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A B S T R A C T

In the study of suboptimal choice, a reliable result is that pigeons strongly prefer an alternative that signals
whether a reinforcer will be delivered or not over another alternative without that information even if the first
provides a lower probability of reinforcement. In the aforementioned research, key pecking has been the operant
response and illuminated keys the discriminative stimuli. In the present study we modified both of these aspects
of the procedure in order to analyze the generality of suboptimal preferences of pigeons and to investigate the
effect of changes in the incentive salience of the discriminative stimuli. To accomplish this, we presented pigeons
a choice situation with the same parameters of reinforcement than previous research, but with treadle pressing
as the choice response and ambient lights as discriminative stimuli. Under these conditions, most of the pigeons
showed optimal behavior and a high degree of discrimination of the stimuli associated with the discriminative
alternative. A control condition with key pecking as choice response and keylights as discriminative stimuli
showed that the same pigeons turned to be suboptimal, a result that discards the possibility that the optimality
found in the main condition was a consequence of a particular characteristic of our sample of subjects or of our
procedure. We discuss the influence that the attribution of incentive salience to the discriminative stimuli has on
suboptimal choice in both pigeons and rats.

1. Introduction

The suboptimal choice procedure has been employed in a long list of
studies, with the objective of studying the determinants of choice and to
model in animals some aspects of human gambling behavior. In the
prototypical procedure (Stagner and Zentall, 2010), pigeons choose via
a key peck between: a) an alternative (discriminative) that in 20 % of
the trials presents a stimulus that predicts the delivery of a reinforcer 10
s later and that in 80 % of the trials presents another stimulus that
predicts that 10 s later, no reinforcer will be delivered (overall prob-
ability of reinforcement = .20), and b) another alternative (non-dis-
criminative) that presents either of two stimuli that equally predict that
10 s later a reinforcer will we delivered with p = .50 (overall prob-
ability of reinforcement = .50). The name of the procedure is derived
from the fact that pigeons have a strong preference for the first alter-
native, i.e., the discriminative and suboptimal.

Even though the strong preference for the suboptimal alternative
has been replicated dozens of times in pigeons (for reviews, see Zentall,
2016; McDevitt et al., 2016), its generality remains largely unexplored
as key pecking is the only response that has been studied in pigeons,
and few experiments have studied other species. Performing research

with other responses and species would undoubtedly help to elucidate
the mechanisms that promote suboptimal choice; an example of the
usefulness of this approach is (though not consensual) the postulation
of the incentive salience of the discriminative stimuli (Chow et al.,
2017) as source of the difference between pigeons’ suboptimality
(Zentall, 2014) and rats’ optimality (Trujano and Orduña, 2015). In-
centive salience is a property of some conditioned stimuli (CS) which,
due to their contingent pairing with an unconditioned stimulus (US),
acquire the ability to attract behavior towards them, to function as
secondary reinforcers, and to arouse complex emotional and motiva-
tional states related to the receipt of the US (Robinson et al., 2018).
Incentive salience is not an absolute property of a CS, but depends,
among other things, on its sensory properties (Singer et al., 2016;
Meyer et al., 2014), the species used (Powell et al., 1975), and more
generally, on the biological relatedness between the CS and the US for
that particular species (Timberlake and Grant, 1975; Zentall et al.,
2019). Interestingly, it has been reported that even when different or-
ganisms from the same species are exposed in a contingent way to the
same pair of CS-US (e.g., lever-food), there are striking individual dif-
ferences in the incentive salience attributed to the conditioned stimulus
(Meyer et al., 2012). Incentive salience is a solid construct, with all its
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causes (Killeen, 2001): final (Nesse and Berridge, 1997; Newlin, 2002),
efficient (Tomie et al., 2014), material (Kuhn et al., 2018) and formal
(Anselme, 2015; McClure et al., 2003; Zhang et al., 2009), as well as
some of its implications in the promotion of maladaptive behavior
(Meyer et al., 2018) extensively investigated.

When applied to the issue of between-species differences in sub-
optimal choice, the incentive-salience hypothesis basically proposes
that such differences are a byproduct of differences in the incentive
salience of the discriminative stimuli employed with each species: while
for pigeons the stimuli are usually illuminated keys which have high
incentive salience for them and evoke sign-tracking responses that
persist even when they cancel the presentation of food (Williams and
Williams, 1969), the stimuli employed in the first studies with rats were
lights (Trujano et al., 2016; Trujano and Orduña, 2015) or sounds
(Ojeda et al., 2018), which do not have incentive salience for this
species as they provoke goal-tracking behavior (Beckmann and Chow,
2015). The hypothesis that relates incentive salience of the stimuli with
suboptimal preferences has been evaluated in rats, without conclusive
results; although the first study reported that using levers as dis-
criminative stimuli -which have been shown to be attributed with
higher incentive salience than lights or tones (Beckmann and Chow,
2015)- promoted suboptimal choice (Chow et al., 2017), this result has
not been replicated (Martinez et al., 2017; López et al., 2018; Orduña
and Alba, 2019; Alba et al., 2018).

If we accept the idea that illuminated keys for pigeons and levers for
rats have an equivalent level of incentive salience for the respective
species, the results revised so far suggest that the incentive salience of
stimuli is not the variable underlying their differential performance in
the “suboptimal choice” procedure. It is possible, however, that al-
though rats attribute more incentive salience to levers than to lights or
tones (Beckmann and Chow, 2015), the level of incentive salience is
lower than the level that pigeons attribute to illuminated keys, and does
not reach the threshold for generating suboptimal choice. If pigeons
preferences in the suboptimal choice procedure are actually influenced
by the incentive salience of the stimuli, a decrement in pigeons’ sub-
optimal behavior should be expected if the discriminative stimuli are
separated from the response manipulandum (Tomie, 1996), and if the
response manipulandum does not elicit the same consummatory be-
havior than the reinforcer. In support of this argument, different
sources of evidence suggest that several instances of pigeons’ mala-
daptive key-pecking behavior are derived from the strong influence that
Pavlovian contingencies have on pecking behavior; this influence is
maximal in conditions in which the discriminative stimuli are presented
on the response key (LoLordo, 1971; Boakes et al., 1975), smaller when
the stimuli are separated from the response key (Westbrook, 1973), and
is absent in conditions in which key pecking is replaced by foot-pressing
a treadle (Westbrook, 1973; Green and Holt, 2003; LoLordo et al.,
1974). It has been reported, for example, that pigeons are less efficient
in differential reinforcement of low rates schedules when the operant
response is key pecking than when it is treadle pressing (Hemmes,
1975). In a temporal discounting task, pigeons show a higher degree of
discounting when the choice response is key pecking than when it is
treadle pressing (Holt et al., 2013). The differences between these op-
erant responses have also been noted in experiments exploring beha-
vioral contrast: When pigeons are trained in multiple variable interval
(VI)-VI schedules, and one of the schedules is changed to extinction,
pigeons increase their response rate in the unchanged component when
the operant response is key pecking, but show no changes when the
operant response is treadle pressing (Hemmes, 1973).

The particularities of key pecking as an operant response have also
been noted in the context of species differences in the sensitivity to the
addition of free reinforcers to one of the components of a multiple
schedule VI 2 min VI 2 min (Boakes et al., 1975); while pigeons’ key
pecking increased during the component with free reinforcers added,
rats’ lever pressing decreased in this component. In a similar experi-
ment, the effect of adding free reinforcers was observed for pigeons’ key

pecking, but not for pigeons treadle pressing (Green and Holt, 2003;
LoLordo, 1971; LoLordo et al., 1974).

All this evidence is compatible with the idea that key pecking is
strongly influenced by the Pavlovian contingency between the stimuli
displayed on the keys and the reinforcer, and less sensitive to the in-
strumental contingencies between key pecking and reinforcers than
other responses like treadle pressing. Coherently with this line of ar-
guments, it has been suggested that “treadle pressing in pigeons is more
comparable to the operant behavior shown by other species than is key
pecking” (Hemmes, 1975; p 356).

It is possible, then, that the mechanism by which the treadle-
pressing response diminished maladaptive behavior in the studies de-
scribed above was a decrement in the incentive salience, which was
favored by both the separation between the discriminative stimuli and
the response manipulandum, and by the dissimilarity in topography
between the operant response and the consummatory responses ori-
ginally elicited by the US (Zentall et al., 2019). In this context, we
hypothesized that the suboptimal behavior of pigeons could be dimin-
ished by presenting ambient lights as discriminative stimuli, instead of
the usual illuminated keys, and by replacing key pecking by treadle
pressing as the choice response.

2. Method

2.1. Subjects

Eleven naive, domestic pigeons (Columba livia) of undetermined sex
and between 1 and 2 years old served as subjects. Their weight when
they were not food-restricted was 402±77.3 g (Mean± SD). At the
beginning of the experiment, subjects were food deprived until they
reached 80 % of their ad libitum weight; throughout the experiment
subjects received food after the experimental sessions when needed to
maintain the intended weight. All experimental protocols followed the
Official Mexican Standard of Technical Specifications for the
Production, Care and Use of Laboratory Animals (NOM-062-ZOO-
1999).

2.2. Apparatus

2.2.1. Treadle-pressing condition
Two modified operant conditioning chambers measuring 29.5 *

23.5 * 27.3 cm (large * wide * height) served as the experimental
spaces. The floor was a stainless-steel grid composed of nineteen bars of
0.48 cm in diameter. Each chamber had two identical operative panels,
one in the front side and the other in the back side. On each panel, a 5-
cm square opening, located 1.3 cm above the floor and at the center of
the panel, provided access to a solenoid-operated hopper (MED
Associates, Inc., Model ENV-205 M) which contained a mixture of
grains. The hopper was illuminated by a 1-W miniature lamp whenever
it was raised. At the right of the hopper, and 2 cm above the floor, there
was a 4.8 cm-wide retractable response lever (MED Associates, Inc.,
Model ENV-112CM) which was used as treadle. A houselight was
mounted 24.5 cm above each lever. The visual stimuli used were 4
strips of ultra-brilliant LEDs that were attached to the ceiling of the
chamber. Each of the 4 strips contained 5 LEDs of the same color (red,
green, blue and white, respectively) which had a 4 cm separation be-
tween them. Each strip, when activated, provided illumination of the
same color for the entire chamber.

2.2.2. Control condition: key pecking
Four operant conditioning chambers measuring 35 * 30 * 37 cm

(large * wide * high) were used as the experimental spaces. The floor
was a stainless-steel grid composed of nineteen bars of 0.48 cm in
diameter. A 5-cm square opening, located 9.5 cm above the floor in the
front wall provided access to a solenoid-operated hopper filled with
mixed grain. The hopper was illuminated by a 1-W miniature lamp
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whenever it was raised. Three response keys, each measuring 2.5 cm in
diameter, were located 23 cm above the floor; the center key was lo-
cated directly above the hopper, with the additional two keys located
7.5 cm to the right and left of the center key, respectively. A force of
approximately 0.15 N was required to operate each key, which could be
illuminated with white, green or red light. A 1-W houselight was lo-
cated at the center of the ceiling.

In both conditions, the chambers were enclosed in a sound attenu-
ating box, with continually operating fans providing ventilation. The
presentation of stimuli and the collection of data were controlled by
personal computers using the Medstate programming language.

2.3. Procedure

2.3.1. Treadle-pressing condition
2.3.1.1. Habituation. When the subjects were at 80 % of their ad-
libitum weight, they were habituated to the experimental chamber for a
single session 20 min long. During the first 5 min, both feeders were
illuminated and provided access to a mixture of grains. If pigeons
consistently approached to only one of the feeders, it was turned off, in
order to allow exploration of the other feeder. During the remaining 15
min, an automated procedure was initiated, in which a fixed time 20 s
schedule determined the activation of one of the feeders (quasi-
randomly selected, with the only restriction that the same feeder
could not be selected more than two times in a row) for 3 s.

2.3.1.2. Treadle-pressing shaping. Treadle pressing was shaped by the
method of successive approximations during 1−5 sessions. Each of
these sessions was 30 min long. Special attention was devoted to not
reinforcing any treadle pressing that was made with a peck. During the
entire session, both houselights were turned on. The criteria for ending
this phase was that the latencies for pressing both treadles were less
than 5 s.

2.3.1.3. Pre-training. Once pigeons consistently responded to both
levers, pre-training sessions were carried out until similar latencies
were observed for responses to both levers, in order to reduce the
possibility of a position bias. These sessions were comprised of 4 blocks
of 15 trials. In each of the blocks, the same lever was presented during
15 trials. In each trial, a single treadle press with duration> 0.2 s was
required to give access to the reinforcer (2 s of access to the hopper);
this duration requirement was implemented to avoid reinforcing
presses that were performed with a peck and was maintained in all
phases of the experiment. In successive blocks, both levers were
presented twice in each session with strict alternation between them.
The active lever in the first block was randomly selected. Trials and
blocks were separated by 8 s intertrial intervals (ITI).

2.3.1.4. Pre-exposure to stimuli. Subjects were exposed to a single
session in which they were required to press the treadle in the
presence of the distinct stimuli that would be employed in the next
phase. In this session, a trial initiated when one of the levers was
extended and its associated houselight turned on. A single response
extinguished the houselight and presented one of the four ambient
lights (red, green, blue or white), in whose presence a reinforcer was
delivered when a fixed ratio 3 was satisfied. Each color was presented 5
times in each of the levers, for completing 40 trials in the session.

2.3.1.5. Training. Suboptimal choice procedure. Each of the sessions in
this phase was comprised of 40 forced-choice trials (20 for each
alternative), and 20 free-choice trials. The start of a forced-choice
trial (see Fig. 1, panel A) was defined by the presentation of a lever and
its accompanying houselight. In the case of the discriminative
alternative, a single treadle press turned on, in 20 % of the trials, the
illumination of the chamber with red color for 10 s, after which the first
treadle press was followed by reinforcement. In the remaining 80 % of

the trials, the chamber was illuminated with green color, and after 10 s,
the trial ended without reinforcement. In this alternative the overall
probability of reinforcement was 0.20. In the forced-choice trials of the
non-discriminative alternative, a single treadle press turned on either
blue or white color in 20 % and 80 % of trials, respectively. Irrespective
of which of these colors was presented, reinforcement was provided
with probability = .50 for the first response after 10 s had elapsed. In
this alternative the overall probability of reinforcement was 0.50. In
free-choice trials, both levers and both houselights were presented and
the first treadle press on either lever initiated the same sequence of
events than in forced-choice trials. The colors associated with the
different outcomes and the position of the discriminative alternative
(front panel or back panel) were counterbalanced among subjects. The
trials were separated by 10 s ITIs, during which all stimuli were turned
off. This phase was finished independently for each subject, when a
visual stability criteria was satisfied: The subject must have had at least
ten sessions, and during the last five, the last one could not have the
higher nor the lower proportion of choice for the discriminative
alternative, and no apparent upward or downward trend should be
observed.

2.3.1.6. Reversal training. During this phase, the location of the
discriminative and non-discriminative alternatives was reversed, in
order to evaluate a potential position bias during the previous phase.
The stability criteria were the same than in previous phase.

2.3.2. Control condition: key pecking
2.3.2.1. Key-pecking training. Subjects were then exposed to seven
sessions of autoshaping (Brown and Jenkins, 1968). At the beginning
of each trial the central key was illuminated with white color for 8 s and
was followed by 3 s of access to the hopper. After an ITI of 52 s, in
which all stimuli were turned off, a new cycle began. This session was 1
h long. Subjects that did not acquire the key-pecking behavior were
exposed to 3−7 sessions of manual shaping. After these sessions, all
subjects reliably pecked the central white key.

2.3.2.2. Pre-training. Subjects were trained to peck the two lateral keys,
which could be illuminated by any of three different colors (white, red
or green). Each pretraining trial was as follows: one of the two lateral
keys was illuminated by any of the three colors; the first response
turned off the key and delivered the reinforcer. Three seconds later an
ITI 7 s long followed, in which all lights were turned off, and a new trial
began after that. Each of the 6 combinations of keys/colors was
presented 12 times, for a total of 72 trials per session. These sessions
were continued for each subject until their median latencies for key
pecks on the two keys differed for less than 1 s. This phase lasted from 1
to 3 sessions.

2.3.2.3. Training. Classical suboptimal choice procedure. As in the
previous condition, each session consisted of 60 trials that were
divided into 20 forced-choice trials for each alternative and 20 free-
choice trials, all presented in random order. In forced-choice trials, only
one of the two lateral keys were illuminated with white color (see
Fig. 1, panel B). If it was the discriminative option, a single peck
illuminated the key with red color in 20 % of the trials, and
reinforcement was delivered for the first key peck after 10 s had
elapsed; in 80 % of the trials the key was illuminated with green color
and 10 s later the trial ended without reinforcement (the colors were
counterbalanced across subjects). If it was the non-discriminative
option, a single peck illuminated the key with red color in 20 % of
the trials and with green on the remaining 80 % (colors
counterbalanced across subjects); in both cases, the first key peck
after 10 s, led to the delivery of the reinforcer with p = 0.50. Trials
were separated by 10 s ITIs. Assignment of option types to left-right
sides was counterbalanced across subjects. In free-choice trials both
options were simultaneously presented and a single peck initiated the
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same contingencies than in forced-choice trials. These sessions were
conducted until the same stability criteria than for the treadle-pressing
condition were satisfied.

2.3.2.4. Reversal training. The location of the discriminative and non-
discriminative alternatives was reversed, in order to evaluate a
potential position bias. The stability criteria were the same than in
previous phase.

3. Results

3.1. Treadle-pressing condition

Fig. 2 shows, for each subject, the proportion of choice for the
discriminative alternative during each of the sessions of the “sub-
optimal choice” training and its reversal phase in the condition in
which the operant response was treadle pressing; once the stability
criteria were met, the last five sessions of each phase were used for
statistical purposes. The group’s proportion of choice for the dis-
criminative alternative during the last five sessions of training was
.23±0.10 (Mean± SEM), which was statistically different from in-
difference, according to a two-tailed t-test (t(10) = −2.58, p = .03;
Cohen’s d = −0.78). During the reversal phase, most of the subjects
recovered the preference for the alternative that was preferred in the
training phase. The exception to this pattern were two subjects (PAL2
and PAL5) that in the training phase were optimal and in the reversal
phase were indifferent. The group’s mean proportion of choice for the
discriminative alternative during the last five sessions was .295± .11,
which was not statistically different from indifference (t(10) = −1.90,
p = .09; Cohen’s d = −0.57).

Excluding the subjects with an apparent side bias, and considering
data from both training and reversal phases, 7 out of 9 subjects showed,
according to binomial tests, a significant preference for the non-dis-
criminative alternative. The two other subjects (PAL10 and PAL15),
had a significant preference for the discriminative alternative.

Fig. 3 shows, for each subject, the mean number of treadle presses
per trial during forced-choice trials of the discriminative alternative
(top panel) and the non-discriminative alternative (lower panel) across
all sessions of training and reversal. For the discriminative alternative,
the responses on the treadle during the presence of the stimulus that

was predictor of reinforcement (S+) during the last five sessions from
both phases (7.31±1.07) were higher than those performed while the
stimulus that predicted non-reinforcement (S-) was present
(0.67±0.09). An ANOVA indicated that this difference was statisti-
cally significant (F (1,10) = 42.30, p< .001; partial η2 = .81); no
effect of phase (training vs reversal) nor of the interaction phase-stimuli
were observed (F (1,10) = 0.75, p = .41; partial η2 = .07 and F (1,10)
= 0.16, p = .70; partial η2 = .02, respectively). An index of dis-
crimination was calculated with these variables (Responses during S+/
(Responses during S+ + Responses during S-)); its mean value was
.90± .02 (range = .79–.97) and .93± .01 (range = .85–1.0) during
the training and the reversal phases, respectively. Regarding the re-
sponses during the presence of the two non-discriminative stimuli
(lower panel), an ANOVA showed null effects of stimuli (F (1,10) =
1.07, p = .33; partial η2 = .10), phase (F (1,10) = 0.04, p = .85;
partial η2 = .003) and of the interaction phase-stimuli (F (1,10) =
3.03, p = .11; partial η2 = .23).

3.2. Control condition: key pecking

Fig. 4 shows the individual proportion of choice for the dis-
criminative alternative during each of the sessions of the training and
reversal phases in the condition in which the operant response was key
pecking. The group’s mean proportion of choice for this alternative was
.87± .07, which was significantly higher than indifference, according
to a two-tailed t-test (t (10) = 5.58, p< .001; Cohen’s d = 1.68).
During the reversal phase, most of the subjects recovered their pre-
ference for the discriminative alternative. A two-tailed t-test indicated
that the group’s preference for the discriminative alternative
(.76± .11) was significantly above indifference (t (10) = 2.35, p =
.04; Cohen’s d = 0.71).

Excluding the subjects with an apparent side bias (PAL10, SSJ15),
and considering data from both training and reversal phases, 8 out of 9
pigeons showed a significant preference for the discriminative alter-
native, according to binomial tests. The other subject showed a sig-
nificant preference for the non-discriminative alternative.

Fig. 5 shows, for each subject, the number of key pecks performed
during the forced-choice trials of the discriminative (top panel) and the
non-discriminative (lower panel) alternatives. For the discriminative
alternative, during the last five sessions from both conditions, key pecks

Fig. 1. Panel A depicts the procedure employed in the treadle-pressing condition. Two alternatives, Discriminative and Non-Discriminative, were presented in
opposite panels. When pigeons chose the lever at the back panel (discriminative alternative), in 20 % of the trials the entire chamber was illuminated with a red color
which was always followed by a reinforcer according to a FI 10 s; in the remaining 80 % of the trials, the chamber was illuminated with a green color during 10 s, and
the trial ended without reinforcement. When pigeons chose the lever at the front panel (non-discriminative alternative) the entire chamber was illuminated with
either a blue light or a white light in 20 % and 80 % of the trials, respectively; in either case, after satisfying a FI 10 s schedule the reinforcer was delivered with p =
.50. Panel B depicts the procedure during the key-pecking condition. Two alternatives, Discriminative and Non-Discriminative, were presented in two adjacent keys.
When pigeons pecked the left white (W) key (discriminative alternative) in 20 % of the trials a red (R) light was presented on it, and after completing a FI 10 s
schedule, a reinforcer was delivered. In the remaining 80 % of the trials, the key was illuminated with a green (G) color during 10 s and the trial ended without
reinforcement. When pigeons chose the right white key (W) (non-discriminative alternative) it was illuminated with either red (R) or green (G) colors in 20 % and 80
% of the trials, respectively; after satisfying a FI 10 s schedule, the reinforcer was delivered with p = .50.
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directed at the stimulus that was predictor of reinforcement
(17.22±1.59) were higher than those directed at the stimulus that
predicted non-reinforcement (1.49± .32). An ANOVA indicated that
this difference was statistically significant (F (1, 10) = 122.00,
p< .001; partial η2 = .92), but no effect of phase (training vs reversal)
nor of the interaction phase-stimuli were observed (F (1, 10) = 0.57, p
= .47; partial η2 =.05 and F (1, 10) = 1.30, p = .28; partial η2 = .11,
respectively). The mean value of the index of discrimination during the
training phase was .94± .01 (range = .84–.99) and during the reversal
phase .91± .02 (range = .82–.98). Regarding the number of key pecks
to the stimuli associated with the non-discriminative alternative, an
ANOVA showed no differences due to stimulus (F (1, 10) = 0.05, p =
.83; partial η2 = .005), phase (F (1, 10) = 0.08, p = .79; partial η2 =
.007), or their interaction (F (1, 10) = 0.72, p = .42; partial η2 = .07).

3.3. Comparison between conditions

The proportion of choice for the discriminative alternative had
lower values during the condition in which the operant response was
treadle pressing (.23± .10 in the training phase, and .295± .10 in the
reversal phase) than in the condition in which the operant response was
key pecking (.87± .07 in the training phase and .76± .11 in the re-
versal phase). An ANOVA showed a significant effect of condition
(treadle pressing vs key pecking: F (1, 10) = 16.62, p< .01; partial η2

= .62), but null effects of phase (training vs reversal: F (1, 10) = 0.31,
p = .59; partial η2 = .03) and of the interaction condition-phase (F (1,
10) = 3.41, p = .09; partial η2 = .25). The response rate in the pre-
sence of the discriminative stimuli was lower for the treadle-pressing
(7.31±1.07) than for the key-pecking condition (17.22±1.59); this
was associated with longer times to complete the fixed interval sche-
dule associated with the stimulus associated with reinforcer delivery in
the treadle-pressing condition (16.35 s± 1.94 s) than in the key-
pecking condition (10.60 s± 0.14 s). Notwithstanding these

differences, the index of discrimination was equally high across con-
ditions (.91± .009 vs .92± .010 in the treadle-pressing and key-
pecking conditions, respectively). An ANOVA showed null effects of
condition (F (1, 10) = 0.85, p = .38; partial η2 = .08), phase (F (1,
10)< 0.01, p = .98; partial η2< .001) and their interaction (F (1, 10)
= 3.96, p = .08; partial η2 = .28).

4. Discussion

In the present study, we made a twofold modification of the classical
procedure employed to study suboptimal choice by pigeons. On the one
hand, we manipulated the operant response by which pigeons chose
between a discriminative alternative associated with a lower prob-
ability of reinforcement and a non-discriminative alternative associated
with a higher probability of reinforcement. On the other hand, we
presented ambient stimuli, separated from the response manipulandum,
instead of the localized, illuminated keys that are typically employed as
discriminative stimuli in the suboptimal choice procedure in birds. Both
manipulations were performed with the aim of decreasing the attribu-
tion of incentive salience to the discriminative stimuli, and as a con-
sequence, for decreasing its Pavlovian influence on choice behavior.

We found that under these circumstances, most of the pigeons
showed a preference for the alternative associated with the higher
probability of reinforcement and with non-discriminative stimuli. In
addition, all pigeons showed high levels of discrimination of the two
stimuli associated with the discriminative alternative. The last finding
is relevant because it has been shown that when pigeons choose be-
tween two non-discriminative alternatives, they prefer the alternative
with the highest probability of reinforcement (Zentall and Stagner,
2011, exp 2; Stagner and Zentall, 2010). In this context, the fact that the
index of discrimination was as high in the treadle-pressing condition as
in the key-pecking condition allows us to discard the possibility that the
optimality found was an artifact of an absence of discrimination.

Fig. 2. Proportion of choice for the discriminative alternative during each of the sessions of the suboptimal choice training and its reversal phase in the treadle-
pressing condition. Dashed line indicates the start of the reversal phase. Each panel represents data from an individual subject.

R. González-Torres, et al. Behavioural Processes 178 (2020) 104157

5



Considering the possible individual differences in the degree of
suboptimal choice, we employed a control condition that presented the
classical suboptimal choice procedure, with keylights as discriminative
stimuli and key pecking as choice response. The results indicated that
under the typical conditions in which suboptimal choice has been

demonstrated, most of the pigeons switched to suboptimal behavior.
In this study we presented in succession the treadle-pressing and the

key-pecking conditions; a more desirable experimental design would
have counterbalanced the order of exposure, but unfortunately, we
were not able to perform the experiment in that fashion, since pilot

Fig. 3. Mean number of responses in forced–choice trials across all sessions during training and reversal phase of the treadle-pressing condition. Panel A shows data
from the discriminative alternative: Closed symbols represent the number of responses during the stimulus associated with reinforcement (S+) and open symbols
represent responses during the stimulus associated with the absence of reinforcement (S-). Panel B shows data from the Non-Discriminative alternative: Closed and
open symbols represent responses under the presence of the two stimuli that were equally associated with probability of reinforcement .5. Dashed line indicates the
start of the reversal phase. Each sub-panel represents data from an individual subject.
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experiments showed that once pigeons’ key-pecking behavior was
shaped, it was very difficult to shape the treadle-pressing behavior
because pigeons pecked the treadle instead of pressing it with their foot.
However, it seems unlikely that the order had a determinant influence
in our results, because in experiments in which key pecking is used in
the entire experiment, pigeons show suboptimal behavior. Additionally,
the optimality shown by some of the pigeons of the present report was
maintained for a number of sessions well beyond those that have been
required in other experiments to generate suboptimal behavior (Smith
and Zentall, 2016).

The preference for the optimal alternative in the treadle-pressing
condition, together with the switch to suboptimal behavior in the key-
pecking condition, supports the hypothesis that the degree of incentive
salience that can be attributed to the discriminative stimuli is a strong
determinant of the preference in the suboptimal choice procedure with
pigeons as experimental subjects. A conflicting issue for this hypothesis,
however, is its lack of generality across species, as the same relationship
has not been demonstrated in rats. Although the first test of the hy-
pothesis supported it, demonstrating that when the discriminative sti-
muli were levers (which were assumed to have high incentive salience)
rats were suboptimal (Chow et al., 2017), subsequent experiments have
demonstrated optimality even though the discriminative stimuli em-
ployed have been also levers (Martinez et al., 2017; López et al., 2018;
Alba et al., 2018; Orduña and Alba, 2019). It is possible that the level of
incentive salience attributed to levers by rats is far smaller than the
level that pigeons attribute to illuminated keys. This possibility is
supported by the comparison between the proportion of pigeons and
rats that show sign-tracking behavior in autoshaping experiments:
while practically 100 % of the pigeons rapidly develop sign-tracking
behavior (Brown and Jenkins, 1968), approximately only 35 % of the
rats show the same behavior (Meyer et al., 2012). It is possible, then,
that the incentive salience of the stimuli could generate suboptimal
behavior in rats if we could find stimuli with enough incentive salience
for them.

Although our design does not allow to be certain about whether the

effect found was due to the replacement of localized keylights by am-
bient lights as discriminative stimuli or to the replacement of key
pecking by treadle pressing, a brief review of the autoshaping literature
would suggest that the latter is the relevant variable, as sign-tracking
behavior to the key is maintained even when it is not associated with a
primary reinforcer, but with a secondary one (Leyland, 1977), and even
when this secondary reinforcer is an ambient stimulus like those em-
ployed in the present research (Patterson and Winokur, 1973; Rashotte
et al., 1977; Green and Schweitzer, 1980). These studies suggest that
employing ambient stimuli do not completely remove from the choice
situation the attribution of incentive salience and therefore, it is more
likely that the effect that we found was due to the substitution of the
operant response.

Sign-tracking, one of the main properties of stimuli with incentive
salience (Robinson et al., 2018), depends on the degree to which the
capacity of an US for eliciting consummatory behaviors is transferred to
the CS (Timberlake and Grant, 1975). Two examples of conditioned
stimuli that after being contingently paired with food have this capacity
are a keylight that elicits pigeons' pecking and a lever that elicits rats'
biting and sniffing (Brown and Jenkins, 1968; Meyer et al., 2012). On
the contrary, in situations in which the nature of the CS does not allow
the expression of such consummatory behaviors, no attribution of in-
centive salience occurs, as suggested by the non-existence of sign-
tracking behavior (Holland, 1977). In the case of the present study, the
attribution of incentive salience was prevented in both the terminal and
the initial links. In the former, using the illumination of the entire
chamber as discriminative stimulus made it unlikely that the pigeons
pecked the stimulus. In the latter, we prevented that the consummatory
behavior of pecking were directed to the treadle by imposing a response
duration requirement that was hard to be fulfilled by the pecking re-
sponse.

The present results are consistent with a recent theoretical proposal
for explaining the differences between pigeons and rats in the sub-
optimal choice procedure. Based on the general idea of Behavior
Systems Theory (Timberlake, 1993), Zentall, Smith, and Beckmann

Fig. 4. Proportion of choice for the discriminative alternative during each of the sessions of the suboptimal choice training and its reversal phase in the key-pecking
condition. Dashed line indicates the start of the reversal phase. Each panel represents data from an individual subject.
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(2019) suggested that an interaction of the natural foraging sequence of
an organism with the stimuli and responses available in the choice si-
tuation, determines its suboptimal or optimal preference. Because key
pecking is related to pigeons’ consummatory behavior, the stimuli that
elicit it activate focal search for food, are attributed with incentive

salience, and promote suboptimal preferences. Generalizing these ideas
to the present experiment, treadle pressing and its associated ambient
stimuli activate general search (instead of focal search), are not at-
tributed with incentive salience, and therefore should not promote
suboptimal choice. Although the theoretical proposal of Zentall et al.

Fig. 5. Mean number of responses in forced–choice trials across all sessions during training and reversal phase of the key-pecking condition. Panel A shows data from
the discriminative alternative: Closed symbols represent the number of responses during the stimulus associated with reinforcement (S+) and open symbols re-
present responses during the stimulus associated with the absence of reinforcement (S-). Panel B shows data from the Non-Discriminative alternative: Closed and
open symbols represent responses under the presence of the two stimuli that were equally associated with probability of reinforcement .5. Dashed line indicates the
start of the reversal phase. Each sub-panel represents data from an individual subject.
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(2019) still has the challenge of explaining the optimal behavior by rats
in several experiments in which the discriminative stimuli were levers
(which activate focal search in this species, see Zentall et al., 2019) and
there was no generalization between the levers associated with the
positive and negative outcomes of the discriminative alternative, it
succeeds in explaining the present results.

It is possible, however, that our manipulations, besides decreasing
the incentive salience, affected other variables relevant to suboptimal
choice as well. The difference in proportion of choice for the dis-
criminative alternative between the treadle-pressing and the key-
pecking conditions is consistent with the idea that in the former con-
dition the ambient lights promoted a higher level of conditioned in-
hibition to the negative stimulus, favoring optimal choice. However,
such hypothesis seems unlikely, since Stagner et al. (2011) presented an
ambient light as a predictor of the absence of reinforcement in the
discriminative alternative, without finding a decline in the level of
suboptimal choice.

Our findings are also potentially related to a recent quantitative
model of suboptimal choice, the Associability Decay Model (Daniels
and Sanabria, 2018). For this model, the value of each alternative is
determined by the value of its constituent terminal links, weighted by a
dynamically-changing associability parameter that is inversely related
to the certainty of the stimulus-reinforcer relationship. The model ex-
plains the differences between species based on differences in the as-
sociability of the terminal links: while pigeons’ suboptimality was re-
lated to a faster decay of associability for the stimulus that predicted no
reinforcement than for the stimulus that predicted reinforcement, rats’
optimality was related to no loss of associability for neither of these
stimuli. Therefore, there is the possibility that any of our manipulations
for decreasing the incentive salience impacted also on the rate of decay
of associability, maintaining the influence of the predictor of the ab-
sence of reinforcement at a higher level in the treadle-pressing condi-
tion than in the key-pecking condition.

Our results are relevant to some aspects of the temporal informa-
tion-theoretic model (Cunningham and Shahan, 2018), a recent quan-
titative model on suboptimal choice. For this model, preference for the
suboptimal alternative (pSub) is determined by three main variables:

=

+

+ −

+

pSub w H sub
H sub H opt

w R sub
R sub R opt

(1 )
a

a a

b

b b (1)

1) the temporal information (H) of the terminal links’ stimuli asso-
ciated with the discriminative (sub) and the non-discriminative
(opt) alternative (for more details for its calculation, see
Cunningham and Shahan, 2018); 2) the reinforcement rate (R) as-
sociated with each of them, and 3) by the relative weight (w; (1-w))
that each of these variables have on preference for the suboptimal
alternative. This weight, in turn, is calculated according to:

=

+
− −

w
e

1

1 β m( )
Df
Ds (2)

Where Df represents the average delay to food at the choice point, Ds
represents the average delay between the choice point and the pre-
sentation of the discriminative stimuli, β represents sensitivity to the
ratio between Df and Ds, and m represents the bias against the influence
of the temporal information of the stimuli. Because in the typical sub-
optimal choice procedure the discriminative alternative presents a sti-
mulus that provides higher temporal information, but lower re-
inforcement rate, suboptimal preferences are predicted when w
approaches 1 and optimal preferences when w approaches 0. With these
assumptions, the model explains the differences between rats and pi-
geons as differences in the weighting mechanism, which could have
been generated by the higher sensitivity to delay that has been reported
for pigeons than for rats (Green et al., 2004). If these arguments are
correct, suboptimal choice in rats could be promoted by increases in the
length of the terminal links, which would increase Df as well. Recently,

Cunningham and Shahan (2019) reported results consistent with this
idea; in their study, rats were exposed across conditions to terminal
links of varying duration, from 10 s to 50 s. Rats preferred the optimal
alternative in the 10 s condition, but most of them preferred the sub-
optimal one when the length of the terminal links was 30 s or more.
Although the change in preference in this study was assumed to result
from the change in the length of the terminal links and not from a
higher incentive salience of the discriminative stimuli, the authors
suggested a possible interaction between these variables. Such an in-
teraction would be consistent with the multifactorial nature of the
weighting mechanism specified by Cunningham and Shahan (2018).
More important to the present discussion is the suggestion that pre-
senting the organisms with stimuli that elicit species-specific responses
and therefore can be attributed with incentive salience should impact
on the degree to which the temporal information of the stimuli de-
termines preferences (Cunningham and Shahan, 2018). To our knowl-
edge, our results provide the first evidence of this relationship with
pigeons as subjects. Further research could focus on quantitative eva-
luations of the relationship between the incentive salience of the dis-
criminative stimuli and the different parameters of the temporal in-
formation-theoretic model related to the weighting mechanism (β and
m).

Finally, our results highlight the need to reexamine some aspects of
a set of suboptimal choice models (Vasconcelos et al., 2015; Iigaya
et al., 2016; McDevitt et al., 2016; Zhu et al., 2017) that have as a
common characteristic the assumption that the value of the dis-
criminative alternative is strongly influenced by the positive value of
the stimulus predictor of reinforcement and much less (or nothing at
all) by the negative value of the predictor of absence of reinforcement.
Although an important set of data supports these arguments (Laude
et al., 2014; McDevitt et al., 1997; Vasconcelos et al., 2015; Fortes et al.,
2016, 2017), it should be considered that such data were obtained
exclusively with key pecking as an operant response so that their gen-
erality awaits further experiments with other operant responses.

In conclusion, the present experiment showed that pigeons’ sub-
optimality was eliminated when key pecking was replaced by treadle
pressing as choice response, and that the optimality in the treadle-
pressing condition was not the product of failures in discrimination
between the positive and the negative stimuli associated with the dis-
criminative alternative. Further research is needed to evaluate the
generality across species of this effect and to analyze the potential ap-
plicability of manipulations based on changes in the incentive salience
related to the choice situation for decreasing human maladaptive be-
haviors.
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