cm between the left and right keys (measured from

Given the puzzling results of the
Cummings (2010) study, it is important to
determine the effects of opiates on sensitivity
to reinforcement amount. Thus, the purpose
of the present study was to investigate effects
of morphine on sensitivity to reinforcement
amount using a rapid-acquisition concurrentchains procedure. Reinforcement delay was
held constant, while reinforcement amount
was varied between the two options. As noted
above, previous studies have shown that opiates increase impulsive choice (Kieres et al.,
2004; Pattij et al., 2009; Pitts & McKinney,
2005). Based upon these findings, it could
be predicted that morphine would decrease
sensitivity to reinforcement amount in the
current study (i.e., that morphine administration would cause the subject to view the
difference in the reinforcer amounts as less
important). Such an outcome in the current
study would suggest that a decrease in sensitivity to reinforcement amount is a potential
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Method
Subjects
Six male racing homer pigeons were
maintained at 85% of their free-feeding
body weights with post-session feedings
of Mazuri® Gamebird Maintenance diet.
Pigeons were housed individually in a colony
room operating under a 12/12-hr light/dark
cycle (lights on at 7:00 am). Water and grit
were provided for the pigeons continuously
in their home cages. Pigeons 409 and 17560
had previously responded under the concurrent-chains procedure described below.
Pigeon 17567 had previously responded under a similar procedure involving reinforcement probability. Pigeons 4299, 4295, and
27938 were experimentally naïve.
Apparatus
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center-to-center). The force required to operate the keys ranged from 0.12-0.42 N; within
a chamber, the force required to operate each
key was similar. The houselight (1.6 cm diameter) in boxes 1-4 was located 1.1 cm
from the ceiling on the opposite wall from
the keys. The houselight (1.1 cm diameter) in
boxes 5 and 6 was located 7.0 cm above the
center key. The houselight was illuminated
throughout the session except when the hopper was presented. During the hopper presentations the houselight extinguished and the
food window was illuminated. A Windows
computer located in a nearby control room
controlled all events within each session and
recorded the data.
Behavioral Procedure
Initial training
The three experienced pigeons (409,
17560, and 17567) were placed directly on
the rapid-acquisition, concurrent-chains procedure described below. The naïve pigeons
(4299, 4295, and 27938) were acclimated to
the chamber and trained to eat from the hopper when it was raised. Once these pigeons
ate reliably from the hopper immediately
upon presentation, key peck training was initiated. During these sessions, the center key
was illuminated white and key pecking was
shaped by differentially reinforcing successive approximations. After center key pecking was acquired, the pigeons were trained to
peck each of the side keys.
Concurrent-chains procedure
The concurrent-chains procedure was
composed of cycles of initial (choice) and
terminal (outcome) links. Each cycle began
with the initial links, during which the two
side keys were illuminated white. At the beginning of each cycle either the left or right
key was chosen randomly by the computer
as the target key (the key that would pay off
with access to its terminal link); the target
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key was not signaled to the pigeon. Entry
into the terminal link was provided according to a VI schedule - the first peck on the
target key after a variable amount of time had
elapsed led to its terminal link. For every 6
cycles, the right key paid off 3 times and the
left key paid off 3 times (i.e., the pigeons had
to sample both keys during the initial links).
A 2-s changeover delay (COD) was in effect
to prevent reinforcement of rapid switching
between the two keys. The delivery of reinforcement ended each cycle.
Upon entry into a terminal link, the target
key changed to its associated color (red or
green) and the other key turned off. For three
of the pigeons (409, 17567, 4299), the left
and right terminal-link colors were green and
red, respectively; for the other three pigeons,
this was reversed. Each terminal-link was a
fixed-interval (FI) schedule of food presentation; the first peck on the illuminated side
key after the FI had elapsed provided food.
Each terminal link was associated with a different reinforcement amount. The larger reinforcer amount was four consecutive 1.2-s
hopper presentations, and the smaller reinforcer amount was two consecutive 1.2-s
hopper presentations. Thus, the amount ratio
(larger to smaller) was 2/1 (i.e., the larger
reinforcer was twice the size of the smaller
reinforcer). Pigeons 17567 and 4295 had
showed a relatively small preference for the
larger reinforcer at 2/1, so their amount ratio was increased to 3/1 (the larger reinforcer
consisted of six 1.2-s hopper presentations).
Consecutive hopper presentations were separated by 0.5-s, during which the hopper light
remained on.
The naïve pigeons (4299, 4295, and 27938)
began the training on the concurrent-chains
schedule with shortened VI and FI schedules.
During this time the larger reinforcer remained on one side (left or right) until a clear
preference formed for that side. Then the side
keys associated with the larger and smaller
reinforcers were reversed, and remained in
effect until the preference reversed accordingly. The VI initial-link and FI terminal-link
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schedules were then increased to 10 s and 5
s, respectively, and the rapid-acquisition procedure began.
Rapid-Acquisition Procedure
In this procedure, the side keys associated with the larger and smaller reinforcers
changed across sessions unpredictably according to a 31-step pseudo-random binary
sequence (PRBS; Hunter & Davison, 1985).
That is, for some sessions, the larger and
smaller reinforcers were associated with the
left and right terminal links, respectively; for
the other sessions, this relation was reversed.
This 31-step sequence was repeated throughout the study. Thus, for some sessions, the
ratio (L/R) of reinforcer amounts was 2/1
(or 3/1 for Pigeons 17567 & 4295), and for
other sessions the ratio of reinforcer amounts
was 1/2 (or 1/3). The PRBS ensures that, for
any given session, the pigeons could not determine the sides associated with the larger
and smaller reinforcer beforehand. This is
because there are no sequential dependencies
in the sequence. Within a given session, the
sides associated with the larger and smaller
reinforcer remained constant; that is, for
any given session, the pigeons had to learn
which side was associated with the larger and
smaller reinforcers and adjust their choice
accordingly. Sessions ended after 72 initiallink/terminal-link cycles or 60 min, whichever occurred first. A diagram illustrating
the rapid-acquisition concurrent-chains procedure is presented in Figure 1; this figure
provides an example for a pigeon with the
red key associated with the left terminal link
and the green key associated with the right
terminal link.
Pharmacological Procedure
Once the pigeons tracked the larger reinforcer consistently as it changed randomly
across sessions (i.e., they consistently showed
a preference for the larger reinforcer), the
morphine regimen began. Consistent tracking of the larger reinforcer was determined
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by visually inspecting graphs of the log response ratios (L/R) and the log amount ratios across sessions. If the log response ratio consistently followed the variation in log
amount, than this was considered to be consistent tracking. Doses of morphine (0.3-3.0
mg/kg) then were administered intramuscularly 15-min before the start of selected experimental sessions. Saline vehicle injections
also were given intermittently throughout the
dosing regimen as a control for the injection
procedure. A dose was given only if there had
been 2 days since the previous injection and
only when the previous session’s data were
consistent with the previous 10 non-injection
control sessions. Unless otherwise indicated,
each dose and saline was administered a minimum of 4 times (twice for each session type:
large left/small right and large right/small
left). Doses were tested in a haphazard order.
For each pigeon, the highest dose of morphine tested was one that decreased response
rates to the point that the pigeon no longer reliably finished all of the cycles. These doses
were 1.0 mg/kg for 409 and 4295, 1.78 mg/
kg for 17560 and 27938, and 3.0 mg/kg for
4299 and 17567.
Data Analysis
The dependent variable in this study was
the allocation of responses to the left and right
keys during the initial links. For each session,
the log10 response ratio (L/R) during the initial links was obtained. Log response ratios
were then compared to log10 amount ratios
(L/R). The degree to which preference was
controlled by reinforcer amount was numerically expressed as sensitivity (Baum, 1974).
Sensitivity was calculated by plotting log
response ratios on the y-axis against the log
amount ratios on the x-axis. A linear regression line was fit to these data points; slope
of this line indicated the degree of sensitivity. A slope of 1.0 indicates that the change
in the log response ratio matched the change
in the log amount ratio. Bias was reflected by
the y-intercept of the line (a positive value
indicates a bias for the left key and a negative
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value indicates a bias for the right key).
Due to the nature of the PRBS, the pigeons
had to determine the side that was associated
with the larger reinforcer as the session progressed. Because each side produced access
to its terminal link an equal number of times
within each set of 6 cycles, each session
can be divided into 12 sections, or blocks.
Acquisition of preference was determined by
plotting log response ratios (L/R) across session 12ths and was illustrated by an increasing preference for the side with the larger reinforcer across the session.
Overall initial link response rates for each
session were analyzed to determine morphine’s effects on overall response output
(these would be considered “non-specific”
drug effects). Overall initial-link response
rates were calculated by dividing the sum of
the left and right responses during the initial
link by the total time spent in the initial link.
Separate one-way, repeated-measures
ANOVAs were performed to analyze effects of morphine on sensitivity to amount,
bias, and overall initial-link response rates.
Inferential statistical analyses for sensitivity
and bias included saline and doses of morphine that did not decrease overall initial-link
response rates to below 80% of control rates.
Analyses for overall initial-link response
rates included saline and the doses that were
tested in each pigeon. When an ANOVA result was significant, Tukey’s post-hoc analyses were conducted. All statistical tests were
performed using Vassarstats.net (alpha was
.05).
Results
Baseline Performance
Figure 2 shows log ratios for reinforcement amount (unfilled circles) and for responses (filled squares) over the 30 sessions
preceding the first saline injection. For reinforcement amount, positive (0.3, or 0.48
for Pigeons 17567 and 4295) and negative
(-0.3, or -0.48) values show sessions when
the larger reinforcer was associated with the
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left and right keys, respectively. For all pigeons, allocation of responses to each key
was well controlled by the location of the
side that produced the larger reinforcer, indicating that the pigeons were able to track
it fairly consistently. Sensitivity and bias
values for each pigeon are presented within
each graph. Sensitivity to reinforcement
amount during baseline ranged from 0.47 to
1.67 across pigeons. The performances of
Pigeons 17560 and 27938 were particularly
noteworthy; these pigeons showed high sensitivity and low bias throughout the last 30
baseline sessions.
Morphine Administration
Figure 3 shows the effects of different
doses of morphine (0.3 – 1.7 mg/kg) on
the log ratio of responses for all pigeons.
For each plot, the unfilled circles and filled
squares show means from sessions when the
larger reinforcer was on the left and right,
respectively. The unconnected points above
C and S show data for control (sessions immediately preceding injections) and saline
administration, respectively. The remaining
points show effects of morphine. In this figure, only doses that did not affect overall response rates are shown. A morphine-induced
reduction in preference is depicted whenever
the curves come together. Although there was
some variability within subjects, this appears
to occur, at least to some degree, in 5 of the
6 pigeons (except 4295), at one or two of the
doses (usually 1.0 and 1.7 mg/kg). Thus, in
5 of 6 cases, it appears that morphine tended
to shift response ratios towards indifference.
Effects of morphine on both sensitivity
to reinforcement amount and overall initiallink response rates for each pigeon are presented in Figure 4. The sensitivity values
are represented by the filled triangles, and
response rates are represented by the unfilled diamonds; for each pigeon, sensitivity
values are plotted only for doses that did not
substantially alter response rates. For each
pigeon, except 4295, effects of morphine on
sensitivity were selective. That is, at least
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Sessions
Figure 2. These graphs represent the daily log ratios (L/R) over the 30 days prior to morphine administrations. The unfilled circles represent the log ratio of the reinforcement amount.
Positive log ratios for reinforcer amount (0.3 or 0.48) are from sessions when the larger reinforcer was associated with the left terminal link and negative log ratios (-0.3 or -0.48) are
from sessions when the larger reinforcer was associated with the right terminal link. The filled
squares represent log ratios of responses made on the left and right keys during the initial links.
Positive values correspond to a greater number of responses made on the left side and negative
values represent a greater number of responses on the right side. Sensitivity and bias values for
each pigeon are inserted at the top right of each graph.
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Figure 3. These graphs provide dose-effect functions for choice for individual pigeons by
showing the log ratio of responses (L/R) for control (C), saline (S), and doses of morphine (0.3
mg/kg-1.7 mg/kg). Unfilled circles show data from sessions when the larger reinforcer was on
the left key, and filled squares represent data from sessions when the larger reinforcer was on
the right key. Data points are means. Error bars for saline and drug data show ranges; because
the sample size for the control sessions was substantially larger, the error bars for these points
show interquartile ranges. Data points without error bars indicate only one administration. If a
subject did not finish a session due to a substantial decrease in overall initial-link response rates
from the drug, then the data from these sessions were not included.
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Morphine (mg/kg)
Figure 4. These graphs show morphine dose-effect functions for sensitivity (left y-axes) and
overall initial-link response rates (right y-axes). . For points of sensitivity Only doses at which
the pigeon finished the session are shown. Sensitivity values were calculated by plotting the log
ratio of responses versus the log ratio of amount and determining the slope of the corresponding regression line. Note the individualized y-axis scales. Filled triangles with the solid black
line denote the calculated sensitivity values. Unfilled diamonds with dashed line represent the
response rates at the given dose. In order to represent the contrast of the significant decrease in
responding, response rate points were plotted for the highest dose that each pigeon received.
Doses higher than 1.0 mg/kg were not tested in Pigeon 409 because of issues with emesis (see
Footnote 2).
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one (and sometimes more than one) dose decreased sensitivity to reinforcement amount
without substantially affecting response
rates. This effect typically occurred at the 1.0
mg/kg and/or 1.7 mg/kg. Selective effects
were most prominent for Pigeons 17567 and
17560. For Pigeon 409, the decrease in sensitivity at 1.0 mg/kg was accompanied by a
slight decrease in responses rates. For Pigeon
4299, 1.7 mg/kg produced a modest decrease
in sensitivity without affecting response rate.
Figure 5 shows effects of morphine on
bias. Under baseline, one pigeon (409) had a
relatively large bias for the right key and one
pigeon (27938) had a relatively large bias for
the left key. A couple of other pigeons (4295
and 17567) had a slight bias for the right key.
Morphine occasionally changed bias (409,
17567, 4295, & 27938), but the direction of
the change was not systematic. More importantly, the systematic changes in sensitivity
shown in Figure 4 were not necessarily accompanied by a change in bias.
Group data for sensitivity, overall response
rates, and bias are shown in Figure 6. Oneway ANOVAs revealed a significant effect of
morphine on sensitivity to amount [F(3,12) =
5.11; p=0.017]1, but not on bias [F(3, 15) =
1.67, p = 0.216]. Post-hoc analysis revealed a
significant decrease in sensitivity at 1.0 mg/
kg. Morphine also produced a significant
decrease in response rates [F(4,20)=6.52,
p=0.0016]2. Importantly, post-hoc analyses
revealed that only 1.7 mg/kg significantly decreased rates. Thus, for the group, morphine
produced selective effects on sensitivity at
1.0 mg/kg. That is, this dose decreased sensitivity without affecting bias or overall initiallink response rates.
Figure 7 shows effects of morphine on the
acquisition of preference within each session.
These graphs show log ratios of responses
across 12ths of the session. Lines with error
bars show data from saline sessions (positive
and negative values are from sessions where
the larger reinforcer was on the left and right,
respectively). These data illustrate that each
pigeon acquired a preference for the larger
reinforcer within each session by adjusting
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their responses across the sessions. That is,
as the session progressed, the log ratio of responses increasingly favored the side with
the larger reinforcer. For all pigeons, except
4295, morphine administration tended to
reduce the acquisition of preference for the
larger reinforcer within each session (shown
by the functions with open symbols). That is,
as the session progressed, the data for morphine are closer to indifference than the data
for saline. This effect is shown most dramatically in Pigeons 4299, 17560, and 27938.
For these pigeons, most of the data points
following morphine administration fell outside the error bars for saline, and closer to
indifference, indicating a reliable reduction
in the acquisition of preference based upon
reinforcement amount.
Discussion
Under baseline, the behavior of the six
pigeons was well controlled by reinforcement amount, which was expected given
past literature using similar procedures (e.g.,
Grace et al., 2003; Kyonka & Grace, 2008;
Maguire et al., 2007, 2009). Sensitivity to
reinforcement amount in the present study
was higher than has typically been reported.
For example, Maguire et al. (2007) reported
that whole-session values for sensitivity to
reinforcement ranged from 0.1-0.24. Indeed,
the values obtained in the present study were
similar to the highest reported sensitivity values in the literature for reinforcement amount
(McLean and Blampied, 2001).
One potential reason for the relatively high
degree of sensitivity to amount in the present study was the use of a concurrent-chains
procedure with a favorable ratio of initiallink (VI 10 s) to terminal-link (FI 5 s) durations (see also Kyonka & Grace, 2008). This
would be expected to produce relatively high
levels of sensitivity to reinforcement parameters (see Fantino, 1977; Grace, 1994), compared to the standard concurrent-schedule
arrangement used by Maguire et al. (2007,
2009).
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Morphine (mg/kg)
Figure 5. These graphs show dose-effect functions for bias for each pigeons. Bias was calculated by finding the y-intercept of the same equation used to calculate sensitivity. All other
features of these graphs are as described in Figures 3 and 4.
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Morphine (mg/kg)
Figure 6. Group dose-effect functions for sensitivity and overall initial-link response rates
(top), and for bias (middle). Each of the data points on the graphs are the group averages. Error
bars indicate SEM. Data for doses producing statistically significant effects compared to saline
are indicated by asterisks. All other features of these graphs are as described in Figures 4 and 5.
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Session 12ths

Figure 7. These graphs illustrate within-session acquisition of preference by showing log
response ratios across twelves of the session, and depict effects of selected morphine doses
on acquisition. The specific dose selected for each pigeon (indicated at the top of each graph)
was one that did not substantially affect overall initial-link response rates. The lines without
symbols on these graphs represent data that w obtained from sessions in which saline was
administered. Data points show means and error bars show standard deviations. Effects of morphine are shown by the two lines of data with unfilled symbols. The circles and squares show
data from sessions in which the larger reinforcer was associated with the left and right terminal
links, respectively.
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Effects of Morphine
Morphine decreased sensitivity to reinforcement amount in 5 of the 6 pigeons.
This suggests that given a choice between
a larger reinforcer and a smaller reinforcer,
these pigeons would not distinguish between
the two as effectively under the influence of
morphine.
Morphine produced a statistically significant decrease in sensitivity to reinforcement
amount at 1.0 mg/kg. Importantly, this dose
did not significantly affect bias or overall
initial-link response rates. Thus, on average, the effects of 1.0 mg/kg on sensitivity
to amount were selective. That is, this dose
changed preference controlled by reinforcement amount without changing other aspects
of behavior. Examining the individual-subject data (Figures 4 and 5), relatively clear
selective effects on sensitivity to amount
were obtained in 4 of the 6 pigeons, usually
at more than one dose (17567 at 0.56, 1.0
and 1.7 mg/kg; 4299 at 1.0 and 1.7 mg/kg,
17560 at 0.3, 0.56, and 1.0 mg/kg; and 27938
at 0.3 and 0.56 mg/kg). Furthermore, hints
of selective effects occurred at other doses
(e.g., 27938 at 1.0 mg/kg, although this dose
slightly decreased overall response rates) and
in one of the other pigeons (409 at 0.56 mg/
kg, although these effects were only slightly
below saline, which was considerably below
control).
There are at least two reasons to why it is
important to find a dose that selectively affects sensitivity to reinforcement amount.
Such a finding allows us to conclude more
confidently that the effect on sensitivity was
not the result of a lack of motivation to respond, or the result of impairment in motor
ability. At higher doses, morphine and other
opiates can significantly reduce appetite and
can impair motor functioning (see Maisto,
Galizio, & Connors, 2011). We were particularly interested in determining whether
morphine affects how subjects allocate responses based upon reinforcement amount,
not simply whether or not it affects motor capacity or willingness to respond. Despite the
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issues noted above, there was considerable
evidence that morphine selectively decreased
sensitivity to reinforcement amount overall
(the group analyses presented in Figure 6),
and in 4, and possibly 5, of the individual pigeons (the individual-subject data shown in
Figures 4 and 5).
Some issues with the present data do suggest that any conclusions regarding selective
effects should be made with caution. For
example, in a couple of cases, the effects of
morphine on sensitivity were not directly
dose-related (e.g., Pigeon 17560’s function
was slightly U-shaped and Pigeon 27938’s
function was slightly inverted U-shaped; see
Figure 4). Also, Figure 3 indicates that the effects of morphine on choice were somewhat
variable for some of the pigeons. Finally, for
Pigeon 4295, morphine did not alter sensitivity at any dose that did not decrease overall
response rates. Interestingly, response rates
for this pigeon, and for Pigeon 409 (whose
effects on sensitivity to amount were not
clearly selective), were decreased at lower
doses than for most of the other pigeons. It
is possible that the dose window between effects on sensitivity to amount and effects on
overall response rates for Pigeons 4295 and
409 simply was too narrow to reveal selective effects.
Possible Behavioral
Morphine

Mechanism

of

Despite the above considerations, the present data suggest that a decrease in sensitivity
to reinforcement amount is a potential behavioral mechanism of morphine’s effects on impulsive choice. Based upon the present data,
it could be predicted that under the influence
of morphine (and perhaps other opiates), an
individual would favor the larger reinforcer
less than usual, which would result in an increase in impulsive choice. This prediction
is consistent with the increases in impulsive
choice previously reported (Harvey-Lewis
et al., 2012; Kieres et al., 2004; Pattij et al.,
2009; Pitts & McKinney, 2005).
The present data are somewhat puzzling,
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however, when considered in the context of
Cummings’ (2010) data. Cummings found
that morphine decreased sensitivity to reinforcement delay. Thus, the results of these
two studies make contradictory predictions
regarding impulsive choice. The decrease
in sensitivity to amount found in the present study predicts an increase in impulsive
choice, whereas the decrease in sensitivity to
reinforcement delay reported by Cummings
suggests a decrease in impulsive choice. One
possibility for these contradictory predictions is that there is some common variable
across the two that is causing the sensitivities
to decrease for both delay and amount. It is
unclear, however, what that common variable
might be, especially given that the effects on
sensitivity in both studies were selective. A
second possibility is that the findings of one
(or both) of the studies simply are not reliable (e.g., they reflect a “Type I error”). Both
of these studies should be replicated to determine if the effects are reliable. A third
possibility is that both sensitivity to amount
and sensitivity to delay actually are relevant
behavioral mechanisms that contribute to
morphine’s effects on impulsive choice. It is
possible that in most of the procedures previously used to examine effects of opiates,
the effects on sensitivity to reinforcement
amount simply overpowered the effects on
sensitivity to reinforcement delay. This possibility is rendered more viable in light of
previous findings that stimulant drugs, which
typically decrease impulsive choice, also
decrease sensitivity to both reinforcement
delay and reinforcement amount (Maguire
et al., 2009; Pitts & Febbo, 2004; Ta et al.
2008). Thus, it may be that for opiates, the
decreasing effects on sensitivity to amount
overpower the decreasing effects on sensitivity to delay, thus prompting an increase
in impulsive choice; whereas, for stimulants,
the decreasing effects on sensitivity to delay
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overpower the decreasing effects on sensitivity to amount, thus prompting a decrease in
impulsive choice. A final possibility for the
contradictory findings is that sensitivity data
obtained under rapid-acquisition concurrentchains procedures may not relate to impulsive choice. That is, we may be attempting
to generalize the data from these procedures
to circumstances in which they simply do not
apply.
Broader Implications
It has been shown that opiate abusers show
more impulsive behaviors than do matched
controls. Although more studies clearly need
to be conducted (e.g., the direction of causation has not been clearly established and
other variables likely are operating), the present findings do suggest one potential reason
why opiate abusers make more impulsive
decisions than do non-abusers (e.g., Madden
et al., 1997). An opiate-abuser may behave
more impulsively because of the direct effect of opiates on sensitivity to reinforcement
amount. That is, under the influence of opiates (either acutely or chronically), individuals are less sensitive to reinforcement amount
and, therefore, tend to make more impulsive
decisions. Based upon this interpretation,
one avenue would be to study effects of
chronically administered opiates on sensitivity to amount (and delay).
The present research could be useful in understanding maladaptive effects of opiates,
both in those who abuse them and in those
who use them appropriately. If opiate effects
on impulsive behavior can be understood
more completely, we might be in a better
position to develop procedures to help opiate users make more adaptive choices. This
would be an important step in creating new
methods to combat some of the maladaptive
effects of opiates.
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2

Although Pigeon 409 usually responded at
1.0 mg/kg morphine, this dose sometimes
produced emesis in this pigeon. Therefore,
higher doses were not tested in Pigeon 409.
In order to be able to include this pigeon’s
data in the repeated-measures ANOVA for
response rate, we also adopted a conservative approach here: the data obtained at 1.0
mg/kg for this pigeon were entered in at 1.7
mg/kg. That is, no change was assumed, even
though it seems probable that this pigeon’s
rate would have decreased at the 1.7 mg/kg
dose.
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