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Don’t Let the Pigeon Chair the Search Committee: Pigeons (Columba livia)
Match Humans’ (Homo sapiens) Suboptimal Approach to the Secretary

Problem

Walter T. Herbranson, Hunter Pluckebaum, Jaidyanne Podsobinski, and Zachary Hartzell
Department of Psychology, Whitman College

The secretary problem is a notorious mathematical puzzle in which one attempts to hire the best avail-
able candidate from a pool of known size. Under specific constraints, the problem has an ideal solution,
but it is difficult for humans to solve. In particular, humans generally consider too few options from the
available pool and in doing so make inferior hires. Three experiments investigated pigeons’ and
humans’ choices on a version of the secretary problem. Pigeons performed suboptimally by choosing
too soon, but suffered only limited costs to their rate of earned reinforcement. Depending on the instruc-
tion set, human participants approximated either prior suboptimal human results or current pigeons’
results. These results may provide some insight into what makes the problem difficult to solve and how
the secretary problem connects with decisions in the real world.

Keywords: decision making, choice, optimal stopping, pigeons, humans

Social scientists often assume that decisions are made in ways
that maximize gains and minimize losses (Becker, 1976; Skinner,
1938). Classic behavioral research has shown that human decision
makers often do just that (Friedman & Savage, 1948; Herrnstein,
1970). However, some subsequent research also reveals that this is
not a universal pattern. Decision makers sometimes fail to maxi-
mize gains and minimize losses. More importantly, these failures
are not random, and many occur in specific, predictable patterns
(Tversky & Kahneman, 1974; Ariely, 2010).
This lack of consistently rational behavior also seems to be the

case in the world of nonhuman animals. Consider, for example, the
ephemeral reward task. In this task, an animal is given a choice
between two alternatives, A and B, both of which lead to an

immediate reward of similar magnitude (Bshary & Grutter, 2002).
However, there is an important difference between the two options.
If A is selected, the trial ends following the reward, whereas if B is
selected, the animal can subsequently select A and thus receive a
second reward on that same trial. Although the difference consti-
tutes an obvious advantage to selecting B, not all animals do so.
Wrasse fish quickly learn to choose the option that yields two
rewards, whereas chimpanzees, orangutans, and capuchins do not
(Salwiczek et al., 2012). The difference is not easily accounted for
by general learning ability or brain size, both of which would seem
to favor primates over fish. Instead, the difference may have
evolved origins: cleaner wrasses in their natural environment forage
by removing parasites and other materials from the gills and mouths
of other fish. Those client fish are either residents, who remain at
the reef (analogous to Option A), or visitors, who are likely to swim
away if not immediately engaged (analogous to Option B). Initial
selection of a visitor allows for the subsequent cleaning of a remain-
ing resident, whereas initial selection of a resident likely results in
the visitor leaving before it too can be cleaned. If the task accurately
captures this aspect of wrasse ecology, it makes sense that they out-
perform primates. Note, however, that parrots cast some doubt on
this particular evolutionary explanation by choosing more like
wrasses than primates (Pepperberg & Hartsfield, 2014).

Given such variations in behavior across species, it may be in-
formative to seek out situations in which suboptimal performance
has been demonstrated in multiple species or in which the performan-
ces of different species vary. For instance, gambling is a suboptimal
human behavior, in that it generally (though perhaps not always) car-
ries a negative financial expectation, yet many humans pursue it
enthusiastically, to negative and sometimes disastrous effect (Clark
et al., 2013). Similarly, pigeons engage in choice behavior that paral-
lels human gambling (Zentall, 2011) and is suboptimal in some of
the same ways. Thus, there may be some factor that underlies the
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persistence of gambling that applies to multiple species. Similarly,
the sunk cost effect is an increased tendency to continue an effort af-
ter an irreversible investment of time, work, money, or some other
resource has been made. Humans (Arkes & Blumer, 1985) demon-
strate the sunk cost effect by, for example, choosing to attend more
plays if they have paid more for the same season tickets. Pigeons,
chimpanzees, and rhesus monkeys also show sunk cost effects, con-
tinuing to work toward a reward more persistently if the choice is
made after an investment has already been spent (Pattison et al.,
2012; Watzek & Brosnan, 2020).
Different species, however, do not always behave in the same

ways, and sometimes those differences are reflected in markedly dif-
ferent levels of success or optimality. Humans, for example, are gen-
erally better than pigeons at delaying reinforcement, often preferring
a larger delayed reinforcement over a smaller immediate reinforce-
ment, even if the larger reinforcement is delayed by months (Green
et al., 2005). Pigeons on the other hand show a much shorter delay
discounting horizon, with preference for a smaller reward even if the
delay to a larger one is only seconds (Vanderveldt et al., 2016).
On the other hand, pigeons quickly learn to choose optimally in

the Monty Hall dilemma (MHD), whereas humans do not despite
their ostentatious ape brains (Herbranson & Schroeder, 2010). The
difference may be due to various cognitive traps that ensnare
humans, preventing them from learning from experience, whereas
pigeons may be freer to change their behavior based on trial feed-
back (Herbranson, 2012).
Given that there is no consistent pattern of superiority between

pigeons and humans, further comparative investigation of optimal-
ity in these two species should be informative, especially in those
situations where one or both tend to choose suboptimally. The sec-
retary problem (SP) is an interesting candidate for further
research, in that humans’ approach to it has been established as
consistently and stubbornly suboptimal. Though similar scenarios
had been described as early as 1613 by notables such as the astron-
omer Johannes Kepler (see Koestler, 1960), the SP was first

described in its present form in print by Martin Gardner in his
Mathematical Games column of Scientific American (Gardner,
1960). The problem may be presented in many formats that all
have the same mathematical structure (variously known as, for
example, the game of googol, the marriage problem, or the best
choice problem), but it is usually articulated as a hiring decision in
which an employer wishes to hire the best available applicant for a
job (such as a secretary) under the following constraints. First, the
pool of applicants is finite and of a known size (n). Second, appli-
cants vary in desirability, though the specific value or quality of
the best is unknown. Third, applicants are considered one at a time
and in a random sequence. Finally, after each individual applicant
is considered, the employer can opt either to hire that applicant on
the spot (thus ending the search immediately) or reject them for-
ever (thus continuing the search) until reaching the last candidate
in the pool. At that point, the final applicant must be hired.

The SP is compelling because it is easy to understand and flexi-
ble enough to be used to simulate real-world decisions such as
choosing a mate (Todd, 1997) or hunting for an apartment (Zwick,
et al., 2003). At the same time, it remains mysterious because the
best solution is not readily apparent. Despite widespread interest,
the SP remained unsolved for years. Many strategies are possible,
yielding a range of possible levels of success (Stein et al., 2003).
The most effective strategy for the problem, as articulated earlier
(derived by Bruss, 1984) is to interview and reject the first n/e
applicants (where n is the applicant pool size, and e is the base of
the natural logarithm) and then select the first applicant that ranks
higher than any that have been previously considered. This is
known as a cutoff rule, and if applied, the rate of selecting the best
candidate is 37%, or 1/e, regardless of the size of the applicant
pool or the range of applicants’ scores.

For example, one might wish to select the best available pigeon
from a sample of 10 historical columbid heroes under the constraints
of the SP. Figure 1 shows 10 individual pigeons of varying quality
(scale rating) in an arbitrary sequence. For a pool of this size, n/e =

Figure 1
Illustration of the Secretary Problem

Note. In this example, scale ratings are arbitrarily based on the sum of letters in a pigeon’s name using an
A1Z26 cipher. The optimal cutoff solution is to consider and reject the first four available options (based on ordi-
nal position; Cher Ami, William of Orange, Martha, and Paddy), and subsequently hire the next applicant with a
higher scale rating. In this case, Applicant 7, President Wilson, ranks higher with a rating of 202 than any of the
first four (with a maximum of 160) and would be hired. See the online article for the color version of this figure.
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10/e � 3.68, so the optimal cutoff approach is to consider the ratings
of but automatically reject the first four applicants (Cher Ami, Wil-
liam of Orange, Martha, and Paddy) and wait for one with a rating
.160 (corresponding to the rating for William of Orange, the best of
the rejected applicants). In this example, that would be the seventh
candidate, President Wilson, with a rating of 202. Note that President
Wilson also happens to be the best in the pool, so in this case, the
optimal cutoff strategy yields the best possible result. However, that
is not a necessary outcome, as the best candidate could be among the
first four options (e.g., if President Wilson’s rating had been ,160),
or a better candidate could fall between the fourth ordinal candidate
and the best ranked option (e.g., if Mocker or GI Joe had rated
between 160 and 202).
While this cutoff solution maximizes the chance of hiring the best

applicant in a given pool, human decision makers generally fail to
adopt it in practice. More specifically, empirical investigations of the
SP show that human decision makers select their hires too early
(before the appropriate cutoff value) and in doing so make inferior
hires. Seale and Rapoport (1997) asked participants to complete 100
trials of an SP. Their participants viewed information about applicants
sequentially on a computer screen. Specifically, they were shown the
current rank (first, second, third, etc.) of each applicant relative to
those already viewed, but not a numerical rating of overall quality or
an overall rank that included unviewed applicants. Their analyses con-
sidered various possible decision rules and found that participants
tended to utilize a relatively simple cutoff rule, in which a decision
maker selects any top-ranked candidate after a set number has been
viewed and rejected. Note that the optimal strategy described earlier is
a version of a cutoff rule, in which the hiring threshold is equal to the
best of the first n/e candidates. Seale and Rapoport’s participants how-
ever, stopped significantly earlier than that policy would dictate.
Lee (2006) used an optimal stopping scenario similar to the clas-

sical SP, in which participants were presented with a finite list of
numbers and tasked with choosing the highest valued number. In
this “full information” variation on the task, in which participants
know the possible range of scores and are shown precise numerical
scores (rather than their ordinal positions relative to other previ-
ously viewed candidates), the additional information leads to a dif-
ferent optimal strategy that increases the likelihood of choosing the
highest number. In this case, the chance of winning is maximized
by implementing a threshold that depends on the size of the appli-
cant pool and the number of applicants remaining. Specifically, the
ideal threshold decreases with each viewed candidate (Gilbert &
Mosteller, 1966). With a pool of 10 applicants, this optimal strategy
increases the probability of winning to approximately 60.9%, out-
performing the cutoff rule described earlier. Despite the difference
in how participant quality was presented and the accompanying
optimal strategy, Lee’s participants behaved similarly to Seale and
Rapoport’s: they applied a rule that stopped too soon.
In addition, Lee observed no change in strategy over time, indi-

cating that participants did not improve on their approach with ex-
perience and feedback about wins and losses. Subsequent research
has replicated the lack of learning in full information SP experi-
ments (Campbell & Lee, 2006; Guan & Lee, 2018; Guan et al.,
2020). Goldstein et al.’s (2020) participants however, showed evi-
dence of learning and with experience approached the optimal so-
lution. Presumably, this indicates that learning based on feedback
is possible and may be dependent on specific experimental details.

Experiment 1

Although humans tend to use the wrong approach to the SP,
that might not be the case for all animals. Pigeons are sensitive to
rates of reinforcement (Shimp, 1973) and sometimes outperform
humans on probability-based tasks (Herbranson & Schroeder,
2010). Thus, it could be informative to arrange a task in an operant
chamber that matches the mathematical structure of the SP.
Pigeons can be trained to associate colors with specific probabil-
ities of reinforcement and to preferentially select colors linked to
higher probabilities. Furthermore, although the solution to the SP
is complex, the contributing choices are simple: Each is a decision
to select or reject an immediately available option. Thus, we
trained pigeons to view sequences of up to ten color stimuli, with
different colors each linked to a specific probability of reinforce-
ment. Birds made a decision after seeing each color in a sequence
to either accept or reject it, and subsequent reinforcement was de-
pendent on the selected color. In this task then, pigeons were faced
with a self-terminating series of choices between a specific proba-
bility (associated with the displayed color) and another, yet unseen
possibility.

Birds’ performance on this task can be compared to various bench-
marks corresponding to the strategies described earlier. Following
studies of human choices on the SP by Lee et al (2004), we outline
three specific strategies. Given that the colors birds see represent spe-
cific probabilities of reinforcement and do not indicate their ordinal
rank in a pool, the task is most similar to the “full information” ver-
sion of the SP (Lee, 2006). Thus, the best approach birds could use is
the optimal decreasing threshold strategy, in which they adjust their
selection threshold with each subsequent option. Gilbert and Mostel-
ler (1966) indicate that with a pool of 10, the optimal threshold strat-
egy would lead to a 60.9% chance of winning.

A second strategy worth considering is a simpler approach using
a threshold that remains constant across choices rather than
decreasing with each option. With a sample of 10 ranging in qual-
ity from .0 to 1.0, the most effective fixed threshold is .85, and this
approach would win on about 51.7% of trials (Gilbert & Mosteller,
1966). Note that the considerably simpler approach leads to a rela-
tively small decrease in win rate.

A third possibility is a cutoff strategy, in which one selects any
best option after a fixed number has been considered. Recall that
the most effective application of a cutoff requires that one reject
the first n/e options and subsequently select the next that ranks
highest. With a pool of 10, the most effective version of a cutoff
strategy is to automatically reject the first four options and subse-
quently select any color associated with a greater rate of reinforce-
ment than the maximum of those previously viewed and rejected.
Using this approach, and a pool of 10 options, one would be
expected to “win” by selecting the best option 39.9% of the time
(Gilbert & Mosteller, 1966).

Although the strategies described earlier are complex enough to
elude human participants, and thus one might be skeptical that
pigeons would adopt any of them, even with experience, keep in
mind that even if birds do not fully conform, they might still skew
away from randomness and in a direction that increases their
chance of winning. Thus, a fourth, random strategy is another use-
ful comparison as a lower boundary. Consider, for example, a
completely ambivalent bird that makes each choice arbitrarily,
with no preference between selecting and rejecting. Such a bird
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would have a .5 chance of selecting and a .5 chance of rejecting any
displayed option. Under the rules of this experiment, that strategy
would result in a mean of two options considered before a selection
and a 10% chance of selecting the best option from the pool.
If pigeons learn the probabilities of reinforcement associated

with each color and use that information appropriately, we expect
that they will do better than the random model and select the best
option on more than 10% of trials. Pigeons could make optimal
use of the available information, in which case they should match
the optimal model and select the best option in about 61% of trials.
In between these two extremes are other possibilities. As two spe-
cific examples, pigeons might use a fixed threshold strategy or an
n/e cutoff strategy, in which case they would select the best option
in up to 51% and 40% of trials, respectively.

Method

Methods for Experiment 1 were reviewed and approved by the
Whitman College Institutional Animal Care and Use Committee.

Animals

Eight White Carneau pigeons (Columba livia) were purchased from
Double T Farm (Glenwood, IA). Birds were maintained at approxi-
mately 80% of free-feeding weight. One bird stopped responding dur-
ing the early stages of the experiment and did not complete pretraining.
Thus, all presented analyses are based on the remaining seven birds.

Apparatus

Sessions were run in three-key operant chambers (BRS/LVE,
Laurel, MD), each interfaced to a personal computer via USB I/O
relays (Acces I/O, San Diego, CA) and controlled by code written
in Visual Cþþ and compiled in Visual Studio (Microsoft, Red-
mond, WA).

Pretraining

Pigeons were pretrained in sessions consisting of habituation,
hand shaping, and autoshaping until they responded consistently
on each of three response keys. Stimuli during autoshaping were
back-projected key lights in one of six colors: white, red, green,
blue, cyan, and magenta.
Following autoshaping, pigeons were trained with different proba-

bilities of reinforcement for pecking different colored key lights.
Each of five colors (red, green, blue, cyan, and magenta) was
assigned a different probability of reinforcement (.2, .4, .6, .8. or 1.0),
with specific color-probability assignments unique for each bird. On
individual trials, a color was back-projected onto one of the three
keys (color and location each randomly selected on each trial), and
after a single peck to the lit key, that key was immediately darkened
and reinforcement was presented with the associated probability.
Reinforcement consisted of an approximately 3-s access to mixed
grain from the chamber’s food hopper. Access times varied slightly
from bird to bird to maintain individual running weights.
After 42 days of probability training, adequacy of learning was

assessed by a choice procedure over 6 days. On each of 100 daily
trials, two different colors were randomly selected from the train-
ing set and presented simultaneously on two of the three response
keys (key locations were randomly selected and the third key
remained dark). After a single peck to one of the illuminated keys,

all keys were darkened, and reinforcement was presented accord-
ing to the probability associated with the chosen color (even if it
was the color linked to the lower of the two probabilities). Birds
chose the higher probability color on 77.0% of trials (95% confi-
dence interval [CI] [74.0, 80.0]). That level is greater than a chance
performance of 50% t(6) = 21.90, p , .001, d = 8.27, BF10 . 100,
indicating that birds had learned to preferentially peck keys with
higher probabilities.

Procedure

Following pretraining, an SP-inspired procedure began. Birds
were run 5 days per week for 100 days, and each daily session
consisted of 80 trials. Each trial was either a choice trial or a main-
tenance trial (p = .5 for each, randomly determined on a trial-by-
trial basis and described in the following text). Following comple-
tion of the final trial in a daily session, all keys were darkened, the
house light was turned off, and a bird was returned to its home
cage. Over the first 60 days, some experimental parameters varied,
such as required viewing time, number of daily maintenance trials,
and intertrial interval (ITI) duration. Thereafter, all details were
set as described in the following text and remained unchanged for
the remainder of the experiment.

Choice Trials. At the beginning of each choice trial, the com-
puter generated a sequence of 10 colors (described in the follow-
ing text). Subsequently, those colors were presented one at a time
with a required decision to select or reject each, until one was
selected. Following the selection of a color, a pigeon could receive
access to mixed grain according to the relevant probability.

Stimulus Generation. At the beginning of each choice trial,
the computer pseudorandomly generated a pool of 10 color options,
each associated with one of five probabilities of reinforcement (p =
.2, .4, .6, .8, or 1.0). Each color (red, green, blue, cyan, or magenta)
was linked to a different specific probability, using the same assign-
ments each bird saw during pretraining. Random generation of the
sample was constrained in the following way: First, a superior
option was randomly generated with p = .25 for each of .4, .6, .8, or
1.0. Then, the other nine options were pseudorandomly generated
from all possible values with the constraint that each must have a
lower probability of reinforcement than the initially generated supe-
rior option for that trial. Because there were five colors/probability
values and a pool size of 10, some values appeared more than once
in the pool generated for a given trial. The best option, however,
was always unique (e.g., if the best option was associated with a
probability of .8, only one such instance was in the pool and all
nine of the others had a p less than .8). The sample was then shuf-
fled into a random sequence, with the “best” equally likely to occur
in any of the 10 ordinal positions. Figure 2 shows a possible
sequence of colors and associated probabilities for one trial. The
relative ranks and the ordinal location of the best option parallel
those of the candidates shown in Figure 1, but following the
described constraints of Experiment 1.

Trial Structure. Figure 3 depicts the structure of a trial and is
based on the sample and sequence shown in Figure 2. Each trial
began with a cross displayed on each of the three keys. Each cross
indicates that the next available option can be viewed by pecking
the cross (Figure 3, top row). The first peck to any key immediately
replaced the displayed cross on that key with the first color in the
generated pool (Figure 3, second row). A pigeon could then choose
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to see another option by pecking one of the remaining crosses. If so,
the color associated with the next option immediately replaced the
pecked cross. At the same time, the color linked to the previously
available option disappeared and was replaced by a new cross (Fig-
ure 3, third row). Alternatively, a pigeon could select the displayed
option by refraining from pecking any cross for 10 s. Pecks to the
colored key had no effect, but any peck to the cross on either of the
other two keys initiated a new display and 10-s interval. Following
10 s with no pecks to a displayed cross, the entire display was
cleared, and reinforcement was presented with the probability linked
to the displayed color.
If a pigeon rejected nine options and the 10th and final one was

displayed, no crosses were projected onto the remaining keys, and
thus the bird was effectively forced to choose that 10th option, as
no crosses were available to be pecked.
If reinforcement was obtained on a trial, the food hopper was

raised, allowing the bird access to mixed grain for approximately
3 s. Finally, a 5-s ITI preceded the next trial. During the ITI, all
keys were dark, and the house light remained on.

Maintenance Trials. On each day, approximately one half of
trials were maintenance trials, intended to provide regular experience
with each color and reinforcement probability, regardless of how birds
responded during experimental choice trials. On maintenance trials,
only one key was illuminated with a color (randomly chosen from the
available set), and pecks to keys had no consequences. Following 10 s,
reinforcement was provided according to the reinforcement probability
associated with the displayed color. Thus, maintenance trials were the
same as choice trials after reaching the 10th option.

Results

Results presented here summarize all trials from all seven birds
over the final 10 days of the experiment.

Wins

In the secretary problem, a “win” is defined as selection of the
best available option within the pool. Pigeons selected the best
color available on 20.63% of trials, 95% CI [14.46, 26.81], as

Figure 3
Schematic of a Trial in Experiment 1

Note. The probability value on color-filled keys is for clarity in the figure, and was not
displayed to birds. In this example trial, a pigeon rejected the first displayed option (red,
p = .4) by pecking the rightmost key, and selected the second (cyan, p = .6) by refraining
from pecking either cross. See the online article for the color version of this figure.

Figure 2
Example Applicant Pool in Experiment 1

Note. Color options have the same relative ranks as those of the candidates depicted in Figure 1. See the
online article for the color version of this figure.
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shown in Figure 4 (left bar). For comparison, reference lines
indicate the expected performance of the four possible decision
strategies described earlier: optimal, threshold, cutoff, and random.
Table 1 further outlines how pigeons’ performance compared to the
expectations for each of these strategies. As indicated by t tests,
pigeons performed reliably better than the random strategy, but reli-
ably worse than each of the three other strategies. Also shown in
Table 1 are Bayes Factors (BF10) for each, expressing the ratio of
evidence for the alternative hypothesis to evidence for the null hy-
pothesis (see Vandekerckhove et al., 2018; Wagenmakers et al.
2016) . Here, a BF10 . 1 would indicate that there is more evidence
that the probability of winning was different from that of the deci-
sion strategy under consideration. In contrast, a BF10 , 1 would
indicate more evidence that the probability of winning matches that
of the decision strategy. Using guidelines from Jeffreys (1961), there
is strong evidence that pigeons’ win probability was greater than the
random strategy (BF10 . 10), and decisive evidence that pigeons’
win probability was less than each of the other strategies (all BF10 .
100). Thus, by the metric of wins, pigeons appear to have performed
somewhere between the expectations of random selection and the
mathematically derived strategies.

Number of Options Considered

Another potentially informative measure of performance is the
number of options considered per trial before making a selection.
Possibilities range from one to 10, and each strategy would yield a
different expectation (indicated in the row headers of Table 1).
Pigeons viewed a mean of 3.18 options on each trial before mak-
ing a selection, 95% CI [1.63, 4.73], as shown in Figure 5 (left
bar). Again, predictions for each of the four strategies under con-
sideration are shown as reference lines, and a summary of statisti-
cal tests appears in Table 1. In this case, pigeons’ selections
appear to be congruent with a random model (p . .05; BF10 =
1.1), but not with any of the other strategies (all p , .001; all

BF10 $ 48.2). Specifically, pigeons consistently made their selections
before the optimal, threshold, or cutoff strategies would dictate.

Reinforcers Earned

Although use of an effective strategy increases the chance of
selecting the best option, neither strategy use nor selection of the
best option guarantees that a pigeon will receive grain at the end
of a trial. Thus, another potentially informative measure of per-
formance is the percent of reinforced trials. Pigeons were rein-
forced on 46.23% of trials, 95% CI [41.95, 50.51], as shown in
Figure 6 (left bar). Again, expected values for each of the four
strategies under consideration appear as reference lines, and sta-
tistical comparisons to each are summarized in Table 1. In terms
of reinforcers earned, pigeons appear to have performed better
than a random strategy (p = .004; BF10 = 12.5), and not appreci-
ably different from the cutoff strategy (p = .18; BF10 = 0.8), but
worse than the optimal or threshold strategies (all p # .002; all
BF10 $ 26.4).

Use of Strategies

Figure 7 (left cluster of bars) shows the percentage of trials on
which a pigeon’s responses were consistent with each of the
mathematically derived strategies. The optimal strategy for the
full information SP is to use progressively decreasing thresholds.
For a sample size of 10, those thresholds are [.92, .91, .89, .88,
.86, .82, .78, .69, .50, .00] (from Gilbert & Mosteller, 1966).
Using the closest values in the experiment, the series of thresh-
olds becomes [1.0, 1.0, .8, .8, .8, .8, .8, .6, .6, .0]. This approxi-
mation of the optimal strategy will be used to assess
performance in subsequent analyses because it consists of thresh-
olds that match the actual choices available in the experiment.
Birds responded in a manner consistent with this optimal
decreasing threshold strategy on 16.37% of trials (95% CI [1.41,
31.33]). The best single-threshold strategy for a sample size of

Figure 4
Percent of Winning Trials in Experiments 1, 2, and 3

Note. Error bars depict 95% confidence intervals. A win means any trial on which the
best option was selected. Reference line shows expected performance by four possible
strategies: optimal (solid line), threshold (long dashes), cutoff (alternating dashes), and
random (short dashes).
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10 corresponds to a threshold of .85 (Gilbert & Mosteller, 1966).
In this experiment, the closest value is .8. A mean of 17.21% of
trials (95% CI [12.59, 21.83]) resulted in a sequence of responses
consistent with use of that threshold strategy. Finally, the cutoff
strategy involves setting a threshold based on the first n/e
options. With a sample size of 10, that equates to a threshold
equal to the best of the first four options viewed on a given trial.
A mean of 14.91% of trials (95% CI [5.07, 24.75]) resulted in a
sequence of responses consistent with this cutoff strategy.
Although the means are numerically close, individual birds
showed different patterns: Four pigeons responded in a manner
consistent with the threshold strategy more frequently than the
others (maximum 24.0% of trials); two conformed to the optimal
strategy more (maximum 47.7% of trials); and one matched the
cutoff strategy most (26.8% of trials).

Effect of Strategies on Wins and Reinforcers Earned

There was variability among individual birds, with some perform-
ing better than others on all measures. Figure 8 summarizes data
from individual birds characterizing the relationship between use of
strategies and two measures of performance: reinforcers and wins.
Because many trials yielded responses that were consistent with
more than one of the strategies, they are combined into a single mea-
sure of strategy use: The x axis displays the percent of trials on
which a bird’s response was consistent with at least one of the math-
ematically derived strategies. Variability along the x axes indicates
that some birds’ responses matched at least one of the strategies
more frequently than others. More importantly, the data in Figure 8
also show that the use of these effective strategies correlated posi-
tively with wins (left panel) and with reinforcers (right panel).

Table 1
Statistical Summary of Responses Consistent With Four Decision Strategies in Experiments 1, 2, and 3

Experiment 1 Experiment 2 Experiment 3

Strategy t(6) p d BF10 t(44) p d BF10 t(44) p d BF10

Wins
Optimal (60.9) 16.00 ,.001 6.03 .100 8.01 ,.001 1.19 .100 15.10 ,.001 2.26 .100
Threshold (51.7) 12.30 ,.001 4.65 .100 4.36 ,.001 0.65 .100 10.80 ,.001 1.61 .100
Cutoff (39.9) 7.64 ,.001 2.89 .100 �0.33 .74 0.05 0.2 5.26 ,.001 0.78 .100
Random (10.0) �4.22 .006 1.59 10.6 �12.20 ,.001 1.82 .100 �8.79 ,.001 1.31 .100

Options
Optimal (7.3) 6.51 ,.001 2.46 59.5 11.60 ,.001 1.73 .100 14.30 ,.001 2.13 .100
Threshold (7.1) 6.19 ,.001 2.34 48.2 10.50 ,.001 1.56 .100 13.30 ,.001 1.99 .100
Cutoff (7.7) 7.14 ,.001 2.70 88.9 13.90 ,.001 2.07 .100 16.20 ,.001 2.41 .100
Random (2.0) �1.86 .11 0.70 1.1 �18.60 ,.001 2.78 .100 �10.60 ,.001 1.59 .100

Reinforcers
Optimal (62.6) 9.36 ,.001 3.54 .100 5.30 ,.001 0.79 .100
Threshold (55.6) 5.36 .002 2.02 26.4 2.27 .02 0.34 1.6
Cutoff (48.9) 1.53 .18 0.58 0.8 0.64 .53 0.10 0.2
Random (38.5) �4.42 .004 1.67 12.5 �5.14 ,.001 0.77 .100

Note. Reinforcement was only provided on Wins in Experiment 2. Consequently, cells corresponding to Reinforcers in Experiment 2 would not corre-
spond to expected values in the row headers and are left blank.

Figure 5
Mean Number of Options Considered per Trial in Experiments 1, 2, and 3

Note. Error bars depict 95% confidence intervals. Reference line shows expected per-
formance by four possible strategies: optimal (solid line), threshold (long dashes), cutoff
(alternating dashes), and random (short dashes).
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Discussion

In Experiment 1, pigeons chose suboptimally by considering
too few options per trial, and that matched the general pattern pro-
duced by humans in prior investigations of the SP. Pigeons’ sub-
optimal responses may not be particularly surprising, given the
complexity of the ideal solution. However, note that although sub-
optimal, pigeons outperformed a random response strategy in
terms of wins and in doing so earned reinforcement on nearly half
of the trials, approaching the expected performance of the cutoff
strategy, which is the best solution under certain assumptions.
These mixed results show the importance of considering the

specifics of how exactly a strategy falls short of optimal. Thus, let
us consider birds’ performance in more detail.

First, pigeons outperformed the random model, indicating that
they did learn something that increased their chances of gaining
grain access, even if they still fell short of optimal. The random
strategy considered here was merely the simplest model possible,
using the assumption that accepting and rejecting were equiprob-
able, at p = .5 each. Thus, it serves as a comparison point for what
a blindly selecting individual might do with no regard for the qual-
ity of a presented option, rather than as a model of pigeons’ actual
cognitive processes. Future research into what those cognitive
processes might be should consider other unequal values and even

Figure 6
Percent of Reinforced Trials in Experiments 1, 2, and 3

Note. Error bars depict 95% confidence intervals. Reference line shows expected per-
formance by four possible strategies: optimal (solid line), threshold (long dashes), cutoff
(alternating dashes), and random (short dashes).

Figure 7
Percent of Trials That Were Consistent With Optimal, Threshold, and Cutoff
Decision Strategies

Note. Error bars depict 95% confidence intervals.
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that the probabilities of accepting and rejecting might change on
each trial, independent of the presented stimuli (Lee & Courey,
2021).
Birds generally made their selections too early, matching the

suboptimal pattern produced by humans in prior research on the
SP (Lee, 2006; Seale & Rapoport, 1997). Those results could be a
consequence of a general human tendency toward risk aversion
(Kahneman & Tversky, 1984). In the context of the SP, a human
participant may not want to risk rejecting a quality applicant only
to get stuck with an inferior one and experience regret later, espe-
cially as end of the pool approaches and there are fewer options
remaining. It is plausible that pigeons were similarly swayed by
high-quality options (colors linked to high probabilities of rein-
forcement) appearing early in a trial. Our pigeons were maintained
at a fairly standard 80% of free-feeding weight (Poling et al.,
1990). Presumably this motivated them to seek high-probability
choices, but we should consider food deprivation level as a possi-
ble moderator. Zentall et al. (2014) demonstrated a less-is-more
effect in pigeons, whereby food-deprived pigeons chose a more-
preferred food item by itself over the same item plus a less-preferred
item. However, this nonoptimal choice went away in another condi-
tion, in which pigeons were more food-restricted. Thus, optimal
choice was at least partly dependent on motivation level. Their inter-
pretation was that higher levels of motivation increased the value of
the less preferred food item, making the two-item option relatively
more appealing as starvation approached. By the same logic, the value
of available options in the SP might also change along with food
restriction. One might predict that birds would become more impul-
sive and choose even sooner under more severe food restriction.
On a related note, the possible values (i.e., reinforcement probabil-

ities) that were available could also have influenced pigeons’ choices.
In this experiment, the number (five) and range (from .2 to 1.0) of
options were selected with the goal of maximizing discriminability.
But of course, this was only one of an infinite number of possible

arrangements. For example, alternate versions could be generated in
which the probabilities are all relatively low or all relatively high. A
small increment in win probability from an already high chance might
not carry the same weight as the same increment from a low win prob-
ability. If so, results could look quite different and might interact with
the previously mentioned variable of food deprivation level. Thus, the
present results should be interpreted with caution and not yet be taken
as a general pattern. Nevertheless, they do indicate that at least under
some conditions, pigeons’ responses to an SP-based task approxi-
mately match the consistently suboptimal tendency of humans.

Another important feature of the present results is that there was con-
siderable between-subjects variability on all measures of performance.
Not all birds were equally successful, and use of effective strategies
was an important determinant of success (see Figure 8). Birds that
responded according to the cutoff, threshold, or optimal strategies more
frequently won trials by selecting the best available option, and also
gained more reinforcers. This confirms the validity of the present pro-
cedure and its link to the classic SP, in that judicious strategy use does
indeed produce more wins and more earned reinforcers. Nevertheless,
pigeons chose poorly, and there are many different ways to choose
poorly. Pigeons’ tendency overall was to choose too soon, and this par-
ticular pattern was consistent across birds. None of the pigeons reliably
chose too late by considering too many options. Over the final 10 days
of the experiment, pigeons saw seven or more options (the lowest ex-
pectation for the effective strategies considered) on only 12% of trials
and saw all 10 options on only 5% of trials.

Perhaps the most informative result is that despite failing to use
the optimal strategy, pigeons’ suboptimal approach still led to fre-
quent reinforcement. This would seem to reflect the distinction
between process and outcome optimality (Dunwoody, 2009). The
former refers to use of an effective strategy, whereas the latter
refers to a desirable outcome, and our pigeons confirmed that the
two are not always the same. Birds seem to have achieved fairly
good outcomes on average, although not closely following the

Figure 8
Scatterplots Comparing Wins (Left Panel) and Reinforced Trials (Right Panel) With Response Strategy Use in
Experiment 1
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optimal process. They earned close to the same number of rein-
forcers they would have if they had adopted the optimal cutoff
strategy, and only 26% less than if they had adopted the overall
optimal strategy. This is likely due in part to the fact that pigeons
could gain reinforcement on any trial, even if they did not choose
the best available option. In other words, trials that constituted
“losses” by the terminology of the SP might have been received
the same way as “wins” by a lucky pigeon that was nevertheless
contentedly eating from the food hopper. Similarly, selection of
the best option constitutes a “win” by the rules of the SP but in
many instances would have resulted in no reinforcement even
though it maximized the probability of reinforcement on that trial.
Although reinforcement probability was the intended independ-

ent variable, birds’ choices may also have been affected by costs
relating to time. A small increment in probability of reinforcement
could be outweighed by the time and effort required to sample
additional options. Although 10 s were required to make any selec-
tion, and rejection led to immediate presentation of a new option,
the time and effort to work through an entire pool of 10 may have
been too much to invest, given that even the worst options had a
nonzero probability of producing reinforcement. Seale and Rapo-
port (1997) similarly suggested that humans’ early selections
could have been due to the accumulation of search time costs. This
is somewhat inconsistent with previously cited research on delay
discounting, which emphasizes humans’ greater willingness to tol-
erate a delay for a larger reward. Thus, it seems that something
about the SP may encourage impatience in both humans and
pigeons. Delay discounting is complex, and has many contributing
factors (Vanderveldt et al., 2016), but perhaps the element that is
most relevant to the SP is uncertainty. Just as a larger, later reward
might not retain its value to an individual who experiences an
unexpected windfall (or death) in the interim, a better, later option
might not exist at all in the remaining pool of an SP experiment.
On a related note, the impulsivity pigeons show in delay dis-

counting tasks may have been countered by the selection process
in the current experiment. Recall that to select an option, pigeons
had to wait 10 s without pecking either of the crosses (“reject”
keys). Thus, they could not impulsively select an option or “give
up” and immediately skip to the end of the trial; they were
required to wait 10 s sooner or later. Though selection by omission
tends to be difficult for pigeons (see Zentall & Smith, 2016), in
this case, there was no requirement for birds to completely inhibit
responding to a displayed color. For the most part, they did not:
Pecks to colored key lights were not recorded and had no pro-
grammed consequences, but most pigeons spent the entire 10 s
interval pecking the selected color. Thus, very few selections
would have been due to something other than choice (such as inat-
tention or frustration).
Given that much of the intrigue connected to the SP lies in the

established tendency of humans to choose suboptimally, a solid
comparison to prior human research is necessary context for
Experiment 1. Our pigeons and previously studied humans per-
formed similarly, in that both failed to consistently use the optimal
strategy, and were suboptimal in the same predictable way. Given
that it took mathematicians considerable time and effort to derive
the optimal strategy, neither failure may be particularly surprising.
However, we urge caution when comparing these pigeon data
directly to previously collected human data. First, the SP is a
broadly defined puzzle that accommodates considerable methodological

variability. We implemented some aspects of our procedure based on
available instrumentation, and those aspects did not always match the
way research has been conducted with human participants. In particular,
recall that the definition of a win in the SP (selection of the best option)
correlated with, but did not perfectly match, reinforcement (grain
access). In addition, Experiment 1 used just five values to maximize
discriminability. This limited set is not incompatible with the SP but
could at least be considered atypical, given that the problem usually
incorporates continuously varying values and works the same way even
with infinite possible values. Thus, a human version that more closely
parallels those particular details of Experiment 1 would provide valua-
ble context.

Experiment 2

Experiment 2 is a replication of Experiment 1 with human par-
ticipants, using the same available pool size and probability
options. To disguise the experiment from participants who may
have already been familiar with the SP, it was presented as a horse
race prediction game. Note that in a race, the winner is the top fin-
ishing rank, as in the original formulation of the SP. Only if a bet-
tor chooses the first place finisher is the outcome considered a win.
As in Experiment 1, there is a single winner, and ties among losers
may be possible but are irrelevant. Most importantly for our pur-
poses, the quality of options can be precisely matched to those
appearing in Experiment 1, and multiple iterations can be per-
formed, in the manner of the multiple daily races at a track, with-
out concern for trial-to-trial carryover effects.

Although the SP has many variants that all generally yield the
same pattern of results, note that some similar probability puzzlers
can be significantly affected by the instruction set. The MHD, for
example, when articulated differently, sometimes results in different
choices. For example, Burns and Wieth (2004) recast the MHD as a
competition, in which one of three boxers is superior and cannot
lose. Although the underlying mathematical structure of the problem
was the same as in the classical formulation, as was the optimal so-
lution, their human participants were more likely to use the optimal
approach than when presented with the classic three-door version.
Thus, Experiment 2 has the added benefit of testing whether humans
respond the same way when the SP is presented as an athletic com-
petition, rather than as a hiring decision.

Method

Methods for Experiments 2 and 3 were reviewed and approved
by the Whitman College Institutional Review Board prior to par-
ticipant recruitment and data collection.

Participants

Forty-seven undergraduate students responded to a request for
participants through the Whitman College subject pool. Some
received course participation credit. Two did not finish the experi-
ment, leaving 45 complete response sets on which the presented
results are based.

Apparatus

Participants completed a single experimental session adminis-
tered via Qualtrics survey software (Seattle, WA). Participants
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could complete the experiment on any Internet connected com-
puter or mobile device.

Procedure

At the beginning of a session, informed consent was requested.
If a participant provided their consent and opted to continue, they
moved on to the experiment.
Following informed consent, each participant was randomly

assigned to one of two conditions (corresponding to Experiment 2
or Experiment 3), and the appropriate program was initiated. Subse-
quently, instructions appeared on screen and participants responded
by clicking or tapping the relevant portion of the screen.
The first trial served as practice trial and was not included in the

results. On the practice trial feedback was provided as normal, and a
participant could repeat the practice trial as many times as they chose.
Each session consisted of 12 trials (not including the practice trial),

and each trial consisted of up to 10 decisions. At the start of each trial,
the computer generated a sample of 10 numbers, drawn from a set of
five possible values matching those in Experiment 1 (20, 40, 60, 80,
and 100). These numbers were presented to the participant sequen-
tially, in a scenario involving simulated horse races. The following
instructions appeared on screen to set up the choices requested later:

The following experiment will ask you to try to pick the winner of a horse
race, among 10 horses. Your goal is to pick as many winners as you can
from several races. On each race, you will be provided with information
about an individual horse, and then asked if you think the horse will win.
If you think a horse will win, you can choose that horse and then see the
outcome of the race. If you do not think a horse will win, you will be pro-
vided with information about another horse in the race and asked if you
think that horse will win. You can continue considering horses one at a
time until you have one that you think will win, or until you have seen in-
formation about all 10 horses in the race. But be careful: you cannot go
back and choose a previously considered horse. That means that if you
choose to see all 10, you’ll be forced to choose the 10th horse.

In order to help you decide which horse to choose, I will provide you with
a speed rating for each horse. Speeds range from 0 – 100, with 100 being
the fastest. You should look for horses with higher speed ratings, since
they will beat horses with lower ratings. However, keep in mind that each
race has different horses, so speed is relative. A given race might feature
many horses with low ratings, or many horses with high ratings.

Let’s do a practice trial that won’t be counted in your results. On this
trial, you should reject at least one horse before picking one, so that
you have a chance to see what happens. Ready?

On each trial, one of the previously drawn sample of numbers
was presented to the participant: “Horse #1 has a speed rating of
[XX]. Would you like to choose Horse #1, or see another?” In
place of [XX] was the numerical speed rating of the relevant horse
(20, 40, 60, 80, or 100).
Each time a participant rejected a horse, the procedure moved

on to the next number in the sample and displayed the same mes-
sage, with a new horse number and speed rating.
After a participant chose a horse, the software announced on

screen the winner of the race (always the horse from the sample
with the highest speed rating), and whether or not it corresponded
to the horse chosen by the participant. At the end of each trial, it
also displayed the number of trials completed out of 12, and the
accumulated number of wins.

Results

Wins

Participants selected the winning horse on 40.74% of trials,
95% CI [35.67, 45.81], shown in Figure 4 (middle bar). As in
Experiment 1, performance can be compared to the expected win
rates for four possible decision strategies, indicated by reference
lines. Table 1 also summarizes statistical comparisons of mean
wins in Experiment 2 with expected wins for each strategy. In
Experiment 2, win rate was better than predicted by a random
strategy (p , .001; BF10 . 100), and not appreciably different
from the best cutoff strategy (p = .74; BF10 = 0.2), but worse than
the optimal or threshold strategies (all p, .001; all BF10 . 100).

Compared to the pigeons in Experiment 1, the humans in
Experiment 2 won a significantly larger percentage of trials,
t(50) = 3.09, p = .003, d = 1.26, BF10 = 11.3.

Number of Options Considered

Participants viewed a mean of 5.26 horses on each trial before
making a selection, 95% CI [4.91, 5.62], as shown in Figure 5
(middle bar). Table 1 summarizes comparisons with each of the four
strategies, and indicates that the number of options considered was
consistently greater than the random strategy (p , .001; BF10 .
100), and consistently less than the other three strategies (all p ,
.001; all BF10 . 100).

In comparison to the pigeons in Experiment 1, human partici-
pants viewed significantly more options per trial, t(50) = 4.12, p ,
.001, d = 1.68, BF10 . 100.

Reinforcers Earned

In Experiment 2, the only way to win was by selecting the win-
ning horse. Thus, earned reinforcers match wins exactly, at
40.74%, 95% CI [35.67, 45.81]. For the sake of comparisons with
Experiments 1 and 3, that performance is reproduced in Figure 6
(middle bar). Note that the reference lines in Figure 6 correspond-
ing to expected reinforcers for the four strategies apply to Experi-
ments 1 and 3, but not to Experiment 2. Thus, those comparisons
are absent from Table 1.

Despite outperforming pigeons from Experiment 1 in some
other ways, Experiment 2 participants’ choices led to approxi-
mately the same percent of reinforced trials, t(50) = .85, p = .40,
d = 0.35, BF10 = 0.5.

Use of Strategies

Figure 7 (middle cluster of bars) shows the percentage of trials
on which responses were consistent with each of the mathemati-
cally derived strategies. The largest percent of trials were consist-
ent with the threshold strategy (M = 51.1, 95% CI [45.8, 56.4]),
followed by the optimal (M = 43.9, 95% CI [38.6, 49.2]) and cut-
off (M = 23.7, 95% CI [19.7, 27.7]) strategies.

Discussion

In this implementation of the SP, humans outperformed the
pigeons of Experiment 1 by earning wins on a larger percentage of
trials. This was presumably due to the larger percentage of their
responses that were consistent with the high win-probability optimal
or threshold strategies. Despite that success, they employed the
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optimal strategy on less than half of all trials, and consistently chose
too soon, just like humans in previous research on the SP, and
pigeons in Experiment 1. While they performed better than the
pigeons of Experiment 1 in terms of wins and options viewed, they
did not earn significantly more reinforcers.
Taken by themselves, these primary results of Experiment 2 are

largely consistent with previous research on the SP in humans
(Lee, 2006; Seale & Rapoport, 1997). Thus, the variations intro-
duced here in terms of pool size, absolute ranks, and instructions
did not seem to change the difficulty of the problem, or the general
pattern of humans’ responses. As can be inferred from the myriad
of ways the SP has been presented, it is apparently quite resilient
in the face of modification, provided the basic structure of the puz-
zle remains intact.
While humans performed suboptimally by choosing too soon,

they did outperform the pigeons from Experiment 1 in some ways.
Thus, it is possible that humans may be better suited (though still
not very well) to solving the SP than pigeons. Alternatively, their
superiority might reflect necessary differences in the experimental
methods used. Each trial in both experiments ended with presenta-
tion or denial of reinforcement (either grain, or a feedback mes-
sage). However, it is important to acknowledge that reinforcement
is not necessarily the same as a “win” in the tradition of the SP.
The SP specifies a win as selection of the top option, and human
participants in Experiment 2 received feedback consistent with
that definition. Pigeons in Experiment 1 on the other hand worked
for grain access, which was imperfectly correlated with selection
of the best option. That is, they could be reinforced on trials in
which they selected an inferior option, and could be denied rein-
forcement on trials in which they selected the best option. That
was not the case in Experiment 2. Human participants were never
reinforced on trials in which they did not select the best available
horse (whether viewed or not), and never went unreinforced if
they chose the best horse.
To their credit, our human participants in Experiment 2 won

over 40% of all trials, and matched the expected wins for the cut-
off strategy (the best strategy for the SP under some assumptions),
even though they consistently chose too soon. We do not believe
that their win rate was merely a consequence of luck, as they sig-
nificantly outperformed the expectations for a random strategy.
Seale and Rapoport (1997) might have predicted this when they
concluded that the optimal strategy is somewhat insensitive to
moderate deviations from the optimal approach: choosing a bit too
early or a bit too late reduces win rate, but not always by an
extreme amount. Thus, moderate variations on the best strategy
can still do quite well, and were presumably reflected in our partic-
ipants’ relatively high win rate despite consistently premature
selections.

Experiment 3

Two important measures of performance, wins and reinforced
trials, were necessarily identical in Experiment 2, but not in
Experiment 1. If choices are driven by reinforcers rather than
wins, we might well see different results, even if other details are
equal. We can easily test this possibility by reinforcing human par-
ticipants in a probabilistic manner that more closely parallels the
way that grain was presented to pigeons in Experiment 1. In other
words, we might expect humans to perform differently (and

perhaps match pigeons’ performance more closely) if success on a
trial is not dependent on selecting the absolute best possible
option, but instead scales up with the quality of the selected
option. Note that this may be more akin to the kinds of scenarios
that produce reinforcement for pigeons and humans in their natural
environments. A hungry pigeon or human is motivated to find the
most fruitful foraging location, but can still gain food in other pla-
ces, and should still be motivated to choose a better location, even
if it is not the best of all possibilities.

The method from Experiment 2 can be easily modified into one
in which win probability correlates with option quality, but is not
solely dependent on selection of the best option. To this aim,
Experiment 3 uses the same ranks as in Experiments 1 and 2 to
predict a probabilistic, binary outcome: the successful hatching of
an egg. The important difference is that while higher ranking
options are still more likely to win (hatch), any of them can, even
lower ranking ones. Similarly, a higher ranking option can lose
even if it is the best available. In either case, the optimal solution
remains the same, and selecting well increases the chance of rein-
forcement on any trial.

Method

Methods for Experiments 2 and 3 were reviewed and approved
by the Whitman College Institutional Review Board.

Participants

45 undergraduate students responded to a request for partici-
pants through the Whitman College subject pool. Some received
course participation credit. All completed the experiment.

Apparatus and Procedure

Apparatus and procedure were the same as in Experiment 2,
with the following exceptions. On each trial, a pseudorandomly
generated sample of numbers was presented in a scenario involv-
ing collection and incubation of eggs. The following instructions
appeared on screen to set up the choices requested later, and paral-
leled those from Experiment 2:

The following experiment will ask you to try to choose eggs that are
most likely to hatch into birds. Your goal is to accumulate as many
hatchlings as you can from several nests. From each nest, you will be
provided with information about an individual egg, and then asked if
you think the egg will hatch. If you think an egg will hatch, you can
choose that egg and then see the outcome of incubation. If you do not
think an egg will hatch, you will be provided with information about
another egg in the nest and asked if you think that egg will hatch. You
can continue considering eggs one at a time until you have one that
you think will hatch, or until you have seen information about all 10
eggs in the nest. But be careful: you cannot go back and choose a pre-
viously considered egg. That means that if you choose to see all 10,
you’ll be forced to choose the 10th egg.

In order to help you decide which egg to choose, I will provide you
with a hatching probability for each egg. Probabilities range from 0 –

100. You should look for eggs with higher probabilities, since they are
more likely to hatch. However, keep in mind that each nest has differ-
ent eggs, so probabilities are relative. A given nest might feature many
eggs with low probabilities, or many eggs with high probabilities.
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Let’s do a practice trial that won’t be counted in your results. On this
trial, you should reject at least one egg before picking one, so that you
have a chance to see what happens. Ready?

On each trial, one value from the sample of probabilities was
presented to the participant. “Egg #1 has a hatching probability of
[XX]. Would you like to choose egg #1, or see another?”
Each time the participant rejected an egg, the procedure moved

along to the next number in the sample and displayed the same
message, with an updated egg number and probability.
After a participant chose an egg, the computer randomly gener-

ated a number between 0 and 99. If the number fell below the cho-
sen egg’s rating, the computer announced that the egg had
successfully hatched. If the number was higher than the egg’s rat-
ing, the computer announced that it did not hatch. It also displayed
the number of trials completed out of 12, and the accumulated
number of hatchlings.

Results

Wins

Participants selected an egg that hatched on 28.70% of trials,
95% CI [24.42, 32.99], as shown in Figure 4 (right bar). Again,
we can compare this performance to the expected win rates for
four possible decision strategies, indicated by reference lines in
the figure. Table 1 also summarizes statistical comparisons of mean
wins in Experiment 3 with expected wins for each strategy. Win rate
was better than that of the random strategy (p , .001; BF10 . 100),
but worse than the optimal, threshold, and cutoff strategies (all p ,
.001; BF10 . 100).
Compared to those in Experiment 2, participants in Experiment

3 won fewer trials, t(88) = 3.65, p , .001, d = 0.77, BF10 = 60.7.
However, their mean number of wins was comparable to those
obtained by pigeons in Experiment 1, t(50) = 1.46, p = .15, d =
0.59, BF10 = 0.8.

Number of Options Considered

Participants considered a mean of 4.26 eggs on each trial before
making a selection, 95% CI [3.83, 4.69], as shown in Figure 5
(right bar). Table 1 summarizes comparisons with each of the four
strategies, and indicates that the number of options considered was
consistently greater than the random strategy (p , .001; BF10 .
100), and significantly less than the other three strategies (all p ,
.001; all BF10 . 100).
Participants in Experiment 3 considered fewer options than those

in Experiment 2, t(88) = 3.64, p , .001, d = 0.77, BF10 = 57.9.
However, they considered approximately the same number as the
pigeons in Experiment 1, t(50) = 1.83, p = .07, d = 0.74, BF10 =
1.2.

Reinforcers Earned

Participants in Experiment 3 were reinforced on 50.37% of trials,
95% CI [45.72, 55.02], as shown in Figure 7 (right bar). Table 1
summarizes comparisons with each of the four strategies, and indi-
cates that the number of reinforcers was consistently greater than the
random strategy (p , .001; BF10 . 100), congruent with the cutoff
(p = .53; BF10 = .2) and possibly the threshold (p = .02, BF10 = 1.6)

strategies, and significantly less than the optimal strategy (p , .001;
BF10 . 100).

Participants earned more reinforcers than those in Experiment
2, t(88) = 2.82, p = .006, d = 0.60, BF10 = 6.7. They earned a com-
parable number to the pigeons in Experiment 1, t(50) = .70, p =
.49, d = 0.28, BF10 = 0.4.

Use of Strategies

Figure 7 (right cluster of bars) shows the percentage of trials
that were consistent with each of the mathematically derived strat-
egies. The largest percent of trials were consistent with the thresh-
old strategy (M = 43.3, 95% CI [37.6, 49.1]), followed by the
optimal (M = 29.8, 95% CI [24.0, 35.7]) and cutoff (M = 14.8,
95% CI [11.08, 18.55]) strategies.

Discussion

Humans in Experiment 3 did not conform to the optimal strat-
egy, similar to humans in Experiment 2, pigeons in Experiment 1,
and other previous investigations of the SP. However, in some im-
portant ways, they most closely resembled the choices of pigeons
in Experiment 1 and may provide some insight into the cognitive
traps that make the SP a challenge.

In the classic SP a win is defined as selection of the best possi-
ble option. However, this kind of omniscient feedback is generally
not available to behaving organisms in the real world. Individual
decision makers are often best served by ignoring whether they
obtained the best available outcome, and focusing instead on
whether or not reinforcement was attained (Schwartz et al., 2002).
In decision making research, this approach is sometimes called
satisficing (Simon, 1955). Presumably this is what pigeons in
Experiment 1 and humans in Experiment 3 did, as they both
earned a healthy rate of reinforcement that reliably outperformed
random choice. They did so by choosing options with high abso-
lute ratings, presumably knowing that they had a high probability
of gaining reinforcement regardless of the quality of options
remaining in the pool. Given a task that allows for this approach, it
leads to better outcomes in the currency of the real world, rein-
forcement. Participants in Experiment 2 more closely approxi-
mated the optimal strategy, but this was a pyrrhic victory given
that they actually garnered fewer reinforcements.

Based on the results of Experiments 2 and 3, it appears that
instruction set can be a determinant of success in the SP, just as it
is in the MHD (Burns & Wieth, 2004). Here, we suggest that the
important part of the instruction set is what determines a win: rela-
tive rank, or absolute rating. Experiment 3 is more similar to the
“instructions” that organisms face in the real world: reinforcement
is not perfectly predictable, but a well-selected strategy, even if
not ideal, can lead to an improved rate of reinforcement. Experi-
ment 2 is truer to the classic formulation of the SP: an unforgiving
scenario that demands selection of the best option, a feat that can
only be accomplished on a fraction of trials even when using the
best possible approach. These are among the ecologically invalid
features that make the SP a psychologically interesting puzzle in
the first place. Note though that although unrealistic, it bears some
similarity to another suboptimal behavior that is seen in the real
world: gambling. Coincidental, but perhaps telling is that the sce-
nario used in Experiment 2 was horse racing, the preferred hobby
of many habitual gamblers (Valleur et al., 2016). Recent research
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has shown that “near-miss” events in a gambling simulation increase
gambling propensity and activate some of the same brain areas as
monetary wins (Clark et al., 2009). Thus, one can still learn from
events that deny reinforcement, as presumably participants in Experi-
ment 2 did when they selected a horse that was rated only slightly
lower than the winner. Those participants more closely approximated
the optimal solution, despite earning fewer reinforcers. Therefore, an
important trap in the case of the SP, seems to be the desire to obtain
the best possible outcome and designating other results as failures.

General Discussion

Across three experiments, pigeons and humans failed to consis-
tently use the optimal solution to the SP. Most importantly, both
species failed to do so in the same way: They made selections too
soon, before considering the ideal number of options. There were,
however, some meaningful patterns across experiments. If rein-
forcement probability scaled up with the quality of the selected
option, both pigeons (Experiment 1) and humans (Experiment 3)
earned reinforcement at a comparable rate. Humans could be
pushed toward use of the optimal strategy by defining wins in a
way that required selection of the best possible option, but doing
so reduced their rate of earned reinforcement (Experiment 2). We
argue that human participants in Experiment 2 outperformed
pigeons in Experiment 1 because of the method of providing rein-
forcement, rather than by virtue of being human, because the
humans in Experiment 3 behaved more like pigeons, earning more
reinforcers while making fewer superior selections.
Nevertheless, there were some differences between pigeons and

humans that merit consideration. Although Experiments 1 and 3
demonstrate remarkable similarity across the two species in terms
of wins, options considered, and reinforcement rate (Figures 4–6),
there remained a conspicuous difference in how frequently pigeons
and humans responded in ways that matched the cutoff, threshold,
and optimal strategies. Figure 7 shows that humans were most likely
to respond in a manner consistent with the threshold strategy, fol-
lowed by the optimal, and this was true in both Experiments 2 and
3. Pigeons on the other hand, show a more even distribution of
response sequences among the three.
Table 2 further explores possible cross-species differences in

use of threshold-based strategies. It displays the percent of
responses in Experiments 1, 2, and 3 that were consistent with
multiple fixed threshold and decreasing threshold strategies. The
top portion of the table considers strategies with fixed thresholds
corresponding to each of the available elements in the stimulus
set. In each case, the strategy assumes that a participant will select
the first option viewed that is equal to or greater than the specified
threshold. Note that .8 is the fixed threshold strategy that would
win most frequently and corresponds to the threshold strategy con-
sidered in earlier analyses. Here, there is a notable difference
between the choices of the pigeons of Experiment 1 and the
humans of Experiments 2 and 3. Pigeons most frequently responded
in a manner consistent with a threshold of .4, a value lower than the
most effective fixed threshold. Humans on the other hand, most fre-
quently responded in a manner consistent with a threshold of 1.0, a
value higher than the most effective fixed threshold.
Similarly, the bottom portion of Table 2 shows the percent of

choices that were consistent with the optimal strategy, as well as sev-
eral variations. The optimal strategy is based on the mathematical

analysis of Gilbert and Mosteller (1966), with thresholds rounded to
the nearest value present in the stimulus set, as specified earlier. Two
variations presented in Table 2 (round up and round down) round all
thresholds to the next higher or lower value in the stimulus set,
respectively. Two additional variations shifted each threshold in the
optimal sequence up one value (e.g., from .4 to .6) or down one value
(e.g., from .8 to .6). The final two variations (shift early and shift
late) shift each threshold one position earlier (e.g., from third to sec-
ond), or later (e.g., from third to fourth) in the sequence. Again, some
cross-species differences are worthy of note. First, humans’ responses
were better described by decreasing threshold strategies than by fixed
threshold strategies. Pigeons showed the opposite pattern, with fixed
threshold strategies accounting for a greater proportion their choices.
This suggests that pigeons may have been more inclined to choose
solely based on color, without adjusting for the current position in the
sequence. Note that use of a fixed threshold could simply be a conse-
quence of associative strength, with each color acquiring a different
association with reward during pretraining and maintenance trials. By
this interpretation, those colors that were most frequently followed by
food (.4 or greater) could have been more appealing than the alterna-
tives (“reject keys”) because those alternatives were never immedi-
ately followed by food. In contrast, the remaining color in the set may
have been so weakly associated with food (.2) that it was less appeal-
ing than the alternatives and their secondary link to food via subse-
quently presented options.

Despite these differences, Table 2 also shows some similarities
in how humans and pigeons may have used thresholds. Variations
on the optimal decreasing threshold strategy that resulted in lower
thresholds (round down, shift down, and shift early) all accounted
for more choices than the optimal strategy, and this was true in all
three experiments. In contrast, variations that resulted in higher
thresholds (round up, shift up, and shift late) all accounted for
fewer choices than the optimal strategy. Thus, it may be that the

Table 2
Percent of Responses in Experiments 1, 2, and 3 That Were
Consistent With Use of Different Fixed Threshold and
Decreasing Threshold Strategies

Strategy Experiment 1 Experiment 2 Experiment 3

Fixed threshold
.2 .369 .103 .119
.4 .433 .133 .135
.6 .327 .365 .317
.8 .172 .522 .433

1.0 .061 .575 .435
Decreasing thresholds

Optimal .164 .454 .298
Round up .136 .369 .230
Round down .250 .583 .461
Shift up .130 .341 .219
Shift down .302 .613 .520
Shift early .198 .518 .365
Shift late .150 .391 .265

Note. Decreasing threshold strategies in Table 2 correspond to the fol-
lowing sequences of thresholds. Optimal: [1.0, 1.0, .8, .8, .8, .8, .8, .6, .6,
.0]; Round up: [1.0, 1.0, 1.0, 1.0, 1.0, 1.0, .8, .8, .6, .0]; Round down: [.8,
.8, .8, .8, .8, .8, .6, .6, .4, .0]; Shift up: [1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, .8,
.8, .0]; Shift down: [.8, .8, .6, .6, .6, .6, .6, .4, .4, .0]; Shift early: [1.0, .8,
.8, .8, .8, .8, .6, .6, .6, .0]; Shift late: [1.0, 1.0, 1.0, .8, .8, .8, .8, .8, .6, .0].
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tendency to choose too soon resulted from the use of thresholds
that were generally lower than the optimal strategy prescribes, and
this applies to both humans and pigeons. Nevertheless, note that
the highest values in Table 2 only account for 40% to 60% of all
responses, indicating that even the best fitting strategies considered
here fail to account for a large proportion of choices.
These results resonate with primary conclusions made in prior

empirical investigations of the SP in humans: choices are generally
made too soon, but the consequences of myopia are mitigated by
the fact that the optimal solution is somewhat tolerant of improper
stopping points (Seale & Rapoport, 1997). If the additional time
investment to consider more options outweighs the small incre-
mental gain from using the optimal strategy, individuals might nat-
urally be led to select too soon, rather than too late, or even
optimally. We see no reason that this reasoning would not apply to
pigeons and humans equally, and our results are consistent with
that interpretation. Optimal foraging theory (Stephens & Krebs,
1986) may provide additional context for why pigeons generally
select too soon. It posits that animals adopt strategies that push
them to both maximize their gains and minimize costs. The satis-
ficing strategy apparently used by the pigeons in Experiment 1,
although not optimal, may allow them to maximize the rate of
food gained while also minimizing the time and energy expended.
However, it should be noted that optimal foraging theory emerged
from observations of animals’ behavior in their natural environ-
ment and it should not be assumed that the same cognitive strat-
egies that evolved from real-world foraging translate to a
laboratory decision making task. The set of three experiments con-
sidered together reinforce the resilience of the SP and its optimal
solution: It appears to be the same challenging puzzle (a) for
pigeons and humans, (b) when presented with a limited set of nu-
merical values, (c) whether success is determined by numerical
value or relative rank, and (d) when presented as a novel scenario
with the same mathematical structure, but not involving hiring
from a pool of applicants.
This set of experiments brings the SP into the realm of compara-

tive cognition as a useful method for investigating the complexities
of decision making, by demonstrating suboptimal choice in multiple
species (placing it alongside such procedures as the MHD and the
ephemeral reward task). Although some variables that influence
performance were identified, additional research should explore and
further define such factors. These may include the instruction set,
the size of the applicant pool, and the range and distribution of nu-
merical scores. In addition, some constraints imposed on Experi-
ment 1 as a starting point could be relaxed to open up more
possibilities. In particular, a scalar version of the task might be pos-
sible and informative, with video displays or LEDs allowing for in-
finite color gradations through the range of short to long
wavelengths visible to pigeons. However, note that color perception
does not scale the same way in pigeons and humans (Wright &
Cumming, 1971). Furthermore, most available LEDs and video
monitors are calibrated to human rather than pigeon vision, and
thus may miss some wavelengths that would be ideal for a pigeon
implementation. Thus, selection of color values would need to be
done with care, and treating color as a nominal variable as was
done in Experiment 1 could still be the best approach.
This research was motivated by questions about optimality in

animal behavior, and the data have provided another curious case
where both humans and pigeons fail to embrace a strategy that

would increase their chances of success. This resonates with some
other research programs such as those on gambling and the sunk
cost effect and leads to the same question of why we sometimes
fail to learn from experience. Possible answers to that question
might come from a comparison of the methods used in Experi-
ments 2 and 3. Humans in Experiment 2 were better able to utilize
the information available to win trials, even though they earned
fewer reinforcers in the process. Thus, the important difference
might lie in how wins are defined. In Experiment 2, a win required
selection of the best option available, a consistent and unambigu-
ous criterion. In Experiment 3 (and Experiment 1), success was
determined probabilistically and thus chance played an important
role, matching the way that consequences happen in the natural
world where wise choices often go unrewarded, and foolish ones
sometimes lead to success.

Although designed and conducted in the tradition of comparative
cognition, the present experiments have the potential to provide
some connection to and inspiration for other areas of psychology. In
addition to the direct links to cognitive psychology and decision
making, it might also link to important concepts from social psy-
chology. Consider, for example, social comparison theory (Fes-
tinger, 1954), by which an individual defines their own success in
relation to that obtained by relevant peers. Such comparisons can
lead to escalating expectations, with the goal not just of succeeding,
but of outperforming all others in the comparison group. In the ter-
minology of the SP, social comparison norms may guide individuals
away from a focus on numerical scores and toward a preoccupation
with relative ranks. The current results would argue that such an
approach is ill-advised, in that it can lead to a decrease in overall
reinforcement rate. The SP might also connect with contemporary
research on fairness. For example, monkeys (Brosnan & de Waal,
2003) and dogs (Brucks et al., 2016) respond differently after
observing another conspecific receiving a more desirable outcome
for performing the same behavior. These research traditions con-
verge on the notion that decision makers are swayed not only by
the value of the reinforcers they obtain, but also by the ranks of
those reinforcements relative to others that are apparently available.

Finally, the results may have implications for how best to utilize
pigeons’ cognitive abilities for real-world applications. We pro-
pose that pigeons are best deployed on tasks that match their
empirically verified talents, such as those required for radiology
(Levenson et al., 2015), telecommunications (Wallraff, 2001),
medical manufacturing (Verhave, 1966), game show participation
(Herbranson & Schroeder, 2010), and aerial combat (Skinner,
1960). Similarly, pigeons should be discouraged from tasks that
reflect their weaknesses, such as gambling (Zentall, 2011), public
transportation (Willems, 2003; though see Gibson et al. 2012), and
we now argue, human resources.
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