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Abstract
Systematic, broad phylogenetic comparisons of diverse cognitive abilities are essential to understand cognitive evolution. Few studies have examined multiple skills comparatively, using identical
tasks across species. Previous research centered on primates, but recent evidence suggests that complex cognition may have evolved in distantly related taxa. We administered the tasks of the primate
cognition test battery (PCTB) to 4 parrot species for a first direct comparison with primates. The
parrots did not perform significantly worse than the previously tested primates in all but one of the
test scales, but remained at chance levels throughout. Chimpanzees outperformed them in the physical but not the social domain. No differences between the domains nor across the parrot species
were detected. It remains questionable whether the chance level performance reflects the parrots’
cognitive capacity or results from task constraints, which would limit the suitability of PCTB for
phylogenetic comparisons. Possible implications for the field are discussed.

Keywords
comparative cognition, parrots, social cognition, physical cognition.

1. Introduction
Systematic large-scale comparative studies of various cognitive abilities
across a wide range of taxa are indispensable for understanding the evolution
of intelligence (MacLean et al., 2012). The goal of comparative cognition
© Koninklijke Brill NV, Leiden, 2019
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is to identify the socio-ecological correlates of cognitive performance in order to determine potential selective pressures (MacLean, 2016). Comparative
data of both closely and distantly related taxa that either share or differ in
their life history traits, environmental conditions or social organisation, are
necessary for explaining differences or similarities in cognitive ability in different lineages and for revealing the processes by which cognition evolves
(MacLean et al., 2012; MacLean, 2016). Although the spectrum of species
compared by cognitive studies has been steadily increasing (Shettleworth,
2009, 2010), the comparability of the produced data remains restricted because systematic direct comparisons across species are still lacking. The field
of “comparative cognition” still needs to overcome several conceptual and
methodological challenges before its main goal can be achieved (Chittka et
al., 2012; Beran et al., 2014).
Previous research has been compromised typically either by the number of
species that were directly compared and/or by the number of cognitive traits
examined comparatively. Initially, it mostly focused on primates and often
took a very anthropocentric approach because many hypotheses tested centred on human cognitive evolution (Seed et al., 2009; Shettleworth, 2009).
The first direct species comparisons have been carried out with pairs of
closely related species stemming from different ecological backfrounds and
compared their performance typically just in a single test for a specific cognitive skill in order to study cognitive adaptations (Bond et al., 2003; Stevens
et al., 2005). The majority of comparative work to date however consists of
a non-systematic compilation of data obtained on different species, typically
by different research teams, using slightly modified methods or entirely different tests for investigating a certain cognitive ability, thus impacting on
the comparability of the data (see also Auersperg et al., 2012a) and of the
meta-analyses (e.g., Deaner et al., 2006; Reader et al., 2011) using such data.
Recently the first attempts have been made to administer the same cognitive
test and methodology to a large number of species, as part of a large-scale
comparison (MacLean et al., 2014) examining the phylogenetic distribution
of a single trait. This meant involving many different research teams, making differences in methods as well as in the testing history of the subjects
unavoidable (MacLean et al., 2014; MacLean, 2016). As already highlighted
by Auersperg and colleagues (2012a) it is very challenging to find “universally applicable paradigms that can be used to investigate the same cognitive
ability or ‘general intelligence’ in several species” without modification.
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As a consequence, systematic comparisons of several different cognitive
traits examined in conjunction in a broad range of species are only beginning
to be carried out so far. In this regard, cognitive test batteries have been proposed as a promising approach for this slowly growing research endeavour as
they may provide a powerful tool to examine the causes, consequences and
underlying mechanisms of cognitive performance within and across species
(for a review see Shaw & Schmelz, 2017). In fact, the use of test batteries in animal cognition research, both within species and in comparative
studies, may help to address fundamental questions about the evolution and
function of cognition. One of the first attempts to investigate multiple cognitive abilities in different cognitive domains directly comparing at least a
few species is the Primate Cognition Test Battery (PCTB) (Herrmann et al.,
2007), which has later been adopted by Schmitt et al. (2012) for long-tailed
macaques (Macaca fascicularis) and olive baboons (Papio anubis), and by
Herrmann et al. (2010) for bonobos (Pan paniscus), which allowed a direct
comparison between species. It consists of a battery of tasks adapted from
previous primate studies in both the social and physical domain. However,
as the name indicates, it was originally developed to investigate primates and
tested only 3 species, namely human children in comparison to chimpanzees
(Pan troglodytes) and orangutans (Pongo pygmaeus) (Herrmann et al., 2007)
in order to examine two major evolutionary hypotheses of selection pressures driving the evolution of human intelligence. The cultural intelligence
hypothesis predicts that the physical cognition skills of human toddlers are
comparable to those of primate, while their skills of social-cultural cognition are superior. In contrast, the general intelligence hypothesis, predicts
that human cognition differs from that of other primates uniformly, with no
difference between the physical and social domain (Herrmann et al., 2007).
The results revealed that human children performed better than chimpanzees
and orangutans in the social domain but showed similar results to apes in
the physical domain (Herrmann et al., 2007) thus supporting the former hypothesis. Subsequently, a follow-up study was conducted on two species of
old world monkeys (Schmitt et al., 2012) to test whether an increase in general intelligence or socio-cognitive abilities was to be found from monkeys
to apes. Surprisingly, apes and monkeys did not differ in performance in the
PCTB’s social and physical domain (Schmitt et al., 2012). The results contradict the expected increase in general intelligence from Old world monkeys to
apes and support the assumption that social factors were the driving force in
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the evolution of human intelligence. The assumptions of the cultural intelligence hypothesis have also been supported by Russell and colleagues (2011)
who used a modified version of the PCTB to show that enculturated apes, i.e.,
individuals reared in a human-like, socio-communicatively rich environment
develop superior communicative abilities compared to apes reared in standard laboratory settings. A modified PCTB version has also been utilised to
investigate individual differences in intelligence by computing a “g” factor
and to examine whether cognitive performance is heritable in chimpanzees
(Hopkins et al., 2014) and to examine age-related cognitive decline in chimpanzees (Lacreuse et al., 2014).
The above-mentioned studies highlight that the majority of the previous
work has focused on the evolution of human intelligence and thus has been
carried out on our closest relatives, apes and monkeys. However, there is
now ample evidence suggesting that complex cognition, which in general
encompasses abilities such as flexibility, novel problem solving, fast learning, detecting causal relationships, flexible tool use, perspective-taking etc.
(Emery & Clayton, 2004) is not restricted to the primate lineage but has
evolved several times independently within the vertebrates (Emery & Clayton, 2004; van Horik et al., 2012; Osvath et al., 2014). Recently, particularly
corvids and parrots, two distantly related avian groups, have stood out for
their astonishing cognitive abilities traditionally considered to be uniquely
human, ranging from flexible problem-solving (von Bayern et al., 2009;
Auersperg et al., 2011b) to spontaneous tool use and tool manufacturing
(Taylor et al., 2007; Auersperg et al., 2012b). Relative to their body size,
their forebrains are of the same size than those of the great apes (Iwaniuk
et al., 2005), while exhibiting even higher neuron densities (Olkowicz et al.,
2016). Moreover, the residual brain size of parrots and corvids also strongly
correlates with innovativeness in foraging contexts; more so than in other
birds (Sol et al., 2005). Consequently, these two large-brain bird taxa are
now frequently being used as avian models for the study of animal cognition. However, the majority of the studies focus on singular cognitive abilities
either in the physical or the social domain, while systematic comparisons using standardised methodology are still scarce (van Horik & Emery, 2011;
Auersperg et al., 2012a; van Horik et al., 2012).
In the light of recent research on avian cognition, it seems obvious to expand systematic comparisons of cognitive skills and implement batteries of
tests such as the PCTB to large-brained birds such as corvids and parrots in
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order to gain a more comprehensive understanding of the evolutionary dynamics of intelligence. In this study, we administered the PCTB (Herrmann
et al., 2007; Schmitt et al., 2012), with slight modifications only where necessitated by the different morphology of parrots, to four parrot species that
differ in their feeding ecology and social organisation, i.e., to blue-headed
macaws (Primolius couloni), great green macaws (Ara ambiguus), bluethroated macaws (Ara glaucogularis) and African grey parrots (Psittacus
erithacus).
The macaws possess the probably biggest relative brain size and neuron
density among parrots (Olkowicz et al., 2016). This makes them interesting
candidates for a first direct comparison with primates. Furthermore, they are
extractive foragers and some species have been reported to use tools during foraging. Recent field observations on the study species suggest that the
great green macaws used leaves to peel the pericarp of nuts in a feeding context providing evidence of tool use in this species (Villegas-Retana & Araya,
2017), and wild blue-throated macaws manipulate large motaçu palm seeds
showing high level of dexterity and extractive foraging (Tella et al., 2015;
Baños-Villalba et al., 2017). This make them interesting models for studying
their understanding of causality and tool properties. Moreover, some initial
data on the feeding ecology of these two species would suggest that great
green macaws and blue-throated macaws are feeding specialists, relying
heavily on mountain almond trees and motaçu palm fruits respectively (Yamashita & Machado de Barros, 1997; Fraixedas et al., 2014). Both almonds
and palm fruits vary in their temporal availability and can be considered as
ephemeral food sources. Species that exploit such limited food sources may
need to weigh up when to leave one food source in order to reach the next
in time and encounter higher selective pressures shaping their spatial memory and object permanence capacity compared to feeding generalists such as
blue-headed macaws and African grey parrots (Tobias & Brightsmith, 2007;
Tamungan & Ajayib, 2003). The African grey parrots we tested also because
they are one of the most intensively studied parrot species and are known to
possess skills in both the physical and social domain and therefore would
provide a valuable direct comparison with primates. The skills found in
the African grey parrots so far include object permanence, problem-solving,
numerical abilities, acquisition of abstract concepts of same/different, and
social learning to name just a few (Pepperberg, 2006; see also Lambert et al.,
2019 for a review).
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Considering the previous work on parrot cognition which suggests that
parrots rival the great apes in their cognitive capacity (for a review see, e.g.,
van Horik et al., 2012; Lambert et al., 2019) we predicted that they would
show a similar performance in the PCTB compared to the previously tested
primates.
2. Materials and methods
2.1. Subjects and housing
We tested 12 blue-throated macaws, 9 great green macaws, 8 blue-headed
macaws and 8 African grey parrots. All parrots were housed in aviaries at
the Max-Planck Comparative Cognition Research Station located within the
Loro Parque zoo in Puerto de la Cruz, Tenerife. The blue-throated macaws
(11 males and one female aged 1 to 4 years; with age of all species referring
to the start of the data collection which took 8 months) and the great green
macaws (one male and six females, aged 1 to 9 years) were housed in 8
aviaries, divided by species and age into 5 groups of two to 8 individuals. Six
of these aviaries were 1.8 m × 3.4 m × 3 m (width × length × height), and
the remaining aviaries were 2 m × 3.4 m × 3 m and 1.5 m × 3.4 m × 3 m,
respectively. These aviaries were interconnected by 1 m × 1 m windows,
which could be closed when desired. The blue-headed macaws (3 males
and 5 females, all aged 1 year) were housed together in a separate indoor
area (28.61 m2 ) with access to a smaller outdoor area and the African grey
parrots (two males and six females, all aged 1 year) were housed together
in another separate outdoor aviary (21.41 m2 ). All aviaries had at least one
side open to the outside, so they followed a natural light schedule and were
also kept to ambient Tenerife outdoor temperature, on average between 17
and 25°C, but they were additionally lit with Arcadia Zoo Bars (Arcadia
54W Freshwater Pro and Arcadia 54W D3 Reptile lamp) to ensure sufficient
exposure to UV light. They were also all within the same site as the testing
chambers (described below). All parrots had been hand-raised, but socialised
and reared in conspecific groups under comparable conditions in the Loro
Parque Fundación, Spain. None of the animals had prior testing experience
other than habituation to the test facility and training to interact with human
experimenters.
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2.2. Test chambers
Training and testing took place in an indoor area equipped with lamps covering the birds’ full range of visible light (Arcadia 39 W Freshwater Pro and
Arcadia 39 W D3 Reptile lamp). The testing area consisted of 2 chambers,
each 2.5 m × 1.5 m × 1.5 m (height × width × length), separated by a window (1 m × 1 m) with an opening that could be covered with different plastic
panels (depending on the experiment). Each testing chamber was equipped
with a wooden multi-step perch (see Figure A1 in Appendix A in the online
version of this journal, that can be accessed via brill.com/beh). For the Social
Learning, Pointing Cups and Attentional State tasks the testing chamber was
equipped with a 40 cm wide table and the wooden multi-step perch was positioned in the middle behind this table. Each testing chamber was equipped
with surveillance cameras (iPTECHNO 2601 Series) in the 4 corners of the
room at different heights and orientations. An additional handycam (SONY
HDR-CX240E) was installed in the neighbour chamber behind the experimenter. A sound-buffered non-reflective one-way glass system permitted zoo
visitors to see inside the rooms but did not allow the birds to see out.
2.3. General procedures
All training and testing sessions took place either in the morning or afternoon, with a minimum of 4 hours after the last feeding (or overnight for
morning sessions). All birds had free access to water and mineral blocks at
all times and were fed fresh fruit and vegetables twice a day. Pieces of walnuts were used as rewards during testing as they were valued by all subjects
and were not available outside of testing. The daily amount of nuts and seeds
(Versele-Laga Loro Parque Ara Mix) provided to the birds in the afternoon
was adjusted according to their previous nut-intake during testing for weight
regulation purposes and individuals were weighed on a daily basis. Session
length and number of trials per session varied according to the type of session but did not exceed 30 min and 18 rewarded trials (excluding tiny seed
rewards to move the parrots back into their starting position). The size of the
food rewards was adjusted according to the body mass of the species, that
means ca. 1/8 of a walnut for the great green and the blue-throated macaws,
and ca. 1/12 of a walnut for the blue-headed macaws and the African grey
parrots.
Ten familiar humans served as experimenters throughout the PCTB (8
female and 2 male experimenters). Four experimenters took turns working
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with 10 individuals of 2 species each, while one experimenter replaced each
of them at least once per week. Up to 3 individuals were tested in parallel but individually, in separate testing chambers with no visual contact
between each other. Three (female) unfamiliar experimenters assisted in the
temperament tests (see below) and an additional experimenter assisted in the
social cognition battery tests (see below). Experimenters were trained and
synchronised in all their movements, and ‘calibrated’ repeatedly throughout
the experiment. Such trainings took place before each new test and additionally all experimenters were monitored via the cameras installed in the testing
chambers regarding conformity on a regular basis during testing.
2.4. Habituation
Prior to the start of the Primate Cognition Test Battery, all birds underwent a
habituation phase during which they were familiarised with the experimental equipment (e.g., plastic panel with holes, red cups, etc.) and the choice
situation. In this phase, parrots were also trained to wait at the starting point
(i.e., their starting perch) during the baiting procedure. For the detailed habituation protocol see Appendix B in the online version of this journal, that
can be accessed via brill.com/beh.
2.5. Primate cognition test battery
To conduct a systematic interspecific comparison, we followed the experimental procedures and terminology by Schmitt et al. (2012), who in turn
followed the design of Herrmann et al.’s (2007) Primate Cognition Test Battery (PCTB) except for a few modifications. A detailed description of the
method is provided in Appendix A, where the modifications to the experimental procedure implemented by Schmitt et al. (2012) compared to the
original study by Herrmann et al. (2007) are highlighted in italics. Our few
further deviations from the original methods are marked in bold (see Appendix A). Otherwise, our methods were identical to those of Schmitt et al.
(2012), except for the size of the experimental equipment, which was adjusted so as to be operable for parrots. Some tasks (e.g., social learning)
even afforded finer-tuned size adjustments according to the body size of the
respective study species.
In general, we followed the design of Schmitt et al. (2012) who doubled
the number of trials in the object-choice tasks compared to Herrmann et al.
(2007) in order to include all possible spatial positions and combination of
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locations to control for the influence of using only a subset of all possible
manipulations (see description of the specific tasks below for details). For
the other tasks, i.e., those that did not include object choice, i.e., a twochoice design (i.e., Social learning, Attentional state and Gaze following), we
administered the same number of trials as Herrmann and colleagues (2007)
because in these tests, the subjects were expected to perform specific actions,
which would not likely happen coincidentally (see also baseline conditions
for Social learning and Gaze following). In contrast to Schmitt et al. (2012),
we followed the procedures by Herrmann et al. (2007), who presented the
scales in a fixed order and did not pseudo-randomise and balance the order
of administering the experiments of the different scales across individuals.
However, we pseudorandomized and counter-balanced the tests within each
scale and task across individuals.
With difference to the previous 2 studies, we wore sunglasses during
all choice tasks of the physical cognition test battery, in order to prevent
unconscious cueing towards the correct choice. Before each trial, the parrot
was moved in the starting position (if necessary, with the help of a stick
with a red food bowl attached that contained 1–2 sunflower seeds as positive
reinforcement).
The PCTB consists of 16 tasks testing different aspects of physical cognition, i.e., an understanding of objects and their spatial, numeral and causal
relationships, as well as different aspects of social cognition, i.e., an understanding of intentional actions, perceptions, and knowledge states of others.
The 16 tasks are generally grouped into 6 scales. Three of these scales belong
to the physical domain: Space, Quantity, and Causality. The experiments belonging to these scales aim at testing the subjects’ understanding of spatial
displacements, their quantity discrimination abilities as well as their understanding of the causal relations between two objects. The other 3 scales
belong to the social domain: Social learning, Communication, and Theory
of Mind. This set of experiments tests whether the subjects can imitate actions such as shaking a reward out of a tube, and understand communicative
cues and intentional actions, as well as whether they can follow the gaze of a
human. In contrast to Herrmann et al. (2007) but following the methodology
by Schmitt et al. (2012) we applied control conditions to some of the tasks
and additional quantity combinations in the quantity discrimination experiments (see Appendix A for a detailed description of the methods).
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In the following, we will shortly outline the experimental procedure of
the 16 tasks of the PCTB. Some tasks consist of different “items”, which are
described in detail in the Appendices, Schmitt et al. (2012) and Herrmann et
al. (2007).
2.6. Physical domain
2.6.1. Space
The space scale consisted of 4 different tasks: Spatial memory, Object permanence, Rotation and Transposition. These tasks aimed at testing the parrots’
ability to keep track of objects. The baiting procedure was comparable for
all the tasks: 3 cups were placed in a row on an out-of-reach board and then
manipulated differently depending on the task before being pushed in reach
of the parrots. In the Spatial Memory test, the parrots had to locate 2 rewards
placed simultaneously under 2 of the 3 cups. The Object Permanence task
was used to test the birds’ ability to track a reward after invisible displacement. The subjects had to locate the food after watching it been put under
a fourth smaller cup that is moved under 1 or 2 larger cups and left beneath
one of these. The Rotation task was used to test the subjects’ ability to track
the reward placed under one cup positioned on a movable tray and rotated
180° and 360°. In the Transposition task, the birds had to track the baited
cup when the positions of the cups were switched. Finally, the Single Displacement Touch control examined whether the subjects only chose the last
cup touched by the experimenter or genuinely took into account where the
smaller cup was moved to.
2.6.2. Quantities
Two different tests were performed to examine the parrots’ ability to discriminate quantity: The Relative numbers and the Addition numbers task. In
both tasks, the parrots were allowed to view the quantities, but, before the
parrots could choose, they were covered up. In the former, subjects had to
choose between different amounts of seeds placed on 2 plates with a quantity difference of 1 to 4 food pieces between the 2 plates. In the Addition
Numbers tasks, the birds were shown different amounts of food items for a
few seconds. The food items from the centre plate were then transferred to
one of the side plates. The birds’ response was scored as correct if they chose
the resulting larger number.
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2.6.3. Causality
Four tasks were administrated to test the parrots’ understanding of the
spatial-causal relationships between objects: Noise, Shape, Tool use and Tool
properties.
In the Noise task, the parrots had to deduce which container contained
a reward from partial information through noise produced when individual
containers were shaken. During the Shape tasks, the birds had to work out
that a reward placed under 1 of 2 plastic boards or pieces of cloths would
cause them to be ‘different in shape’. The Tool Use task was administrated
to test the parrots’ ability to use a wooden stick to retrieve half a walnut
positioned on a tray but out of reach of the subject. In the Tool Properties
tasks, the parrots had to distinguish between a functional tool by means
of which food could be pulled into reach and a non-functional tool. In 5
different conditions the birds faced choices between: (1) cloth condition:
food placed on the side of a piece of cloth or on top of it (functional);
(2) bridge condition: food put on top of a plastic bridge or on the cloth
underneath it (functional); (3) ripped condition: food placed on a ripped
piece of cloth or on an intact one (functional); (4) broken wool: food tied
to a broken string of wool or an unbroken one (functional); and (5) tray
circle: food placed in a u-shaped piece of cardboard or in the centre of a
cardboard ring (functional), each of which had a string attached, which the
subject could pull towards themselves.
2.7. Social domain
2.7.1. Social learning
Three different tasks were carried out to test whether the parrots could imitate simple actions performed by a human demonstrator. In those tasks, the
human person demonstrated the subject how to retrieve food from 3 different
plastic tubes (Paper tube, Banana tube, Stick tube) in very distinctive ways.
In contrast to the Social Learning tasks of the previous PCTB tested in primates, each of them was designed as a two-action-task, i.e., entailing two
equivalent ways by which the reward could be obtained. Pseudo-randomly
assigned to 2 groups, half of the subjects were shown one solution (Action
A) while the other half observed the other solution (Action B). It was scored
whether the subjects solved the problem by the same means as the demonstrator. The behaviour of the subjects was compared to that of a control group
(four individuals of each species tested; see Appendix A for information
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about those subjects), who were given the opportunity to retrieve food from
the tubes without prior exposure to a human demonstrator (baseline condition).
2.7.2. Communication
In the communication scale, the subjects were tested in 3 different tasks
investigating their ability to use communicative cues provided by humans.
2.7.3. Theory of mind
The experiments in the theory of mind scale consisted of 2 tasks: Gaze
following to test whether the subjects spontaneously followed the experimenter’s gaze direction to a target and Intentions, a test meant to investigate
whether the subjects responded to the experimenter’s intentions.
2.8. Influence of temperament on performance
To examine the influence of the subjects’ temperament, i.e., their boldness
or shyness in approaching novel stimuli on their overall performance in the
cognitive test battery, a ‘Temperament Test’ was conducted, using the same
methods than Herrmann et al. (2007) and Schmitt et al. (2012). It measured
the subjects’ approach behaviour towards novel objects, unfamiliar persons
and unfamiliar food and was carried out before the start of the PCTB tests.
Where appropriate, we also used the same terminology than Herrmann et
al. (2007). The test situation varied concerning (1) the nature of the different
items shown (humans, objects or food pieces), (2) whether the items were
presented alone or in combination (e.g., human moving a novel object) and
(3) whether the objects were moved or not or could be touched during their
presentation (e.g., item was moved from left to right by the experimenter,
etc.). We measured whether the subjects approached the new items, how
fast they did and whether they touched the presented objects. Moreover, an
additional Inhibitory Control task was administrated as part of Herrmann et
al.’s (2007) temperament test. It tested whether the parrot species had the
“ability to resist the urge to do something that is immediately tempting but
ultimately counterproductive”, as defined by Bray and colleagues (2014)
and how such skill could influence their performance in the PCTB. The
Inhibitory Control task tested parrots’ ability to skip an empty middle cup
and choose 2 baited outer cups. For detailed information see Appendix C in
the online version of this journal, that can be accessed via brill.com/beh.
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2.9. Data analysis
We calculated the overall proportion of correct responses in each task for
every subject.
A Wilcoxon exact test determined whether all parrots performed significantly above chance, whereas on the individual level, Binomial-tests were
used to measure whether the performance on the task level was significantly
better than expected by chance.
To compare the parrots’ performance in each task further we conducted
a multivariate analysis of variance (MANOVA) with species and sex as between subject factors and performance in each scale’s tasks (e.g., for the scale
space: spatial memory, object permanence, rotation and transposition) as dependent variables. To verify whether there were species differences within a
task, we performed a univariate analysis of Variance (ANOVA) or a Kruskal–
Wallis ANOVA when data were not normally distributed (Shapiro test and
Anderson–Darling normality test). In case of significant effects, post-hoc
tests were conducted (Tukey HSD for normally distributed data and pairwise comparisons otherwise). No statistical analysis was carried out for the
tool use task because all subjects’ performance was null.
Spearman correlations were employed to examine possible correlations
between the Inhibitory Control task and the test battery performance as well
as between the 3 temperament measures and the test battery performance
of the parrots. Moreover, a multivariate analysis of variance (MANOVA)
with species and sex as between subject factors and the values of the 3
temperament measures as dependent variables were calculated to determine
differences among species and sex.
To investigate whether there were differences in test performance between
the 4 parrot species (great green macaw, blue-throated macaw, blue-headed
macaw, African grey parrot) and the species of primates (baboon, macaque,
chimpanzee, orangutan), univariate analyses of variance (ANOVA) were carried out for each scale, followed by post hoc tests in case of significance. All
the analyses were performed using the statistical software R 3.2.1 and IBM
SPSS Statistics 22. The critical p-value was set to α = 0.05.
Statistical comparisons of each domain were made by MANOVA, followed by ANOVAs for each scale. Post-hoc tests (the Bonferroni correction was used when the equality assumption held, otherwise the Dunnett t3
correction was used otherwise) followed in case a significant effect was detected.
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2.10. Ethical standards
All applicable international, national, and institutional guidelines for the care
and use of animals were followed. In accordance with the German Animal
Welfare Act of 25 May 1998, Section V, Article 7 and the Spanish Animal
Welfare Act 32/2007 of 7th November 2007, Preliminary Title, Article 3,
the study was classified as non-animal experiment and did not require any
approval from a relevant body.
3. Results
3.1. Performance in different tasks
3.1.1. Space
Both at group and individual level the great green macaws performed at
chance level (0.33) in all 4 tasks of the scale Space (see Table 1 and Figure 1
for a summary of all results). The blue-throated macaws, the African grey
parrots and the blue-headed macaws performed significantly above chance
in the Object Permanence task (Wilcoxon exact test; blue-throated macaws:
z = −2.739, p = 0.004, African grey parrots: z = −2.232, p = 0.031; blueheaded macaws: z = −2.375, p = 0.016), and the blue-throated macaws also
were above chance in the Rotation task (z = −2.413, p = 0.016) (Table 1;
Figure 1). In the Spatial memory and Transposition tasks all species performed at chance level.
On the individual level, 1 blue-throated macaw (Baloo), 3 blue-headed
macaws (Lupita, Mars, Mercury) and 1 African grey parrot (Jack) performed
above chance level in the Object Permanence task. In the Spatial Memory
task 1 blue-headed macaw (Saturn) chose the correct location of the reward
significantly above chance (Binomial test; p = 0.02). In the Transposition
task, 2 African grey parrots (Lizzy and Bella) performed above chance (Binomial test; p = 0.04) (Table 1). None of the birds (except for one adult
blue-throated macaw) performed above chance level in the Single Displacement Touch Control task we conducted during the Object Permanence tasks.
3.1.2. Quantity
On the species level, only the blue-throated macaws showed the ability
to discriminate the larger quantity in the Relative Numbers task with a
performance significantly above chance level (0.50) (Wilcoxon exact test,
z = −3.025, p = 0.001) (Table 1; Figure 1).
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On the individual level 4 blue-throated macaw individuals performed
above chance: 3 juvenile individuals (Mowgli, Baloo and Mr Huang) (Binomial test; p = 0.038, 0.038 and 0.002, respectively) in the Relative Numbers
task, and 1 juvenile (Long John) in the Addition Numbers task (Binomial
test; p = 0.028). One great green macaw (Alba) was the only subject of the
other 3 species with a performance above chance level but just in the Relative
Numbers task (Binomial test; p = 0.01) (Table 1).
3.2. Causality
None of the parrots was able to obtain the food using the stick in the tool use
task. All the species performed at chance level in the other Causality tasks
(Table1, Figure 1).
On the individual level, none of the great green macaws or blue-throated
macaws performed above chance in any of the Causality tasks, whereas 1
blue-headed macaw (Saturn) and 1 African grey parrot (Nikki) were able
to identify the functional tool in the Tool Properties test (Binomial test,
both p = 0.022). Similarly, another blue-headed macaw (Mars) and another African grey parrot (Kimmi) solved the Shape task significantly above
chance level (Binomial test, p = 0.019 and 0.003, respectively) (Table 1).
3.3. Social learning
In the baseline condition, in which the subjects did not receive any demonstrations of how to retrieve food from the different tubes, none of the blueheaded macaws and great green macaws solved the task in a similar way to
the one demonstrated in the test condition. However, 3 blue-throated macaws
and 1 African grey parrot solved the Push and Pull task by pulling the stick
(Action B in the test condition). Furthermore, 1 blue-throated macaw and
two African grey parrots solved the Paper Tube by tearing off the paper (Action A).
In the test condition, none of the African grey parrots showed any evidence of social learning. Three blue-throated macaws solved the Paper tube
by tearing off the paper (Action B), 1 blue-headed macaws solved the Banana
tube once by shaking the tube (Action A), 2 great green macaws solved the
Push and Pull tube by pulling the stick (Action B) and 3 great green macaws
opened the Paper tube by tearing of the paper (Action B). In each case, the
birds used the method that was demonstrated, however, for all successful individuals that was also the method that had been shown spontaneously by
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Table 1.
Mean proportion of correct responses of the parrots in each task (and Scale) of the PCTB
(for an overview on the performance of the juvenile and adult individuals of the great green
macaws and the blue-throated macaws see Appendix D, Table D1).
Task

Trials

Ara
ambiguus

Ara
glaucogularis

Primolius
couloni

Psittacus
erithacus

Chance

N Mean Ind N Mean Ind N Mean Ind N Mean Ind
(SD)
(SD)
(SD)
(SD)
Space
Spatial memory

6

9

Object perm

18

9

Rotation

18

9

Transposition

18

9

Rel numbers

16

9

Add numbers

14

9

12

9

Shape

12

9

Tool use
Tool prop

1
30

9
9

Quantity

Causality
Causality
(w/o tool use)
Noise

Communication
Comprehension

9
18

9

Pointing cups

8

8

Attentional state

4

9

0.34
0.39
(0.05)
(0.05)
0.37
12 0.40
(0.11)
(0.13)
0.38
12 0.42
(0.09)
(0.08)*
0.32
12 0.41
(0.07)
(0.09)*
0.28
12 0.33
(0.11)
(0.09)
0.52
0.56
(0.06)
(0.06)
0.56 1 12 0.63
(0.12)
(0.12)*
0.48
12 0.50
(0.05)
(0.12)
0.39
0.39
(0.04)
(0.04)
0.52
0.52
(0.05)
(0.05)
0.49
12 0.51
(0.05)
(0.07)
0.55
12 0.53
(0.08)
(0.13)
0
12 0
0.51
12 0.53
(0.08)
(0.07)
0.42
12 0.46
(0.11)
(0.17)
0.52
12 0.55
(0.09)
(0.10)
0.49
9 0.53
(0.17)
(0.12)
0.25
12 0.40
(0.25)*
(0.34)*

8
1

8

2

8
8

4

8

1

8

8
8
8
8
8
1

8
8

1

8

0.37
(0.06)
0.37
(0.21)
0.48
(0.10)*
0.31
(0.07)
0.32
(0.11)
0.53
(0.09)
0.53
(0.12)
0.54
(0.07)
0.40
(0.05)
0.53
(0.07)
0.49
(0.11)
0.58
(0.12)
0
0.52
(0.08)
0.36
(0.13)
0.48
(0.13)
0.42
(0.15)
0.19
(0.26)

1 8
3 8
8
8

8
8

8
1 8
8
1 8
8
8
8
1 8

0.39
(0.07)
0.36
(0.19)
0.44
(0.08)*
0.35
(0.09)
0.42
(0.12)
0.53
(0.06)
0.53
(0.08)
0.54
(0.11)
0.40
(0.05)
0.54
(0.07)
0.54
(0.21)
0.56
(0.12)
0
0.51
(0.06)
0.41
(0.15)
0.50
(0.09)
0.47
(0.23)
0.25
(0.35)

1

0.33

1

0.33
0.33

2

0.33

0.50
0.50

0.50
1

0.50

1

0.00
0.50

0.50
1

0.50

1

0.00
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Table 1.
Continued.
Task

Trials

Ara
ambiguus

Ara
glaucogularis

Primolius
couloni

Psittacus
erithacus

Chance

N Mean Ind N Mean Ind N Mean Ind N Mean Ind
(SD)
(SD)
(SD)
(SD)
Theory of mind
Gaze following
Intentions

9
12

9 0.29
12 0.31
(0.07)
(0.07)
9 0.04 2 12 0.10 6
(0.07)
(0.13)*
9 0.54
12 0.51 1
(0.11)
(0.08)

8 0.34
8 0.28
(0.12)
(0.04)
8 0.13 1 8
0
1
(0.19)
8 0.55
8 0.56
(0.10)
(0.08)

N/A
0.50

Performance on the scale level was not compared to chance as this varies between tasks.
Trials, number of trials performed in each task; N , number of tested individuals; Ind, number
of individuals performing above chance level.
*Significant deviations from chance level (α = 0.05).

naïve birds in the baseline. This strongly suggests that one of the actions was
more intuitive than the other and could be acquired by the birds without social learning. The results may therefore not reliably reflect the birds’ social
learning skills and for this reason, we decided to exclude this task from the
comparative analyses below.
3.4. Communication
The great green macaws and blue-throated macaws performed significantly
above chance level in the Attentional State task (Wilcoxon exact test, z =
−2.232, p = 0.031 and z = −2.687, p = 0.004, respectively) (Table1, Figure 1). None of the species performed above chance in Pointing Cups.
One blue-throated macaw (Lady) performed above chance in the Comprehension task (Binomial test, p = 0.048), and 1 African grey parrot (Jelo)
was correct in 7 out of 8 trials in the Pointing Cups task (Binomial test,
p = 0.035). One blue-throated macaw (Mowgli), 1 blue-headed macaw
(Neptune), and 1 African grey parrot (Kimmi) scored a 100% correct in the
Attentional State task.
3.5. Theory of mind
In the Gaze Following task only the blue-throated macaws performed significantly above the baseline (Wilcoxon exact test; z = −2.025, p = 0.031),
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which we assessed by whether birds looked up while the experimenter was
looking straight (they looked upward in 17 % of all trials). None of the
species performed above chance level (0.5) in the Intentions task (Table 1;
Figure 1).
On the individual level 6 blue-throated macaws, 2 great green macaws,
1 blue-headed macaw and 1 African grey parrot each followed the human
gaze significantly more often than in the baseline condition, whereas only a
single bird, a blue-throated macaw (Mowgli), performed above chance in the
Intentions task (Binomial test, p = 0.048).
3.6. Comparison across the four parrot species
As none of our subjects solved the Tool Use task nor succeeded in Social
Learning task, we excluded it from the following statistical analysis of variance. Considering the performance in the other 14 tasks of the PCTB a
multivariate analysis of variance revealed no significant differences across
the 4 parrot species (MANOVA with species as between-subject factor and
performance in the 14 different tasks as dependent variables; Wilk’s Lambda,
F14,42 = 0.715, p = 0.873, η2 = 0.330). However, as Figure 1 indicates,
there was a larger difference across the species in the Rotation and Transposition tasks, and, indeed, univariate analyses (ANOVA) revealed a species effect in these tasks (F3,33 = 2.999, p = 0.045, η2 = 0.214 and F3,33 = 2.993,
p = 0.045, η2 = 0.214, respectively). Post-hoc tests (Bonferroni corrections)
revealed that the African grey parrots outperformed the great green macaws
(p = 0.037) in the Transposition task, but in the Rotation task there were no
significant differences across the species after correction for multiple testing.
The species did not differ significantly in their overall performance in
the PCTB (MANOVA with species and sex as between-subject factors and
performance in both domains of the PCTB as the dependent variables; Wilk’s
Lambda: F6,56 = 0.631, p = 0.705, η2 = 0.063). No statistically significant
differences were detected between the sexes (Wilk’s Lambda: F2,28 = 1.448,
p = 0.252) nor was there a significant interaction between species and sex
(Wilk’s Lambda: F6,56 = 1.096, p = 0.376).
3.7. Comparison between primates and parrots
To compare the performance of the 4 parrot species with the previously tested
2 monkey species (macaques and baboons) and 2 ape species (chimpanzees
and orangutans), we determined the mean proportion of correct responses

Figure 1. Performance of the parrots in the PCTB. Shown are the proportions of correct responses of the great green macaws, the blue-throated
macaws, the blue-headed macaws, and the African grey parrots in different shades of grey from the brighter to the darker, respectively, in the 16
tasks of the PCTB grouped into the respective scale. Boxes show the interquartile range from the 25th to the 75th percentile. The line across the
boxes represents the median. The whiskers indicate the maximum and minimum values excluding outliers (circles). The dotted lines represent
the chance level and baseline, respectively, for each task. The asterisks indicate significant differences from chance level or between species,
respectively. Note that the performance in the scale Social learning has been omitted from the comparative analyses.
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in each scale for each of the 4 parrot species and compared their results
to those of the chimpanzees and orangutans obtained from Herrmann et al.
(2007) and those of the baboons and macaques obtained from Schmitt et al.
(2012). The parrots did not perform significantly worse than the previously
tested 4 primate species in all but one of the test scales, but they remained at
chance levels throughout all of them. Chimpanzees outperformed them in the
physical domain, but not in the social domain. The results of the comparison
between primates and parrots are summarised in Figure 2.
Performance in the physical domain differed significantly across species
(MANOVA with species as between-subject factor and performance in the
3 scales of the physical domain as the dependent variables; Wilk’ Lambda
F21,526 = 14.234, p < 0.001, η2 = 0.350). Univariate analyses (ANOVA)
showed that the differences across species were significant for all 3 scales
(Space: F7,185 = 42.166, p < 0.001, η2 = 0.615; Quantity: F7,185 = 6.672,
p < 0.001, η2 = 0.202, and Causality: F7,185 = 22.824, p < 0.001, η2 =
0.463). Post-hoc tests (Bonferroni correction for the scale Quantity and Dunnett t3 correction for the scales Space and Causality) revealed that both
monkeys and apes outperformed all 4 parrot species in the scale Space (all
p values < 0.01) (Figure 2). In the scale Quantity, only the chimpanzees
outperformed all 4 parrot species (all p values < 0.04) (Figure 2). In the
scale Causality, both chimpanzees and orangutans outperformed all 4 parrot
species (all p’s < 0.001) and the macaques performed better than the great
green macaws (p = 0.021) and the blue-throated macaws (p = 0.015) (Figure 2). However, the differences in the scale Causality were mainly due to the
Tool use task, which none of the parrots solved. Looking at the scale causality without including the tool use task (Table 1), there were no significant
differences between the performance of each of the 4 parrot species and that
of the orangutans anymore.
Also, the performance in the social domain (note that we omitted the
Social learning task in the following analysis) differed significantly between taxa (MANOVA with species as between-subject factor and performance in the 2 scales of the social domain as the dependent variables;
Wilk’ Lambda F14,368 = 8.462, p < 0.001, η2 = 0.244). Univariate analyses (ANOVA) showed that the differences across species were significant
for both the scales of the social domain (Communication: F7,185 = 5.574,
p < 0.001, η2 = 0.174 and Theory of Mind: F7,185 = 11.172, p < 0.001,
η2 = 0.297). Post-hoc tests (Bonferroni correction) revealed that the baboons

Figure 2. Comparison between parrots and primates. Shown are the proportions of correct responses on the scale level for the 4 different parrot
species and the 4 different primate species. Boxes show the interquartile range from the 25th to the 75th percentile. The line across the boxes
represents the median. The whiskers indicate the maximum and minimum values excluding outliers (circles). The asterisks indicate significant
differences between species. AA, Ara ambiguus (great green macaws); AG, Ara glaucogularis (blue-throated macaws); PC, Primolius couloni
(blue-headed macaws); PE, Psittacus erithacus (African grey parrots); MF, Macaca fascicularis (long-tailed macaques); PA, Papio anubis (olive
baboons); PP, Pongo pygmaeus (orangutans); PT, Pan troglodytes (chimpanzees). Note: The primate data used for the species comparison were
provided by Herrmann and colleagues (2007) and Schmitt and colleagues (2012). The performance in the scale Social learning has been omitted
from the comparative analyses.
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(i.e., the best-performing primate species) outperformed the great green
macaws (p = 0.028), the blue-headed macaws (p = 0.003) and the African
grey parrot (p = 0.022) but not the blue-throated macaws (p = 0.090) (Figure 2). The blue-headed macaws were also outperformed by the chimpanzees
and the orangutans (p = 0.004 and 0.044, respectively) in this scale (Figure 2). The monkeys but not the apes outperformed all 4 parrot species in the
scale Theory of Mind (all p values < 0.02) (Figure 2).
3.8. Influence of temperament and inhibitory control
To examine whether there was any relation between the parrots’ temperament and their respective performance in the test battery, we conducted a
Spearman correlation analysis with all 3 temperament measurements (Duration, Latency and Proximity). The analysis was performed on 33 parrots,
thus excluding 1 African grey parrot and 4 blue-throated macaws due to an
experimenter’s error (see Appendix C for more detail).
The variance component analysis conducted to determine sources of variability within the 3 different measures (i.e., Latency, Duration, Proximity)
revealed that the temperament measure Latency accounted for the largest
differences between individuals and was thus used for all other correlational
analyses.
We found no significant correlations between the temperament measure (Latency) and the performance of the parrots in the physical domain
(Spearman correlations; great green macaws: r = 0.295, p = 0.440, N = 9;
blue-throated macaws: r = 0.147, p = 0.728, N = 8; African grey parrots:
r = −0.450, p = 0.310, N = 7; blue-headed macaws: r = 0.265, p = 0.526,
N = 8) or in the social domain (Spearman correlations; great green macaws:
r = −0.238, p = 0.537, N = 9; blue-throated macaws: r = −0.476, p =
0.233, N = 8; African grey parrots: r = 0.109, p = 0.816, N = 7; blueheaded macaws: r = −0.265, p = 0.526, N = 8).
Furthermore, no significant correlations were found between the Inhibitory Control task and the parrots’ performance in the physical domain (Spearman correlations; great green macaws: r = −0.208, p = 0.592,
N = 9; blue-throated macaws: r = 0.265, p = 0.526, N = 8; African grey
parrots: r = −0.085, p = 0.856, N = 7; blue-headed macaws: r = 0.331,
p = 0.423, N = 8) or in the social domain (Spearman correlations; great
green macaws: r = −0.190, p = 0.624, N = 9; blue-throated macaws:
r = −0.103, p = 0.808, N = 8; African grey parrots: r = 0.210, p = 0.652,
N = 7; blue-headed macaws: r = 0.331, p = 0.423, N = 8).
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No significant difference in the Inhibitory Control task was found across
species (Kruskal–Wallis one-way ANOVA, χ 2 = 7.552, df = 3, p = 0.56).
Finally, we investigated if temperament differed across species. The
proximity of approach differed significantly across species (ANOVA with
species as a between-subject factor and Proximity as the dependent variable; F3,28 = 6.510, p = 0.002). Post-hoc tests (Bonferroni) revealed that the
blue-throated macaws approached unfamiliar human and objects closer than
the other 3 species (great green macaws p = 0.013, blue-headed macaws
p = 0.007 and African grey parrots p = 0.005). Similarly, the duration
the subjects spent in proximity to the testing stimuli differed significantly
across species (ANOVA with species as a between-subject factor and Duration as the dependent variable; F3,28 = 5.386, p = 0.005). Post-hoc tests
(Bonferroni) revealed that the blue-throated macaws spent more time near
the stimuli than the other 3 species (great green macaws p = 0.047, blueheaded macaws p = 0.015, and African grey parrots p = 0.009). Finally,
the Latency to approach differed significantly across species (ANOVA with
species as a between-subject factor and Latency as the dependent variable;
F3,28 = 7.536, p = 0.001). Post-hoc tests (Bonferroni) revealed that the
blue-throated macaws approached the stimuli more quickly than the other
3 species (great green macaws p = 0.005, blue-headed macaws p = 0.003,
and African grey parrots p = 0.004).
4. Discussion
4.1. The parrots’ overall performance and comparison to primates
Contrary to our predictions, the 4 parrot species tested in the present study
performed at chance level in the PCTB overall, whereas the previously tested
2 ape species and 2 monkey species performed significantly above chance in
several test scales each. The direct comparison between primates and parrots in those scales did not turn out significant differences in performance
in many cases, however. In the physical domain, the parrots did not perform significantly worse than the previously tested primate species except
for chimpanzees, and apart from the scale “space” where they were clearly
outperformed by monkeys and apes. In the social domain, the pattern was
more complex as the primates showed differential performance in the different scales. In the communication scale, one parrot species, blue-throated
macaws, was not outperformed by any primate species and in the theory of
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mind scale, the parrots did not differ from the apes’ but from the monkeys’
performance. Based on previous findings on parrots’ cognitive capacities (for
a review, see e.g., van Horik et al., 2012; Lambert et al., 2019) and considering their large relative brain sizes (Iwaniuk et al., 2005), we expected the
parrots to perform at comparable levels to the primates in the tasks of the
PCTB. However, the fact that the parrots performed at chance level throughout most tasks of the PCTB, which largely consists of 2-choice (or 3-choice)
tasks, makes it hard to interpret their cognitive capacity and relative performance to primates. On the one hand, chance level performance may reflect
their actual cognitive capacity, suggesting that the parrots actually have a relatively poor understanding of objects and their spatial, numerical and causal
relations as well as a poor appreciation of social cues given by human experimenters (pointing gestures or following the gaze direction) in object-choice
tasks. On the other hand, a chance level outcome can arise equally if the
subjects do not attend to (or are not motivated to respond to) the crucial features of those tasks for other reasons (i.e., task constraints), and therefore
just choose randomly in the test situation. While a performance above or
below chance are likely to reflect cognitive ability, a uniform chance level
performance across the entire test battery raises some ambiguity. This interpretational dilemma is a potential issue that test batteries such as the PCTB,
which are mostly based on a forced-choice design, may face when used
for larger-scale phylogenetic comparisons. This may limit their suitability
as comparative tool as discussed further below.
Interestingly, there were single individuals in nearly all tasks (except for
Noise, Tool use and Intentions) that did perform above chance spontaneously
(see Table 1), which would suggest that the particular cognitive skill tested
was within the capacity of the respective species. However notably there
was little consistency across species and no consistency across individuals
across several tasks of the PCTB (as one would expect if a general cognitive
ability was to account for individual differences, as found in other species;
see Herrmann et al., 2010; Amici et al., 2012).
4.2. Performance of the parrots in the different scales in the physical
domain and previous research
The predominant task in the space scale tested whether the animals exhibited
object permanence, i.e., the ability to keep track of objects and individuals
that are temporarily out of sight. It is considered a very basic cognitive skill
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that might provide adaptive advantages for avoiding predation, monitoring
potential prey and tracking social interactions (Emery, 2006). In human infants, object permanence develops over the first 2 years and undergoes 6
stages during sensorimotor development (Piaget, 1954). Object permanence
has been previously demonstrated in several parrot species, such as African
grey parrots, Illiger macaws (Primolius maracana), budgerigars (Melopsittacus undulatus), New Zealand parakeets (Cyanoramphus auriceps), cockatiels (Nymphicus hollandicus) and Goffin’s cockatoos (for review, see Lambert et al., 2019). In the Object Permanence tasks of the PCTB administered
here, 3 species, i.e., the blue-throated macaws, the blue-headed macaws and
the African grey parrots, performed above chance level, however all subjects
(except for 1 adult blue-throated macaw) failed in the Single displacement
touch control task, introduced in the test battery by Schmitt et al. (2012).
This suggests that the birds chose the last cup touched by the experimenter
rather than responding to where the smaller cup was moved to.
Our parrots’ performance in the transposition and rotation tasks was at
chance level. Similar tasks have been studied in very few avian species to
date. Within parrots, only African grey parrots (they were able to solve a
single transposition task, double transposition was not administered; Pepperberg et al., 1997) and Goffin’s cockatoos (Cacatua goffini; Auersperg et
al., 2014a) were tested and found capable of solving transposition tasks. The
only parrot species previously tested in the rotation task, the Goffin’s cockatoo, passed all rotation conditions tested (90, 180, 270 and 360 degrees
invisible rotations; Auersperg et al., 2014a) but required a minimum of 48
trials to reach criterion, thus many more trials than were administered to the
parrots in this study. It is possible that the poor performance of our birds may
be partly a consequence of the low trial number as discussed below.
Given the previous evidence that some parrots species perform at similar levels to children, apes, and corvids in Piagetian tasks (Pepperberg et
al., 1997; Auersperg et al., 2014a), the chance level performance of our
study subjects in object displacement and rotation tasks compared to primates is surprising. Particularly, when considering that Goffin’s cockatoos
and African grey parrots in the studies mentioned above had shown highlevel performance in the invisible displacement tasks (Piagetian stage 6) and
that already at the age of 8 to 10 months, we expected our birds — that were
at least 12 months old when tested — to have reached their full competence
in object permanence and to pass those tests too. However, it is possible that
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the poor performance of our subjects might be attributable to constraints in
the experimental design rather than to age or cognitive capacity. One indication for this may be that many of our birds appeared either highly side-biased
in their object-choices or appeared to choose randomly. There may be several reasons accounting for this. A random choice in a choice task may not
be a bad strategy if the subject can accumulate sufficient rewards across a
session just by chance. As highlighted before, in the PCTB, the great majority of tasks (with the exception of the tool use and social learning task)
are such forced 2- or 3-choice tasks. Moreover, the trial numbers per task in
the PCTB were very low compared to studies of particular cognitive abilities
carried out on parrots so far (Auersperg et al., 2009; O’Hara et al., 2016)
and it is possible that birds require higher trial numbers before they come to
realise that their choice matters (see further discussion below). It also raises
the question if birds tested in previous studies had learnt a rule across trials rather than acting based on an understanding of the task. Additionally,
a low trial number (typically 6 trials per test) combined with a low sample
size may be more prone to be confounded by unwanted contextual variables.
While the previous PCTB on monkeys had a similarly low sample size than
us (5–13 monkeys per species vs. 8–12 parrots per species) and thus doubled the original PCTB trial number from 3 to 6 (Schmitt et al., 2012), the
original chimpanzee study was carried out on 106 individual chimpanzees
and therefore probably produced more robust data than the follow-up monkey study and our here (Button et al., 2013). Finally, while primates indicate
their choice by a pointing gesture, birds in comparable studies are typically
required to indicate their choice by touching the objects directly with their
beak thus it might be more difficult to overcome their impulses (Krasheninnikova et al., 2018).
Similarly, our results in the quantity tests, which were based on a twochoice design as well and thus face the same potential issues than those
highlighted above, contrast with the findings of previous studies on psittaciformes. In the present study, the blue-throated macaws were the only species
performing above chance, and only in Relative Numbers. Our African grey
parrots failed both quantity tasks. This contradicts previous findings that both
language-trained and naïve African grey parrots can distinguish between
larger and smaller object quantities (Pepperberg, 1994, 2006; Aïn et al.,
2009). Yet, while they performed significantly worse than the chimpanzees
tested, it is notable that our parrots’ performance did not differ significantly
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from that of the orang-utans and the monkeys tested in the identical tasks
(Schmitt et al., 2012).
All our species performed at chance level in all two-choice-tasks on causal
understanding, albeit again not performing significantly worse than the monkeys (and orang-utans if the Tool use task is omitted from the analysis).
Again, previous parrot studies focussing on particular physical intelligence
tasks report considerably better performances. For example, a previous study
testing African grey parrots’ ability to exploit acoustic cues in the search for
food, hidden in containers, suggested that the parrots understood the causal
relevance of the food rattling in the container (Schloegl et al., 2012). In the
present study, none of our subjects appeared to even attend to the noise cue,
let alone to use the noise as a cue to the location of the food. Keas previously tested with similar means-end support problem tasks, which involved
pulling the correct piece of cloth in order to reach a reward resting upon it
and contains conditions identical to the Tool Properties tasks (e.g., Cloth and
Ripped conditions) performed comparably well to primates (Auersperg et al.,
2009). Similarly, a number of parrot species succeeded in the Broken wool
condition, one of the standard patterned-strings tasks in the string-pulling
paradigm, (Werdenich & Huber, 2006; Schuck-Paim et al., 2009; Krasheninnikova et al., 2013), also suggesting that parrots are capable of assessing the
spatial means–end relationships spontaneously. In the present study however, the majority of our subjects apparently did not understand the physical
‘connectedness’ of objects so as to identify the functional tool in the Tool
properties tasks. Again, the tasks involved only very few test trials (i.e., 6
per condition), because the PCTB was originally developed to examine the
spontaneous understanding of the tasks rather than examining whether the
animals can learn to solve the tasks gradually across many trials. In most
previous studies, however, the subjects did have many more trials and in several of those studies arguably it cannot be fully excluded that the subjects
might have learned to solve the task throughout the sessions by employing
associatively learnt rules. In the present set-up in contrast, subjects switched
from one task to the next one after a few trials, so that all they might have
learned was that choosing randomly is a profitable strategy. In this regard,
it would be interesting to run some of the more detailed previous protocols
with more trials per condition, such as means-end support problems referred
to above (Funk, 2002 + Auersperg et al., 2009) on our parrots, in order to
see whether they perform better if more trials are conducted per condition.
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Concerning the uniform failure of our subjects in the tool-use task, the
only non-object-choice task of the physical cognition part, it ought to be
highlighted that reports of tool use and tool manufacturing abilities are exceedingly rare in parrots. Nevertheless, keas (Auersperg et al., 2011a) and
Goffin’s cockatoos (Auersperg et al., 2012b) have shown remarkable competency for using and making tools spontaneously to obtain out-of-reach food
in the laboratory. Some of the tool use observations on keas and Goffin’s
cockatoos in the lab (Auersperg et al., 2011a, b, 2012b, see below) but only
one on parrots in the wild (Palm cockatoos, Probosciger aterrimus, Heinsohn
et al., 2017) have involved spontaneous manipulation of sticks. This may indicate that the stick tool task, originally developed for apes, may be highly
unnatural and thus very hard for parrots. Additionally, morphological factors
might have constrained the parrot species tested. When Goffin’s cockatoos
used a stick to retrieve food in a similar task, they manoeuvred it between
their extremely mobile and muscular tongue and their maxilla (Auersperg et
al., 2011a). The longer maxilla in our species prevents the same manipulation. Keas, who possess an even longer maxilla, were only able to use a stick
tool horizontally while counterbalancing it with their foot (Auersperg et al.,
2011a) and therefore had difficulties controlling its movements. They would
probably not have been able to manoeuvre a stick on the ground with this
method and would have failed the tool use task in this battery as well. The
failure of the parrots to use stick tools in this study is therefore not surprising
and the task may not be suited to reveal a capacity for tool use in a broad
taxonomic comparison.
4.3. Performance of the parrots in the social domain and previous research
An analysis of the performance in the social domain revealed a similarly poor
performance of all 4 parrot species at chance level. Concerning the Social
learning task, the African grey parrots failed to find the solution in any of the
three social learning tasks and those individuals of the other 3 species who
solved the tests only used techniques that were also shown by naive birds
in the baseline condition. Accordingly, it cannot be ruled out that the birds
discovered the solution by chance rather than social learning and renders the
reliability of our data questionable. We therefore omitted it from the analysis.
While parrots are well known for their vocal imitation capacity (Pepperberg,
2006; Balsby & Bradbury, 2009; Berg et al., 2012), evidence for movement
imitation in these birds have had mixed results. While two studies failed to
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find robust evidence of motor imitation in the budgerigar (Galef et al., 1986;
Moore, 1992), others described experiments in which budgerigars imitated
the technique to uncover a food container that they observed from a conspecific demonstrator (Dawson & Foss, 1965; Heyes & Saggerson, 2002),
or even a virtual conspecific demonstrator (Mottley & Heyes, 2003) suggesting that this species is capable of imitating body movements. The only
evidence for spontaneous imitation of human movements to date has been
found in grey parrots (Moore, 1992). However, a few studies have shown
that parrots can learn socially from conspecifics through other mechanisms
than imitation (Goffin cockatoos, Auersperg et al., 2014b; keas, Huber et
al., 2001; budgerigars, Heyes & Saggerson, 2002). Whether our birds might
have performed better if a conspecific had demonstrated the actions remains
to be tested by future studies. In primates, only chimpanzees learned socially in this setting although orangutans learn socially in the wild (Jaeggi et
al., 2010). This is a further indication that the task demonstrated by a human
rather than a conspecific may not have been sufficiently salient for social
learning to occur, even for some of the primate species.
Also in the Communication and Theory of Mind scales the parrots’ overall performance did not differ from chance, although in the former great apes
did not perform significantly better than the parrots. In the communication
scale at least, the blue-throated macaws’ performance was not significantly
different to that of apes and monkeys. In the Attentional state task, the great
green and blue-throated macaws performed above chance level, but they
failed in the other tasks of the Communication and the Theory of Mind scale.
Even though the blue-throated macaws followed the gaze of the human experimenter significantly more often than in the baseline condition, with 6
individuals performing above chance overall, none of the species tested used
the gaze cue in the Comprehension task, where the gaze cues would have
indicated the location of the hidden reward. They were also not able to make
use of pointing cues given by the human experimenter in the Comprehension task. Hence, none of the species showed the ability to actively use or
to respond to pointing or gaze cues provided by a human experimenter. In a
previous study by Giret and colleagues (2009), 3 grey parrots were able to
make use of salient pointing cues given by an experimenter in the close proximity to the hidden food with minimal training. Yet, none of them were able
to use any of the distal or momentary human-given cues, whether pointing or
gazing (Giret et al., 2009). It is therefore possible that parrots either do not
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attend to or do not understand human attentional states or communicative
cues. There are hardly any previous socio-cognitive studies on parrots, other
than the ones cited here, which could serve as a reference (for a review see
Lambert et al., 2019). In the Theory of Mind scale of the PCTB, all 4 parrot
species tested, including the grey parrots, responded completely at random in
the 12 trials of the Intentions task, which meant to measure whether the animals could interpret human intentional actions. Like in the Comprehension
task, it is difficult to judge whether the parrots’ random performance was
attributable to the low trial number or simply to lack of attention or understanding. A previous study reports that grey parrots have some understanding
of human intentional actions since they distinguished between intentional
actions of a human experimenter according to whether he was unable or unwilling to give food to the subjects (Péron et al., 2010). However, it needs
to be considered that only 3 hand-raised individuals were tested, which had
extensive human experience and particularly strong bonds to their human
caretakers, which might have enhanced their human related social skill.
In summary, it is possible that the chance level performance of the parrots
in the social domain was implicated by the fact that a human experimenter
administered the tests. Parrots lack a long domestication history within humans, they rarely encounter them in their natural environments, and they
are phylogenetically too distant to them as to have evolved a sensitivity to
their communicative cues. Indeed, animals living in close proximity to humans have proven to excel in understanding human gestures. In particular,
dogs show remarkable skills in following not only pointing gestures but also
more subtle cues such as gaze directions. On the contrary, wolfs show only
limited comprehension of human gestures thus indicating that the process
of domestication effected these skills (Soproni et al., 2001). Likewise, apes
also seem to fail in tasks that involve reading human communicative signals
indicating the location of a hidden food (even if raised without exposure to
humans) (Hare et al., 2002; Bräuer et al., 2006). Even though chimpanzees
have been found to reliably follow a human’s gaze (Bräuer et al., 2005),
they typically perform at chance level in object choice tasks where a human partner provides them with a gaze cue (Call et al., 1998). In the case
of chimpanzees, their apparent inability of chimpanzees to make inferences
about the communicative meaning of directional cues in the object-choice
tasks has been related to the cooperative nature of the task (Hare, 2001).
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Intentionally provided communicative cues by a human co-operator indication the location of hidden food contrasts with a rather competitive nature of
apes’ societies (Hare & Tomasello, 2004). Thus it might not surprise that the
chimpanzees are more successful at finding food when tested in a competitive paradigm, where they could exploit unintentional cues from a human
competitor, rather than interpreting cooperative cues (Call et al., 2000; Hare
& Tomasello, 2004; Herrmann et al., 2006). Concerning parrots, too little is
known about most species’ social behaviour and the severity of intraspecific
competition in the wild to be able to judge to what extent the cooperative setting was an ecological valid one for parrots or whether a competitive setting
would have produced clearer results.
An additional point to be raised in this context is that due to the parrots’
non-binocular vision it was difficult to assess whether they were following
the human’s gaze (as indicated by our poor interobserver reliability in the
Gaze following task; see Appendix A). Thus, our gaze following data might
represent false negative results and should be considered with precaution.
Overall, the previous positive findings on the ability of parrots to imitate
a conspecific or human experimenter (Heyes & Saggerson, 2002; Moore,
1992; Mottley & Heyes, 2003), to respond to humans’ intentional actions
(Péron et al., 2010), and to use proximal human pointing gesture (Giret et al.,
2009), may cast some doubt on whether the poor responsiveness or chance
level performance of our parrots in the social domain reliably reflects their
actual cognitive capacity.
4.4. Influence of temperament
The temperament varied across the 4 species tested. The blue-throated
macaws did approach unfamiliar human and objects closer and faster than
the other 3 species. They also spent more time next the stimuli suggesting
that they were bolder or more interested in the new stimuli. This is in line
with our observations that our group of the blue-throated macaws tend to explore new situations quicker and interact with new objects longer compared
to the other three species. Recent studies with young children revealed a clear
connection between shy temperament and more advanced “theory of mind”
skills (Wellman et al., 2011). In apes, the bolder individuals performed better in the physical but not in the social domain (Herrmann et al., 2007) and
recently studies on several other species report correlations between temperament and cognitive performances in various contexts such as working

752

Primate cognition test battery in parrots

memory (James et al., 2007; Valenchon et al., 2013), learning (Guenther et
al., 2014), and cooperation (Scheid & Noë, 2014). However, we found no influence of temperament and inhibitory control on cognitive performance of
the parrots. However, we found no influence of temperament and inhibitory
control on cognitive performance of the parrots.
4.5. Summary of the possible task constraints of the PCTB for parrots
As discussed in the introduction, previous work on parrot cognition has
shown that parrots perform at a comparable level to primates and corvids in
many cognitive tasks and in different domains (for an overview see Osvath et
al., 2014; Lambert et al., 2019). However, in the PCTB the parrots performed
at chance levels and not significantly different from primates in only some of
the scales, while performing strikingly worse in others. If the results were to
be trusted despite of the ambiguity resulting from the uniform chance performance and despite the possible methodological task constraints discussed in
the following, they would imply that parrots had a somewhat poorer understanding of their physical and social world than apes and monkeys. However,
the results from the distinct PCTB tasks contrast with findings obtained from
previous studies investigating similar cognitive skills in parrots as discussed
above, indicating further that the results we obtained may not be entirely
reliable and representative of parrots.
Their actual cognitive capacity, as well as differences between the species
might have simply been obscured by floor effects resulting from the inadequate methodology (MacLean et al., 2012). It is one of the most central
dilemmas faced by the field of comparative cognition that the same task may
be more easily solved by some species than others because of non-cognitive
factors such as morphological, motivational or attentional differences as well
as ecological relevance (Beran et al., 2014). How to handle this problem
remains controversial; some researchers suggest adjusting the experimental procedures as much as necessary according to the species examined, but
this might be at the expense of the studies’ comparability (Auersperg et al.,
2012a; Chittka et al., 2012). Thus, it is often difficult to conclude whether a
species’ failure in a task can be attributed to poor cognitive performance or
an inadequate methodological design (de Waal & Ferrari, 2010).
Indeed, one reason for the overall chance-level performance of parrots
compared to primates could be the very fact that we replicated a study in
parrots that was originally designed for primates. As pointed out by Schmitt
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et al. (2012), the original purpose of the primate cognition test battery was to
test the cultural intelligence hypothesis as a potential driver of human evolution. It therefore focused on human-specific skills in primates and their
ontogeny in human children (Herrmann et al., 2007). As a result, the anthropocentric context of the tasks might have caused lack of ecological validity
for avian species and the PCTB might thus have been inadequate for testing
non-primates. However, given that parrots face similar socio-cognitive and
physical environmental challenges than primates (Osvath et al., 2014), and
given that many of the distinct tasks of the PCTB have been tested in similar albeit more extensive form by earlier studies on parrots (see Lambert et
al., 2019 for review), we think that attempting the direct comparison implementing exactly the same test battery in parrots was justified and that some
ecological validity of the tasks could be assumed.
However, the PCTB design turned out to pose several problems other than
a possible anthropocentric context for parrots. As indicated above, another
important potential constraint of the PCTB that may also affect other species
is the forced choice design of most of its tasks, i.e., that subjects face a choice
between 2 (and sometimes 3) options, one of which leads to a reward. Consequently, the probability of being rewarded just by choosing randomly, i.e.,
without any cognitive involvement, is high and may lead to a satisfying net
benefit of rewards. Thus, the costs of a wrong choice were probably low and
this could have strongly encouraged the rise of stereotypic behaviours or use
of simple rules across tasks, such as the formation of side biases, which will
obtain half the rewards in many of the tests in an efficient manner. Indeed, 19
out of the 36 parrots developed such side biases and stuck to them throughout the different tasks. Another issue as discussed earlier was the interaction
with humans, and this was especially problematic in tasks of the social domain. Primates are phylogenetically and morphologically closer to humans
and therefore likely to attend to body movements of human experimenters
better than parrots. Even basic aspects of many of the tasks, such as having
to track a human’s hand movements, are probably disproportionally more
difficult for birds than for primates and may impede their success (Jelbert et
al., 2016; Shaw & Schmelz, 2017).
Another potential reason for the parrots’ chance level performance in
comparison to the primates may have been the young age of the majority
of tested individuals compared to the much larger age range in the monkeys.
Even though the parrots were probably cognitively mature given that the few
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adult parrots tested performed equally to the younger subjects (see Table D1
in Appendix D in the online edition of this journal, that can be accessed via
brill.com/beh), the ideal scenario would be to compare species of the same
‘cognitive’ age to avoid possible ontogenetic effects in the data. Age therefore represents a particular conceptual challenge for comparative cognition,
because cognitive development might take a different pace and route in different species and is certainly not actual age-related per se. This has been
pointed out by several studies such as Schmitt and colleagues (2012) who
reported the difference in the age of the monkeys compared to human children and the older apes (Herrmann et al., 2007).
4.6. Conclusion and implications for future comparative cognition research
The present study, to our knowledge, is the first to make the important
attempt to directly compare the cognitive skills of primates with a largebrained avian group in a large battery of tests covering both the social and
physical domain. Many previous studies have suggested similarities between
parrots’, corvids’ and primate’s cognition (for an overview see Osvath et al.,
2014), however slightly different methods have been used to measure these
similar aspects. Therefore, it is important to strive for more systematic and
direct comparisons in order to obtain a more reliable view of whether cognition has evolved convergently in these taxa. Nevertheless, our results suggest
that this direct comparison may not have produced representative data for
parrots given (1) the uniform chance-level performance, which leaves ambiguity as to whether the parrots may not have attended to the crucial features
of the task and (2) that the findings stand in sharp contrast to the superior
cognitive performance reported from several earlier parrot studies as discussed above. It therefore highlights one of the core challenges for future
comparative cognition, which is to develop functional methods for largescale phylogenetic comparisons of cognitive abilities (MacLean et al., 2012).
At the same time, it exemplifies a new problematic issue for comparative
research based on test batteries similar to the PCTB, namely interpreting
chance-level performance. The findings obtained from the 4 parrot species
tested on the PCTB indicate that the usefulness of a cognitive test battery for
a broad taxonomic comparison might be improved if tasks were developed
that were less reliant on interaction with humans and that avoided typical
2-choice test settings.
In our view, there are two principal routes for developing test batteries
for large-scale phylogenetic comparisons — either developing tests that are

A. Krasheninnikova et al. / Behaviour 156 (2019) 721–761

755

comparably abstract and lack an ecological context for all tested species
alike — or adjusting the test setting for each single test for each single
species as much as necessary but at a cost of comparability. Concerning
the latter, across very large systematic phylogenetic comparisons the resulting impreciseness may be cancelled out thus successfully revealing the
main selective forces (Shaw & Schmelz, 2017). Concerning the former, it
may be a key to develop test batteries that can be implemented entirely on
touch screens. This would offer a test setting comparably neutral for most
species and it would maximise standardisation and thus comparability. There
are some indications that the 2-D abstraction may be less salient for test
subjects than tests involving real objects (O’Hara et al., 2015) and some
factors that can cause differential performance due to other non-cognitive
reasons, such as perceptual or motivational differences, may remain. However, it seems a promising new tool (Schmitt, 2018) and first comparative studies focussing on specific cognitive tests have successfully been
carried out (O’Hara et al., 2017). Yet, it would be important that before
taxonomic comparisons are made, pilot studies are carried out across laboratories establishing differences in the motivation and attention levels of
different species when working on a touchscreen. Such baselines would help
in weighting and interpreting the different species’ performances in the comparison.
To sum up, the chance level performance of the parrots leaves it open
whether the PCTB measures their cognitive capacity representatively and
thus, whether is suitable to assess the cognitive skills of a wide range
of species as part of a broad phylogenetic comparison. To acquire largescale comparative data, future comparative cognition research must find
ways to maximise the comparability between studies on different species.
For a valid comparison between species, the essential components of the
tasks ought to be standardised, species differences in attention and motivation controlled for, while allowing variation in otherwise potentially
confounding parameters such as dimensions of the experimental apparatuses, manipulation skills needed to solve a task, etc. It will require careful
collaboration of different research groups to come up with good compromises between achieving high species-specific ecological validity of the
test settings (or neutral test settings) and implementing as few methodological modifications across as many species as possible (MacLean et al.,
2012).
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Appendix A
A.1. Methods of the PCTB
A.1.1. Testing apparatus
The testing apparatus used in most of the experiments (when other material
was used it is indicated in Appendix B and C) consisted of a green wooden
board (= sliding board thereafter, length 60 cm, width 40 cm, height 2 cm),
which was placed on a white wooden table (length 60 cm, width 40 cm,
height 85 cm) and could be moved and rotated freely and was used as a
sliding board. Three red opaque cups (diameter 4.5 cm, 5 cm height) or
other materials (which are reported in Appendix B and C) were used to
cover/present the food reward. These were placed on the sliding board. The
white table, with the sliding board laying on it, was placed in front of a
window with an opening (50 × 25 cm) covered by a transparent Perspex
panel. The Perspex panel had three circular holes in it (10 cm in diameter for
the great green and the blue-throated macaws, and 7.5 cm in diameter for the
blue-headed macaws and the African grey parrots) that allowed the subjects
to put their heads though it and touch or interact with various objects placed
on the sliding board with their beaks. The larger holes were 9.5 cm apart
from each other and the smaller holes were 11.5 cm apart from each other
and in horizontal alignment. These two panels were always used during the
whole battery. For tool use the window opening was covered completely by
a mesh instead of a plastic panel.
Unless otherwise indicated, a choice was scored when the subjects put
their head through one of the circular openings in the transparent panel
and touched an option after the sliding board had been pushed against the
Plexiglas panel. When the birds indicated the correct location by reaching
through one of the holes with their head, they were allowed to take or were
given the reward related to that choice. When they made incorrect responses
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they were always shown the location of the hidden food after each trial,
unless otherwise stated.
If the parrot chose one side 6 times in a row, a side bias correction was
implemented irrespective of the planned baiting program. Here, the other
cup was baited until the bird chose that cup three times in a row. Once it
has chosen the correct cup 3 times consecutively in this way, the side of the
previous side preference was baited again once. Only then the experimenter
returned to the planned baiting.
The same desirable food items (pieces of walnuts) were used as rewards
for most of the tasks (for Relative Numbers and Additional Numbers tasks
however sunflower seeds were used). A blue or white plastic occluder (length
60 cm, height 60 cm, thickness 3 cm) was put in front of the panel so
that the subjects were not able to watch the baiting procedure. All sessions
were videotaped with surveillance cameras and a digital video camera (Sony
HDR-CX240E). The experimenter coded the physical cognition tasks live
as in our set-up the birds’ choice was clear (reaching through one of the
holes and touching the piece of equipment chosen). However, the videos of
social learning (Attentional State and Gaze Following) were scored by two
naïve observers as these involved more subjective judgement of the birds’
actions. The interobserver reliability was good for Social Learning (Cohen’s
K = 0.87, n = 315), acceptable for Attentional State (Cohen’s K = 0.76,
n = 148) and poor for Gaze Following (Cohen’s K = 0.18, n = 321). This
demonstrated how subjective the judgement of where the birds were looking
was, despite of a coding protocol with clear definitions. In the Gaze Following task, the forward binocular gaze of the birds (definition follows below)
was considered, as well as the upwards monocular gaze in cases where the
birds bend their head conspicuously (i.e. more than 30°) sideways from the
normal vertical head position, so that one eye faces upwards (except the cases
where the bird is touching something with its beak; e.g. Plexiglas panel,
sliding board etc.). The forward binocular gaze was defined by the azimuth
meeting point of an imaginary line drawn forward from the eyes to the beak
of the parrot. In case of the Head Profile conditions it was sufficient to score
whether the beak of the bird (drawing an imaginary line through the centre
of the beak) points into the direction of the person’s looking direction (left
or right) or not.
In the Attentional State task, only those trials where the birds approached
the area beyond the window opening edges (see picture below; the area is
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Figure A1. The area scored as successful approach in the Attentional State experiment.

highlighted in red), and then returned back to position where the reward was
placed, were scored as successful (Fig. A1).
In the Social Learning tasks, a subject was scored as successful if it not
only obtained the reward but did so by using the same or highly similar
actions as those demonstrated by the experimenter. For the Push and Pull
task a correct response was defined by grasping the stick with the beak or
foot and pushing (condition A = push) or pulling (condition B = pull) the
stick until the reward drops out of the tube. For the Banana Tube a correct
response was defined by taking the tube in the beak, raising it and banging
one of the ends of the Plexiglas tube repeatedly onto the table surface while
holding it in the beak (condition A = banging) or by lifting up the tube with
the beak and stacking it onto the vertical stick fixed on the ground pushing
one of the paper plugs and the reward out (condition B = stacking). For the
Paper Tube: a correct response of a bird was defined by poking a hole into
the parchment paper with its beak and then bending in to take out the reward
(condition A = incise) or by grasping one of the folded ends and tearing the
paper towards the centre of the tube (condition B = tear off).
A.2. General experimental procedure
The macaw groups lived in group aviaries that had transport cages (length
80 cm, width 100 cm, height 100 cm, placed on a 95 cm high metal frame
with wheels) attached to them. Thus individuals could be called into these
transport cages and separated from the rest of their group. The transport
cages could then be moved into a testing area placed a floor above the aviaries
that could be accessed through an elevator. In the testing area there were four
different testing compartments. The African grey parrots lived in a separate
area to the other birds and were transported to the testing chamber using a
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carrier cage (ca. 40 × 40 × 40 cm) which they had been trained to enter
deliberately. They were carried through a public area of the zoo to the testing
chambers.
The blue-throated macaws and the great green macaws entered the testing
chamber on their own, using a rope to walk between the transport cage and
the perch in the chamber (one end of the rope has been attached to the
transport cage and the other end below the testing perch). Both the blue–
headed macaws and the African grey parrots were trained to step on to
either a hand or a stick to be moved from their transport cages to the testing
chambers.
The experiment took place in two adjacent rooms that were connected
through a large glass window (1 m × 1 m) with a square opening (25 cm)
centred at its bottom. The experimental room in which the subject was placed
was fitted with a ladder consisting of three perches: a central elevated ‘starting perch’, a ‘choice perch’ in front of the square opening (covering its entire
length) and a perch to move between the two. The opening in the window was
covered with a transparent panel with 3 holes (Figure A2). The experimenter
sat on a chair (ca. 45 cm high) in the neighbour room at a white table placed
at the bottom of the window. The experimenter sat behind the table in the
centre of the window, with their hands on their lap and their head faced forward. They wore sunglasses to avoid potential cueing from eye-gaze, unless
stated otherwise.
After entering the room, the birds stood on the starting perch (the upper
perch) of the ladder. At the beginning of each trial the experimenter held up a

Figure A2. The testing chamber with the experimental set-up.
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stick with a large orange sponge ball (or a red feeding cup) on the end, which
the birds had been trained to associate with standing on the starting perch.
This training involved holding up the stick (for detailed information about
usage of the stick see S2) and then only pushing a reward towards the birds
when they moved back to the starting perch while simultaneously lowering
the stick.
The tasks and procedures were adopted from the study by Hermann et al.
(2007) and Schmitt et al. (2012). Changes made by Schmitt et al. compared
to the procedures applied by Hermann et al (2007) are marked in bold. When
we did changes in the experimental procedure compared to those used in
Schmitt et al. (2012) these are marked in italics. Otherwise the methods used
were the same (therefore we also used similar wording to describe the tasks
in order to avoid confusion) and only the size of the material was adjusted to
be operable for the four parrot species, respectively.
The tasks were administered in the same order than Herrmann et al. (2007)
to all the birds, except the two Shape tasks for which order was inverted for
three African Grey Parrots.
A.3. Physical domain
A.3.1. Space
A.3.1.1. Spatial memory. Three cups were placed in a row on the sliding
board in front of the window of the testing chamber. The experimenter then
showed the subject two rewards and placed them under two of the three
cups in full view of the subject. Then the sliding board was pushed towards
the subject and it was allowed to make up to two choices in succession. If,
however, the subject chose the empty cup first, it was not allowed to make
further choices. The response was counted as correct when the subject had
chosen both baited cups in succession.
A.3.1.2. Inhibitory control task.
A.3.1.2.1. Skip middle cup. The Inhibitory Control task was conducted
within the spatial tasks. After the birds were tested in the Spatial Memory
task they received 6 trials testing a similar spatial skill that required inhibitory control to solve spontaneously. Similar to the Spatial Memory task
procedure, two rewards were placed under two out of three cups while the
subject was watching. Specifically, the two outer cups were baited, leaving
the middle cup empty. If subjects chose a baited cup on their first try then
they were allowed to make a second choice — the trial was stopped if the
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subjects chose the empty cup. Therefore, in order to be successful, subjects
had to choose first one of the outer cups and then skip the empty middle cup
to make a second correct choice. That means, the subjects had to inhibit their
tendency to choose the cup closest to themselves — which in this case is
always the empty middle cup.
A.3.1.3. Object permanence. Three cups were placed in a row on the sliding board in front of the window of the testing chamber. An additional small
opaque cup was placed on the far left or far right side, respectively of the
sliding board. The experimenter placed a reward under this small cup while
the subject was watching. The small cup was then moved towards one of the
larger cups, which was slightly lifted by raising the side not facing the subject. The experimenter then made a swapping movement with the small cup
as if swapping the reward under the larger cup. There were three possible
displacements performed:
A.3.1.3.1. Single displacement. The experimenter moved the small cup
hiding the reward under one of the three cups as described above, swapped
the reward under it, removed the small cup, and did not touch the other two
cups.
A.3.1.3.2. Double adjacent displacement. The experimenter moved the
small cup hiding the reward under two adjacent cups in succession as described above, left the reward under one of these cups without touching the
third cup.
A.3.1.3.3. Double non-adjacent displacement. The experimenter moved
the small cup hiding the reward under the left and right cup in succession as
described above and left the reward under one of them. The cup standing in
the middle was not touched.
A.3.1.3.4. Single displacement touch. The experimenter moved the
small cup hiding the reward under one of the three cups as described above
and left the reward under this cup. However, in this condition the experimenter touched the other two cups with their hand to examine whether the
subjects only chose the last cup touched by the experimenter or genuinely
took into account where the smaller cup was moved to.
After moving the small cup under the larger red cups the experimenter
lifted the small cup to show the bird that the small cup was now empty. The
sliding board was pushed forward and the bird was allowed to choose one
cup. A correct response was counted when the bird had chosen the baited
cup.
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A.3.1.4. Rotation. Three cups were placed in a row on a rotation board
(length 50 cm, width 25 cm, height 2 mm) which was placed on the sliding
board in front of the testing chamber. The experimenter showed a reward
to the bird and placed it under one of the three cups while the subject was
watching. Then the rotation board was rotated in three possible ways:
A.3.1.4.1. 180° Middle. The reward was placed under the middle cup,
and the rotation board was rotated 180° in clockwise or counterclockwise
direction, respectively. After the rotation, the reward was located in the same
location as it was initially placed.
A.3.1.4.2. 360°. The reward was placed under either the left or right cup,
and the rotation board was rotated 360° in clockwise or counterclockwise
direction, respectively. After the rotation, the reward was located in the same
location as it was initially placed.
A.3.1.4.3. 180° Side. The reward was placed under either the left or right
cup, and the rotation board was rotated 180° in clockwise or counterclockwise direction, respectively. After the rotation, the reward was located on the
opposite side of where it was initially placed.
After the completed rotation the subject was allowed to choose one cup.
A correct response was scored when the subject chose the baited cup.
A.3.1.5. Transposition. Three cups were placed in a row on the sliding
board in front of the birds’ testing chamber. The experimenter showed a
reward to the bird and placed it under one of the three cups while the subject
was watching. Then one of three possible manipulations was performed:
A.3.1.5.1. Single transposition. The experimenter switched the position
of the baited cup with one of the empty cups. The third cup was not touched.
Double Unbaited Tansposition: The experimenter switched the position
of the baited cup with one of the empty cups. Then the positions of the two
empty cups were switched.
A.3.1.5.2. Double-baited transposition. The experimenter switched the
position of the baited cup with one of the empty cups. Then she switched the
position of the baited cup again with one of the empty cups.
After the transpositions were completed the subject was allowed to choose
one cup. A correct response was scored if the bird chose the baited cup.
A.3.2. Quantities
A.3.2.1. Relative numbers. The experimenter placed two plates on the sliding board in front of the testing chamber and put up an occluder to prevent
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the birds from watching the baiting procedure. Then they baited the plates
with different amounts of equal sized sunflower seeds. The experimenter
then placed the plates in the middle of the sliding board and removed the occluder so the subjects could see the amounts lying on each plate. After about
5 seconds had passed and the subject paid attention, the experimenter moved
the plates simultaneously to the sides of the sliding board, one to the right
and one to the left. The sliding table was pushed against the Plexiglas panel
and the subject was allowed to choose and received all food pieces lying on
the respective plate. Each subject received one trial for each of the following
pairs of numbers (the order was randomised): 1:0, 1:2, 1:3, 1:4, 1:5, 2:3, 2:4,
2:5, 2:6, 3:4, 3:5, 3:6, 3:7, 4:6, 4:7, 4:8 and four control conditions 1:1, 2:2,
3:3, 4:4 to control for side bias.
A correct response was scored if the subject chose the larger quantity.
A.3.2.2. Addition numbers. The experimenter placed three plates on the
sliding board in front of the testing chamber and put up an occluder to prevent the birds from watching the baiting procedure. Then they baited the
three plates with different amounts of reward (same as in Relative Numbers), covered them with lids and placed them in the middle of the sliding
board. After the occluder was removed, the experimenter lifted the lids of
the two outer plates simultaneously. After about 5 seconds had passed, the
experimenter covered the two outer plates again and uncovered the plate in
the middle. The birds were able to view the amount lying on the middle plate
for about 5 seconds. Then the experimenter transferred the rewards from the
middle plate to one of the side plates. During the transfer the subject could
not see the content of the side plates. Then the experimenter removed the
empty plate in the middle and the subject was allowed to choose between
the two covered plates on the outer sides. Each subject received two trials
for each of the following pairs (the order was randomised): 1:0 + 3:0 = 4:0;
6:1 + 0:2 = 6:3, 2:1 + 2:0 = 4:1, 4:3 + 2:0 = 6:3, 4:0 + 0:1 = 4:1, 2:1 +
0:2 = 2:3, 4:3 + 0:2 = 4:5. Each of the combinations was presented with
the resulting higher number being once on the left and once on the right side,
resulting in 14 trials in total.
A correct response was scored if the subject chose the larger quantity.
A.3.3. Causality
A.3.3.1. Noise. The experimenter placed two cups on the sliding board in
front of the testing chamber and put up an occluder to prevent the birds
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from watching the baiting procedure. Then they put a reward (two pieces of
walnut) in one of the two cups and closed them with a lid. After the occluder
was removed one of two possible manipulations were performed:
A.3.3.1.1. Noise full. The experimenter shook the baited cup three times
so that the food rattled inside and only lifted the empty cup without shaking
it. Starting with the baited or empty cup was randomised.
A.3.3.1.2. Noise empty. The experimenter shook the empty cup (producing no sound) three times and then lifted the baited cup without shaking it.
Starting with the baited or empty cup was randomised.
After the manipulations the subject was allowed to choose one cup. A correct response was scored if the subject chose the baited cup.
A.3.3.2. Shape. The experimenter put up an occluder and placed two identical pieces of either plastic board or cloth on the sliding board in front of the
subjects’ test chamber. Then the experimenter placed a reward (a piece of
walnut inside half a walnut shell) underneath one of the two identical objects
causing a visible inclination or bump, respectively. After that, the occluder
was removed and the subject was allowed to make one choice.
A.3.3.2.1. Board. The experimenter hid the reward underneath one of
two white plastic boards (15 × 12 cm). The reward caused a visually apparent inclination as it was placed on the food (the other board remained flat on
the table).
A.3.3.2.2. Cloth. The experimenter hid the reward underneath one of the
two pieces of cloth (15 × 10 cm). The reward made a visible bump under
this piece of cloth (the other cloth remained flat on the table).
A.3.3.3. Tool use. A reward was placed on a table approximately 10 cm out
of reach of the subject in front of their cage a wooden stick (20 cm in length)
was provided for the subject. In this experiment a wire mesh panel was used
instead of the plastic panel. The animals could handle the stick through the
wire mesh. To be successful the subject had to use the tool to retrieve the out
of reach object or food within two minutes in a single trial.
A correct response was scored if the subject was able to retrieve the
reward.
A.3.3.4. Tool properties. The experimenter put up an occluder and placed
two different tools on the sliding board in front of the testing chamber. One
tool was functional and could be used to retrieve a reward associated with
it (e.g. lying on top of it), whereas the second tool was non-functional and
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could not be used to obtain the associated reward. After subjects had touched
one choice, the other option was removed by the experimenter. In total five
different conditions were implemented:
A.3.3.4.1. Side. The experimenter put two identical pieces of cloth
(15 cm × 10 cm) on the sliding board behind an occluder and placed a reward on top of one cloth piece, whereas the other reward was placed directly
next to the other cloth piece (i.e. making the second tool ineffective for retrieving the food). After the occluder was removed, the subject could only
retrieve a reward by pulling the piece of cloth with the reward on top of it.
A.3.3.4.2. Bridge. The experimenter put two identical small plastic
bridges over each of the far ends of the two identical cloth pieces behind
an occluder. One reward was then placed on top of the bridge (making the
tool ineffective for retrieving the food), the other reward was placed on the
cloth underneath the bridge. After removing the occluder, the subject could
only obtain a reward by pulling the cloth with the reward placed directly on
it.
A.3.3.4.3. Ripped. The experimenter put up an occluder and placed a
rectangular, intact cloth piece (15 cm × 10 cm) on one side of the table,
and two smaller cloth pieces (9.5 cm × 10 cm and 4.5 cm × 10 cm) on
the other side, arranging the small pieces of cloth in a way that there was a
1 cm gap between them. Then one reward was placed on top of the far end
of the intact cloth, and the other reward was placed on the out of reach piece
of the two disconnected pieces (making the tool ineffective for retrieving
the reward). After removing the occluder, the subject could only acquire a
reward by pulling the large, intact cloth piece.
A.3.3.4.4. Broken wool. The experimenter put up an occluder and
placed two strings of wool on the sliding board, one of which was cut into
two pieces. Like in the Ripped Cloth condition both strings were arranged
in a way that the gap was visible, and that both resulted in an equal length.
A piece of walnut was tied to the far end of the wool strings out of the subject’s reach. After removing the occluder, a reward could only be retrieved
by pulling the intact piece of wool.
A.3.3.4.5. Sliding board circle. The experimenter placed two small yellow plastic boards (6 cm × 6.5 cm × 0.3 cm) on the sliding board behind an
occluder. One board had a hole cut out of it that formed a circle (3.5 cm in
diameter) the other board had a u-shaped hole, thus open to the end facing
away from the bird. A string was attached to both small plastic boards that
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could be used to pull them within reach. Then a reward was placed into the
holes of each board. In case of the u-shaped hole the board surrounded the
food but did not hold it. After removing the occluder, the subjects could only
obtain a reward if they pulled the rope which was attached to the board with
the circle-shaped hole in it.
A correct response was scored if the subject first chose the functional tool
by pulling it.
A.4. Social domain
A.4.1. Social learning
Three Social Learning tasks (Push-and-Pull-Tube, Banana-Tube and PaperTube), described below, were tested. Each of them was a two-action-task,
i.e. entailing two possible equivalent ways in which the reward could be
obtained. Pseudo-randomly assigned to two groups, half of the subjects were
shown one solution (Action A) while the other half observed demonstrations
of the other solution (Action B). To count as a correct response, the subject
had not only to obtain the reward but to do so by using the same or a highly
similar action as those demonstrated by the experimenter. If the subject used
a method not previously demonstrated, i.e. invented his method of solving
the task this was recorded as “individual solving”.
For each task, three trials were conducted. In each trial, the subjects had
five minutes to approach and solve the problem after the experimenter had
demonstrated the solution three times consecutively. If necessary, i.e. if the
subject did not seem attentive, the experimenter did additional demonstrations until the subject paid attention during three demonstrations. If more
than six demonstrations had been carried out without the subject paying attention, the subject was not tested that day.
The basic procedure was the same for all three tasks:
The subject entered the testing chamber which contained two tables, each
40 cm wide covering 2/3 of the room, and a perch system behind the two
tables, next to the experimenter behind the glass wall. The pre-baited prepared experimental apparatus was set up on one table just behind the glass
wall in front of the experimenter. When the subject had settled down on the
starting perch and was considered calm, the experimenter attracted the attention of the bird and encouraged it to approach the window by showing half
a walnut, then they baited the apparatus and then slowly demonstrated the
solution. After each demonstrated solution, the reward (half a walnut) was
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removed and the birds received a small piece of it to keep its motivation and
minimise frustration effects. After that, an occluder was set up in the window
to prevent the subject from seeing the re-baiting procedure and preparing the
set-up anew. Then they removed the occluder and set up the newly baited
apparatus again, demonstrated again and put up an occluder for re-baiting a
third time.
After the third valid demonstration (demonstrations were only counted if
the subject was considered attentive by the experimenter) and re-baiting, the
experimenter put on sunglasses (against cueing) and pushed the baited apparatus slowly and carefully through the opening in the window to the parrot’s
test room, setting it up just in front of the window on the side of the parrot.
They then sat motionless in front of the window again, with hands on the lap.
From the moment of E1 sitting down the parrot had three min to approach the
task and touch the apparatus. If three min had passed without the parrot approaching (and touching the apparatus at least once), the test trial was ended
and not considered valid. If the parrot had touched the apparatus but had
stopped interacting when the five min had passed the trial was ended as well
and scored as passed or failed depending on whether the subject had solved
the test or not. If it had not yet stopped interacting with the apparatus when
the 5 min had passed (but if it had started interacting with it before the end
of that period) the trial continued until the subject stopped interacting with
the apparatus for at least 30 sec. To end the trial, the experimenter removed
the apparatus through the window opening from the parrot’s compartment.
Each subject received three tests in three different test session (max 1 test
per task a day, but 2 tasks, e.g. Day 1: Task 1 & 2, Day 2: Task 3 and 1, Day 3:
Task 2 & 3, . . . ) with at least three valid (= subject attentive) demonstrations
prior to each test, for each of the five different tasks.
A.5. Habituation to the experimental room with two tables and the
apparatuses
Before each test was carried out the subjects had been habituated to the
experimental rooms equipped with tables, so they were comfortably moving
on the table and were habituated to each of the Social Learning apparatuses.
For this purpose the apparatus was set up in front of the window as in the
tests (but without the functional parts of the apparatus, that means: for the
Paper-Tube–no paper, for the Push-and-Pull Tube–the wooden caps, but no
stick inside the tube, and for the Banana-Tube–no reward inside) in the birds’
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room and a food reward was placed in front of it on the table (towards the
bird). For each equipment, the subject received at least 3 × 5 min sessions
per apparatus where it took the reward and touched the apparatus with E1
watching next door with sunglasses put on.
In parallel, we established a baseline with four naive subjects per species
that were kept in the Loro Parque Fundación breeding station “La Vera”.
Note that for African grey parrots and great green macaws the birds could
not be separated and were kept in pairs. We thus counted only the first bird
interacting with the equipment. We could not distinguish the birds individually during the experiment. Thus we cannot exclude that during the 3 test
trials different both birds were participating. For the blue-throated macaws,
there were two naïve adult birds available at the research station in the Loro
Parque, which had been tested individually; another two birds were tested in
pairs in the breeding station. All four blue-headed macaws were kept separately and tested individually in the breeding station. The subjects were first
habituated to the experimental setup and the equipment. Then the test was
carried out without demonstrations.
A.5.1. Push-and-pull tube
A 15 cm long opaque plastic tube with wooden caps on each end was baited
with a reward (half a walnut). A tool was inserted into the tube. It consisted
of wooden dowel with two yellow plastic discs attached to it, positioned ca.
5 cm from the inserted end of the dowel and 30 mm apart. A food reward
(half a walnut in the shell) was placed in the centre of the tube between the
two discs. To obtain the food reward, the birds had to pull the tool towards
them or push in opposite direction. In each case applying a specific force to
remove one of caps was needed. The experimenter sat in front of the window
and demonstrated how to open the tube: They either pushed the stick through
the hole which forced the cap on the other end to fall off (Action A = push)
or pulled it towards her/him also forcing the cap to fall off (Action B =
pull). The reward released during valid demonstrations was taken and shown
to the subject, and it was rewarded with a small piece of food through the
hole in the window as before by the experimenter’s left hand). After the
demonstration, the experimenter set up the white occluder and out of view
of the subject re-baited and prepared the apparatus again. After three valid
demonstrations (i.e. demonstrations during which the subject was considered
attentive — if it was not, the demonstration had to be repeated with a newly
baited apparatus), the experimenter handed an identical tube to the subject
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through the gap in the window, and the test began. Three tests (with at least
three prior demonstrations each) were conducted per subject.
A.5.2. “Banana” tube
A reward (a quarter of a walnut) was placed in the centre of a 10 cm (for the
smaller species) or 13 cm (for the larger species) long transparent Plexiglas
tube in between two soft paper plugs (ca. 1 cm in diameter) that were inserted
into the tube from both sides ca. 2 cm away from each end. The reward was
thus trapped in the centre of the tube, such that a specific force had to be
applied to get the reward out of the tube. The reward could be retrieved in
two ways, either by banging one end of the Plexiglas tube onto the table
holding the tube at an angle (Action A = Banging) (= clear, separate bangs),
or by lifting up the tube and stacking it onto a vertical stick (8 cm for smaller
and 10 cm for larger species in the high) fixed on the ground (present for
both actions) thus pushing one of the paper plugs and the reward out of the
tube (Action B = Stacking). The released reward was taken and shown to the
subject, and it was rewarded with a small piece of the reward through the hole
in the window as before). After three successful demonstrations, E1 handed a
newly baited and prepared tube and vertical stick setup to the subject. Again,
three tests with three prior demonstrations each were conducted per subject.
A.5.3. Paper tube
In this task, a reward was placed loosely inside a 19.5 cm long (9 cm diameter) or 20.5 cm long (11 cm diameter) for smaller and larger species,
respectively, transparent plastic tube, which was firmly sealed at one side,
while the other side was covered by a piece of firmly attached parchment
paper. The parchment paper was folded in a way that two corners stuck out
at the two sides of the apparatus.
The experimenter sat in front of the window and demonstrated one of two
possible ways to open the tube:
A.5.3.1. Action A = incise. The experimenter poked a hole into the parchment paper with two slightly bended fingers of their right hand, while the
apparatus was standing on the table (the other hand remaining on the lap of
the experimenter, i.e. not touching the tube) and then slowly took the food
with the same hand. They then moved it slowly out and showed it to the parrot (at eyes’ height of the parrot, waiting until the bird seemed attentive) and
then gave a small piece of reward to the subject and removed the rest of food
under the table. Thus, the subject could incise the parchment paper with its
head/foot and then bend in to take out the reward.
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A.5.3.2. Action B = tear off. The experimenter tore the paper by pulling
one of the folded ends of the tube towards the centre of the tube with her right
hand. Once the paper was torn, E1 slowly reached into the tube with the same
hand and slowly took out the reward, again showing it to the subject before
removing it under the table. Here, the bird could solve the task by grasping
one of the folded ends and tearing the paper towards the centre of the tube.
After the demonstration, the experimenter put an occluder and re-baited
and prepared the apparatus (out of view of the subject) and then set it up anew
in front of the window. Each subject received three valid demonstrations
(i.e. demonstrations during which the subject seemed attentive!) then the
experimenter handed an identical apparatus to the subject through gap in
the window. The reward released during valid demonstrations was taken
and shown to the subject, and it was rewarded with a small piece of food
through the hole in the window as before by the experimenter’s left hand).
Each subject received three tests with three valid prior demonstrations each,
during three different test sessions (max. two a day, separated by a minimum
of 2 hours).
A.6. Communication
A.6.1. Comprehension
The experimenter placed two red cups on the sliding board behind an occluder, one on the left and the other on the right side. Then they hid a reward
under one of the cups. After removing the occluder, they moved the subject
on the starting perch and then — when they judged the subject attentive —
gave one of three social cues:
A.6.1.1. Look. The experimenter sat behind the platform and alternated
their gaze between the subject and the baited cup three times while calling
the subject’s name. After these gaze alternations, they continuously looked
towards the cup until the subject chose.
A.6.1.2. Point. The experimenter sat behind the platform and continuously
pointed to the baited cup with the extended index finger of their cross-lateral
hand. At the beginning of the point, s/he alternated her gaze between the
subject and the cup three times while calling the subject’s name and then
only starred in the baited cup’s direction.

S15

Primate cognition test battery in parrots

A.6.1.3. Marker. The experimenter held an iconic photo marker, which
depicted the reward, in their hand and alternated her/his gaze three times
between the photo and the subject while calling the subject’s name. Then
they placed the photo on top of the baited cup.
After the cue, the subject was allowed to choose one cup. A correct response was scored if the subject chose the baited cup first.
A.6.2. Production: pointing cups
In the Pointing Cups experiment, the testing chamber again contained two
tables, each 40 cm bright covering 2/3 of the room, and a perch system
behind the two tables.
In the following task, two experimenters were required (E1 and E2). Two
cups served as hiding places for a food reward. These cups were placed on
the outer part of the platform behind the window (ca. 10 cm away from
the window, thus behind the glass and out of reach) in front of the testing
chamber. These two hiding places were spread apart (ca. 55 cm) while being
equidistant to the subjects’ starting point. The second experimenter (E2)
entered the testing area, placed a reward under one of the two cups while the
subject was watching, and then left the area. Then E1 entered the testing area
and centred the bird by giving it a piece of food between the two cups through
the middle hole in the Plexiglas panel. Then E1 took place equidistant to both
cups and waited until the subject approached one cup and pointed towards it
through a hole in the Plexiglas panel. A correct response was scored if the
subject approached the correct cup touching the glass within two minutes
(from the moment the experimenter was sitting).
A.6.3. Production: attentional state
In the Attentional State task, the testing chamber again contained two tables,
each 40 cm bright covering 2/3 of the room, and a perch system behind the
two tables.
In this task, again two experimenters were needed (E1 and E2). The second experimenter (E2) entered the testing area and placed a reward out of
reach but in front of the subjects’ chamber on the extreme right or left side
of the window. Then E2 left the area, and E1 entered but stood in the middle
of the room and did not notice the reward on the edge of the window. E1
stood and looked in four different ways (see Figure A3):
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Figure A3. The experimental set-up in the Attentional State experiment.

A.6.3.1. Away. E1 tilted its back away from the food and looked in the
non-baited corner, thus away from the food. When the bird approached E1
from her front (i.e. from the opposite corner of where the food was placed)
to enter its angle of view within 20 seconds, E1 turned around fully towards
the window and waited for the subject to direct her attention to the reward.
If the subject went back to the reward’s location and indicated the reward
within 20 seconds, E1 handed the reward to the subject.
A.6.3.2. Towards. E1 looked towards the reward. When the bird approached the reward and directed E1 attention towards the reward within
20 seconds, E1 handed it over to the subject.
A.6.3.3. Away body-facing. E1‘s body faced toward the reward, and only
the face was turned towards the non-baited corner of the window. When the
bird approached within E1’s angle of view, thus towards the unbaited corner
within 20 seconds and then directed her attention towards the reward within
another 20 seconds, E1 handed it over to the subject.
A.6.3.4. Towards body-away. E1‘s body was turned away from the food
identical to the “Away” condition, but the face was turned over the shoulder
and directed towards the reward (but not looking directly at it) so E1 was
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glancing backwards in direction of the food. When the bird approached the
reward within 20 seconds and then directed E1 attention towards the reward
within another 20 seconds, E1 handed it over to the subject.
A.7. Theory of mind
A.7.1. Gaze following
The experimenter sat in front of the subject and gave it a piece of food to
attract its attention. When the bird sat at the lower perch (choice perch) and
looked at the experimenter, they started the trial. The gaze cue was conducted
in three different ways: (which were conducted on a different day within the
test battery to minimise any kind of habituation):
A.7.1.1. Head. The experimenter called the subject’s name and showed
them a piece of food. Then she hid the food in her hand, which remained
in front of her body. She then looked up with both her head and eyes for
∼10 s.
A.7.1.2. Profile. The experimenter called the subject’s name and showed
them a piece of food. Then she hid the food in her hand, which remained in
front of her body. She then looked up with both her head and eyes for about
10 seconds with turned head and face to the side (left or right, ca. 90°).
A correct response was obtained if the subject followed the gaze of the
experimenter.
Straight: To control whether the subjects also gaze upwards without the
experimenter looking up, we conducted this control condition. The experimenter called the subject’s name (and showed them a piece of food before
hiding it in her hand, which remained in front of her/his body). However,
instead of gazing upwards the experimenter looked straight forward at the
subjects’ chest.
A.7.2. Intentions
In these tasks, two experimenters were needed (E1 and E2). E1 (wearing sunglasses) put up an occluder and placed two blue canisters with silver lid on
the green sliding board in front of the window while E2 was watching. Then
E1 hid a reward in one of the two canisters. After removing the occluder, E2
manipulated the cups in one of three ways:
A.7.2.1. Trying. E2 reached for the baited canister and tried in vain to
remove the lid while looking at the canister.
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A.7.2.2. Trying control. After watching E1 baiting one of the canisters as
before E2 leaves the room. Then — in view of the subject — E1 slowly
transposes the position of both cups by placing a hand on each of them, and
by moving and releasing them both simultaneously. Subsequently, E1 leaves
and the now misinformed E2 re-entered the room reaching for the empty cup
and tried in vain to remove the lid while looking at the unbaited canister.
A.7.2.3. Reaching. After baiting one of the cups, E1 set up a Plexiglas
barrier blocking E2’s access to the cups. Therefore, E2 unsuccessfully tried
to reach the baited cup by extending the equilateral arm, looking at the
correct cup. They continued to give this cue until the subject indicated a
choice.
To count as a correct response subjects had to choose the baited cup first.
Appendix B
B.1. Habituation and pretraining protocol
The habituation of the parrots to the experimental situation consisted of the
following components:
1. Habituation to the experimental room, setup and ‘cooperative’ (= foodproviding) experimenter
2. Habituation to the basic experimental procedures
3. Habituation to the experimental equipment
4. Habituation to the choice situation
5. Critical test for the habituation to the choice situation
6. Habituation to the starting procedure and the use of signal stick
7. Habituation to rotation
During the habituation phase the experimenter took on a straight posture
on the chair, in the centre of the window, mostly keeping the head straight
facing to the starting perch and the hands on his lab. During habituation the
experimenter was allowed to move his eyes and head and look at the bird if
necessary.
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B.1.1. Habituation to the experimental room, setup and experimenter
The parrots were first habituated to the experimental compartment equipped
with a white table at height of the window with a food bowl provided by the
experimenter in the neighbour room. Each parrot was feeding from a bowl or
from the experimenter’s hand during at least 3 consecutive 10 min. training
sessions in this situation.
Next they were habituated to the experimental room without a table but
with a central elevated ‘starting perch’, a ‘choice perch’ in front of the window and ladder leading towards the window with an experimenter sitting in
the neighbour room. A transparent panel with 3 holes (10 cm in diameter for
the great green and the blue-throated macaws, and 7.5 cm in diameter for
the blue-headed macaws and the African grey parrots) in horizontal alignment and the green sliding board used later in the experiment were in place.
The experimenter offered food pieces through each of the three holes (in a
pseudo-randomised order and counterbalanced, and not always through all of
them) encouraging the parrot to take the food pieces either from the hand or
from a little feeding bowl until the parrot was satiated. The birds reached criterion if they took at least 6 food pieces (= 6 trials) in each of 3 consecutive
training sessions.
In parallel, training took place in the parrots’ home cages habituating them
to feed from a feeding bowl on a stick.
B.1.2. Habituation to the basic experimental procedures and sunglasses
After entering the test chamber, the parrot was trained to move onto the
‘starting perch’, hence the starting position before a training session started.
This process comprised the following steps:
1. The familiar human next offered a piece of food from the hand/bowl
passed through one of the holes, encouraging the subject to leave the
starting perch and take the food from one of the three holes (in a pseudorandomised and counterbalanced order).
2. The parrot was then moved back to the starting perch again by means
of the stick (see below) if necessary and the experimenter put on the
mirroring sunglasses and again encouraged the parrot to approach the
panel this time showing a piece of food slightly behind the hole, i.e.
within the experimenter’s chamber. The parrot now had to reach in with
its beak slightly to receive the piece of food.
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3. Once the parrot had consumed the food, it was moved back to the starting perch again and once more encouraged to approach with a piece of
food shown by the experimenter behind one of the holes, this time without sunglasses. The experimenter now put on the sunglasses on every
other trial (i.e. one trial with sunglasses followed by a trial without sunglasses and so on . . . ) so the bird learned that the person was cooperative
with or without sunglasses. The holes were used in a pseudo-randomised,
counterbalanced order throughout the session (6 trials per session). Once
the parrot, reliably went to its starting position and then approached the
panel and took food from the experimenter (with or without sunglasses)
repeatedly within one training session across 3 consecutive training sessions, the experimenter continued to step 3 (see Section B.1.3).
B.1.3. Habituation to the experimental equipment (i.e., the cups)
Once each parrot passed the criterion of the process described in Section B.1.2 it was habituated to:
1. Taking food placed on top of a single red cup directly reaching through
the hole in the panel with its beak. The position of the cup on the green
sliding board (that was placed very close to the panel) in front of one of
the three holes varied pseudo-randomly and each hole was baited equally
often. When the parrot approached the cup, the experimenter took the
food and passed it to the parrot through the hole (in order to demonstrate
his “cooperativeness”). Once the subject took the food from the hand 6×
in one session (or 2 consecutive sessions for the less tame adult birds), it
was also habituated to:
2. Food hidden under the cup. Here the experimenter showed the food in
his RIGHT hand, then lifted the cup, placed the food onto the board
where the cup stood before and then slowly placed the cup over it right
in front of one of the three openings. The experimenters then moved
the right hand back under the table. If the subject touched the cup, the
experimenter raised it and passed the food to the parrot (or let it take the
food from the board, in case of the less tame blue-headed macaws). The
parrot had to take food from under the hidden cup 6× in one session (or
2 consecutive sessions for adult birds).
B.1.4. Habituation to the choice situation
Once the parrot passed the previous criterion it was habituated to the experimental procedures and the choice situation. In all situations described below,
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the subject was first moved to its starting position on the back perch. Then
the experimenter followed these steps:
1. 1 out of 3 red cups were baited by placing a piece of food on top of
one of the three cups placed onto the green sliding board (in baiting
position at ca. 30 cm away from the panel) in the following manner: the
experimenter took the 3 red cups in their right hand under the table and
then placed the cups on the board one after from left to right (left, middle,
right) in a relaxed and smooth movement. Then experimenter moved the
right hand back under the table, picked up the reward and placed it on
top of a single cup. Then he moved the sliding board towards the panel,
i.e. into reach of the parrot, so that it could take the food directly from
the cup by reaching through the respective hole. The order of the baited
cup varied randomly from trial to trial and was counterbalanced. Once
the bird took the food from the baited cup the experimenter pulled the
sliding board away (into the baiting position), moved the bird back to
its starting perch and baited a new cup. If the parrot reached for a cup
without food on top the experimenter moved the sliding board away and
removed the food. After the bird took the food from the correct cup in
at least 5 out of 6 trials in 2 consecutive training sessions (that means 10
out of 12 correct trials in total), the subject continued to the next step.
2. The experimenter placed 2 pieces of food on top of two of the three cups
with both hands simultaneously and pushed the sliding board towards
the bird. Here, again the experimenter took the 3 red cups in their right
hand under the table and then placed them one after the other from
left to right onto the sliding board in a relaxed and smooth movement.
Then they moved their right hand back under the table and picked up
the reward and placed 2 pieces of food on top of two of the three cups
with both hands simultaneously. If the bird chose one of the two baited
cups taking the piece of food from it, this cup was moved back and laid
down (opening faced the subject). Then the bird could make a second
choice. If the bird made a wrong choice the sliding board was pulled
away. Next, the experimenter collected all cups with their right hand,
starting with the left one, and moved them under the table, thus ending
the trial. Then the parrot was moved back into its starting position and a
new trial commenced. After the bird got food in at least 5 of the 6 trials
in 2 consecutive training sessions (that means 10 out of 12 correct trials
in total), it continued to the next step.
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B.1.5. Critical test for the habituation to the choice situation
Here the food was baited under 1 of 2 cups in full view of the subject in the
starting position.
B.1.5.1. Procedure. The experimenter sat down behind the table and assumed their position (sitting upright, facing straight forward and looking at
the starting perch, hands on the lap, sunglasses put on). The green sliding
board was on the otherwise empty table in the baiting position, i.e. away
from the panel with holes.
The experimenter moved the parrot on the starting perch using the stick
(as little as possible and as much as necessary) with the left hand and kept
the stick as central as possible and close to the window.
Then the experimenter took the two red cups in their right hand under
the table and first placed one on the left position and then the other one on
the right position in a relaxed and smooth movement (the middle hole was
not used during this test). Now, they were laid horizontally with the opening
facing the subject. They were supported by raised edges attached to the green
board to prevent them from rolling. If necessary, the orange stick was held
up with the left hand with the end kept in the centre in order to keep the bird
on its starting perch.
The experimenter moved the right hand back under the table and picked
up the reward. They raised it up slowly to the level of their eyes. If necessary
the experimenter attracted the bird’s attention by moving the hand with the
reward close to the window, tapping the reward at the centre of the window
or waving it until the bird looked. Once the bird was attentive, they moved
the reward back to the central position described before at the level of their
eyes and moved the food slowly in front of one of the two cups and placed it
there.
Then the experimenter pulled their hands under the table before moving
on to turn over the cups, so the bird got the chance to see in front of which
cup the reward was placed. The experimenter made sure that the bird was
looking before turning over the cup in the next step.
After a small pause (i.e. after the bird looked), the experimenter set up
both cups consecutively. They always did this in the order from left to
right — regardless of which cup would cover the food
Provided that the parrot had remained on the starting perch until both cups
had been baited, the experimenter pushed the sliding board towards the panel
and let the parrot make a choice.
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If the parrot chose the correct cup by touching it or turning it over reaching
through the respective hole, the experimenter lifted the cup, laid it horizontally (facing towards the subject with its open end forward as before) and
gave the food to the parrot (or let the parrot grab the food) and then pulled
the sliding board out of reach to prevent interaction with the other cup. Then
the experimenter lifted and turned over the second empty cup, no matter
whether the parrot watched or not and left both cups turned over visibly, i.e.
showing what was under the second cup — until the parrot had looked at the
second turned over cup. If the parrot made a wrong choice the cup was turned
over (horizontal position) by the experimenter and the sliding board was then
quickly pulled away. Then the second, filled cup was lifted and turned over
uncovering the food (using the right hand as usual). Next, the experimenter
collected the reward and then the two horizontal cups with their right hand
starting with the left one and moved them under the table, thus ending the
trial.
The parrot was moved back to its starting position and the next trial
started. Once the subject chose the correct cup and got 6 food pieces in all 6
trials in 2 consecutive training sessions, i.e. 12 trials correct in a row. It was
ready for the tests.
B.1.6. Habituation to starting procedure and use of the stick
B.1.6.1. Starting position. If the bird had left the starting perch and moved
down further than the middle perch before the cups have been turned over
(= baiting completed), the experimenter stopped, took all cups away again
(with the right hand), used the stick to move the parrot back on the starting
perch and then started all over.
If the bird had left the starting perch but not further than the middle
perch before the cups have been turned over, the experimenter moved the
parrot back to the starting perch, and then continued the baiting process (e.g.,
turning the cups over the food placed in front of one of them after the parrot
had seen the food).
If the bird had left the starting perch and had moved down not further
than the middle perch while/when the baiting has been completed but before
the sliding board had been pushed forward, the experimenter continued with
pushing the sliding board forward.
If the bird left the starting perch and had moved down further than the
middle perch while/when the baiting has been completed but before the
sliding board had been pushed forward, the experimenter started all over
again.
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B.1.6.2. Starting position and use of the stick. A stick was used as little
as possible and as much as absolutely necessary to keep the bird on the
starting perch. For some birds a rewarding stick with food-bowl (and max.
2 sunflower seeds) worked better, while some birds needed the ‘aversive’
stick with an orange sponge bulb at the end. The stick was operated by the
left hand, but the end of the stick (i.e. the orange bulb/food bowl) was kept
central, especially when operating it within the experimenter’s compartment
and directing it towards and very close to the subject’s window. To avoid
any side cues by using the stick more on one side the stick was either kept
centrally or carried out on both sides in a mirror-inverted fashion (e.g., the
stick is moved 15 cm to the right and then the movement is mirror-inverted
at the same height and speed by moving 15 cm to the left). This precaution
was taken to avoid cueing the birds towards one side.
B.1.7. Habituation to rotation
This process comprised the following phases:
1. The experimenter sat down behind the table and assumed their testing
position (sitting upright, facing straight forward looking at the starting
perch, hands on the lap, glasses put on). The green sliding board was
placed on the table in the baiting position, I.e. away from the panel with
holes, and a dark green rotation board was placed on the green sliding
board.
2. The experimenter moved the parrot to the starting perch using the stick
(as little as possible and as much as necessary) with the left hand and
kept the stick as central and side-balanced as possible.
3. Then the experimenter took one red cup in their right hand under the
table and placed in the middle position on the sliding board in a relaxed
and smooth movement. The cup was laid horizontally and facing the
subject with their opening, on top of the dark green rotation board. If
necessary, the stick was held up with the left hand and with the end kept
in the centre in order to keep the bird on its starting perch.
4. Then the experimenter placed the red cup in the middle position on the
dark green rotation board vertically.
5. The experimenter moved the right hand back under the table and picked
up the reward. They moved it slowly up and raised it up to the level of
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their eyes perpendicular to the edge of the white table (covered by the
green sliding board). If necessary they attracted the attention of the bird
by moving the hand with the reward close to the window, tapping it at
the centre of the window or waving it until the bird looked. Once the
bird was attentive, they moved the reward back to the position described
before at the level of their eyes and moved the food slowly on the top of
the red cup.
6. Provided that the parrot had remained on the starting perch (or not further
than the middle perch) until the cup was baited, the experimenter rotated
the dark green rotation board clockwise or counter-clockwise 180° and
then pushed the sliding board towards the panel and let the parrot take
the reward.
Appendix C
C.1. Temperament tests
C.1.1. Procedure and design
Similar to the temperament tests conducted by Herrmann et al. (2007) each
subject participated in 29 different items which could be grouped into four
categories: human, object, food/reward and non-human (see Table C1). For
the presentation of each item a familiar experimenter E1 sat in front of
the subject’s test room (excluding the unfamiliar human E2 and non-human
condition). A second, familiar experimenter (E3) made sure that the subject
was at a designated starting point by offering food by means of a small silicon
food bowl attached to a stick. When the subject sat on the starting perch
E1 presented the items for 30 seconds each. The experimenter was sitting
upright behind the table, shoulders on a level, face straightforward focussing
on middle of starting perch, wearing no sunglasses. E1 took an object or a
piece of food from under the table, respectively in his right hand and raised
it ca 15 cm above the white table. In one smooth movement E1 then placed
the object in the middle of the table (ca. 20 cm away from the middle hole
in the visible condition or 1 cm in the touch condition) where it was visible
for the subject for 30 seconds. The correct timing was ensured using a timer
with vibrating signal integrated in a smartphone that was kept on the lap of
E1. E1 held his hands on his laps and remained motionless. After 30 seconds
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Table C1.
Overview on the temperament tests including 29 different items grouped into four categories:
human, object, food/reward and non-human.
Category
Visible

Human

Item

Description

- Familiar
The person (without sunglasses) sat behind
- Non-Familiar (E1) the table facing the window, hands on
her/his lap.
Object
- grey plastic tube
E1 sat behind the table, hands on her lap
with the object placed in the middle of the
- orange cube
table (ca. 20 cm away from the middle
- toy car
opening). The car in Hermann et al. (2007)
produced sounds. In the present study, in the
car condition, E1 held a squeezing plastic
toy under the table and squeezed it 10 times
every other second to produce sounds.
Food
- carrot (=
E1 sat behind the table, hands on her lap
with the food placed in the middle of the
undesirable food)
table (ca. 20 cm away from the middle
- half a walnut
- 3 shelled peanuts opening).
- 3 sunflower seeds
Non-human - Red spot
E1 placed a red spot (7.5 cm diameter) in
the middle of the table and left.
- Nothing
Nothing is on the table and E1 is out of
sight.
Movement Human
- Hand
E1 sat behind the table, moved her right
hand from the left side to the right side and
back on the table in front of the window. E1
moved their head in a relaxed and smooth
manner up and down ca. 10–15 times until
the timer signal. This was synchronised
between experimenters.
- Body
In the body condition, instead of moving
their hand E1 nodded up and down while
seating (also synchronised between
experimenters).
Object
- grey plastic tube
E1 sat behind the table, moved the object
from the middle to the left side and from
- orange cube
there to right side and back to the middle on
- toy car
the table in front of the window. In the car
condition E1 let the car drive from the left
side to the other side of the table by using
its pull-back mechanism using his left hand.
Then E1 took the car again and let it drive
back from the right side to the left side of
the table using its right hand.
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Table C1.
(Continued.)

Touch

Category

Item

Description

Food

- carrot (=
undesirable food)
- half a walnut
- 3 peanuts
- 3 sunflower seeds
- Hand

E1 sat behind the table, moved the food
from the left side to right side and back on
the table.

Human

Object

- grey plastic tube
- orange cube
- toy car

Food

- carrot (=
undesirable food)
- half a walnut
- 3 peanuts
- 3 sunflower seeds
red spot

Non-human

E1 sat behind the table, put her right hand as
a fist on the table close (1 cm away) to the
middle opening.
E1 sat behind the table, hands on her lap
with the object placed on the table within
reach of the subject (1 cm away from the
middle opening).
E1 sat behind the table, hands on her lap
with the food placed on the table within
reach of the subject (= 1 cm from the
middle opening).
red spot placed on the table within reach of
the subject (1 cm away from the middle
opening.) E1 is out of sight.

Note that the temperaments tests were conducted before starting the PCTB. One African
grey parrot and four adult blue-throated macaws arrived in the research facility a few months
after the PCTB had started and started testing later than the other group members. They were
not tested in the prior Temperament Test so that they could catch up.

E1 took the object away. Then E1 (re-starting the timer) waited 30 seconds,
before placing the next object on the table in the same manner as before (and
starting the timer anew). The subjects received one session per day and the
items were presented in the same order across all subjects. On the first day
(Visible) the subjects were only able to view the items of the four categories
(human, objects, food, non-human) for 30 seconds each. In the non-human
trials, the birds could either view the table alone or when a bright red spot (a
cut out of paper) was placed on top of the table (i.e. in both trials, E1 was not
present). On the second day (Movement) the items were moved from left to
right during the 30 seconds of presentation by the experimenter (E1). On the
third day (Touch) the same items were put close to the subjects’ test rooms
so that the subjects could touch them.
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During all the experiments a camera filmed a predetermined ‘visible area’
(including the items and about 2 m2 of the compartment near the items).
From this video, we then coded three behavioural measures: (1) a score of
Proximity to the item (i.e. how close the subjects approached the item);
(2) duration spent within each of the proximity zones and (3) latency to
approach the item. The birds could move up and down the ladder, consisting
of three perches: perch 1: 12 cm away from the window, perch 2: 30 cm away
from the window, and perch 3: 50 cm from the window with 20 cm between
each of the perches. The Proximity measure was a score from 0 to 3. To
score the distance we used these three zones of proximity: zone 1 (= close
proximity): from the window to the first perch, zone 2 (medium distance):
from the first perch to the second perch, and zone 3 (furthest distance) —
from the second perch to the third perch. Subjects who spent time in the
zone 3 (furthest distance) received a score of 0. Subjects who spent time
in zone 2 (medium distance) but were always out of reach of the zone 1
received a score of 1. Subjects that entered within zone 1 at any point during
the 30s-trial received a score of 2. If the subject took the object in its beak
and carried it to the perch 3 it was still scored as closest possible proximity
(zone 1), thus a score of 3. Finally, subjects could only receive a score of
3 by touching an item; to receive this score, they had to touch the human,
object or food/reward at some point during the trial. The latency measure was
coded as the interval between the moment the human/object/reward were first
presented and the first time the subject entered one of the proximity zones.
The duration measure was defined as the total time a subject spent inside
each of the proximity zones during the 30 second interval.
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Appendix D
Table D1.
Overview on the performance of the juvenile and adult individuals of the great green macaws
and the blue-throated macaws in the PCTB.
Task

Trials

Ara ambiguus
Juveniles

Ara glaucogularis

Adults

Juveniles

Chance

Adults

N Mean Ind N Mean Ind N Mean Ind N Mean Ind
(SD)
(SD)
(SD)
(SD)
Space
Spatial memory

6

7

Object perm

18

7

Rotation

18

7

Transposition

18

7

Rel numbers

16

7

Add numbers

14

7

12

7

Shape

12

7

Tool use
Tool prop

1
30

7
7

Social learning

9

7

Quantity

Causality
Causality
(w/o tool use)
Noise

Communication
Comprehension

7
18

7

0.33
0.35
(0.05)
(0.03)
0.40
2 0.25
(0.09)
(0.11)
0.35
2 50 (0)
(0.08)
0.31
2 0.36
(0.08)
(0.04)
0.27
2 0.31
(0.12)
(0.04)
0.53
0.50
(0.06)
(0.04)
0.56 1 2 0.57
(0.12)
(0.18)
0.49
2 0.43
(0.03)
(0.10)
0.38
0.41
(0.03)
(0.07)
0.51
0.54
(0.03)
(0.09)
0.49
2 0.50
(0.03)
(0.11)
0.54
2 0.59
(0.08)
(0.12)
0
2
0
0.51
2 0.54
(0.09)
(0.05)
0.14
2 0.17
(0.18)
(0.23)
0.42
2 0.40
(0.13)
(0.01)
0.49
2 0.62
(0.08)
(0.08)

8
8
8
8

8
8

8
8
8
8
8
8
8

0.38
(0.04)
0.37
(0.12)
0.43
(0.08)
0.37
(0.06)
0.33
(0.10)
0.58
(0.07)
0.64
(0.13)*
0.52
(0.14)
0.38
(0.03)
0.51
(0.04)
0.49
(0.08)
0.52
(0.12)
0
0.51
(0.07)
0.12
(0.17)
0.55
(0.11)
0.58
(0.09)

4
1 4
4
4

3 4
1 4

4
4
4
4
4

0.42
(0.07)
0.46
(0.16)
0.42
(0.09)
47
2
(0.11)
0.32
(0.05)
0.53
(0.02)
0.61 1
(0.10)
0.45
(0.07)
0.41
(0.04)
0.55
(0.05)
0.54
(0.05)
0.54
(0.17)
0
0.57
(0.03)
0

4 0.27
(0.08)
1 4 0.49
(0.09)

0.33
0.33
0.33
0.33

0.50
0.50

0.50
0.50
0.00
0.50

00.50
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Table D1.
(Continued.)
Task

Trials

Ara ambiguus
Juveniles

Adults

Ara glaucogularis
Juveniles

Chance

Adults

N Mean Ind N Mean Ind N Mean Ind N Mean Ind
(SD)
(SD)
(SD)
(SD)
Pointing cups

8

Attentional state

4

Theory of Mind
Gaze following
Intentions

9
12

7 0.49
1 0.50
7 0.56
2 0.44
(0.18)
(0.12)
(0.08)
7 0.29
2 0.13
8 0.59 1 4
0
(0.27)
(0.18)
(0.23)
7 0.29
2 0.27
8 0.34
4 0.24
(0.06)
(0.14)
(0.06)
(0.02)
7 0.02 1 2 0.09 1 8 0.15 6 4
0
(0.06)
(0.12)
(0.14)
7 0.56
2 0.45
8 0.53 1 4 0.49
(0.09)
(0.16)
(0.09)
(0.03)

0.50
0.33

NA
0.50

Note: Trials, number of trials performed in each task; N , number of tested individuals;
Ind, number of individuals performing above chance level. Performance on the scale level
was not compared to chance, as this varies between tasks.
*Significant deviations from chance level (α = 0.05).

View publication stats

