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Discriminacdo de Numerosidade em Pombos (Columba livia)
Resumo

Animais ndo-humanos sao capazes de discriminar a numerosidade de estimulos e respostas (e.g.,
Fernandes e Church, 1982; Davis e Albert, 1986; Mechner, 1950). Contudo, a maioria das demonstracdes
desta capacidade baseou-se numa dicotomia de muita vs. pouco. Em outros casos, outras variaveis que se
confundem com a numerosidade, como, por exemplo, a duracao do estimulo, nao foram controladas. De
modo a tentar compreender melhor como € que o0s animais processam numerosidade, seis pombos foram
treinados usando uma tarefa de “correspondéncia-simbolica-para-amostra sem atraso” na qual flashes de
luz foram usados como amostra. Primeiro, em cada sessao, os passaros foram treinados para discriminar
duas numerosidades: 2 vs. 4 flashes em algumas sessoes e 4 vs. 8 flashes noutras. Depois, foram expostos
a trés fases de teste em que as trés numerosidades se apresentaram em todas as sessdes. Os resultados
mostraram que os sujeitos aprenderam a discriminar entre as trés numerosidades. Contudo, quando a
duracéo dos estimulos foi manipulada, a performance dos pombos foi afetada negativamente. Uma possivel
explicacao é a dificuldade em isolar as diferentes caracteristicas do estimulo, neste caso, 0 numero de flashes
e a sua duracao.
Palavras-chave. sentido de numero, numerosidade, percecao temporal, correspondéncia-para-amostra,

pombos.
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Numerosity Discrimination in the Pigeon (Columba livia)
Abstract

Nonhuman animals have shown to be able to discriminate the numerosity of a stimulus (e.g.,
Fernandes & Church, 1982; Davis & Albert, 1986). However, most of these demonstrations are based in a
few vs. many dichotomy of quantity. Other have been confounded with numerosity, like the stimulus’ duration.
To understand better how animals process numerosity, six pigeons were trained and tested under a symbolic
zero-delay matchingto-sample task (MTS), using light flashes as sample and three response keys as
comparisons. First, the birds learned to discriminate two different numerosities in sessions with 2 and 4
flashes and sessions with 4 and 8 flashes. Then, the pigeons were tested, throughout 3 phases, to
discriminate the three numerosities in sessions comprising 2 flashes, 4 flashes and 8 flashes. Results showed
that pigeons can learn to discriminate three different numerosities. However, when the stimulus durations
were manipulated, pigeons’ performance was affected negatively. One possible reason is the fact that it is
difficult to isolate two characteristics of the stimuli, in this case, numerosity and perception of duration.
Further studies could focus on trying to conduct a similar experiment with animals as subjects but using a
simultaneous approach instead of a continuous one.

Keywords: number sense, numerosity, timing, matching-to-sample, pigeons.
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Numerosity Discrimination in the Pigeon (Columba /ivia)

Number related abilities in non-humans have been subject of attention among psychologists for more
than a century (e.g., Clever Hans, the counting horse, Pfungst, 1911). In fact, such capacities in animals
may serve adaptive and surviving purposes. For example, bees increase their efficiency during the search for
food by exploring the numeric regularities in the distribution of their food resources (Bar-shi, Keasa, &
Shmida, 2011). Also, when in the wild, animals can struggle at collecting enough food for their survival,
making crucial for them to maximize their energy consumption whenever they feed and to do so, they must
choose the location with the larger amount of food. Thus, the discrimination between two places with different
quantities of food is important because it may lead to greater chances of survival (Emmerton, 2001).
Similarly, many birds abandon their nest when a given amount of eggs is removed. For instance, if a nest
contains four eggs and two of them are removed, the bird usually deserts, but that does not happen if only
one egg is removed (Dantzig, 1930).

Earlier reports suggested that animals could have some type of number sense, that is, the capacity
to understand if something has changed in a small group of elements (i.e., if something was added or
removed), practically spontaneously (Dantzig, 1930). Davis and Memmott (1982) also agree that animals
might have some type of numerical competence, that is, the ability of an entity to make general comparative
magnitude judgements (e.g., few versus many apples in a bowl). This notion goes by other names, such as
numerical or number discrimination, but the idea under this line of thought is very similar among them.
Furthermore, different authors (Davis & Memmot, 1982; Dantzig, 1930; Honig & Stewart, 1989; Davis &
Pérusse, 1988) agreed that the concept of numerical competence is different from that of counting. Counting
is defined as a process to specify the absolute number of items in a given set (e.g., four apples in a bowl)
and involves the capacity of transferring such specifications across modalities and procedures (Davis &
Pérusse, 1988). On the other side, a relative numerosity discrimination is a judgment of dissimilarity based
on magnitude differences (Davis & Pérusse, 1988), a basic ability that does not imply any logical relation to
number related abilities (Davis, et al., 1985).

Since nonhumans do not have the same cognitive or behavior abilities as humans (e.g., spoken
language), it is not possible to ask an animal how many of elements there are in a group (i.e., cardinality) or
its order (i.e., ordinality). There are conditions under which a numerosity discrimination is possible, even
without knowing if there are systems of thought that comprise number (Nelson & Bartley, 1961). However,

it is not necessary to possess such abilities to make numerosity based judgements (Gelman & Gallistel,
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1978). Other perceptive or mental processes can be employed to perform such discriminations, such as
arbitrary labels that a subject assign to a given numerosity, and not the usual verbal labels (e.g., decimal
number system). This is supported by the fact that abstract mental processes involved in mathematical
procedures are intrinsic to psychological faculties, because, otherwise, it would not be possible to perform
simple discriminations that are the basis for complex mathematical procedures. Therefore, there are natural
and primitive classes of numbers, that allow a number-based discrimination, and this classes have a
numerosity (Nelson & Bartley, 1961).

Because of the numerous terminologies used to express the same idea, henceforward, the term
numerosity discrimination will be used to refer to the capacity of an animal to perform numerosity based
judgements, regardless of the nature and complexity of such faculty or the way it is behaviorally exhibited.
In experiments that aim to study numerosity in animals, either the quantity of external events (e.g. noises,
lights) or animal’s own responses can be used as the discriminative stimulus. In a pioneering way, Mechner
(1958) developed the fixed consecutive number (FCN) procedure, a refined technique to examine counting
behavior in animals, using sequential delivered items and animals’ responses as stimuli. Rats had to press
lever A at least n times, either 4, 8, 12 or 16 lever presses, and then press a lever B in order to be reinforced.
If subjects did not reach the minimum criteria of presses in lever A, n, but pressed lever B, the count had to
be repeated. This procedure requires a specific response (in lever B) to signal that the number requirement
was met (on lever A), which contrasts with a fixed-ratio (FR) schedule, where a reinforcer is obtained after a
specific number of responses.

Although results from Mechner’s (1958) experiment revealed that the run lengths on lever A (that
is, the number of times the rat presses lever A) were closer to the FR requirement, it is also shown that as »
increases, the variability of performance also increases. However, it cannot be assumed that animals were
discriminating the number of lever presses. Since there was only a minimum requirement of lever presses,
if the animal presses the lever A at a steady rate (like they do in most FR schedules), the number of lever
presses can be confounded with the elapsed time since the first press on lever A until moving on to lever B.
If this is the case, animals would be timing instead of discriminating numerosity.

As previously referred, to study numerosity discrimination, external events can also be used as
stimulus. These events can either be employed simultaneously or sequentially. In the simultaneous
approach, visual stimuli are presented at the same time (e.g., Emmerton, Lohmann, & Niemann, 1997;

Honig, Karen, & Stewart, 1989). One problem with this type of presentation is that there are variables that

10



Numerosity Discrimination

can be confounded with numerosity, such as the summed area of the items and the space between them.
For instance, imagine that you have two apples in a container and four apples in another equal container,
and you have to make a judgement about which container has more apples. However, even though when
asked, we tend to say that the judgement was based on number (Emmerton & Renner, 2006). But the
summed visual area that we perceive in the container with four apples is bigger than the one with two apples.
So, choice could be based on visual area. Therefore, doubts can arise on what was the primary factor that
influenced the judgement.

On the other hand, stimuli can also be presented sequentially, like bursts of sound or even flashes
of light (e.g., Fernandes & Church, 1982; Davis & Albert, 1986; Davis & Albert, 1987; Catania & Reynolds,
1962). A problem that arises from this approach is the difficulty to isolate numerosity from time. For example,
consider an experiment in which an animal is exposed to 1-sec noise bursts. If in a given trial there are 2
bursts separated by an 1-sec mute interval, the sequence of 2 bursts always lasts a total of 3 secs. Likewise,
when 4 bursts separated by three intervals of 1-sec are presented, the sequence lasts 7 secs. So, the
discriminative stimulus is supposed to be the quantity of bursts, but the animal can also use the overall
sequence duration or even the duration of each burst as the discriminative stimulus.

To decorrelate time from numerosity, Fernandes and Church (1982) used a matchingto-sample
(MTS) procedure to examine if rats could discriminate between two and four bursts of noise that resulted in
a relative number discrimination. After two bursts, the rats had to press the right lever and after four burst
the left lever, in order to be reinforced. To assure that discrimination was due to the quantitative features of
the stimuli (instead of duration), the duration of each stimulus (i.e., burst of noise) and intersound interval
(IS, i.e., the duration between every burst of the sequence) varied, so that some trials with sequences of two
bursts lasted the same of some trials with sequences of four burst. This way, there were not sufficient timing
cues for performance. They concluded that rats can successfully discriminate number even when temporal
cues are controlled, because they showed a preference for the right lever to be reinforced. However, this
bisection task results in a dichotomous judgement, because animals may have learnt to respond based on
"few" (two) or "many" (four) sounds, resulting in a relative number discrimination.

Employing a variant of Fernandes and Church (1982) procedure, Davis and Albert (1986) were one
of the first to test whether animals were capable of absolute numerical discrimination (Roberts, 1998). In
their study three rats were trained under a fixed interval (FI) 1-min schedule. In a Fl schedule, the first

response given after a fixed amount of time has elapsed is reinforced. Each Fl cycle began with the
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illumination of the houselight and the start of an auditory sequence. The auditory sequence was composed
by repetitions of two, three or four bursts of white noise, separated by 4-s intervals (ISl), inside the same
trial. Lever presses were only reinforced following Fl cycles during which a repeated sequence of three sounds
was presented (the probability of a reinforced and no-reinforced trial was the same). Bursts’ duration and ISI
varied in length. The intertrial interval (ITI) was 10 secs, during which the houselight was turned off and no
auditory signals were presented. All subjects showed significantly higher response rates during the “3”
stimulus, leading the authors to conclude that subjects were able to discriminate number not only in relative
terms (few vs. many), but also in more sophisticated ways by discriminating an intermediate number.
Furthermore, one subject showed no significant difference in the discrimination of “3” and “4” stimuli. This
finding can be explained by Weber’'s Law, because the perceptual increase from the stimulus “2” to “3” is
bigger (50%), comparing to the “3” to “4" increase (33%). To address this issue, stimuli could have a 2:1
ratio (e.g., sequences of “2”, “4" and “8” stimulus), because as the number of bursts in the sequence
increases, more difficult is the discrimination. However, as authors themselves note, having a third number
to discriminate does not inevitably make the animals express counting or other cognitive process on the basis
of absolute number, but certainly provides an ampler view of numerical abilities in animals. Maybe, the level
of processing required for an intermediate number task is higher when compared to a many vs few dichotomy
(Davis & Albert, 1986). In Davis and Albert (1986) procedure, the reinforcer (food) is only delivered when
responses are made following a specific numerosity (“3”). This numerosity is between other two, meaning
that the animal is expected to make an intermediate discrimination, probably requiring a level of processing
and capacity higher than relative number procedures.

This behavioral study aims to find evidence that birds, particularly pigeons, can discriminate three
different numerosities and if their discrimination is based in number, time of both.

Method

Subjects
Six adult pigeons (Columba livia) participated in this study. The pigeons were housed in individual cages with
free access to water and grit, in a room with a 13:11-hr light/dark cycle (with lights on at 08:00) and
controlled temperature (between 20° and 22° C). The animals were maintained at approximately 85% of their
free-feeding body weight, fed with mixed grain. Each bird had previously experience with timing procedures
(e.g., Pinto & Machado, 2017) and three with choice preocedures. The experiment was conducted regularly,

approximately at the same time on each day.
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Apparatus

Four operant boxes were used. Three of them were Lehigh Valley (LVE) chambers (34 cm high, 35
cm long, 31 cm wide). The response panel had three circular response keys (2.5 cm diameter) arranged
horizontally 9 cm apart (center to center) and 22.5 cm above the wire mesh floor. Behind each key was a
12-stimulus Industrial Electronics Engineers (IEE) in-line projector. The food hopper opening (6 cm wide, 5
cm high) was centered horizontally on the response panel, 8.5 cm above the floor. When the hopper was
upraised, a 28V, 0.04-A light illuminated the opening. On the wall opposite the response panel, 30 cm above
the floor, a 28-V, 0.1-A houselight provided general illumination and the operant chamber was enclosed in
an outer box with an exhaust fan to mask possible outside noises in the experimental room.

The other box was homemade (31 cm high, 33 cm long, 33 cm wide). The response panel had three
circular response keys (2.5 cm diameter) arranged horizontally 9 cm apart (center to center), 21 cm above
the wire mesh floor. Behind each key was a 12-stimulus IEE projector. A LVE food hooper (6 cm wide, 4.5
cm high) was centered horizontally on the response panel, 6.5cm above the floor. When activated, a 28-V,
0.04-A light illuminated its opening. The houselight (28-V, 0.1-A) was on the wall opposite the response panel,
27.5 cm above the floor. The operant chamber was enclosed by a PVC sound attenuating cubicle (Med
Associates, ENV-018V) equipped with an exhaust fan.

Animal Behavior Environment Test — Il (ABET II) software controlled the experimental events and
recorded the data.

Procedure

There was no pretraining because all the birds had previous experience with operant procedures.
Therefore, they started to peck immediately when the experiment began. A symbolic zero-delay matching-to-
sample task with three samples, varying in numerosity, and three comparisons, response keys with white
light, was employed. The samples were sequences of 0.5-s houselight flashes and could be composed by 2,
4 or 8 flashes; each flash was separated by a 0.5-s period of darkness during which the houselight was off
(i.e., interflash interval, IF1). A sequence always started with a flash and ended with an IFl, so the 2-samples
lasted for 2 s, 4-sample lasted for 4 s and 8-sample lasted for 8 s. Numerosity was mapped spatially: for all
subjects, the correct comparison for the 2-sample was the left key, for the 4-sample was the center key and

for the 8-sample was the right key.
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Training

First, the birds were trained to discriminate between two samples, for example, the 2 and 4
(Condition A). All trials started with the sample presentation; immediately after, the two possible comparison
keys were illuminated (left and center key), always with white light. After a response, the key lights turned
off. When choosing the right comparison by pecking on one of the keys, the birds were always rewarded with
3-secs access to food. The inter-trial interval (ITl) followed, varying from 15 s to 25 s, with all the lights in the
box off. After an incorrect choice, ITI followed immediately and the correction method was employed (i.e.,
the trial was repeated), until the bird gave the right answer. All sessions comprised 60 trials (30 for each
numerosity), excluding correction trials. The type of sample was presented in a pseudo-random order (with
the constraint that each sample type was presented the same number of times).

When pigeons reached a minimum criterion of 70% correct answers for each sample, for two
sessions in a row, they had to discriminate between the 4 and 8-samples (i.e., they changed to Condition B),
under the same conditions as in Condition A. Two pigeons started with Condition A and four with condition
B. There was no condition with only the extreme numerosities (i.e., 2-sample and 8-sample) because of the
importance of the intermediate one. After reaching the same criterion in the second condition, the birds
moved to testing.

Testing

Phase 1. All sessions included the three samples. A trial began with either the 2-sample, 4-sample or 8-
sample presentation. Then, the three comparisons appeared (i.e., the three keys turned on white). Correct
choices were rewarded then the ITI followed. Incorrect choices were followed by the ITI immediately and the
correction method employed. Like in the training, both flashes and IFI’s lasted 0.5 s. A session had 60 trials,
20 of each type of sample. Once the pigeons reached the minimum criterion of 70% correct choices, for
three sessions in a row, they moved to Phase 2.

Phase 2. This phase was similar to the previous, except that the flashes’ duration was always 0.25 s.
Therefore, a presentation of the 2-sample lasted 1.5 s, the 4-sample lasted 3 s and the 8-sample lasted 6 s.
This was a transitional phase, because the pigeons were exposed only to a new duration of the flashes only,
before any other future changes in the sample. On the other hand, this was a first step uncorrelating duration
from numerosity, since the overall duration of the samples decreased. When the birds reached the minimum

criterion of 70% in each sample, for three sessions in a row, they moved to phase 3.
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Phase 3. All flashes lasted 0.25 s in every sample, but the IFI's duration variated. There were 30 trials in
which the sample was composed by 0.5 s IFI's and 30 trials with 1.75 s IFI's (10 for each numerosity). The
different durations of the IFI appeared pseudo-randomly throughout the session (with the constrain that each
duration appeared the same number of times). This means that every type of sample could have IFI's with
0.5 s and 1.75 s. So, there could be some 2-samples in phase 3 that lasted the same as the 4-sample in
phase 1; and there could be some 4-samples in phase 3 that lasted the same as the 8-sample in phase 1
there. This was the final step to decorrelate some numerosities from its sample cumulative duration.
Durations of each sample for each phase are presented in table 1.

Table 1.

Cumulative durations for each type of sample in each testing phase.

Sample Numerosity

Flash IFI 2 4 8
Phase 1 0.5s 0.5s 23 4s 8s
Phase 2 0.25s 0.5s 1.5s 3s 6s
Phase 3
IF1 0.55 0.25s 0.5s 1.5s 3s 6s
IFI 1.7 55 0.25s 1.75s 4s 8s 16s
Data Analysis

Statistical and visual analyses were conducted using Microsoft Excel™. The most used statistical test
was the single-factor ANOVA, employing a significant level of .05. We reported results for 5 subjects, since
one of the pigeons took too long during the pretraining phase and never reached the minimum criterion.

Results
The birds took between 11 and 28 sessions to proceed to the phase 1 of testing (average =~ 21). All

birds met the criterion to proceed onto the test. Individual pigeon data is shown for each testing phase.
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Phase 1

Figure 1 shows the mean proportion of correct choices for each pigeon, regarding the three types of
sample, in the last 3 sessions of phase 1. All birds reached the minimum criterion for moving to phase 2,
except subject P730 for the sample “2” (mean proportion of correct choices was 67%). However, given that
this bird’s performance was consistently above 65%, its data will be considered. Group data is also shown

on the last graph.
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Figure 1. Individual pigeon data showing the proportion of right choices for every sample numerosity in the
last 3 sessions of phase 1. The vertical bar shows the 95% confidence interval if P(short) equaled .5 at the
geometric mean. In the last graph, group data is shown. The vertical bar represents the standard error of

the mean.

As the graphs above suggest, a one-way repeated measures ANOVA yielded non-significant effect of

the sample numerosity on pigeons’ performance [F (2,8) =1.38; p = .31], confirming that pigeons’
performance was equal regarding every type of sample.
Consider the graphs with individual data. The vertical bars represent the 95% confidence interval (Cl). This
means that the intervals represented have a 95% probability of containing the population mean, if repeated
samples were taken. Proportion of correct choices was significantly below chance. Also, proportion of correct
choices was visibly stable across subjects.

The bottom right graph of figure 2 shows the mean proportion of right choices of all subjects. The

vertical bars represent the standard error of the mean (SEM), that was calculated from the sample
distribution. SEM ranged from 0.02 to 0.05; these low values indicate that the mean values of the sample
are not very spread.
Concluding, all pigeons showed the same pattern of proportion of correct choices, with no differences
regarding the type of sample presented. Group data is consistent with the findings from individual data.
Phase 2

As represented in the previous phase, figure 2 shows the mean proportion of correct choices for

each pigeon, regarding the three types of sample, on the last 3 sessions of phase 2.
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Figure 2. Individual pigeon data showing the proportion of right choices for every sample numerosity in the
last 3 sessions of phase 1. The vertical bar shows the 95% confidence interval if P(short) equaled .5 at the
geometric mean. In the last graph group data is also shown and the vertical bars represent the standard

deviation of the mean.

Individual data shows that the proportion of correct choices was significantly below chance.

Considering the overall data (bottom left graph), SEM ranged from 0.02 to 0.03.
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As in the previous phase, a one-way repeated measures single-factor ANOVA was employed to
determine if the birds’ performance differed among the three samples and no significant interaction was
found [F (2,8) = 1.67; p=.25], confirming the reading from the graphs.

Results from this phase are similar to the ones found in phase 1. Although the flash duration varied from
one phase to the other, pigeons’ performance showed no significant difference between them, as f-tests
showed no significant differences in the average proportion of correct choices, between the two phases, for
sample “2" (¢(4) =-0.66, p= 0.27), for sample “4” (#(4) =-1.52, p=0.10) and for sample “8" (£(4) = -
0.42, p=0.35).

Phase 3

In this phase, pigeons’ performance on trials with IFI-0.75s and IFI-0.5s was compared. Figure 4
represents pigeons’ performance on the first session of phase 3. The birds’ performance was evidently

affected by the new types of trial (i.e., trials with 1.75s IFI's).
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Figure 3. Average proportion of correct choices for every type of numerosity on the two types of trials (i.e,

trials with 0.5s IFl and 1.75s IFl).

The reading of the graph (figure 4) is supported by the results from a two-factor mixed ANOVA. There
was a significant main effect of the type of trial [i.e., IFI duration; M (0.5) = 0.83; M (1.75) = 0.58], F (1,4)
=76; p<.001. Also, there was a significant main effect of numerosity, [M (2) = .66, M (4) = .6, M (8) =
.86], F (2,8) = 6.66; p=.02. However, there was not a significant interaction between the trial type and IF,
F(2,8) =.08; p=.15.
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Vertical bars represent the SEM in IFl 0.5s and IFI 1.75s trials (that ranged from 0.04 to 0.07 and
from 0.05 to 0.10, respectively).

Additionally, we examined the choices pigeons made in the IFI-1.75s trials. Please recall that in these
trials, the 2-samples last the same as 4-samples in phase 1 (4s); as well, 4-samples last the same as 8-

samples from phase 1 (8s).

Table 2.

Average proportion of choices for each sample in phase 3 trials with IFI-1.75s.

Sample numerosity

Choice 2 4 8
“z" 5 1 .02
“qr .36 A4 14
“g” 14 5 .84

Total 1 1 1

From the reading of table 2, the pigeons show a pattern of choice consistent with the results from
the two-factor mixed ANOVA, that the trial type (i.e., duration) affected subjects’ performance. When
comparing to the IFI-0.5s trials within the same session we could observe that the proportion of choices
concerning the 8-sample was the least affected. However, the proportion of choices for the 4-sample dropped
50% (table 2) compared to choices in 0.5s-IFI's (table 3).

It is also possible to observe that the choices represented in table 2 are consistent with the
discrimination of time, meaning the birds did learn this discrimination in previous phases. For instance,

consider the 2-sample.

Table 3.

Average proportion of choices for each sample in phase 3 trials with IFI-0.5s.
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Sample numerosity

Choice 2 4 8
“2" 82
“4" 8
“8" 88
Discussion

This study investigated whether pigeons could discriminate three different numerosities - 2, 4 and
8 - by employing a matchingto-sample (MTS) procedure. Throughout three phases, we recorded the
behavior of the same five pigeons.

Results from phase 1 showed that all pigeons learned to discriminate the three numerosities. Studies
show that non-human animals can learn to perform such discriminations; however, these studies used mainly
bisection tasks, with only two numerosities (e.g., Tan & Grace, 2010) and it was unclear whether birds could
learn to perform more complex discriminations. If so, then pigeons can probably successfully execute
experiments that require higher cognitive abilities or, at least, that are more complex than the ones present
in the literature so far.

By analyzing pigeons’ behavioral patterns (in this case, their keys choices) in Figure 1, we concluded
that pigeons are able to learn to discriminate three different numerosities. Furthermore, their performance
did not significantly differ among the three types of samples, meaning that the degree of subjective response
difficulty was the same for all numerosities. According to the literature, relative number discrimination is a
basic ability that allows magnitude estimation (Davis & Pérusse, 1988; Davis & Memmot, 1982), for example,
of two vs. four items. If the pigeons can discriminate among three different magnitudes, this implies they are
able to learn more complex discriminations than many vs. few. Fernandes and Church (1982) and Davis and
Albert (1986), arrived at the same conclusion, using mice as subjects. However, to our knowledge, no similar
study so far uses birds (specifically pigeons) as subjects to determine if this species is capable of executing
more than just a relative estimation of number with more types of numerosity. We show that pigeons can
successfully discriminate among three types of sample with different numerosities, equally.

Phase 2 was an intermediate phase. We started the attempt to separate “time” from “number”,
changing the duration of the light flashes. Once again, the birds showed no difference in the performance

among the three types of sample. Furthermore, the response pattern was as stable as in phase 1.
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By changing the duration of the flashes, we inherently changed the cumulative duration of the overall
samples. Even though this was not a major variation, one can conclude that, if the performance was not
significantly altered, then the pigeons are not responding basing their choices merely on timing cues.

In phase 3, however, limitations linked to the difficulty of decorrelating time from number are evident. The
main problem with sequential stimulus presentation is that, by analyzing subjects’ performance, it is not
empirically possible to conclude that the results are due to numerosity discrimination, since that the
presentation of the stimuli is always the same when the numerosity is the same as well.

To overcome this limitation, we varied trial duration. Some trials with the 2-sample had the same duration
as trials with the 4-sample in phase 1, and approximately as in phase 2. Likewise, some trials with the 4-
sample lasted the same as the trials with the 8-sample in phase 1. Therefore, if pigeons were responding to
numerosity features of the stimuli, their performance would not be affected by changes in duration. However,
results from phase 3 show that the birds’ performance was negatively affected. Proportion of right choices
dropped in all subjects.

The decrease in the proportion of correct responses in the trials with manipulated duration implies
that the pigeon is sensitive to the timing properties of the stimuli. It is very well known that pigeons exhibit
behavioral evidence for episodic memory (by recalling events that happen at certain time in the past) and
can anticipate events that will happen at a certain moment in the future (Roberts, 2002); that is, they have
sense of time. However, they are also sensitive to number-related features of stimuli, because their behavior
in the trials with different durations was not based solely on a timing discrimination. If so, the proportion of
right choices should have been even more evident on trials with 1.75s-IFls, because they would have learned
to respond to time only (figure 4).

Also, table 2 and table 3 provide some comprehension about how pigeons responses were
distributed throughout the testing. In phase 3, during trials with similar durations to the previous phases (i.e.,
0.5s-IFl trials), birds’ performance was not visibly affected. By the other hand, when duration was prominently
manipulated, performance was negatively affected: the choices pattern altered, and proportion of correct
choices dropped. Moreover, this decline was equal across subjects.

Also, table 1 shows that when the sample numerosity was 4, pigeons mostly chose the comparison
for the 8-sample (right key). Given that during these trials the 4-sample lasted the same as the 8-sample
from previous phases, this result is consistent with the interference of time on pigeons’ choices. An

interesting finding is that the, even though the most of their choices are consistent with a discrimination of
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timing properties (50%), and the choices consistent with a discrimination of number dropped (from 80% to
40%), these proportions are very similar. It appears that they are responding to both properties of the stimuli,
number and time.

A possible explanation for these findings can be that these two stimulus properties (i.e., numerosity
and duration) overlap. This means that the pigeon could always be timing and/or counting the same stimuli.
Thus, pigeons may be responding to more than one property of the stimuli; they may consider time, number
or even both.

Evidence for this idea is reported by Roberts and Mitchell (1994). They admit that pigeons can
process temporal and numerical information simultaneously. They studied these two properties of the stimuli
to find what they could have in common, because of all the evidence in the literature about temporal and
numerical competence in non-human animals. They concluded (from experiment 1) that pigeons were able
to learn a discriminated based solely on number cues. Eventhough they manipulated the durations and birds
clearly learned the discrimination, they had only two numerosities (2 and 8). Again, this is consistent with a
relative number discrimination.

This study reveals a broader knowledge on how birds, especially pigeons (Columba livia), perform
when presented with three different stimulus’ numerosities. We contributed to this field of investigation by
manipulating different features of the stimulus (in this case, duration), while maintaining other parameters
intact.

Nevertheless, there are still many questions yet to be answered. Is it possible to completely
decorrelate time from number? Can pigeons really rely on just number cues to make choices? Further studies
should focus on trying to answer these questions, as well as trying different procedures (e.g., simultaneous
approach) to do so.

Concluding, performance was affected by timing properties, but from these evidences we concluded
that they are also sensitive to numerosity cues of the stimuli.
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