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Numerical competencies were investigated for the 1st time in very young nonhuman animals. Chicks
(Gallus gallus) learned to identify the 3rd, 4th, or 6th positions in a series of 10 identical positions
(Experiment 1). Use of spatial information (i.e., distances) was ruled out in Experiment 2 (chicks
generalized the reinforced response to an array of stimuli rotated by 90° as compared with training) and
Experiment 3 (chicks generalized their response to a series in which distances between the single
positions had been manipulated). Chicks found the correct position even when both identity and distance
of each position changed from trial to trial (Experiment 4). Overall, young chicks seemed to use
ordinality when required to identify a target by its numerical serial position.
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In the last decade, there has been an increasing interest in the
study of numerical competencies in nonverbal creatures—namely,
preverbal infants and nonhuman species—in an attempt to better
understand the role of language in such processes (see reviews in
Dehaene, 1997; Gallistel & Gelman, 1992; Hauser & Spelke,
2004). The use of behavioral tests suitable to nonverbal subjects
provides a unique opportunity to compare numerical abilities
among species and to investigate their development and evolution-
ary origin. Unfortunately, though, apart from the human species,
research has concentrated on adult animals, therefore neglecting
the important issues related to the ontogenesis of such processes.

Discrimination of relative numerosities (protonumerosity; Davis
& Pérusse, 1988) requires the ability to make judgments of size
differences between two sets (i.e., more than . . . , less than . . .).
Protonumerosity is considered as a first and elementary level of
numerical knowledge and is often found in ecological situations
whenever an animal chooses the larger–smaller between two al-
ternative sets of items. Such an ability would be the basis for
efficient foraging strategies (Krebs, 1974). Several species spon-
taneously prefer the larger amount of food; for example,
salamanders (Plethodon cinereus; Uller, Jaeger, & Guidry, 2003)
and human infants (Feigenson, Carey, & Hauser, 2002; Wynn,

1992) always chose the set that maximized their net energy gain
when required to choose between one versus two and two versus
three. This did not happen with three versus four, which seems to
constitute a limit for discrimination of contiguous numerosities at
least for salamanders and for 10-month-old infants.

Even neonates stare longer at the array representing a novel
number of dots than at a familiar one (Antell & Keating, 1983).
However, changes in number correlate with changes in other
continuous variables such as brightness, contour length, filled area,
dimension, or volume, and when such variables were experimen-
tally controlled, neonates failed to discriminate between sets of
one, two, or three elements (Clearfield & Mix, 1999; Feigenson,
Carey, & Spelke, 2002). The performance of rhesus monkeys in
ordinal comparison tasks, though, was not improved or impaired
when monkeys were tested with stimuli that were heterogeneous in
color, size, or shape (Calton & Brannon, 2006a).

From the experimental evidence available, it seems that at least
some animal species as well as preverbal infants do discriminate
between small numerosities. Better evidence for cardinal represen-
tations comes from studies in which animals (i.e., chimpanzees and
pigeons) were trained to associate symbols or numerals with
different absolute numbers of things (Boysen, Bertson, & Mukobi,
2001; Matsuzawa, 2003; Xia, Emmerton, Siemann, & Delius,
2001). Overall, these results indicate the presence of a represen-
tation of cardinality (the ability to represent the number of discrete
entities in a set).

Another central property of number is ordinality: the ability to
identify an object on the base of its position in a series of identical
objects. Eleven-month-old infants are sensitive to the ordinal re-
lations between numerical values (Brannon, 2002). Infants were
first habituated to sequences of dot arrays that increased or de-
creased in numerical magnitude (e.g., 16–8–4 or 4–8–16). In-
fants were then tested with new numerical values that increased
and decreased in value in alternation. Infants looked longer at the
reversed ordinal direction. Younger infants (i.e., 9-month-olds)
failed in the same test.
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Ordinality also has been extensively investigated in nonhu-
man species. Rhesus monkeys (Brannon & Terrace, 1998,
2000), socially housed hamadryas baboons, socially housed
squirrel monkeys (Smith, Piel, & Candland, 2003), and brown
capuchin monkeys (Judge, Evans, & Vyas, 2005) trained to
discriminate between numbers from one to four, in ascending
order, could then generalize this discrimination to numbers
from five to nine. Monkeys trained to respond (in ascending or
descending order) to pairs of numerosities (1–9) spontaneously
ordered in the same direction new pairs of larger values (i.e.,
10, 15, 20, 30; Calton & Brannon, 2006b). Rhesus macaques
when trained to order values (6 –5– 4) in descending order were
able to apply the descending rule to novel values (1–2–3;
Brannon & Calton, 2006). Squirrel monkeys learned ordinal
relationships between six Arabic number symbols: They chose
the larger number when given a choice between combinations
of any two of the learned symbols and even when a known
symbol was confronted with a novel one. They also preferred
the stimulus containing the largest sum when choosing between
sets of two versus two, one versus two, and three versus there
symbols (Olthof, Iden, & Roberts, 1997). Chimpanzees could
select the larger of two sequentially presented quantities even
when the stimuli were never viewed in their totality (Beran,
2001).

Rats (Davis & Bradford, 1986; Suzuki & Kobayashi, 2000) and
pigeons (Emmerton, Lohmann, & Niemann, 1997) also seem to
possess some numerical ordering abilities. In particular, at the base
of the work described in the present article is the original study by
Davis and Bradford (1986). The authors first demonstrated that
rats are capable of learning to select and enter a target tunnel
determined solely on the basis of its ordinal position in an array of
six. The performance was learned relatively rapidly by rats and
was maintained after alteration in size and shape of the array of
tunnels. Moreover, rats retained the correct numerical discrimina-
tion throughout a 12-month period.

One study has focused on a quite different animal species.
Honey bees (Apis mellifera) were trained to find food in a
specific position along a series of four identical, equally spaced
landmarks: The food was placed between the third and fourth
landmark. At test, the number of landmarks was altered, and
even though many bees continued to search for food at the
correct distance, other bees did rely on the number and position
of landmarks. When encountering fewer landmarks, they flew
farther; when they encountered more landmarks, they landed at
a shorter distance (Chittka & Geiger, 1995). It is reasonable to
assume that spatial navigation and learning benefit from the
understanding of numerical ordering.

Anecdotal data have been reported concerning adult chickens’
sensitivity to ordinality: Hens could learn to peck selectively at
every other grain (or at every other two grains) in a series of
aligned grains (see the description of the original experiments run
by Révész reported in Katz, 1937). Young chicks were, moreover,
capable of learning to identify the central element in a series of
nine identical ones (Regolin, 2006). Nobody has checked, though,
if this is also possible for the other positions in the line, as the
central object may benefit from being perceptually more salient
because of perceptual symmetry. In our experiments, we investi-
gated whether young chicks could learn to identify and peck for

food reinforcement at a certain position in a series of identical
positions.

Experiment 1

Chicks’ ability to identify a certain target location on the basis
of its position in a series of identical possible locations was
assessed by training and subsequently testing the birds to peck
either at the 3rd, 4th, or 6th position in a series of 10 identical ones.

Materials and Method

Subjects and rearing conditions. Sixty-two male Hybro domestic
chicks (Gallus gallus) were used. The animals were obtained weekly
(every Monday morning) from a local commercial hatchery (Agricola
Berica, Montegalda, Vicenza, Italy) when they were only a few hours old.
On arrival, chicks were caged in groups of 2 per cage, in standard metal
home cages (28 cm wide � 32 cm long � 40 cm high) at controlled
temperature (28–31° C) and humidity (68%). Food and water were avail-
able ad libitum in transparent glass jars (5 cm in diameter, 5 cm high)
placed at each corner of the home cage. The cages were constantly (24
hr/day) lit by fluorescent lamps (36 W), placed 15 cm above each cage.

Chicks were reared in these conditions from Monday morning (11 a.m.)
to Wednesday afternoon (5 p.m.), when they were isolated 1 per cage. On
Thursday (10 a.m.), the food jars were removed from the home cage (water
was left available), and after a few hours (3 p.m.), chicks underwent
training. At the end of training, each chick was caged overnight with food
and water available ad libitum. On Friday in the early morning (7 a.m.),
chicks were food deprived and then retrained (8 a.m.). Testing took place
for each chick 1 hr after the end of the retraining. Immediately after the end
of the behavioral observations, all chicks were caged in social groups of
5–7 birds, with food and water available ad libitum, and a few hours later,
all chicks (i.e., those used in this as well as in all other experiments in this
research) were donated to local farmers.

Apparatus. Training, retraining, and testing took place in a separate
room (experimental room) located close to the rearing room. In the exper-
imental room, temperature (25 °C) and humidity (70%) were controlled,
and the room was lit by four 58-W lamps (placed on the ceiling 248 cm
above the experimental apparatus).

The apparatus (see Figure 1a) consisted of a square-shaped arena (76 cm
long � 76 cm wide � 45 cm high) made of uniformly white-painted wood
panels. Along the midline of the floor of the arena were 10 identical holes
(2.5 cm in diameter), perfectly aligned and spaced 1 cm from one another.
The overall length of the array of holes was 34 cm. The distance of the first
hole in the line from the closest wall of the apparatus (i.e., from the chick’s
starting point) was 22.5 cm. The distance of the last hole (i.e., the 10th)
from the end wall of the apparatus was 19.5 cm. The side distance (i.e.,
from any hole and the left or right wall of the apparatus) was 36.25 cm.

All of the holes could be blocked from underneath by a white wooden
sliding bar (115 cm long � 4.5 cm wide � 3 cm thick), positioned just
underneath the floor of the apparatus and maneuvered by the experimenter.
On the surface of this bar, at a precise point, a small elongated niche (0.8
cm long � 2 cm wide � 2 cm deep) had been made. The niche contained
some chick crumbs to be used as food reinforcement during the experi-
mental procedures. Normally, all holes were blocked by the sliding bar and
looked identical to each other; however, when the experimenter properly
slid the bar, the niche could be made to coincide with one hole (the
reinforced one) so as to allow the animal access to the food. The apparatus
was thoroughly cleaned and randomly rotated from trial to trial in the
experimental room. There were three separate experimental groups. Each
group was reinforced on a different ordinal position: the 3rd (n � 20
chicks), the 4th (n � 20 chicks), or the 6th (n � 22 chicks) in the series of
10 positions.
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Procedure

Training. On Thursday, Day 4 of life, each chick underwent a training
phase. The chick was placed in the apparatus, in the starting position (see
Figure 1a), between the wall of the apparatus (within 5 cm from it) and the
first hole in the series. For a couple of minutes, the chick was free to move
around and get acquainted with the novel environment. Then it underwent
a shaping procedure: The to-be-reinforced hole was unblocked and some
chick crumbs could be found in close proximity to the hole and inside it,
in the niche below. Thereafter, chicks could only find the food in the hole
itself, and gradually the sliding bar was operated in order to progressively
prevent access to the niche. Chicks’ pecking responses to the correct hole
were reinforced by sliding the bar and allowing the animal access to the
food. Eventually the hole was completely blocked before each trial and any
leftover visible crumbs were removed; chicks learned to peck directly on
top of the correct position in order to have this position unblocked so that
they could access the food.

The main training phase was then started. Twenty trials were adminis-
tered to each chick, and in each trial, the chick was placed in the starting
position and then left free to walk toward and peck at any hole in the line.
Only pecks at the correct position were reinforced by opening the corre-
sponding hole and allowing the chick to eat some crumbs; after each trial,
the chick was placed again at the starting position. Chicks were allowed
only one peck on each trial, with the trial terminating after 180 s with no
peck (during training, chicks were rather slow in responding, especially in
the very first trials, whereas during retraining and testing, the time limit
was set at 60 s). A trial was considered correct whenever the chick walked

directly to the correct position and pecked at it. All chicks pecked at least
five times at the correct hole within the 20 training trials.

Retraining. On the morning of Day 5 (Friday), chicks underwent
retraining to ascertain whether they had actually learned to peck at the
correct position during the training of the previous day. Retraining lasted
5–10 min, including 2 min of familiarization with the apparatus. All of the
chicks trained on the previous day also reached the retraining criterion (7
correct responses in 10 consecutive trials). At the end of the retraining,
each chick was placed back in its home cage until the test.

Test. One hour after the retraining, each chick was placed in the
apparatus, in the starting position, and underwent the test. The test,
different from the retraining, involved no familiarization phase and a
larger set of trials; in fact, each chick was administered 20 consecutive
testing trials. In each trial, the chick was free to walk to and peck at any
of the 10 positions in the series. In each trial, each chick was allowed
to peck once only, so after the first peck, no matter on which position,
that trial was considered over. Only correct responses (pecks at the
position reinforced at training) were reinforced with some food. If no
response occurred within the time limit of 60 s, the trial was considered
as null (this never occurred in Experiment 1). At the end of each trial,
the chick was gently pushed back to the starting position by a cardboard
partition. After about 2 s, the cardboard partition was lifted and the
chick was allowed a new trial.

For this as well as for all experiments in this research, all test trials were
scored by direct observation and were also video recorded by an overhead
digital video camera (JVC GR DVL167EG, Yokohama, Japan). Video
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Figure 1. a: Schematic representation of the apparatus used for training and for testing in Experiment 1. Filled
circles indicate the positions reinforced in the three experimental conditions. S � chick’s starting position. b:
Results of Experiment 1. For each of the three experimental conditions, mean values (�SEM) are shown for the
pecks directed to each position in the series. The dotted line (y � 10) represents chance level.
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recordings were later scored by a second (blind) observer. One hundred
percent agreement between the two scorings was always reached.

Results and Discussion

Test results of the first experiment are represented in Figure 1b.
Pecks emitted by each chick to any of the 10 positions in the series
were computed as percentages ([number of pecks to a given
hole/20] � 100) and averaged separately for the three experimen-
tal groups. In all cases, chicks chose the correct hole well above
chance (i.e., 10%): Chicks trained on the 3rd position, t(19) �
2.972, p � .0078; chicks trained on the 4th position, t(19) �
23.619, p � .0001; chicks trained on the 6th position, t(21) �
13.757, p � .0001.

As can be seen from Figure 1b, chicks clearly discriminated the
correct ordinal position, whereas all other positions were chosen
at, or even below, chance level. Even the two positions immedi-
ately adjacent to the correct one (i.e., the previous and the next in
the series) were pecked at chance level (including the pecks
assigned at the second position in the group of chicks reinforced on
the third), t(19) � 1.7631, p � .094.

Because differential reinforcement was provided over test trials,
we checked whether chicks’ performance remained stable by run-
ning, for the correct responses scored in each of the three rein-
forced positions, a repeated measures analysis of variance
(ANOVA) over four blocks of five trials each (Trials 1–5, 6–10,
11–15, and 16–20). In general, chicks’ performance got better and
better during the four blocks of trials, although the effect of blocks
was not significant in the case of chicks trained on the fourth
position: Chicks trained on the third position, F(3, 19) � 6.183,
p � .0010; chicks trained on the fourth position, F(3, 19) � 2.414,
p � .0759; chicks trained on the sixth position, F(3, 21) � 5.118,
p � .0031. So, understandably, it seems that chicks were learning

over test trials because of differential reinforcement. Nevertheless,
in all cases, their performance was already above chance level in
the first block of five trials: For the chicks trained on the third
position (M � 2.350, SEM � 0.357), t(19) � 5.1821, p � .0001;
for the chicks trained on the fourth position (M � 2.800, SEM �
0.247), t(19) � 9.3117, p � .0001; for the chicks trained on the
sixth position (M � 3.545, SEM � 0.261), t(21) � 11.6667, p �
.0001.

The raw number of pecks directed at each hole by chicks of the
three experimental groups was analyzed through ANOVA, with
the reinforced position (either 3rd, 4th, or 6th) as the between-
subjects factor and the ordinal position in the series (from 1st to
10th) as the repeated measures factor. The ANOVA revealed a
significant effect both for the position pecked in the series, F(9,
59) � 118.658, p � .0001, and for the interaction of the Rein-
forced Position � Position in the Series, F(18, 59) � 171.491, p �
.0001. This means that in all conditions, chicks pecked much more
only at 1 position: that reinforced at training. The interaction could
be explained by the difference in the pecks assigned to the 2
positions adjacent to the correct one in the 3 experimental groups.
In fact, when limiting the analysis to the pecks assigned at the
positions adjacent to the correct ones, we found an effect of the
interaction between the experimental group and pecks at the 2
adjacent positions in the sequence (previous vs. next), F(2, 59) �
7.283, p � .0015 (see Figure 2), but there was no main effect of the
experimental group, F(2, 59) � 2.391, p � .1004, or of the pecks
at adjacent positions, F(1, 59) � 0.853, p � .359. Chicks behaved
similarly when reinforced on the 3rd or 4th positions: In both
cases, they pecked at chance level the previous side position (i.e.,
the 2nd position is pecked at chance level in the group reinforced
on the 3rd position, whereas chicks reinforced on the 4th position
pecked the 3rd position at chance level). However, both groups
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pecked significantly below chance level at the other adjacent
position (i.e., the 4th position for the group reinforced on the 3rd
position, t[19] � 3.454, p � .0027, and the 5th position for the
group reinforced on the 4th, t[19] � 3.708, p � .0015). The group
of chicks trained to peck at the 6th position behaved differently,
pecking the position after (7th) the correct one at chance and
pecking below chance level at the previous (5th) position, t(21) �
13.218, p � .0001.

A possible explanation for this effect could be that chicks
identify the correct position on the basis of the closest end of the
sequence (i.e., somewhat similarly to the working up strategy
described by Suzuki & Kobayashi, 2000). This means that they
would start from the 1st hole in order to identify the 3rd and the 4th
(hence making mistakes more often on the previous position to the
correct one rather than on the subsequent one), whereas chicks
seem to start from the last (i.e., the 10th position) in order to
identify the 6th position (i.e., see the working down strategy
described by Davis & Bradford, 1986). Hence, the 6th hole would
be perceived as closer to the final end of the sequence (although its
actual position is rather central). If this is true, it could be that
chicks in this test were able to identify up to the 5th position in a
series of 10. The 6th would actually be the 5th one when starting
from the end of the sequence of 10 positions.

The results of Experiment 1 show that, following training,
chicks could accurately identify a given position in a sequence of
identical ones and precisely identified such positions up to at least
5 in a series of 10. Nevertheless, chicks in this experiment could
have relied on information other than numerical (ordinal), as they
could have used the relational spatial (metric) information pro-
vided by the experimental apparatus (Chiandetti, Regolin,
Sovrano, & Vallortigara, in press) or simply computed the absolute
distance or the walking time of the correct position from the
starting point (or from the beginning of the sequence).

In order to check for these possible alternative explanations, we
ran a series of control experiments on new groups of chicks of the
same age. In Experiments 2 and 3, the role of geometric informa-
tion and of distance were excluded as chicks were required to find
the correct position in a sequence rotated by 90° as compared with
the one used for the training or in a new testing sequence in which
spacing between the single positions was manipulated. In Exper-
iment 4, an even stricter control was performed, as the identity and
the relative positions of each single element in the sequence were
changed from trial to trial.

Experiment 2

Naive chicks were trained in the apparatus described in Exper-
iment 1 and then were required to respond in a different apparatus,
in which the correct position had to be identified within a series
identical to the one used at training, but rotated by 90°. The new
series was horizontally positioned in front of the chick’s starting
point; hence, the correct position could not be located on the basis
of absolute distances from the starting point.

Materials and Method

Subjects and rearing conditions. The subjects were a new group of 21
male Hybro domestic chicks (Gallus gallus). Chicks were reared in the
same standard conditions described for Experiment 1, from Day 1 to Day
5 of life (i.e., the day of testing).

Apparatus. The apparatus used for pretraining, training, and the first
test was the one described for Experiment 1. For the generalization test, a
new apparatus was used (see Figure 3a). It was the same size as the
previous one, but on its floor a line of 10 holes (all identical to those
described for the standard apparatus) was made along one side (about 14
cm from it). Thus, the new series was rotated by 90° as compared with the
training one and placed horizontally with respect to the chick’s starting
point (at about 60 cm from it). In this way, the animal, once it had learned
to recognize a reinforced ordinal position (i.e., the 4th position) in the
standard apparatus, was then required to identify it in this novel apparatus,
where no objective end of the series closer to the subject could be
recognized, and a given hole could be identified both starting from the left
or from the right end, providing in the 2 cases a markedly different
behavioral response.

Procedure

All chicks were reinforced for pecking at the 4th hole with a procedure
identical to that described for the first experiment. Thereafter, each chick
took part in a first test (on Day 5), identical to the one of the first
experiment, and then (1 hr later) it underwent a generalization test in the
new apparatus. For this test, each chick was placed in the usual starting
point within the arena in front of the horizontal line of blocked holes. As
soon as any pecking response was performed, the chick was gently pushed
back to the starting position. Only correct responses (i.e., approaching and
pecking at the 4th hole either from the left or from the right end of the
sequence) were reinforced. Each chick underwent a series of 20 consecu-
tive trials. If no response was assigned by the chick within the time limit
of 60 s, the trial was considered as null (this occurred for some of the trials
in a minority of the chicks of Experiment 2).

Results and Discussion

Test in the training apparatus. An ANOVA run on the pecks
scored in the first test, in the training apparatus, revealed a signif-
icant effect of the position in the series, F(9, 21) � 35.353, p �
.0001. At test, chicks pecked significantly above chance (i.e., 10%)
selectively at the fourth position (M � SEM: 50.714 � 5.190),
t(20) � 7.845, p � .0001, whereas all other positions were pecked
either at or below chance level. Overall, chicks’ behavior in this
test was not different from that of the chicks trained to peck at the
fourth position in Experiment 1, F(1, 41) � 0.951, p � .335.

Generalization test in the new apparatus. An ANOVA was
run on the average percentage of pecks assigned at each of the 10
positions in the horizontal series, considered as a repeated mea-
sures factor (see Figure 3b). A significant effect of the position in
the series was found, F(9, 20) � 12.476, p � .0001, indicating a
heterogeneous distribution of pecking. Only the 4th position from
the left was pecked much more than all of the others, and, in
particular, this position was the only one pecked significantly
above chance level (i.e., 10%; M � 29.438, SEM � 3.790),
t(20) � 5.129, p � .0001. All other positions were pecked rather
heterogeneously but in all cases either at or below chance level
(the 3rd position being chosen more than the others, although not
significantly above chance level; M � 16.817, SEM � 3.640),
t(20) � 1.873, p � .076.

Throughout the test trials, chicks’ performance remained stable:
When a repeated measures ANOVA was run comparing pecks to
the fourth position in the four blocks of five trials each (Trials 1–5,
6–10, 11–15, and 16–20), there was no significant difference
across blocks, F(3, 20) � 0.288, p � .8338. Chicks’ performance
was above chance already in the first block of trials (M � 30.714,
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SEM � 5.461), t(32) � 3.7931, p � .0006. Because in this
experiment some chicks scored null trials, percentages had to be
used rather than raw data in order to compare chicks’ performance
with chance level (10%).

In conclusion, from Experiment 2, chicks seem able to gener-
alize the learned response to a new sequence in which the target
must be identified on the basis of its position in the series without
relying on the absolute distance from the starting point or on
geometrical information. A very interesting finding, however, is
that chicks identified as correct only the fourth position from the
left end and not the fourth from the right end (i.e., the seventh in
Figure 3b), which was chosen at chance level. A preference for

targets located in the left hemispace has been recently reported for
two avian species, domestic chicks and pigeons, in a spontaneous
food-sampling task and in a task requiring chicks to peck at the
central position in a series of items (Diekamp, Regolin, Güntürkün,
& Vallortigara, 2005; Regolin, 2006) and has been ascribed to a
bias in the allocation of attention, somewhat similar to that shown
by humans and dubbed as “pseudoneglect” (Albert, 1973; Jewell &
McCourt, 2000).

In order to better understand chicks’ behavior in this task, from
the video recordings of the test, we tracked the trajectories of each
chick when emitting a correct response (on the fourth position
either from the left or from the right end) and averaged them for
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Figure 3. a: Schematic representation of the apparatus used for training (leftmost box; the filled circle indicates
the reinforced position) and for the generalization test (rightmost box; the filled circles indicate the two possible
correct positions for the chick) in Experiment 2. S � chick’s starting position. b: Results of Experiment 2. Mean
values (�SEM) are shown for the pecks directed to each position in the series used for the generalization. The
dotted line (y � 10) represents chance level. c: Average correct trajectories of the subjects of Experiment 2.
Sixteen chicks that consistently preferred the fourth position from the left also walked rather directly to this
position; the same happened for the 4 chicks that preferred the fourth position from the right. One chick only
chose both positions a same number of times; because an average trajectory was impossible to obtain for this
chick, its data have been omitted from the picture.
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each chick (see Figure 3c). In particular, we wanted to see whether
chicks walked first from the starting point to the beginning of the
line and then walked along it until they reached the correct position
or whether, rather, they walked straight from the starting point
toward the correct position. (The hypothesis of a bias in chicks’
responses due to a lateral—leftward—bias in the allocation of
attention would be better supported in this second instance.) By
analyzing the trajectories, we found that all chicks (except, possi-
bly, 1) walked almost directly toward the correct position. More-
over, very few animals (4 out of 20), �2(1, N � 20) � 7.200, p �
.007, consistently chose the fourth position from the right end; all
others went to the fourth position from the left.

Experiment 3

A new group of birds was trained to peck at the fourth position
with the same procedure already described for Experiment 1 and
was then required, at test, to generalize the learned response to a
new sequence in which the distance from the starting point of each
hole had been experimentally manipulated in such a way that, at
test, ordinal position and distance from the starting point were
different than in the training apparatus. The aim was to ascertain
whether, at test, chicks would identify as correct the target located
at the same absolute distance as in the training apparatus or in the
correct ordinal position.

Materials and Method

Subjects and rearing conditions. The subjects were a new group of 33
male Hybro domestic chicks (Gallus gallus). They were reared in standard
conditions, as described for Experiment 1, from Day 1 to Day 5 (i.e., the
day of testing).

Apparatus. The same apparatus already described for Experiments 1
and 2 was used for the training and for the first test; then chicks underwent
a generalization test on a novel apparatus.

The new apparatus (76 cm wide � 76 cm long � 45 cm high) presented
only five aligned identical holes (2.5 cm in diameter) placed along the
midline of the floor. The holes were spaced about 8 cm (�1 mm) from one
another, so that the overall line length was 44.5 cm and the distance of the
first hole of the line was 25 cm from the wall of the apparatus (where the
starting point was). The distance between 1 hole and the next had been
calculated so that the 2nd hole of this new sequence was now at the same
absolute distance from the starting position where the 4th hole was in the
training apparatus, whereas the 4th hole in this new apparatus was at the
distance where the 10th hole was in the training apparatus (see Figure 4a).

Procedure

The same training procedure was used as in Experiment 1. Testing
started in the morning of Day 5. A first test (about 1 hr after the retraining)
was run using the training apparatus (according to the procedure described
for Experiment 1). About 1 hr after the first test, the generalization test was
run. Each chick was placed in the new apparatus, at the starting point, and
underwent 20 consecutive trials. Once the chick had pecked at a certain
hole, it was gently pushed back to the starting position. Only the choice of
the correct position (i.e., the 4th in the new apparatus) was reinforced with
some chick crumbs. If no response was assigned within the time limit of
60 s, the trial was considered as null (this never occurred in Experiment 3).

Results and Discussion

Test in the training apparatus. An ANOVA run on the pecks
scored at the first test, on the training apparatus, revealed a significant

effect of the position in the series, F(9, 32) � 123.272, p � .0001. As
for Experiment 1 and for the first test of Experiment 2, chicks pecked
significantly above chance only at the fourth position (M � SEM �
62.121 � 3.850), t(32) � 13.538, p � .0001, whereas all other
positions were pecked at or below chance level.

Generalization test in the new apparatus. Chicks’ responses
were scored and computed as average percentages of choices for
each position (see Figure 4b). An ANOVA run on such data
(considered as repeated measures) showed a significant effect of
the serial position, F(4, 128) � 11.621, p � .0001. The fourth
position was chosen much more than all of the others. In fact, an
ANOVA limited to the responses assigned to all other positions
(but the fourth) confirmed no heterogeneity was found in re-
sponses to these positions, F(3, 96) � 1.512, p � .216. When we
compared choices of each position with chance level (20%, using
one-sample t tests), only choices for the fourth position were
significantly above chance level (M � 36.212, SEM � 3.371),
t(32) � 4.809, p � .0001; choices for the other positions were all
either below or not different from chance level.

Because differential reinforcement was provided over test trials, we
checked whether chicks’ performance remained stable by running a
repeated measures ANOVA over four blocks of five trials each (Trials
1–5, 6–10, 11–15, and 16–20). When we considered choices for the
fourth position, there was no significant difference across blocks, F(3,
32) � 1.257, p � .2935. Nevertheless, when considering results
obtained in the first block of trials only (M � 1.545, SEM � 0.282),
we found that chicks did not score above chance, t(32) � 1.9326, p �
.0622, whereas they scored above chance in all of the other three
blocks of trials. When we considered choices for the second position,
instead, there was a significant difference across blocks, F(3, 32) �
2.944, p � .0369, because from the first to the last block choices of
such position increased, although in all cases they remained below or
at chance level.

Although choice of the fourth position was not significantly
above chance in Block 1, it was marginally so. If birds did initially
go to the second position but this choice extinguished from lack of
reinforcement, one would expect a decrease in choice of such
position over blocks, whereas an increase was actually observed.
So, results are not just a consequence of learning over testing trials.

Chicks that had been trained to peck at the fourth position gener-
alized their behavioral response in the new apparatus by correctly
pecking at the fourth serial position even if now such position was
located much farther away (i.e., over 24 cm more distant from the
starting point than it was at training). If chicks had taken into account
the actual distance from the starting point, they would have pecked at
the second hole in the series, but this did not actually happen.

Experiment 4

From the previous experiments, it seems that chicks’ behavior is
best accounted for by assuming that chicks can learn and use
ordinal information to identify the position reinforced at test. A
possible issue concerning the results so far described is that in the
apparatuses of Experiments 1, 2 and 3, the position of each hole
was rigid, as holes had been carved in the wooden floor of each
apparatus. This means that the individual position of each hole
could not be changed within the sequence throughout the 20
testing trials. In Experiment 4, we dealt with this problem by
devising a new apparatus and by using an array made of detached
and singly displaceable objects.
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Materials and Method

Subjects and rearing conditions. A new group of male Hybro domestic
chicks (Gallus gallus; N � 23) took part in this experiment. Rearing
conditions were exactly the same as those described for the previous
experiments.

Apparatus. The test apparatus (see Figure 5a), located in the experi-
mental room, consisted of a circular arena (95 cm in diameter), with the
floor uniformly covered by a white plastic sheet. Within the arena, along
the inner wall (33 cm high) were positioned seven food containers (at 5 cm
from one another).

The containers were small glass jars (5 cm in diameter and 5 cm high,
identical to those used as food containers in the chicks’ home cages) that
had been painted black. The upper opening of each jar was covered in
transparent mesh where a small opening had been made through which
chicks could reach the food with their beaks. But in all jars, only a small
amount of chick crumbs was present, so that chicks could not actually
reach the food through the opening, except for one of the jars (the
reinforced one) which at training contained more food (although no dif-

ference was visible from the outside) so that the chicks could actually reach
it when pecking through the upper opening.

In order to prevent the chicks from looking at the stimuli during the 10 s
of retention, and in particular to prevent them from seeing the displacement
of the jars from one trial to the next (occurring during the time between two
consecutive trials), we visually isolated each chick for 10 s within a
Poliplack (Danielli Materiale Plastico, Milan, Italy) opaque cylinder (14.5
cm diameter and 18 cm high; which at the same time constituted the
starting box for this test). The cylinder was positioned in the center of the
arena; the chick was inserted in the cylinder from the open top just before
the beginning of the first trial and placed back inside it thereafter, at the end
of each trial. At the start of each trial, the cylinder was lifted from above
in order to release the chick into the arena.

Procedure

Training. On Day 4, every bird was in turn taken from its home cage
and placed at the center of the arena, facing the 7 black jars (containing
food) placed along the wall. Only the 3rd jar from the left for some of the
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Figure 4. a: Schematic representation of the apparatus used for training (leftmost box; the filled circle indicates
the reinforced position) and for the generalization test (rightmost box; the filled circle indicates the correct
position on the basis of serial order) in Experiment 3. S � chick’s starting position. b: Percentage of pecking
responses directed by chicks to each of the five positions in the generalization apparatus (M � SEM). The dotted
line (y � 20) represents chance level.
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chicks (n � 18) or from the right for the others (n � 5) contained enough
food to be reached by pecking (through the opening in the mesh on the top
of the jar). At first, some food was placed by the 3rd jar, outside, and the
chick was allowed to peck it. The food outside was then removed and only
when the chick pecked at the correct jar could it reach the food and eat a
few grains. (To facilitate training, we first positioned the 3rd jar a little in
front of the line of other jars, toward the chick.) After each trial, the chick
was confined in the starting box and then immediately released to move
into the arena and to peck any jar, although food could be reached only
when the jar in the correct position was searched. The training ended when
a chick had directly searched for food at least 8 times in 20 trials in the
correct position (once all jars had been perfectly realigned).

Retraining. On Day 5, 1 hr before the test, the subjects underwent
retraining until each chick promptly walked to and pecked at the correct jar.
The learning criterion was 10 consecutive correct trials, and the time
required to complete the retraining was about 8–10 min. This phase was
not video recorded, as it was only used to assess the chicks’ learning. At the
end of retraining, each chick was placed in its home cage until the test.

Test. Testing started 1 hr after training (on Day 5). Each chick was
placed in the apparatus and positioned in the starting box in order to

prevent it from seeing the arena before the beginning of the 1st trial. Each
chick underwent 20 consecutive trials; if no response was assigned within
the time limit of 60 s, the trial was considered as null (this never occurred
in Experiment 4). For the test, enough food was placed in each jar so that
the chick was always reinforced. At the end of each trial, once the chick
had made a choice, it was placed back within the starting box and kept
there for 15 s (the time required to perform the manipulation of the jars).
The starting box was then lifted and the chick was again free to peck at a
jar for food reinforcement.

From one testing trial to the next, the position of the jars was regularly
manipulated, in order to ensure that a chick identified the correct jar by its
ordinal position, rather than any other cues. The experimenter changed (a)
the distance between the jars, (b) the position of the whole sequence of jars
within the arena (which was shifted at each trial by about 10–20 cm to the
left or right), and (c) the ordinal position of each jar (all jars moved at least
one position). Moreover, on the 7th and on the 13th test trial, a novel jar
was used to replace the correct one in order to ensure that chicks’ choices
could not depend on unique characteristics of the correct jar itself, rather
than on its ordinal position.
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Figure 5. a: Schematic representation of the apparatus used in Experiment 4. The black circles represent the
positions of the seven food jars. The reinforced position was the third in the series. S � chick’s starting position.
b: Percentages of pecking responses directed by chicks to each of the seven positions (M � SEM). The dotted
line (y � 14.3) represents chance level.
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Results and Discussion

Results can be seen in Figure 5b, represented as percentages of
choices for each of the seven spatial positions. A response was
considered correct only if the chick approached and tried to peck
exactly at the third jar, that is, the one reinforced at training (the
third from the right end of the series for some of the chicks and the
third from the left end for the remaining of the chicks). In the
figure, and for the analysis, data of the two groups were mirrored
so that the only one correct position was considered (represented
as third from the left in Figure 5).

Data were analyzed with ANOVA on the percentage of choices
for each position throughout the 20 testing trials, with the 7
positions as repeated measures. A significant effect of the position
was found, F(6, 22) � 20.734, p � .0001. The 3rd position was
chosen above all others. In fact, an ANOVA limited to all positions
except the 3rd confirmed that no heterogeneity was present in
chicks’ responses, F(5, 22) � 1.221, p � .304. Moreover, only the
3rd position was chosen above chance level (i.e., 14.3%; M �
44.783, SEM � 4.875), t(22) � 6.253, p � .0001. The chicks
responded at or below chance level to all of the other positions.

We trained some of the animals on the third position from the
left end and the others on the right end in order to control for the
presence of chicks’ possible preferences to rely on either end side
in order to locate the correct position (as side preferences did
emerge in the previous experiment). No difference was noticed by
the experimenters during training in the two groups of animals
(training sessions were not video recorded, and shaping trials were
not scored), nor was there any statistical difference between the
percentage of correct choices at test (left trained: n � 18, M �
47.778, SEM � 6.026; right trained: n � 5, M � 34.000, SEM �
2.915), t(21) � 1.176, p � .253. Nevertheless, the imbalance in the
two sample sizes and the fact that a higher percentage of correct
responses was scored by chicks trained and tested on the third
position from the left makes it worth investigating a possible
preference for identifying the correct position from the left end
side. In particular, a rather high percentage of mistaken trials on
the fifth position (M � 16.000, SEM � 1.871) was scored by the
group of chicks trained on the right end. However, the size of this
group is too small to be more than suggestive.

General Discussion and Conclusion

Numerical competencies have recently become a much debated
and investigated topic in comparative research, as the presence of
rudimental numerical abilities in animals has important implica-
tions for researchers’ understanding of the phylogenetic origins as
well as development of such abilities. In particular, the actual role
of language in the understanding of numbers and quantities could
be clarified. In this perspective, another extremely interesting
model of investigation is represented by preverbal infants (Feigen-
son, Carey, & Hauser, 2002; Feigenson, Carey, & Spelke, 2002;
Wynn, 1992; Xu, Spelke, & Goddard, 2005).

Most studies have concentrated on discrimination of different
amounts of biologically relevant items, such as food or social
companions. Several animal species have shown at least some
degree of this kind of numerical competence: rhesus monkeys
(Macaca mulatta; Hauser, Carey, & Hauser, 2000), tamarin mon-
keys (Sanguinus oedipus; Hauser, Dehaene, Dehaene-Lambertz, &

Palatano, 2002; Hauser, Tsao, Garcia, & Spelke, 2003), dolphins
(Tursiops truncatus; Kilian, Yaman, von Fersen, & Güntürkün,
2003), lions (Panthera leo; McComb, Packer, & Pusey, 1994), and
salamanders (Plethodon cinereus; Uller et al., 2003; for a review,
see Hauser & Spelke, 2004).

Another property of number sets is constituted by ordinality,
that is, the ability to identify a target in a series of identical ones
exclusively on the basis of its serial position (in space or, possibly,
in time). Representation of ordinal positions in arbitrary sequences
(i.e., not numerical ordering) has been documented in animals (i.e.,
monkeys; Chen, Swartz, & Terrace, 1997) using the “derived list”
paradigm used with human subjects, in which subjects benefit
from retrieving the ordinal positions of items from previously
learned lists while learning the derived lists on which the ordinal
positions of the list items are maintained.

Proper numerical ordinal competencies also seem present in
primates (rhesus monkeys; Brannon & Terrace, 1998) but also in
rats (Davis & Bradford, 1986; Suzuki & Kobayashi, 2000) and
pigeons (Emmerton et al., 1997). Even an insect species, the honey
bee (Chittka & Geiger, 1995), is capable of returning to a bait on
the basis of its position relative to a series of landmarks.

To our knowledge, the understanding of numerical serial order
has never been investigated before in animals at a very early stage
of development. We used the young domestic chick as a model, as
chicks of this species display sophisticated visual and motor abil-
ities soon after hatching. Moreover, there are reasons to believe
that adults of this species may be sensitive to ordinality (see the
introduction).

The results of the four experiments reported here show that
5-day-old chicks can successfully learn to identify a target on the
basis of its serial position in a series of 10. It would be interesting
to investigate the upper limits of this ability in chicks, as in our
experiments chicks’ performance did not seem to worsen with the
higher rank positions. This would of course require sequences
made of more elements, such as 12 or even 15. Different from
what happens with neonates, for which developmental changes
were reported (Brannon, 2002), 5-day-old chicks’ performance
was as good with higher ordinal positions as it was with lower
ordinal positions (see the results of Experiment 1). Because the
domestic chicken is a precocial species, whose chicks are born
quite mature, highly visual, and mobile, it may be that basic
abilities for survival in their environment are already available
from birth. It may otherwise be that the positions used in our study
(3, 4, and 6 in a series of 10) are quite easy to identify by young
chicks, and developmental changes cannot be excluded for more
difficult tasks (i.e., for higher ordinal positions).

In Experiment 2 and, possibly, Experiment 4, a peculiar finding
was that whenever, at test, positions had to be identified on a
left–right oriented series, chicks would more often refer to the
correct position starting from the left end of the series rather than
from the right end. In the absence of environmental asymmetries,
a possible explanation would be that of a hemispheric dominance
for this sort of task: The left visual hemifield (i.e., the right
hemisphere) would control chicks’ behavior. Recent data showed
the presence of right hemispheric dominance in bird species
(chickens and pigeons) engaged in visuospatial tasks (Diekamp et
al., 2005; Regolin, 2006). The experimental control situation of
Experiment 2 may have also called into action similar lateralized
mechanisms, possibly because of the spatial nature of the task
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required by the generalization test rather than to the specific
competence required (detection of numerical serial positions).

In conclusion, understanding of ordinality seems a basic skill, as
it can be found in species very different from humans and other
primates. Moreover, our study did not involve complex training
procedures and used animals only a few days old. The ability to
use ordinal information is therefore already available, at least in
some animal species, very early during ontogeny and may have
been selected because of its high adaptive value.
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