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The representation of quantity by the preverbal or nonverbal mind is a question of considerable interest
in the study of cognition, as it should be generally adaptive to most animals to be able to distinguish
quantity. We already know that some primate species and human infants represent and enumerate objects
in similar ways. Considerable data also exist concerning such abilities in birds. Our aim in this study has
been to find out whether jackdaws (Corvus monedula) are capable of performing relative quantity
judgments based on mental representations, and if so, what are the limiting factors to their abilities. In
our setting the birds were required to make a choice between two visibly and sequentially placed set of
food items which, at the moment of choice were not visible to the subjects. We investigated all the number
combinations between 1 and 5. Our results show that jackdaws are able to perform relative quantity judgments
successfully, even when temporal cues are controlled for, whereas their performance declines in the
direction of larger set size (numerical size effect), and when the difference between the two arrays
decreases (numerical distance and ratio effect). These signatures are usually interpreted as evidence for
the “accumulator” model of mental representation of quantity. Our control results suggest that jackdaws
do not use temporal cues, but may well use total volume as basis for discrimination, perhaps among other
attributes (choice may be based on multiple cues).
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Humans’ symbolic representations of exact number, like other
aspects of human knowledge, may have its roots in a basic knowl-
edge system (Core knowledge, Carey, 2009; Spelke & Kinzler,
2007); a small set of distinct systems is proposed to underlie the
representation of such significant aspects of the environment as
objects, actions of agents, space, social partners, as well as num-
ber. These so called “core systems” may have evolved well before
the time of modern humans, and thus may be shared across species
(Vallortigara, 2012) as well as being accessible early in develop-

ment, maybe even at birth (Hauser & Spelke, 2004). To investigate
the two distinctive properties of core systems (i.e., presence early
in development and presence across species), research needs to
draw on developmental as well as comparative approaches.

Some researchers recently suggested the existence of two core
number systems in both humans and nonhuman animals (Feigen-
son, Dehaene, & Spelke, 2004; Uller, Jaeger, Guidry, & Martin,
2003; Xu & Spelke, 2000). One system is supposed to serve the
approximate representation of numerical magnitude, where repre-
sentation is not very precise, but does not depend on set size
(Jordan & Brannon, 2006). Symbols of this system are supposed to
be mental magnitudes (linear or logarithmic functions of cardinal
values in a set), which only approximate the number of items in a
set. The behavioral signatures of this analogue system are the
“numerical distance effect” and the “numerical magnitude effect”;
these two effects are more generally known as the ratio effect,
which follows Weber’s Law in that success of relative judgment
declines as the ratio of the smaller set to the larger set increases.
The second system is suggested to serve more precise representa-
tion of small numbers (Xu & Spelke, 2000; Xu, 2003). In this
system mental models are supposed to be created in working
memory using one symbol for each item in a set. The signature of
this system is the upper limit to the number of objects which may
be represented, which is generally considered to be 3 or 4 (Pep-
perberg & Carey, 2012).

These two core systems seem to correspond with the two major
representational models concerning mental representations of nu-
merical information, which are the “Number analogue magnitude
hypothesis” or “Accumulator model” (Meck, & Church, 1983) and
the “Object file hypothesis” (Kahneman, Treisman, & Gibbs,
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1992). However, at present there is a substantial debate over the
question whether these two systems are both present, or there is
only one, the “analogue magnitude” system (Cantlon, Safford, &
Brannon, 2010; Jordan & Brannon, 2006). Moreover, there is a
considerable debate on the relative salience of numerical attributes
as opposed to continuous properties in quantity judgments in
young infants (e.g., Clearfield & Mix, 1999; Cordes & Brannon,
2009; Feigenson, Carey, & Hauser, 2002; Feigenson, Carey, &
Spelke, 2002), as well as nonhuman animals (Agrillo, Piffer, &
Bisazza, 2011; Cantlon & Brannon, 2007; Stancher et al., 2013).
Some researchers have argued that numerical representations are
only used as basis of quantity discrimination as a “last-resort”
(e.g., Davis & Pérusse, 1988; Seron & Pesenti, 2001). More recent
research, however, suggested that numerical attributes are not less
salient in choice decisions by young infants (Cordes & Brannon,
2009), Great Apes (Hanus & Call, 2007; Tomonaga, 2008), mon-
keys (Cantlon & Brannon, 2007), and other animal species
(Agrillo et al., 2011; Rugani et al., 2009; Rugani, Regolin, &
Vallortigara, 2007, 2008, 2010; Scarf, Hayne, & Colombo, 2011)
than continuous properties.

A further interesting question regarding numerical skills of
nonhumans is how dependent these skills are on previous experi-
ence (as addressed in (Hanus & Call, 2007; Haun et al., 2010)) or
the availability of a trained symbolic system (e.g., numerical
symbols, spoken or graphic language). Chimpanzees trained in
communication using lexigrams (Beran, 2004), in the use of Ar-
abic numerals (Boysen & Berntson, 1995; Boysen, Mukobi &
Berntson, 1999; Matsuzawa, 2009), or with extensive experience
in number-related tasks (Beran & Beran, 2004) as well as Alex, an
African Grey parrot (Psittacus erithacus) trained to use English
vocal labels and Arabic numerals (Pepperberg & Carey, 2012)
showed outstanding performance in number and quantity related
tasks. It remains a question, however, whether the processes on
which these impressing results are based are commonly available
to all members of the species in question. How symbolic repre-
sentation effects number or quantity related cognition has also
been studied in humans, for example in case of the Pirahã, an
Amazonian tribe, who have been shown (Gordon, 2004) to have a
very limited number vocabulary. Frank et al. (2008) found that the
lack of number words does not alter underlying representations;
however, vocal symbols are useful for keeping track of large
numerosities across time, space, and modality.

Through all discussions and debates on above mentioned points,
by taking the developmental approach and focusing on quantity
and number related representations in human infants, various stud-
ies have shown that even young infants exhibit numerical knowl-
edge (Cantlon et al., 2010; Cordes & Brannon, 2009; Feigenson,
Carey, & Hauser, 2002; Feigenson, Carey, & Spelke, 2002; Xu &
Spelke, 2000). At the same time comparative research has estab-
lished that some level of quantity representation is spontaneously
and naturally present in various species (e.g., Aïn et al., 2009;
Pepperberg & Gordon, 2005; Pepperberg, 2006; Scarf et al., 2011;
Utrata, Virányi, & Range, 2012; Ward & Smuts, 2007), and in
some cases even very early in ontogeny (, e.g., in newly hatched
chicks; Rugani et al., 2009; Rugani, Regolin, et al., 2010). Nu-
merous recent publications report the success of several animal
species in various forms of Relative Quantity Judgments, other
than monkeys (e.g., Beran, 2008; Evans et al., 2009) and apes (e.g.,
Beran, 2001; Call, 2000; Hanus & Call, 2007), such as sea lions

(Abramson et al., 2011), pigeons (Emmerton & Renner, 2009),
meadow voles (Ferkin et al., 2005), bottlenose dolphins (Kilian et
al., 2003), salamanders (Krusche, Uller, & Dicke, 2010; Uller et
al., 2003), elephants (Perdue et al., 2012), and black bears (Vonk
& Beran, 2012). Most, if not all, animal species have been sub-
jected to selective pressures toward the emergence of some level of
quantity representation and discrimination, as such cognitive ca-
pacities could prove to be advantageous in not only foraging
contexts, but also in judgment of group size, clutch size, and so
forth.

In this present study we choose to investigate the cognitive
abilities of jackdaws (Corvus monedula) in relative quantity judg-
ments based on mental representation of the sets. Jackdaws are
colony breeders, forming monogamous pairs (Henderson, Hart &
Burke, 2000), nesting in (both natural and artificial) holes, crev-
ices, and ledges. They live and forage in fission-fusion (sometimes
multispecies) groups. They are omnivorous, feeding on insects, as
well as seeds, fruits, and other seasonally available foodstuffs.
However, unlike many other corvids, they do not cache. Given
these data, an investigation into their quantity-related cognition
would seem of interest. Our subjects were not trained in quantity-
related tasks and had no previous training in any special commu-
nication skill. We aimed to determine cognitive skills that might be
naturally available to the members of this species to provide the
basis for further comparative investigations.

These birds were considered promising subjects as recent re-
search showed that various bird species possess quantity discrim-
ination abilities (e.g., Aïn et al., 2009; Fontanari et al., 2011;
Garland, Low, & Burns, 2012; Hunt, Low, & Burns, 2008; Pep-
perberg & Carey, 2012; Rugani et al., 2009; Rugani, Regolin, &
Vallortigara, 2011; Rugani et al., 2010; Rugani, Regolin, et al.,
2010; Scarf et al., 2011; Vallortigara et al., 2010) Jackdaws belong
to the family Corvidae, a group of birds especially known for their
exceptional abilities in social and object related cognition (Balda,
2002; Balda & Kamil, 1992; Bugnyar & Heinrich, 2005; Bugnyar
& Kotrschal, 2002; Clayton & Emery, 2005; Emery & Clayton,
2004; Scheid & Bugnyar, 2008). Corvids tested so far also pro-
duced some positive result in quantity discrimination experiments
(Bogale, Kamata, Mioko, & Sugita, 2011; Smirnova, Lazareva, &
Zorina, 2000; Zorina & Smirnova, 1996); moreover, Köhler pre-
viously conducted some “matching-to-sample” type numerical ex-
periments with jackdaws (Köhler, 1941, 1950) some of which
yielded positive, promising results. One of his subjects succeeded
in matching the number of dots on a sample card to a comparison
lid, even when configuration of dots and their sizes differed, so
only number of items could be basis of correct choice. This result
has only been reported in the case of one subject and after sub-
stantial training, thus we aimed to find out whether a cognitive
mechanism in assessing quantity is spontaneously available and
present in jackdaws and if so, how their performance can be
explained by current models of quantity representation.

To assess the jackdaws’ ability to represent and discriminate
quantity we gave our subjects a two-choice relative quantity task,
in which items of both sets were presented sequentially. A similar
method has been used by Wynn (1992); Feigenson, Carey, and
Hauser (2002) for infants, by Beran (2001) for chimpanzees, by
Hauser et al. (2000) for rhesus macaques, by Evans and colleagues
(2009) for capuchin monkeys, as well as Hanus and Call (2007) for
the four Great Apes. Also this method has been adapted by Hunt
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et al. (2008) for the New Zealand robin and by Utrata et al. (2012)
for wolves. In a previous study we have found that jackdaws
develop advanced object permanence abilities relatively fast (Uj-
falussy, Miklósi, & Bugnyar, 2012), so we assumed that keeping
track of hidden objects would not be an issue. Because in our test
two sets of items were presented one by one, and the whole set was
at no point visible to the subject, success in this task suggests that
subjects form mental representations of the sets. In their 2009
article Evans et al. argue that such a test has implications for our
understanding of the evolution of the enumerative process, as
sequentially presented items evoke such a process, or at least
something similar to summation. However, Evans and colleagues
(2009) also discuss and we agree that such tests are not to be
interpreted as numerical discriminations as the number of items in
a set covaries with continuous variables such as mass, volume,
contour length, surface area, and so forth, thus the discrimination
may not require the recognition of item number. Nonetheless,
judgment has to be based on representation that is updated with the
placement of each item, thus such a judgment requires interactions
between an enumerative or summative process and working mem-
ory.

The goal of our experiment was to investigate whether jackdaws
are spontaneously (without any quantity related or communica-
tional training) capable of making quantity judgments based on
mental representations and to find out how the control of presen-
tation rate and duration affects performance. Performance in the
various relative quantity judgment tasks may be informative about
the potential underlying mechanisms. A set size limitation at 3 or
4 may indicate that a precise small number representation system
(i.e., “object file” system) is present, although if success should
decline as the ratio of the smaller set to the larger set increases, that
could be interpreted as a characteristics behavioral signature of an
analogue magnitude system (i.e., “accumulator” system).

Method

Subjects

We hand-raised young jackdaws (Corvus monedula) to partici-
pate in this and some other experiments in spring, 2005. Ontogeny
of object permanence abilities of our subjects has been studied
using the Uzgiris and Hunt (1975) Scale 1 set of tasks before the
numerical experiments (Ujfalussy et al., 2012). Hand-raising and
testing took place at the Konrad Lorenz Research Station in
Grünau, Austria. Jackdaws were captured from nests in Stralsund
and in Baden-Württemberg, Germany, with appropriate licenses,
between 13 and 20 days post hatch. After capture they were kept
in cardboard boxes lined with hay and towelling, two to four birds
together, until fledging between Days 26–31. A few days after
fledging they were moved to a spacious outdoor aviary, approxi-
mately 12 m by 10 m and about 4–5 m high. The aviary was fully
equipped with perches, sheltered shelves, a tray of bathing water,
and the floor was covered by natural vegetation. A small experi-
mental complex, consisting of five compartments, was connected
to the main aviary by a wooden door and a wooden window, so the
experimental areas could be fully visually separated from the main
aviary. The floor of the experimental complex was covered with
fine grained gravel. During most of the day, when no testing was

in progress, the birds were free to roam in the entire main aviary
and the experimental complex as well.

While still in the nest, the birds were fed with a wet mix
consisting of ground beef, hard boiled egg yolk, cottage cheese,
and a commercially available dry insect mix. Bird vitamins and
ground sepia shells were mixed into the food. On hot days addi-
tional water was provided through syringes. After moving to their
outdoor aviary the birds continued to be fed on this mix, but
gradually other various foods were introduced, such as fruits,
vegetables, pasta, rice, potatoes, milk products, mealworms, crick-
ets, and dry cat food as treats.

Because all testing was done on a voluntary basis on behalf of
the birds, not all individuals participated in all steps of the exper-
iments. For exact information on the subjects participating, please
see Table 1.

Procedures

Apparatus. The study was performed during summer and
autumn of 2005. All testing took place in a side compartment of
the experimental complex by the main aviary the aviary. This
compartment was furnished with a table, approximately 70 � 100
cm and a perch, at the level of the tabletop, but about 15 cm from
the edge of the table. The table was equipped with a transparent
flipping obstacle, made of wire mesh and supported by two
wooden triangles on the sides. It was fastened to the table by two
hinges and had two possible positions, as it could be either open to
the side of the experimenter or it could be flipped to be open to the
birds (see Figure 1). A similar device was used by Zucca et al.
(2007) when testing Eurasian jays. The use of this obstacle became
necessary as initially the participating subjects found it difficult to
wait until all manipulations were executed, so some means of
restraining them from intervention was required. The sets of items
were placed in two identical opaque containers, 5 cm tall and
approx. 4 cm in diameter, with a 10 � 10 cm wooden base. The
containers were designed to allow the birds to reach for the hidden
items, but so that their content was not visible to the observer. In
case of the Baseline experiment two small, white, oval plastic trays
were used, approx. 5 cm wide and 8 cm long, with a 2-mm rim.

Table 1
Subjects Participating in the Certain Experiments of Our Study

Name of subject Baseline
Numerical

competence Control

1. Csuri [check] [check] [check]
2. Gonzo [check] [check] [check]
3. Sundance [check] [check] [check]
4. Novak [check] [check] [check]
5. Fraulein [check] [check] [check]
6. Finci [check] [check] [check]
7. Rozi [check] [check] [check]
8. Suni [check] [check] X
9. Borso [check] [check] [check]

10. Berci [check] [check] [check]
11. Marci [check] [check] [check]
12. Puck [check] [check] [check]
13. Phoebe X [check] X
14. Woodstock [check] [check] X

n � 13 n � 14 n � 11
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The experimenter was seated on a small chair during testing, which
was carried into the compartment in the beginning of each testing
session. The items to be hidden were small pieces of cat food,
identical in size and color. This treat is generally desired by the
birds, but it is not their most desired food. In the control experi-
ments small pieces of gray stone were used, very similar size
(volume, shape, surface area, contour length) as the food pieces.
These stones were kept in the cat food container in order for them
to acquire the smell of the reward. The opaque containers were
also stored filled with cat food to control for odor cues.

Procedure of testing. Testing sessions took place every day
when the weather allowed, but the certain individuals were tested
only every second or third day on average, depending on their
willingness to participate.

At the beginning of each testing session the birds were called
(by calling words and offering treats) into the experimental
complex through the door. Usually more than one subject
entered at the first time, as some birds were especially keen on
participating. The door was then closed. The entering birds
could stay in the first compartment and only one subject at a
time was allowed to enter the actual compartment where the
testing took place. The experimenter was seated while she
manipulated the objects, and the birds were sitting on a perch
level with the height of the table and about 15 cm away from the
edge of the table and altogether approximately 50 cm away
from the setup. The manipulations took place when the bird was
paying attention and was seated on the perch. When the ma-
nipulations were made, the experimenter flipped the obstacle
and then lowered both of her hands to her lap and looked down,
away from the setup and directly at her hands. In the rare case
when the bird has initiated search (i.e., jumped onto the table
from the perch) before this position was taken by the experi-
menter, it was not allowed to make the choice (subject was
shooed back to perch and trial was terminated). Bearing in mind
the risks of experimenter cueing in this face-to-face situation,
the utmost care was taken not to influence the bird in any way.
Of course, with this procedure the possibility of cueing could
not be completely eliminated, however we need to point out

how important it is in the study of animal cognition that the
subject is in no way stressed, as stress may considerably impair
performance (Weir & Kacelnik, 2006). Our subjects at the time
of these experiments were becoming increasingly neophobic (as
reported also in Zucca et al. [2007] in case of jays), thus we felt
that the advantages of having their hand-raiser as sole experi-
menter were far outweighing the remaining risks of possible
cueing. When the experimenter has taken up the above-
described totally neutral position, the bird was allowed to jump
onto the table and choose freely. The noise of jumping onto
table and pecking into the container was audible to the exper-
imenter, so the outcome of the choice was viewed and noted by
the experimenter only when the bird was already handling the
chosen array (picking out the pieces and consuming the treats).
When testing of a subject was finished, the door to the central
compartment was opened and the bird was shooed out the door.
Then the door was closed again and another subject was called
in from the main aviary or the first compartment. Calling the
subjects in from the main aviary was repeated when all the birds
in the first compartment were done testing and transferred into
the central part, until eventually all the birds willing to enter
had their testing session. When testing was finished for the day,
the whole flock was allowed back into the main aviary.

During the sessions (while in the testing compartment) the birds
were physically but not visually separated from their flock mates,
but neither the birds in the first compartment nor the birds already
in the central part had a view of the table and the manipulations
taking place there. View of the table was occluded by black rubber
blinds from both compartments, thus subjects not participating
could not see the perch or the table, but if the participant jumped
from the table and perch to the wire mesh, it could see its flock
mates. The voluntary nature of testing and the lack of total visual
separation from the others resulted in the birds being usually
relaxed and motivated in the testing situation, which is very
important when trying to assess cognitive abilities, as stress may
impair performance in such experiments (e.g., De Kloet, Oitzl, &
Joëls, 1999; Weir & Kacelnik, 2006).

Figure 1. The experimental setup with the transparent flipping obstacle, the opaque container, the perch, and
seat of the experimenter.
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Baseline Experiment

As we have already assessed that all subjects in this experiment
were capable of following invisible displacements (Ujfalussy et
al., 2012), we could safely assume they could follow the placement
of items into an opaque container.

Nonetheless we still had to ascertain that our birds show a
general strong preference for a larger amount of food over a
smaller amount in a two-way choice task. To show this, our
subjects were given a single session of 8 trials where they had to
choose between two, simultaneously placed, visible sets, one of
which contained 1, while the other contained 2 pieces of dry cat
food. In this experiment the transparent flipping obstacle was not
yet installed, as the trays had been prepared by the experimenter
behind a cardboard screen, and then simultaneously pushed out to
the sides. The birds were allowed to make their choice once the
experimenter has lowered her hands onto her lap and has looked
down. In case the bird initiated search before this position has been
taken by the experimenter, the bird was not allowed to choose.

Birds (n � 13) demonstrated a clear preference for the larger
amount. Eight subjects made no errors in 8 consecutive trials,
whereas the remaining 5 made only a single error. Thus no bird
erred more than once in the 8 possible trials.

Quantity Discrimination Experiment

After the baseline experiment, we began our main study. Here
our subjects were required to make a relative quantity judgment in
a two-way choice situation. The birds had a choice of two sets
containing different amounts of food pieces which were visibly
and sequentially placed into two nontransparent containers, thus
were invisible at the moment of choice. Making a correct choice
for the more pieces in this situation would require some kind of
mental representation of both sets.

The birds were given choices in between all the possible 10
combinations of item numbers between 1 and 5, namely 1–5, 2–5,
3–5, 4–5, 1–4, 2–4, 3–4, 1–3, 2–3, and 1–2. The experimenter sat
opposite the bird, drew its attention to the food item between her
fingers, and first placed one or more items one-by-one into the
opaque container to her left, and then she placed one or more items
one-by-one into the container on her right. When the experimenter
placed all items required for a certain choice, she flipped the
transparent obstacle, lowered her hands to her lap, and looked
down. When this posture was taken up, the bird was allowed to
choose freely. Each subject was presented with a certain combi-
nation two times, as the choices were balanced for the two sides,
so for example 2–4 and 4–2 were both given once. In this way all
the birds were given 20 choice trials overall, a certain combination
only two times to minimize the possibility of learning from being
tested. Note that the method used is a noncorrective one, meaning
that the subject was allowed to consume the amount of food
chosen in all cases. This way making a choice was always re-
warded, which is also a well established way to counteract few-
trial learning.

At the beginning of each session the birds were given 10
‘warm-up’ trials, to establish their state of attention and how well
they could concentrate. This was necessary because our subjects
were kept in an outdoor aviary and so their daily routine could only
be controlled to some extent, for example when they had been
startled by some unknown stimuli before the experiments, they

might be still stressed and not able to focus their attention. The
‘warm-up’ trials consisted of the experimenter placing one tiny
piece of dry cat food into one of the containers (5 times on one
side, 5 times on the other in a semi-random order, starting side
randomized session to session), while birds had to attend to her
actions and retrieve the hidden item going to the correct location
straight away. If the birds made 2 or fewer mistakes in the 10
‘warm-up’ trials, they were further tested in the quantity discrim-
ination tasks. If they made more than 2 mistakes, the testing
session was postponed until the next day. Testing a certain indi-
vidual came about every 2nd or 3rd day on average, while 4–6
trials were given during a single session, depending on the bird’s
state of attention and willingness (i.e., when the bird became
reluctant to sit on the perch and pay attention to the experimenter’s
actions, the session was terminated).

Control Experiment

However, positive results from the above-described quantity
discrimination experiment may be explained by the fact that the
placing of a larger set takes more time and more movements than
placing of a smaller set, thus the choice might have been based on
temporal stimuli, rather than quantity, even maybe stimulus en-
hancement.

To control for the above-mentioned possibility we have con-
ducted a second experiment in which certain sets were balanced in
placement time and movement by the placing of small stones the
size of the food pieces. Thus the sole difference between the sets
was the quantity of food pieces on the two sides. Before the
experimenter started to place the items, one by one into the
container, the array was mixed up, so stones and food pieces were
randomly placed. Before this experiment the birds were trained to
be able to differentiate between stones and food pieces very
precisely, by non-numerical training sessions where they had to
choose between a stone and a food piece placed into the opaque
containers. The birds started on the control trials only after they
had reached an 80% (8/10) criterion on the training trials on two
consecutive sessions.

For the control experiment we chose two choices from the first
experiment in which the birds were successful (●●●1–4, ●1–2,
black dots signifying the small stones, numbers meaning number
of food pieces) to see if their performance will be impaired by the
balancing of non-numerical factors. We also choose one in which
they did not show significant preference for the more pieces
(●3–4), because if the performance would get better in this case,
we could argue that the birds simply avoid the side with the stone.
To further rule out this possibility we also included a “trick” trial
in which the stone was placed on the side with the more pieces
(●3–2).

The last trial of the control experiment was designed to assess
whether the jackdaws based their choice on number of pieces or on
total volume. To do so, subjects were presented with a choice
between 1 large piece of food (one entire cat food piece) and three
small bits of cat food, the two arrays being equal in total volume.
We assumed that in case our subjects’ choice was made on the
number of pieces placed, they should choose the side with the three
small pieces. However, if they track total volume, they should
choose randomly.
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Data Analysis

We have measured the percentage of choosing the array con-
taining the larger amount of food pieces in each choice. Data has
been analyzed using Microsoft Excel, Graphpad InStat, and SPSS
13.0 software. We have used Shapiro-Wilk tests to check for
normality of our data. As we have found that some of our datasets
were not normally distributed, we have proceeded in using non-
parametrical analysis and compared performance with the 50%
chance level by Wilcoxon signed-ranks test.

We proceeded to use a linear regression to see whether there is
a significant correlation of the percentage of correct choices and
the ratio of the sets.

Results

Quantity Discrimination Experiment

The birds performed significantly better than chance in the
choice combinations 1–5, 2–5, 1–4, 2–4, 1–3, 2–3, and 1–2 (1–5
p � .0002, 2–5 p � .0005, 1–4 p � .0002, 2–4 p � .002, 2–3 p �
.002, 1–3 p � .001, 1–2 p � .002), but failed to do so in the case
of the combinations 3–5, 4–5, and 3–4 (see Figure 2). Note that in
these choices the set sizes were relatively large and the difference
between sets was relatively small. These results are in accordance
with Weber’s Law, meaning that successful discrimination de-
pends on the ratio of the sets. The linear regression showed that the
ratio of the sets is a good predictor of the mean percentage of the
correct choices, r � �0.907, F(1, 8) � 37, 29, p � .001, and it
explains 82% of the variance in performance. For the percentage of
choosing the larger set presented as a function of the ratio of the
two quantities, please see Figure 3.

Individual performance could not be analyzed separately in each
choice, as subjects were given one choice type only twice (once
with larger set on side A and once with larger set on side B). We
analyzed performance collapsing data from all choice types on the
individual level and found that all individuals performed signifi-
cantly above chance (p � .05). When checking for learning effects
we have found no significant difference comparing performance in
the first 10 and second 10 trials, regardless of trial type (p � .91,
Wilcoxon’s matched-pairs signed ranks test). When comparing
performance in all first trials with all second trials in a given
choice type, a significant difference was found (p � .0039, Wil-

coxon matched-pairs signed ranks test), but showing that second
trials were slightly worse, and not better, as would be expected as
an effect of learning.

Control Experiment

The results of our control experiment showed that performance
was not impaired in the case of the choices where the animals were
previously successful (●●●1–4, ●1–2, black dots signify the small
stones) by the introduction of the stones to control for temporal
factors (●●●1–4 p � .004, ●1–2 p � .008). We also found that the
placement of the stones did not improve performance in the choice
where they were unsuccessful before (●3–4). The birds also solved
the “trick” task (●3–2) significantly above chance, where the stone
has been placed on the side with more food pieces (●3–2 p �
.004). In this case they still chose the side with more food pieces
and did not avoid the side with the stone (see Figure 4). Our birds
chose randomly between the one large and the three small cat food
pieces, indicating that they most probably discriminate quantity by
tracking total volume. This control trial however differs from those
in the quantity discrimination experiment in that birds in these
trials were able to see the total volume of one of the sets before
making a choice. Taking this difference into consideration we may
not rule out the possibility that our subjects were considering other
(continuous or perhaps numerical) attributes when making a deci-
sion.

Discussion

Our results show that the capacity to make relative quantity
judgments founded on mental representations of items in the sets
is present in the noncaching Corvid species, the Jackdaw (Corvus
monedula). We found that their representational system is sponta-
neously available, as subjects do not require any training to suc-
cessfully solve choice tasks. The subjects were successful in mak-
ing choices for the larger set regardless of the fact that the items
were presented one-by-one in each set, so birds never had the
opportunity to view the sets as a whole. This suggests that birds
could meet the high attentional demands (Hanus & Call, 2007;
Scheid et al., 2008) of such a task; moreover they do mentally
represent the sets and are able to update this representation with
each new item added. This proposes the presence of a summative
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Figure 2. Group performance (n � 14, total of 28 trials/per choice) of
choosing the larger quantity in all possible choices between 1 and 5. ��p �
.01, ���p � .001. Chance level is at 50%.
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Figure 3. Group performance (n � 14) of choosing the larger quantity
presented as a function of the ratio (small/large) of the two quantities. �

signify the observed performance, and the straight line signifies the linear
trend between the two variables, r � �0.907, F(1, 8) � 37, 29, p � .001;
R2 � 0.8233.
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process aiding the mental representations (Evans et al., 2009). It is
important to state that, similarly to other natural choice situations,
our test of quantity discrimination may not be considered a nu-
merical discrimination (Hanus & Call, 2007), as item number
covaries with continuous variables, such as total volume, cumula-
tive surface area, contour length, and so forth.

Our subjects were able to select the larger set of items in all
choices offered (all possible combination between 1 and 5), with
the exception of three combinations in which the sets were rela-
tively large and the difference between then was relatively small
(4–5, 3–4, 3–5). Thus, the birds’ performances generally followed
Weber’s Law, namely performance declined in the direction of
larger quantities and smaller differences between the sets. More-
over, their performance was not impaired even when the possible
temporal factors have been controlled for. This is similar to the
finding of Evans and his colleagues (2009) who have found that
presentation timing was neither helpful nor detrimental to mon-
keys’ performance in choosing the larger of sequentially placed
sets.

We found no evidence for a set size limit (usually considered to
be 3 or 4), as our birds were successful in the 1–4, 1–5, 2–5
choices, thus our results may not be explained by the “object file
model.” The success and failure patterns presented indicate that the
possible mechanism underlying the birds’ performance may best
be accounted for by the “accumulator model.” As described before
and as Figure 3 shows, the ratio between the quantities (small/
large) proved to be the best predictor of performance. In case of
choices where the ratio of the sets was equal (1–2 and 2–4, ratio �
0.5) birds demonstrated a similar performance, so it seems that the
distance component and magnitude component of Weber’s law
bears the same significance in discrimination.

These findings are in accordance with recent reports on infants
(Cantlon et al., 2010; Xu & Spelke, 2000), apes (Beran & Beran,
2004; Hanus & Call, 2007; Tomonaga, 2008), monkeys (Evans et
al., 2009), and other animal species (Agrillo et al., 2011; Aïn et al.,
2009; Baker et al., 2012; Scarf et al., 2011).

In our control experiment we aimed to find out how much our
subjects rely on the temporal cues provided by the piece-by-piece
placement of items. The results show that controlling for such cues
did not impair performance.

To assess whether jackdaws base their decisions solely on
number of items, we have conducted an additional test with a “one
large versus three small pieces” choice, where the two sides were
equal in total volume. Our hypothesis was that if jackdaws con-
sider only the number, they should choose the side with the 3 small
pieces, however in this trial the birds chose randomly. This result
may suggest that jackdaws base their relative judgment of quantity
on total volume of items in the sets, as well as perhaps numerical
attributes. As described in the Introduction, there is considerable
debate over the salience of numerical versus continuous attributes
in quantity discriminations. In their 2007 article, Cantlon and
Brannon argue that contrary to the “last-resort hypothesis” both
number-naïve and number-experienced rhesus monkeys (Macaca
mulatta) showed a stronger bias for basing their decision on
number than on cumulative surface area. They claim that their
finding support the argument that monkeys and other animals
naturally represent numerical values. Cordes and Brannon (2008)
claim that while 6-month-old infants are capable of representing
both number and cumulative area, changes in the latter are less
salient and/or more difficult to detect than number changes. Recent
findings show that preschool children are significantly more ac-
curate in a complex numerical task when provided with multisen-
sory information about number, as well as report that there is no
difference in reaction time (RT) across unisensory and multisen-
sory conditions (Jordan & Baker, 2010). All these findings support
the hypothesis that relative quantity judgments may be based on
both numerical and continuous attributes as redundant cues, since
the presence of the combination of numerical and continuous
information is most common in nature.

The use of sets equal in volume (3 small pieces vs. 1 large) may
also bring up a question of concern, as now there is evidence that
in these natural choice procedures animals may be biased to
choose based on largest item in a set rather than maximizing intake
(Beran, Evans, & Harris, 2008). When different size pieces are
offered in the sets the notion of wholeness and contiguity may also
play a role in suboptimal responding (Beran, Evans, & Ratliff,
2009).

Based on the above we may not rule out the possibility that
jackdaws’ choices were made based on numerical attributes, as
well as continuous variables, perhaps total volume. Similar results
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Figure 4. Group (n � 11, total of 22 trials/choice) performance of choosing the larger quantity of food pieces
in the control experiment. ��p � .01, ���p � .001. Chance level is at 50%. Black dots signify the small stones.
3S � three small food pieces, 1L � one large food piece.
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were published by Tomonaga (2008), where chimpanzees were
found to base their choice on multiple cues and were shown to be
very flexible in switching between cues in relative judgment tasks.

We, based on this study, naturally cannot speculate whether
numerical or continuous variables are the more dominant cues in
relative quantity judgments, however Gallistel and Gelman (2000)
present a model of nonverbal quantity representation, which sug-
gests that discrete and continuous, as well as countable and un-
countable quantity judgments can be made by use of the same
representational system, the “accumulator.” In this case making a
choice based on number of items in the set should not be more
sophisticated than total volume, or other nonnumeric attribute.

Considering the diverse social and physical environment of
these birds, these above results are not surprising. It is easy to see
the adaptive benefits of a quantitative representational system in a
species in which individuals are subjected daily to such tasks as for
example assessing group size and amount of available food. The
lack of food-storing behavior does not seem to be associated with
poor number related skills; however, this question may only be
assessed by the study of a food-storing Corvid with this method.

In summary we state that our birds were able to choose the
larger amount of food, even though they never saw the sets in total.
Based on this we argue that jackdaws are able to mentally repre-
sent sequentially placed sets and can use this information as basis
for further quantity related cognitive processes, such as relative
quantity judgments. The subjects’ performance showed ratio ef-
fects, which suggest that the representational system underlying
the birds’ performance is best described as analogue magnitude
estimation.

Moreover, we report that jackdaws were able to make successful
choices with very little previous experience or training on these
specific trial types, so it seems that required abilities are sponta-
neously available to members of this species.

Results of our control trials indicated that the birds were not
using temporal cues to discern the larger amounts of food, al-
though they possibly were using total volume as a cue rather than
number of items. Results of our last control trial type seem to also
suggest that discriminations may not be purely numerical.
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