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The ability to understand relational concepts, such as ‘same’ and ‘different’,
is a critical feature of human cognition. To what extent non-human
animals can acquire such concepts and which factors influence their
learning are still unclear. We examined the acquisition and the breadth
of understanding the ‘same—different’ concept in budgerigars (Melopsittacus
undulatus). Budgerigars trained to discriminate stimulus pairs in which
two identical figures were either the same or different size (Experiment 1)
successfully generalized the discrimination to novel stimuli belonging to
various categories (size, colour, shape, geometric type and number of dots).
The results of Experiment 1 thus demonstrate that budgerigars can perceive
and generalize the same-different concept across dimensions after training
with a limited set of stimuli differing along a single dimension. In contrast,
while most budgerigars trained to discriminate two pairs of discs that
were either the same or different in colour (Experiment 2) could generalize
the discrimination to novel stimuli within the training category (colour),
only few generalized the discrimination to another category suggesting a
generalization based on perceptual similarity. The results thus show that
whether budgerigars generalize a relationship by conceptual or perceptual
similarity depends on the nature of the training stimuli.

1. Introduction

One critical feature of higher order human cognition is the ability to detect
abstract relations among objects [1-3], providing the foundation for concept
learning. The importance of such abilities has inspired many studies on
whether they can be found in non-human animals. These demonstrated that
animals can, for instance, categorize objects according to abstract features
such as colour, shape and matter [4-7]. Another range of studies examined
whether animals can acquire relational concepts, such as ‘same” and ‘different’
[8-13], which is considered to be fundamental to human thinking [14,15]. In
its simplest form, studies on acquiring and perceiving the ‘same-different’
concept use ‘identity-matching-to-sample” (IMTS) tasks in which the animal is
shown an example figure (e.g. a triangle), and next presented with two figures
of which one is identical to the sample and the other is not (e.g. a square)
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http://orcid.org/
http://orcid.org/0000-0002-4021-8915
http://orcid.org/0000-0002-6669-432X
http://orcid.org/0000-0003-0397-0013
https://crossmark.crossref.org/dialog/?doi=10.1098/rspb.2024.1862&domain=pdf&date_stamp=2024-12-19
https://doi.org/10.1098/rspb.2024.1862
https://doi.org/10.6084/m9.figshare.c.7563513
https://doi.org/10.6084/m9.figshare.c.7563513

Downloaded from https://royal societypublishing.org/ on 07 January 2025

[16-18]. When choosing the matching figure, the animal receives a reward. After being trained in this way, the animal needs n

to be tested on whether it can detect the ‘sameness” with stimuli differing in another dimension, e.g. if the training concerned
matching on the basis of shape, acquisition of the same-different concept would result in transfer from matching by shape to
matching by colour [19]. However, matching in IMTS tasks is not convincing evidence for relational learning because the animal
can simply be perceiving a match rather than having acquired the concept ‘same’ [18,20].

A more challenging task to test the acquisition of the same-different concept is the same-different discrimination task
[18,21]. In this task, animals are first trained to classify pairs of items as being the same (e.g. two triangles) or being different
(e.g. a square and a circle) and next tested with novel pairs of items. Here also, critical for testing whether an abstract same-
different concept has been acquired is generalization of the discrimination to stimulus pairs differing along other dimensions
from the training stimuli. Using this or similar tasks, several mammal [13,22,23] and bird species [13] demonstrated the ability
to identify sameness. However, there is still very limited evidence showing that non-human animals abstract the same-different
concept across dimensions (such as training with same versus different shape and testing with same versus different colour).

The presence of the same-different concept is considered to be a precursor for the more advanced ability for analogical
reasoning, which is fundamental to many cognitive functions in humans and considered a cornerstone of human intelligence
[24,25]. The ability for analogical reasoning was initially demonstrated in chimpanzees [26]. Later experiments demonstrated its
presence in some other primate species [27-29]. One way to test this ability is by using a ‘relational-match-to-sample’ (RMTS)
task, in which an animal is shown a sample pair of figures that are either similar to each other or different in a particular
dimension. It next has to select which of two pairs of other stimuli matches the within-pair relationship depicted in a sample
pair. Using such an RMTS task, the ability for analogical reasoning was recently suggested to be present in two bird species:
hooded crows [30] and Amazon parrots [31]. Both crows and parrots were capable of matching novel figure pairs BB with AA
or EF with CD when the figures of the pair were identical or different in size, shape or colour. The presence of the ability of
analogical reasoning implies that these birds also acquired the same-different concept. However, it has been suggested that the
crow and parrot studies and even studies from primates do not rule out the possibility that the non-human animals might have
used some lower order, perceptual rule [32,33], indicating the presence of many still debated theoretical issues concerning the
same-different concept.

Many studies on same—different concept learning have also made clear that their outcome and interpretation can be affected
by methodological factors, such as set size of training stimuli, the way stimuli are presented, the nature of the stimuli and
others [11-13,34,35]. In addition, comparative studies have revealed that species may differ considerably in their performance
in identical tasks [13], suggestive of qualitative and quantitative species differences in cognitive abilities. Given the importance
of the same-different concept for providing the basis for analogical reasoning, and the impacts that methodology and species
identity have on demonstrating the presence and broadness of the same—different concept, there is a need for further compara-
tive studies that examine the acquisition and extent of this relational concept using different training and testing paradigms, as
well as more extensive and varied sets of test stimuli.

In the current study, we examine the acquisition and breadth of the same-different concept in the budgerigar, a bird
species so far not tested for relational learning. The budgerigar is a small parrot species, and previous studies have shown
that this species is quite capable in problem-solving [36-38]. Budgerigars also demonstrated abstract rule learning in an
auditory discrimination task in which they showed being capable of classifying short sound strings consisting of three elements
according to their underlying relational structure (XYX or XXY) [39]. We trained two groups of ten budgerigars each to
discriminate between ‘same’ and ‘different’ relations between items in a two-choice discrimination task. The stimulus items
consisted of two geometric figures that were either the same (XX pattern) or different (XY pattern). The training dimensions
were size (Experiment 1) or colour (Experiment 2, figure 1). Using different training stimuli in the two experiments allowed
us to address whether the nature of these stimuli affected the generalization to novel stimuli. All birds were trained to
discriminate the stimuli of ‘same’ relations from the stimuli of ‘different’ relations. After acquiring the discrimination, transfer
of the discrimination was tested by presenting novel stimuli within the same dimension as the training (i.e. novel pairs of items
either identical or non-identical in size (Experiment 1) or in colour (Experiment 2)), as well as to stimuli from novel categories,
differing along other dimensions: shape, geometric type, number and colour (for birds in Experiment 1) or size (for birds in
Experiment 2, figure 1).

Unlike previous studies, our novel category test stimuli did not have identical items indicating sameness, but only main-
tained a relative ‘same’ relationship between items in specific, and novel dimensions. For example, the two items of the “same’
test stimuli in the ‘shape’ category were of the same shape but differed in size (e.g. a big lightning symbol and a small lightning
symbol) and hence were comparable with the training stimuli of the ‘different’ relation used in Experiment 1 (e.g. a big heart
and a small heart). However, the two “different’ items in the ‘shape’ test set differed not only in size but also in symbol (e.g.
a big lightning symbol and a small musical note; figure 1). Providing a correct response thus required the birds to ignore the
physical size similarity to the earlier trained stimuli, and instead to make a decision based on the relative degree of ‘same’
among the two items of the two test stimuli presented. We also included sets of test stimuli belonging to very different stimulus
categories, such as with different numbers of dots, to further reduce the possibility that the budgerigars could use perceptual
features as a basis for their choice. The budgerigars showed capability of generalizing relational concepts. However, training
on the ‘size’ dimension was more likely to result in acquisition of the ‘same-different’ concept than training on the ‘colour’
dimension.
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Figure 1. Training and test stimuli of Experiments 1and 2.

2. Materials and methods
(a) Subjects

Twenty adult budgerigars (10 males and 10 females) were used, equally distributed between the two experiments. They were
experimentally naive, purchased from local breeders and kept in our laboratory with ad libitum food and water for over
three months before introducing them to the experiments. Vegetables, mineral grit mixes and baths were provided regularly.
Animal use and care followed the guidelines of Animal Experiments of Lanzhou University and conformed to governmental
regulations concerning the ethical use of animals. Body weight was measured before and after experiments to keep track of
unwanted weight loss (electronic supplementary material, table S2).

(b) Apparatus

Training and tests were conducted in a cage (60 cm long x 40 cm wide x 40 cm high) placed in a sound-attenuated cham-
ber under a 10:14 dark-light photoperiod with illumination from a light-emitting diode ceiling-mounted luminaire (without
ultraviolet spectrum). An opaque white polyvinyl chloride (PVC) sheet was inserted into the cage to create two compartments.
One compartment with a perch was a ‘waiting room” and the other one was an ‘exam room’. The PVC sheet was tied to a nylon
string that was hung on a stand to lift it (figure 2; electronic supplementary material, video S1). During the experiments, the
sheet was gently lifted after the experimenters placed two Petri dishes covered with figures of stimuli into the ‘exam room’,
allowing the birds to enter this compartment and to choose between the two discs.

(c) Stimuli

The training and test stimuli were either achromatic (grey) or coloured (budgerigars are known to have excellent colour vision
[40]) and consisted of two geometric figures expressing the ‘same’ or ‘different’ relations. The two figures were the same or
different in size, shape, geometric type, number of dots or colour (figure 1). All stimuli were resized to fit in a circle with a 4.5
cm radius and pixelated in Adobe Photoshop 2020 and then printed using a printer (HP Colour Laser Jet Pro MFP m281Fdw).
The printed circle with the stimuli on it was cut and attached to a Petri dish inside its lid (figure 2). A white paper was attached
to the remaining part of the Petri dish to ensure that the experimental subjects could not see the food inside the dish.

(d) Training phase

In the training, the birds were given a two-choice task (for more details, see the electronic supplementary material). All birds
received the stimuli expressing the ‘same’ relation as positive stimuli (S5+) and the stimuli of the “different’ relation as negative
stimuli (5-). The stimuli were not counterbalanced as in most previous studies, in which ‘same’ stimuli were the S+ for some
subjects, but the S- for others [8,9,20,39]. Learning may differ depending on whether the choice of the ‘same” or “different’ pairs
is reinforced [9,41], as the complexity of ‘same’ and “different’ may be asymmetric [42,43]. However, the aim of the current study
was not to detect whether reinforcements with the ‘same’ relation differ from those with ‘different’ relations.
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Figure 2. Photos of the experimental set-up (a) Apparatus for the experiments. (b) Bird discriminating achromatic stimuli. (c) Bird discriminating colour stimuli.

When the subjects made the correct choice, they were allowed to eat a small amount of seed in the dish. If an incorrect choice
was made, the birds received an empty dish and a punishment of waiting for an extra 30 s between trials (the interval between
trials for the correct choice was around 5 s). In Experiment 1, ten birds (five males and five females) were trained with eight
pairs of stimuli that had two figures, either the same or different in size. In Experiment 2, another ten birds (five males and
five females) were trained similarly but with coloured discs expressing the same or different relation (figure 1). Pseudo-random
sequences of 100 trials were generated in R 4.4.1 [44] to decide which position (left or right) the two dishes would be put in the
cage and which pair of stimuli (pairs 1-8) would be provided. This procedure was also used for presentation of the test stimuli.
The subjects were considered to have met the training criterion when their correct rate was >75% [4,13,45] for three consecutive
training blocks (100 trials per block).

(e) Test phase

When the birds reached the training criteria, they proceeded to the test phase (electronic supplementary material, video
S1). During this phase, the training stimuli and the test stimuli were mixed and occurred at a ratio of 60% and 40%. To
exclude learning through reinforced choices during the test, a response to any test stimulus was rewarded [46], regardless of
whether the choice of the birds was correct. This provided the subjects with the opportunity of learning the irrelevance of the
categorization. Although this might induce a potential bias, it would be a conservative one, making correct responses more
convincing of having acquired the same-different concept. Each of the five test categories contained four pairs of stimuli that
the birds had never seen before. Each pair of test stimuli was presented 10 times during the test. The presence of stimuli during
the test was also pseudo-randomized with position (left or right) and pair of stimuli (training pairs 1-8 plus test pairs 1-4 in
each test category) as the randomized factors. Test with ‘size’ category was first performed, subsequently with ‘shape’, ‘type’,
‘number’ and ‘colour” categories in Experiment 1. The same was conducted in Experiment 2 except the ‘colour’ category was the
first to test.

(f) Statistical analyses

At the group level, the results of each test were analysed using a one-sample t-test to determine whether the proportion
of correct choices was higher than the chance value of 50%. An exact binomial test was used to analyse the probability of
success at the individual level. The fitted learning curves that indicated the probabilities of successful choices in the training
were constructed using the sigmoid function (logistic regression model based on the responses to the learning trials and the
distributions of these responses) with binary data (choice of S+ and S-) as the dependent variable and trials as the independent
variable [38,45,47]. All statistical analyses were performed in R 4.4.1 [44].

3. Results

(a) Training

All birds” discrimination started from chance (Experiment 1: 51.70% + 1.37 s.e. in the first three blocks, ¢ = 1.23, p = 0.25 and
n = 10; Experiment 2: 51.14% + 0.56 s.e. in the first three blocks, t = 2.01, p = 0.08 and n = 10, 100 trials per block; figure 3a,b),
indicating they had no intrinsic bias to respond more strongly to stimuli containing identical or non-identical figures. Five
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Figure 3. Individual learning performances during the training. (a) Mean percentage of correct responses to the eight stimulus pairs for the ten birds in Experiment 1.
(b) Mean percentage of correct responses to the eight stimulus pairs for the ten birds in Experiment 2. Bars show 95% Cl.

out of ten birds trained with the stimulus set of eight pairs of stimuli containing ‘same’ and ‘different’ relationships in size
(Experiment 1) reached criterion (correct choice for the stimulus set >75% for three consecutive blocks) within a range of 7-46
blocks (30.20 + 8.93 s.e., n = 5), with two of them (m27, £22, figure 3a) showing a steep learning curve. The other individuals
stayed at chance level, even after 5000 trials of training, and we ended the training as no improvements were observed (figure
3a and electronic supplementary material, figure S1A). The discrimination patterns for the eight different stimulus pairs used in
the training showed a similar increase within the individual birds (electronic supplementary material, figure S1A).

All 10 birds trained using stimuli with ‘same’ and ‘different’ relationships based on colour (Experiment 2) learned the
discrimination. Their learning seems to proceed more incrementally than for the birds in Experiment 1 (figure 3). All birds
met the training criterion within 22-87 blocks (44.10 + 6.33 s.e., n = 10). Some stimulus pairs seemed more difficult to learn
than others, but different birds exhibited different discrimination patterns for different stimulus pairs (figure 30 and electronic
supplementary material, figure S1B). The number of training blocks required to reach the criterion for learning (for those birds
reaching the criterion) was not significantly different between Experiments 1 and 2 (Welch’s two sample t-test: t = -1.27, p = 0.24).
The subjects were next tested on various transfer tasks that had novel stimuli of their training category, as well as stimuli from
novel categories (figure 1; electronic supplementary material, video SI).

(b) Generalization tests

In Experiment 1, five out of ten birds that met the training criterion were next tested to investigate the generalization of the
discrimination to novel stimuli in the size category as well as stimuli in the novel categories of shape, geometric type, number
and colour (figures 1 and 4). The test stimuli were given interspersed between training stimuli. All birds readily generalized
the trained discrimination to the novel stimuli in the trained size category. Importantly, all birds also showed more correct
responses to the stimuli with a higher degree of ‘sameness’, irrespective of the stimulus categories (n = 5, all p < 0.001; figure
4). An analysis at the individual level showed that all birds performed above chance by choosing appropriate relations when
presented with novel stimuli in all five categories (all p < 0.05, except for the response to the colour category by bird m15, p =
0.08; electronic supplementary material, table S1).

For the ten birds in Experiment 2, all birds met the training criterion and were tested in five generalization tests with novel
colour stimuli and the novel stimulus categories of shape, geometric type, number and size (figures 1 and 5). As in Experiment
1, here also the birds responded above chance in tests with novel exemplars of the trained category (colour; n = 10, 67.00% +
3.05% s.e., t = 5.68, p < 0.001; figure 5). The appropriate choice for the size category was also significantly higher than 50%,
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Figure 5. Performance in the tests during Experiment 2. (a) Percentage of correct choice in the five tests with novel stimuli of size, shape, geometric type and colour
(mean = s.e., n =10). *Correct responses are significantly higher than the chance level of 50% (p < 0.05). (b) Individual performances in the five tests.

albeit slightly (n = 10, 56.25% * 2.45% s.e., t = 2.70, p = 0.02; figure 5). No significant discrimination was present for the other
test stimulus sets. Analysis of individual data showed that seven out of ten birds performed better than chance by choosing the
appropriate relations in the novel colour generalization test (p < 0.05; electronic supplementary material, table S1). One of these
birds (m12) chose the correct relational stimulus in all the five tests (all p < 0.02; figure 5b and electronic supplementary material,
table S1). Another bird (f24) responded significantly higher than chance in three tests (colour, type and number categories, all p
<0.02) and had the tendency to respond above chance in size category (26 correct choices out of 40 trials, p = 0.08; figure 4b and
electronic supplementary material, table S1).

4. Discussion

The results of our experiments indicate that budgerigars can generalize ‘same’ and “different’ relations to equivalent relation-
ships among stimuli from novel categories that share no physical similarity to the training stimuli. However, the emergence of
this ability seems to depend on the nature of the training stimuli. With the current set-up, the birds needed to detect the degree
of ‘sameness’ in the relationships between two figures in one stimulus and compare this with the degree of ‘sameness’ in the
relationship between two figures in another stimulus to make a correct choice. Noticeably, the test stimuli used for the novel
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categories in our study varied in dimensions to which the budgerigars had not been exposed before. In particular, the birds
from Experiment 1 showed being capable of assessing such relative sameness relationships. Below, we first briefly discuss our
training method and next the interpretation of the outcomes of the two experiments.

(a) Training method

The budgerigars achieved the ability to generalize after being trained in a two-choice discrimination task with a limited set
of eight training stimulus pairs, and without using preparatory progressive alignment training as is commonly used in other
paradigms [30,31]. It is known that set size of training stimuli may affect conceptual learning and transfer [11]. Previous
research has suggested that primates may require fewer exemplars to learn abstract concepts than non-primates [48]. However,
studies on Clark’s nutcrackers [48] and black-billed magpies [49] showed that these birds outperformed non-human primates
in the abstract-concept learning when trained with limited exemplar set (8 and 56 pairs of ‘same’ and ‘different’ stimuli,
respectively). The success of learning and transferring observed in our study is in line with the findings on nutcrackers and
magpies to learn the same-different concept after limited training. It suggests that acquisition of this relational concept in
budgerigars can develop quickly or is already present without a need for an extensive preceding training. Future studies are
needed to examine whether this rapid acquisition is due to the training method or whether budgerigars are special in this
respect.

(b) Training stimuli affect the emergence of conceptual abstraction

The noticeable difference in the performance between the birds in Experiments 1 and 2 demonstrates a clear effect of the nature
of the training stimuli on the ability to generalize. Below, we first discuss the results obtained in Experiment 1, which shows the
clearest evidence of conceptual learning.

In Experiment 1, the stimuli in the training contained two identical figures that were either the same or different in size.
In line with the results obtained in many IMTS and RMTS studies, the response to novel test stimuli from the familiar
category (size) was comparable with that to the trained items. A simple explanation for the success of this transfer might be
that budgerigars have an intrinsic tendency to respond more strongly to a stimulus containing identical items. However, our
training data show that all birds started the discrimination from chance level, making this explanation unlikely.

It is also unlikely that the transfer of correct choices from training to the other categories of test stimuli was based on lower
order perceptual learning mechanisms, such as the presence or absence of identical items, symmetry or the same degree of
between-item variability. If the training had resulted in the birds learning to respond to stimuli containing figures of identical
size, they should not show any preference when tested with colour stimuli as these test stimuli were all of the same size. Also,
no correct choice would be expected in the categories of shape and geometric type as these stimuli were all of different size
and even different shape. Furthermore, in the ‘shape’ test, the two figures in stimuli of ‘same’ category were similar to the
training stimuli of the ‘different’ category in Experiment 1 by being of the same shape but differing in size. However, the two
figures in the ‘different’ test stimulus set differed not only in size but also in symbol. Therefore, a correct response required the
birds to ignore the physical similarity of the ‘same’ test stimuli to the earlier trained ‘different’ stimuli, but to make a decision
based on the relative degree of difference among the two items of the two test stimuli presented. Finally, if the preference
for the test stimuli was based on an intrinsic preference for certain types of configurations or on using a learned lower order
perceptual relatedness, one would expect that the birds of Experiment 2 would show a similar strength in preference for ‘same’
stimuli towards the novel stimulus categories of shape, type and number as shown by the birds in Experiment 1. However, the
preference for stimuli of the ‘same’ category is markedly higher in Experiment 1, and most birds of Experiment 2 reveal no
tendency towards choosing more similar stimuli.

The consistent and high response to the stimulus pairs that maximized the ‘sameness’ in the tests (even though none
corresponds to the identical pairs in the training) in most tests thus supports the interpretation that the budgerigars in
Experiment 1 learned to discriminate between the stimuli by comparing the relation between the two figures within a ‘same’
training stimulus with the relation between the figures in the ‘different’ training stimulus and transferred the same-different
distinction to test stimuli from the familiar category as well as to novel stimuli from different categories.

The results of Experiment 2 are, on the whole, different from those of Experiment 1. A first difference concerned the training
phase. While more birds succeeded in the initial training, the learning curves of different individuals in Experiment 2 seem
to progress more gradually, lacking any individuals showing the steep curves observed in two of the birds in Experiment 1.
Also, almost each of the individuals in Experiment 2 had particular stimulus pairs that were learned more slowly than others
(electronic supplementary material, figure S1B). Compared with Experiment 1 (electronic supplementary material, figure S1A),
the differences observed in the training phase may indicate that budgerigars in Experiment 2 paid more attention to each
separate stimulus pair and learned them one by one, i.e. they learned by rote memory that a particular pair of same-colour
dots was correct stimulus. A focus on memorizing individual stimulus pairs rather than using the more abstract underlying
similarities and differences in the relations present within and between the stimuli can also explain the poor performance on
the transfer to novel stimulus categories. Although for two birds (m12 and 24) the colour training may have induced relational
learning comparable with the birds in Experiment 1, most birds showed no transfer of the differential responses to stimuli
belonging to novel categories, and only seven out of the ten birds could transfer the relationships from the training stimuli to
the novel colour test stimuli. Whether these individual differences in concept learning relate to other differences, similar to what
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has been found in previous studies showing that cognitive differences influenced survival and mate preference [50,51], is a topic
for further study.

Birds, including the budgerigar, are known to have good colour perception [43], and colours can be important for food
recognition and mate selection [52]. Colour may, therefore, be a very salient cue for budgerigars and can easily attract their
attention. In an additional experiment, we found that budgerigars learned to associate a colour with food much faster than an
achromatic (grey) stimulus (trials required to meet 80% correct in colour training: 43.33 + 3.33 s.e., achromatic feature: 346.67
+ 8212 s.e., n = 3; F. Luo & W. Zhao 2024, unpublished data). Such an inherent focus on colour might block or interfere with
the attention to the abstract relational features of the stimulus set. It may have limited the learning to a more basic perceptual
rule, such as that the two figures in one stimulus are always identical and in the other different. If the birds in Experiment 2
have a focus on identical pairs as correct stimuli, this may also explain that ‘size” was the only novel stimulus category to get a
significantly higher correct score. This is the only category in which the two figures of the ‘same’ stimuli are identical, as they
are in the colour training stimuli. Alternatively one might argue that the birds in this experiment learned another more specific
rule: choose same-colour. Such a rule might explain why the birds did not discriminate when test stimuli of both categories
were all grey. However, neither interpretation would explain the results of the three birds that did not score above chance with
novel coloured stimuli. So, although the colour training of Experiment 2 did result in relational learning in two birds, the results
for most birds indicate learning of a perceptual rule (two figures in a stimulus need to be identical to prefer it) rather than a
conceptual one or even (for three birds) of attending only to the memorized individual training pairs.

5. Conclusions

Our findings add to the growing number of studies demonstrating that non-human animals can learn to apply the relational
‘same—different’ concept. We demonstrate that budgerigars can acquire the same-different concept after being trained with a
limited set of training stimuli differing along a single dimension and apply it across dimensions. Further investigations are
required to address whether training using ‘different” stimuli as S+ results in a different outcome compared with training using
‘same’ stimuli as S+ and whether and to what extent the two-choice discrimination training method and set-size influence
concept learning.

The remarkable difference between the results of Experiments 1 and 2 in our study indicates that the nature of the training
stimuli can have a strong impact on whether the responses to novel stimuli are based on their conceptual or their perceptual
similarity with the training stimuli. This calls for a further exploration of the influence of the nature of training stimuli on the
emergence of relational learning, and whether the differential impact observed in our study is also present in other species.
Experiments using a variety of training categories may provide more information on how different categories of stimuli affect
learning strategies and outcomes within and between species.
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