
Third-party imitation is not 
restricted to humans
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Imitation of cultural practices is ubiquitous in humans and often involves faithful copying of intransitive 
(i.e., non-object directed) gestures and societal norms which play a crucial role in human cumulative 
cultural evolution. Apart from learning these directly from a tutor, humans often learn passively as 
third-party observers from the interactions of two or more individuals. Whether third-party imitation 
has evolved outside humans remains unknown. In the current study, we investigated whether 
undomesticated blue-throated macaws (Ara glaucogularis) could imitate in a third-party setting. A 
naïve test group (N = 6) passively observed a conspecific demonstrator performing rare intransitive 
actions in response to specific human gestural commands. Directly afterwards, the observer received 
the same gestural commands and performance-contingent rewards. An equally naïve control group 
(N = 5) was tested correspondingly, in the absence of third-party demonstrations. The test group 
learned more target actions (mean = 4.16 versus mean = 2.2) in response to the specific commands, 
significantly faster and performed them more accurately than the control group. The test group also 
spontaneously imitated some of the actions even before they received any gestural commands or 
rewards. Our findings show that third-party imitation, even for intransitive actions, exists outside 
humans, allowing for rapid adaption to group specific behaviours and possibly cultural conventions in 
parrots.
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Human cumulative culture is largely underpinned by the human ability to imitate1 along with other social 
learning processes (e.g., emulation) and pedagogy, that enable faithful transmission of cultural knowledge 
through generations. Heyes defined imitation as when an observer “learns and reproduces ‘something’ about the 
topography of the model’s body movements ”2 whereas in other kinds of social learning, an observer learns about 
the goal of action (goal emulation)3 or location and characteristics of objects (local and stimulus enhancement)4. 
Human children develop the tendency to imitate an adult who is directly demonstrating an action to the child 
(‘second-person imitation’5-A learns from B), from the first year of their life6. They also develop third-party 
imitation (A learns from B and C interacting) ability only towards the end of their second year6–9 perhaps 
linked to the development of an understanding for self-other equivalence7,10. Third-party imitation entails the 
replication of an act in the appropriate interactive context after passively observing the act in the interaction 
of two individuals5,6. Thus, in third-party imitation, the observer can also acquire knowledge (e.g. normative 
knowledge) about the interaction itself, i.e. how to behave in a certain interactive situation. For example, in some 
hunter-gatherer societies, the socially appropriate conduct expected of a particular gender in specific situations 
is acquired through passive observational learning11,12. Thus, third-party imitation is an important skill that 
has been reported only in humans5 and the evolution of this ability remains largely unexplored. A comparative 
approach investigating third-party imitation in distantly and non-distantly related non-human species promises 
to shed light on whether this ability evolved in other animal taxa and its mechanistic underpinnings.

Imitation of a single demonstrator (‘second-person’ or ‘second-party’ imitation’)5 has been reported in a few 
non-human species, e.g., in two-target task studies in which observers show significantly more target observed 
acts than non-observed ones13–16. Apart from whether imitation happens in second-party or third-party settings, 
it is further distinguished between whether the copied body movements or actions of the model are already 
present within the behavioural repertoire of the species, which is referred to as contextual imitation17 or whether 
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the imitated actions are completely novel, which is called production learning17 or (-by other scientists-) “true 
imitation18. Thus, third-party imitation can be contextual (actions are familiar but not produced in an interactive 
context before) or focus on production learning (novel or improbable actions), with actions demonstrated 
through the interaction of two individuals in the presence of a passive observer.

Considering that imitation studies involving object-directed-actions (e.g., two-target task studies13–16) 
often cannot exclude alternative social learning mechanisms such as goal emulation, or stimulus enhancement, 
evidence for true or contextual imitation can be obtained most convincingly in studies that focus on intransitive 
actions, i.e. actions that do not involve objects or goals19. Here, only the topography of body movements 
can be the target of social learning19. Animal studies of imitation of intransitive actions remain rare20–25 and 
restricted to second-party settings. Maybe surprisingly, given that gestural communication is ubiquitous in non-
human primate species26,27, gestures—often in the form of intransitive actions—are typically either biologically 
predisposed responses28 or ritualized interactions29,30, but do not seem to be acquired through imitation29,31 
(neither through second-party nor third-party imitation). Concerning imitation of intransitive actions, Moore32 
reported ‘second-party’ imitation of intransitive gestures in an African grey parrot (Psittacus erithacus). The 
experimenters interacted directly with the parrot several times a day, performing certain stereotyped body 
movements. Nevertheless, over the course of five years, this parrot produced 10 actions using head, beak, wings 
and feet and was claimed to have imitated intransitive actions of the human demonstrators. The other few studies 
that have reported imitation of intransitive actions in animals have used the “Do-as-I-do” (DAID) or “Do-
as-the-other-does” (DATOD) paradigm, in which the animals are actively trained by the experimenter to pay 
attention to and copy either a human or a conspecific demonstrator20–25. All these studies were conducted in a 
second-party setting (a single model demonstrated the actions) and thus did not address third-party imitation.

Third-party imitation, i.e., imitation of a demonstrator interacting with another individual, has been 
systematically tested in human children. Here the subjects passively observed an interaction between two 
individuals6,7 and could reproduce the relevant action when tested in the same interactive context. However, 
in non-human animals, only one single study has tested third-party imitation, namely a study on dogs (Canis 
familiaris), a domesticated species5. Here, a trained dog performed one of two intransitive actions in response 
to verbal commands of an experimenter, while a task-naïve, observer dog (i.e., the “third-party”) watched the 
interaction. Subsequently, it was tested whether the observer dog would show the actions demonstrated by the 
trained conspecific using the same verbal commands. The dogs failed to show evidence of third-party imitation 
in this study. Yet, even if some dogs had been successful, the obtained results could have been confounded by 
domestication effects in dogs5. Tennie and colleagues33 had tested unenculturated chimpanzees for contextual 
imitation in a comparable third-party setting, where a trained chimpanzee performed an arbitrary action to 
obtain food from an experimenter (social context) while the naïve observers watched the interaction. Except 
for one chimpanzee, the rest failed to imitate the arbitrary action in this study, consistent with previous findings 
in the species, where naïve chimpanzees were unable to reproduce novel begging gestures (production learning) 
demonstrated by a model to obtain food from an experimenter31. In a different set of studies, Pepperberg and 
colleagues, used a method called “model/rival technique”34 in which two trainers interacted with each other while 
a single African grey parrot observed their interaction35. However, this technique was employed as a general tool 
for training the parrot to learn object labels by vocal imitation rather than for specifically investigating its ability 
to learn via third-party imitation. Moreover, the grey parrot received direct interactive training concurrently 
and hence the effect of learning as a third party cannot be teased apart retrospectively from these experiments. 
Thus, third-party imitation in non-human and non-domesticated animals has not been studied specifically, 
even though it is likely to exist, and a comparative approach promises insights into the evolution of third-party 
imitation.

We hypothesize, that third-party imitation should most likely prevail in social animals in which social 
behavioural repertoire (including those mediated through vocal36,37 and gestural38,39 communication) varies 
within and across populations40–42. For example, third-party imitation may be observed in animal societies with 
fission-fusion dynamics which brings about frequent changes in group composition43 or in matrilocal/patrilocal 
societies, where one sex of the species disperses to join unrelated groups44. Here, cultural learning about group-
typical social behaviours40 including idiosyncratic behaviours45 might aid group cohesion and some might be 
required for integration into a group45.

In this study, we aim to test third-party imitation in parrots, focusing on contextual imitation of intransitive 
actions, i.e., imitation of actions that are present in the repertoire of the species but occur infrequently and 
demonstrated through the interaction between a human experimenter and a conspecific. As indicated by the 
aforementioned studies32,35 parrots are particularly interesting candidates for studying third-party imitation. 
Parrots characteristically live in fission-fusion societies46 in which learning group-typical interactive social 
behaviours, such as gestures or coordinated (synchronised) movements by social observation, may be important 
for group cohesion. Parrots are among the very few animal taxa possessing vocal imitation ability47–49 tool-
making skills50,51 foraging cultures52 and vocal dialects36. They have been also known to show gestural 
communication53,54. Perhaps most importantly, parrots have previously been successful in second-party 
imitation of transitive and intransitive actions32,55,56 and they appear to learn from a human third party- setting 
as a previous study suggests35 but it remains untested whether they are capable of learning via third-party 
imitation.

To convincingly investigate a non-human species’ capacity for third-party imitation, it is essential to ensure 
the following conditions: (1) demonstrations must not be overtly directed at the subjects using human-specific 
cues (e.g., ostensive signals like calling or eye gaze), to ensure passive observation; (2) subjects should not be 
human-enculturated (as with domestic dogs), in order to maintain ecological validity; and most importantly (3) 
test subjects (observers) must have no prior training in either the target actions or imitation/copying actions 
itself (as seen in DAID paradigms20–25), to avoid confounding effects of automatic imitation (sensorimotor 
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experience gained through trained actions) or second-party imitation (if DAID trained, animals may have a 
predisposition to copy actions and ignore the interactive context).

We complied with all points raised above and operationally defined third-party imitation as copying rare 
target actions, matching the model’s action topography upon observing them in a specific interactive social 
context, i.e., after observing the behavioural response of a conspecific demonstrator to a human gesture (here). 
To ensure the actions used to test for contextual imitation (rather than ‘true imitation’ or ‘production learning’) 
were sufficiently rare, we established a baseline by recording the natural frequency/occurrence of the target 
actions and through post-hoc analysis. In the experiment, a test group of (N = 6) hand-raised blue-throated 
macaws that were habituated to receiving food from human hands, but were not trained to perform specific 
behaviours on command and were never intentionally trained to imitate, observed a trained conspecific 
demonstrator performing five intransitive target actions (lift leg, fluff, spin, vocal and flap wings), one at a time, in 
a session. The order of actions demonstrated was randomised across subjects. Each target action was performed 
in response to specific hand commands from the experimenter (see Fig. 1A). Subjects in the test group observed 
these demonstrations passively from an adjacent room separated by a transparent plexiglass (see Fig.  1B). 
Following these demonstrations (i.e., after 3–5 s), a second experimenter (who had been passively present in the 
adjacent room together with the subject) gave the same gestural commands to the subject (see Supplementary 
Videos S1-5), testing whether subjects would express the demonstrated target actions within a timeframe of 12 
(± 2) seconds of response time, standardized arbitrarily to match the assumed attention span of a macaw (based 

Fig. 1.  Illustration of the experimental procedure. A. The gestural commands associated with the target 
actions. B. The left panel shows the first round of testing, with the demonstrator and the test subject in the 
test group (left up) and the control subject tested alone in the control group (left down). The demonstrator 
performs an action thrice in response to the gestural command of the experimenter, 3–5 s following which the 
second experimenter gives the same gestural command to the test subject in a test trial. The control subject is 
only given the gestural command without any demonstration. In round 2, shown on the right panel, the testing 
contingency remains the same except for the addition of a social facilitator bird in the adjacent room of the 
control subject, who sits on the perch passively without performing any action.
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on observation of experimenters). A control group (N = 5) was exposed to the same gestural commands, yet 
without ever observing any target action linked to the commands (see Supplementary Video S6-7). We rewarded 
the subjects in both test and control groups for performing the target action with the respective command. 
Overall, this study aimed to investigate whether macaws learned to reproduce intransitive target actions in the 
correct interactive context (response to correct gestural command) more accurately and faster, after observing a 
model perform them in a third-party setting than in the absence of demonstrations.

Results
Baseline: establishing natural occurrence rates of target actions
A baseline of the natural occurrence of the chosen intransitive actions ‘lift leg’ ‘fluff ’, ‘spin’, ‘vocal’ and ‘flap 
wings’  was established by conducting 4 hours of focal behavioural sampling of 11 subjects (44 hours in total) 
(one control was unavailable, more details in methods) in the aviaries before the onset of the experiment. Focal 
sampling throughout 15 min per subject were conducted for 16 days (resulting in a total of 4 h in total per 
individual). None of the five focal behaviours were exhibited as part of social interaction, nor were they used as 
display behaviour for communication. From the yielded cumulative scores for each action (see Supplementary 
Information), we obtained the rate at which they occur in 12 sec response interval we gave to our subjects in 
the test and control conditions (see above). The actions were considered very improbable to occur naturally 
(according to criteria set post-hoc) within the response time except ‘vocal’ occurring infrequently (5%). The rate 
at which the other actions occurred naturally: ‘fluff ’: 0.5%; ‘flap wings’: 0.04%; ‘spin’: 0.001% and ‘lift leg’ 0%. Lift 
leg never occurred unless the bird scratched, nibbled its toes or fended of an aggressive approach by holding out 
a leg (which happened 0.03%) (see SM for details).

Number of actions learnt
A total of 462 sessions, each consisting of 10 trials (462 × 10 trials = 4620 trials) were conducted with the two 
experimental groups to test for third-party imitation with the five target actions. The subjects in the test condition 
expressed significantly more target actions upon commands than subjects in the control condition (Wilcoxon-
rank-sum-test: W = 25, p = 0.005; effect size of r = 0.933, 95% CI [0.794/∞]). A single, 7th subject from the test 
group did not learn any action and was removed from the analysis (see Supplementary information for details), 
reducing the sample size to 6 in the test condition. The 6 birds in the test group learnt on average 4 out of 5 
actions (Mean = 4.16, SE = ± 0.4) whereas the control group learnt 2 (Mean = 2.20, SE = ± 0.2) as illustrated in 
Fig. 2. Table 1 gives an overview of the group performance while individual performance for both groups is 
provided in Supplementary Information Table S2.

Fig. 2.  Number of target actions learnt by the subjects in the two experimental groups. The box plots show that 
the subjects in the test condition (teal blue) performed significantly better than the control group, denoted by 
asterisks (Wilcoxon-rank-sum-test (W = 25, p = 0.005). Error bars, mean ± SEM.

 

Scientific Reports |        (2025) 15:30580 4| https://doi.org/10.1038/s41598-025-11665-9

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Response accuracy
Mean correct response rate for each subject was calculated as the total number of target action responses 
(= correct responses) across the total number of trials required to reach the learning criterion (80% correct 
responses in two consecutive sessions) for each action. The fitted GLMM was highly significant with group Test 
(β = 0.25, t = 3.8, p = 0.0001, 95% C.I = [0.12, 0.38]) and action ‘flap wings’ (β = -0.27, t =-2.5, p = 0.02, 95% C.I = 
[-0.48, -0.06]) correctly predicting the response rate. Thus, the subjects in the test condition showed significantly 
higher mean correct responses (p = 0.0001) than the subjects in the control condition overall for the five target 
actions (see Fig. 3), while for the action ‘flap wings’ the response rate was the least. After the first action was 
learnt, subjects in both groups initially continued to perform this very action when experimenters switched to 
the next novel command in the consecutive following sessions (a carry-over effect). But the subjects in the test 
condition switched to performing the second action faster than the subjects in the control condition (who learnt 
only two actions), which can be attributed as an effect of demonstration in the test group (see Supplementary 
Information Figure S2).

Learning speed
The total number of sessions required to express each target action was considered as the learning speed for that 
action. In accordance with our predictions, a GLMM fitted to predict the learning speed, revealed that the test 
group learned to express the target actions faster than the control group. The test group took significantly fewer 
number of sessions than the control group to learn to express the target actions upon command (GLMM: N = 11, 

Fig. 3.  Mean correct response rate for each target action in the two experimental groups. The box plots show 
the mean response rate (y-axis) for each action (on the x-axis) for the test group (teal blue) and the control 
group (light blue). Error bars, mean ± SEM.

 

Actions Topology Demonstrator
Test (N = 6
excluding a subject) Control (N = 5)

Lift leg
Right (demonstrated) Charlie N = 5 N = 1

Left N = 1 N = 2

Spin
Clockwise N = 4 N = 0

Counterclockwise (demonstrated) Gargamel N = 2 N = 4

Fluff Head Charlie N = 5 N = 3

Vocal No distinction Gargamel N = 5 N = 1

Wings No distinction Charlie N = 3 N = 0

Table 1.  Number of subjects in the test and control conditions who learnt the behaviours.
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β = -0.55, z = -2.51, p = 0.01, 95% C.I = [-0.95, -0.11]) overall). The random effect for subjects had near-zero 
variance, indicating minimal between-subject variability in intercepts. Figure 4 shows the mean learning speed 
of the two groups for each target action. Post-hoc analysis using a Wilcoxon-rank sum test showed that for the 
action ‘fluff ’, the five successful birds in the test group took significantly fewer sessions than the three successful 
birds in the control group (W = 15, p = 0.03) to learn to express this action. Such a significant difference was not 
observed for the other actions.

Individual variation in action topography
Lift leg
The successful subjects lifted either of their feet and held it up in the air near the chest with four digits splayed 
out (see Table 2 for criterion). Although the majority of the test birds (see Table 1) lifted their ‘right’ foot as they 

Target 
actions Topography of demonstrations Gestural commands Criteria for correct response

1. Lift leg
Demonstrator lifts the right foot up 
with splayed out digits and holds it in 
the air near the chest.

Experimenter holds the pointed index finger of her right arm at a chest 
level of the subject keeping an optimum distance from the subject.

Any foot can be lifted up and held in the air for 
some time, close to the chest, with digits splayed 
out (i.e. without grasping any object)

2. Spin
Demonstrator makes a 360 degree 
turn on the perch in an anticlockwise 
direction.

Experimenter lifts her right arm up, little above the eye level of the subject 
and uses two pointed fingers to make repeated anticlockwise round 
motions.

Subject has to complete 360 degree rotation 
on the perch in any direction (clock or 
anticlockwise).

3. Fluff Demonstrator rapidly shakes the 
head.

Experimenter folds the three middle fingers and splays out the thumb and 
little finger of right arm. She holds the right arm up at the chest level of 
the subject and makes a to and fro motion.

Shaking of head is considered, not the whole 
body. In rare cases, the head shake was 
accompanied by body shake which was rewarded.

4. Vocal Demonstrator gives an audible call 
from its natural vocal repertoire.

Experimenter makes a gesture with slightly folded right palm, opening 
and closing the fingers gently at the chest level of the subject.

Any vocalisation from the repertoire of the 
subject is accepted.

5. Flap 
Wings

Demonstrator flaps both wings with 
force while sitting on the perch.

Experimenter waves with her right palm in a to and from motion in front 
of the subject.

Flapping of both wings while sitting upright on a 
perch will be considered only. Flicking movement 
of wings usually associated with begging 
behaviour of juveniles will not be accepted.

Table 2.  Description of the target actions and the gestural commands used in the experiment.

 

Fig. 4.  Mean number of sessions required to learn each target action. The box plots show the mean number 
of sessions (y-axis) required to learn each action (on the x-axis) for the test group (teal blue) and the control 
group (light blue). Error bars, mean ± SEM.
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reached the learning criterion, matching the demonstrator’s action, there was no significant difference in foot use 
preference between the groups (Fisher’s exact test: p = 0.22).

Spin
A difference was observed between the test and the control group for the action spin. Four out of six (66%) 
individuals in the test group preferred to spin in clockwise direction - which was mirroring the direction of 
the demonstrator’s movement, i.e., rotating in the opposite direction. In contrast, the four control subjects who 
learnt the action, spun in the anticlockwise direction like the trained demonstrator did i.e., in the same direction 
as the circular movement of the experimenter’s forehand. Statistically, there was a trend (Fisher’s exact test- 
p = 0.07) in the number of subjects rotating in the clockwise vs. counterclockwise direction, showing a potential 
difference in the underlying mechanism of learning ‘spin’ between the two groups (see Figure S1).

Fluff
‘Fluff ’ was characterized by a head shake with the feathers around the head and neck standing up as if aroused (see 
Table 2 for criterion). Rarely, the head shake would be accompanied by the body shake as observed in a few trials 
in one test bird (Iron man). We detected no other difference between the performance of the two groups in this 
action.

Vocal
As we considered any call or vocalisation as a correct target action for ‘vocal’, we did not analyse the spectrograms 
of the test subjects for similarity with the demonstrator or controls.

Flap wings
‘Flap wings’ was the last action the subjects in the test group learned. Half of the test subjects, but none of 
the control subjects learnt the action flap wings confirming the improbability of the action to occur outside of 
demonstrations. One control subject repeatedly made characteristic species-typical begging movements with 
its wings accompanied by vocalisations. The topography of the begging movement did not match the target 
action (see Table 2 for criterion) and therefore was not rewarded. Another bird (in test condition) - the youngest 
(half-year-old) individual also showed begging movement with its wings. This was also considered an incorrect 
response and was not rewarded.

Spontaneous imitation of target actions in the test group
In the test condition, a few cases of spontaneous imitation, which were not rewarded, occurred. In these 
cases, the subjects imitated the demonstrator in parallel to or shortly after the demonstration, i.e., within the 
3–5  s gap before the hand command was given, prior to the first rewarded test trial (the production of the 
correct target action was only rewarded if it was produced in response to the hand command) of each action. 
Spontaneous imitation was observed with the actions ‘spin’ (all six test subjects produced ‘spin’ at least once, 
total events = 21, Mean = 3.5, S.E = ± 1.0), ‘fluff ’ (five subjects produced spontaneous ‘fluff ’ at least once, total 
events = 10, Mean = 1.67, S.E = ± 0.71) and ‘vocal’ (two subjects produced ‘vocal’ at least once, total events = 4, 
Mean = 0.8, S.E = ± 0.58). For the actions ‘lift leg’ and ‘wing’, no spontaneous imitation occurred prior to the first 
rewarded test trial.

Serial order of target actions learnt
To test whether the subjects would learn to express certain action orders differently (order effect), we fitted 
a cumulative link model (CLM) with a logit link function to assess how the order of behaviours learnt was 
influenced by ‘action’ type and groups (test and control). Group: Test had a trend-level effect (p = 0.073). The 
action ‘lift leg’ was usually the first action to be learnt, though the result was not statistically significant (β = 
-1.67, z = -1.7, p = 0.08). ‘Flap wings’ was the last action (5th in order) to be learnt for all subjects in the test group 
(β = 4.0, z = 2.44, p = 0.01, 95% C. I= [1.1, 7.9]). No order effects were observed in the control group.

Discussion
Untrained, non-enculturated blue-throated macaws – a non-domesticated animal species – imitated intransitive 
actions in a third-party setting, providing the first evidence for third-party imitation outside humans. The 
macaws learnt to produce five out of five rare intransitive actions (rarity established via baseline data) by passively 
observing the communicative interaction between a trained conspecific and a human experimenter as a third 
party. In contrast, the birds in the control condition managed to learn only two of those actions on average and 
one action was not learnt at all. The finding that the macaws learned to express more target actions in response 
to human hand commands as well as learning them faster and more accurately in this third-party setting than 
when they did not observe the third-party interaction, corroborates that the macaws in the test group imitated 
the actions of the conspecific demonstrator in response to the human experimenter. Our findings suggest that 
third-party imitation exists in macaws, and perhaps other parrot species, who may have evolved the ability to 
imitatively learn specific behavioural responses by observing the interactions of conspecifics without directly 
engaging with them, i.e., by third-party imitation.

The paradigm was demanding, considering that the parrots were not only required to imitate rare intransitive 
actions, but also learn about the correct interactive context between the conspecific and the experimenter in 
which the actions should be displayed (i.e., in response to specific, arbitrary human gestural commands), in 
order to obtain a reward. This is also evident from the final discrimination test, in which the test birds performed 
correct target actions well above chance level, when prompted with the hand commands in randomised order, 
without any aid of demonstrations (see results in Supplementary Information)— successfully distinguishing 
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between the gestural commands and responding correctly in the interactive events. Previously, only dogs have 
been tested and failed in a comparable third-party setting in which a demonstrator dog responded to verbal 
human commands novel to the subject5. It is remarkable that dogs that (i) have life-long training of responding to 
human commands, (ii) exhibit a long history of domestication and (iii) can be trained to do motor imitation20,57 
fail to imitate in a third-party setting spontaneously, whereas macaws, an undomesticated species, with naïve 
subjects that had never been trained to imitate or to perform any actions upon human instruction, succeeded. 
This could be attributed to the fact that the actions in Tennie et al.’s study5 like those in the present study, were 
intransitive. Domestication may have led dogs to become more responsive to transitive actions involving objects 
and clear goals5. However, to imitate intransitive actions, dogs need explicit training20. This may explain why 
they struggled to repeat species-typical behaviours that are not goal-directed, such as ‘lying down’ in response 
to an arbitrary vocal command. Parrots, which live in complex fission-fusion societies46 and regularly engage 
in conspecific social interactions with new group members or have to integrate into a newly formed group, may 
find arbitrary intransitive actions of conspecifics to be more salient stimuli for imitation. Perhaps as a result, 
they succeeded in ‘third-party imitation’ in the present study. Moore10 suggests that learning from third-party 
contexts requires an ability to recognise and imagine oneself in the third-party situation to correctly interpret 
a demonstration. This socio-cognitive skill is absent in one-year old human infants and develops from the 
second year of infancy6,7. Thus, learning via third-party imitation represents a significant evolutionary step that 
has previously not been reported in other animal taxa5. We cannot conclude from the present study whether 
macaws exhibit self-other equivalence and perspective-taking that are correlated to third-party imitation ability 
in children7 as testified by Mirror-Self-Recognition (MSR) tests. Mixed outcomes on MSR studies in different 
parrot species58,59 do not rule out the possibility of self-other distinction capacity in macaws. Nonetheless, our 
findings are not direct testimony for perspective-taking capacities in macaws and only imply that functionally, 
third-party imitation, although unreported and untested in (most) other non-human animals, may have evolved 
in this species, where learning social customs may be equally important as learning instrumental skills, to 
facilitate group cohesion.

In humans, learning social norms and traditions often require third-party imitation of community members 
in order to integrate into groups and participate in group events11. Most of these social conventions involve 
imitation of cognitively opaque arbitrary gestures and intransitive actions60. Blue-throated macaws live in 
complex social groups, like most parrot species, with fission-fusion dynamics61 which brings about frequent 
changes in group composition62. This necessitates faster group synchronisation and integration into new social 
groups. Third-party imitative learning of intransitive actions from conspecifics may facilitate group integration, 
affiliation and social bonding and may eventually give rise to cultural conventions of coordinated movements or 
possibly even gestures in parrots. Future studies will show whether this hypothesis holds just for macaws or for 
other parrot species.

Unlike other studies investigating intransitive action imitation in non-human animals (in DAID or DATOD 
studies; see above), the macaws had not received any active training to imitate or ‘copy’ on command, nor 
were ostensive signals used to direct the subjects’ attention to the interaction. We controlled for motivational 
factors like social facilitation19 by using a conspecific as a social facilitator in the control trials, which was 
passively present in the adjacent room in place of demonstrator. Vicarious reinforcement (subject observes the 
demonstrator getting rewards for performance)63 or observational conditioning (observer learns the relation 
between a stimulus and a reinforcer)4 may have played a role in motivating the test subjects to offer more actions 
that matched with the demonstrator’s after having observed a demonstrator receive rewards for performing 
actions19. However, correctly matching those demonstrated actions using the same effectors (body parts) 
in response to specific hand commands within a short period of time requires more than just motivational 
incentives. We ruled out goal emulation (copying the goal of the action) as all actions, except vocalization, were 
chosen to be goal-less, arbitrary motor movements. While vocal imitation is emulative3—since the observer can 
hear their own vocalization and adjust it to match the model’s without copying exact muscle movements—motor 
actions are not2. There are no salient goals in the chosen actions and thus goal copying (goal emulation) could 
be ruled out as the underlying social learning mechanism. The actions were not performed through motor 
mimicry or automatic imitation in test subjects, as they did not involuntarily replicate the action in the initial 
trials. They continued their previous actions (due to the carry-over effect, see Supplementary Figure S2) even 
after the experimenter switched to the new demonstration, making third-party imitation the more parsimonious 
explanation.

Against our predictions, the control subjects succeeded in acquiring the correct response to some of the 
commands (on average 2.2). A closer examination of what actions they learnt suggests that the birds did not just 
learn by trial-and-error. Two of the gestural commands may have involved some unintended cueing that led to the 
acquisition of those actions by the control group. For example, ‘spin’, which was learnt by four control individuals 
seems to have been cued by the spin-like movement of the experimenter’s hand. The experimenter turned her two 
outstretched fingers in the anticlockwise direction which might have induced the control subjects to follow the 
finger movement and rotate in the same direction. The test subjects, however, rotated in the opposite direction 
to the movement of the fingers (see Supplementary Figure S1), thus copying the action of the demonstrator 
but in the opposite direction instead. This potential difference in learning mechanism lies in conceptualising 
‘spin’ not as one, but a multi-step action that the test subjects copied from the demonstrator. This involves, 
starting from facing the experimenter, turning towards the window separating the rooms, facing opposite to the 
experimenter, then away from the other bird and lastly back to the experimenter (see Supplementary Figure S1). 
One may argue that rotating in the opposite direction to the model only indicates low-fidelity action matching. 
However, it has been shown in a DAID study that human children are prone to exhibit mirrored imitation that 
gradually decreases with age64. Thus, irrespective of the direction of rotation, copying the topography of the 
body movements throughout the action indicates action imitation, albeit with reduced fidelity.‘Lift leg’, which 
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was acquired by three individuals in the control group (and all six individuals in the test group), may have been 
learnt via a potential correspondence of a lifted foot to the lifted index finger65 which constituted the gestural 
command. The remaining three commands however could not possibly have provided any potential cue towards 
the target action and were either not learnt at all by the control group (in the case of ‘flap wings’) or by fewer 
subjects than in the test group (concerning ‘fluff ’ and ‘vocal’). The action ‘flap wings’ was also learnt last in the 
order by the three test subjects who acquired it, implying the improbability of the behaviour as evidenced by 
the very low occurrence rate in the baseline observations. These actions linked with completely arbitrary hand 
commands learnt by the test group but mostly not learnt by the control group provide robust evidence for 
third-party imitation. The finding that some control subjects successfully produced correct responses to novel 
human gestures, even though they had never been trained to produce behaviours in interaction with a human 
experimenter, is very interesting in itself and suggests that the species has a very strong communicative tendency 
that even transcends species boundaries. Although the macaws in this study had minimal prior interaction with 
humans, the influence of captivity on their advanced communicative responsiveness towards humans cannot be 
entirely ruled out. Similar effects have been observed in captive chimpanzees, who exhibit referential pointing 
only in captivity—presumably due to human interactions—and rarely in the wild66.

For some actions (‘spin’, ‘fluff ’, ‘vocal’) few instances of spontaneous imitation were observed in the test group 
concurrently with demonstrations before receiving the gestural command while for the other two actions (lift leg 
and wings), none were observed. As there were only very few instances (spin: mean = 3.5, fluff: mean = 1.67, vocal: 
mean = 0.8) of these spontaneous imitations which also did not commence from the first trial of demonstrations, 
we ruled out contagious effect of any action67. Such instances occurred even without any prior reinforcement 
of that action. Those unrewarded imitation events show spontaneous, direct imitation and imply that parrots 
may have naturally evolved a tendency to imitate intransitive actions from conspecifics. In the large majority of 
cases however, the test group parrots clearly showed the action only in response to the gestural command, thus 
replicating the appropriate response witnessed as in a third-party context. The alternative explanation, that the 
parrots may not have learnt the appropriate response action from the third party setting but by imitating just 
the action of the conspecific model by second-party imitation, i.e., without paying any attention to the human 
gesture given just before, is unlikely. In such a case, we would have observed spontaneous imitations for the 
other two actions (lift leg and wings) too. However, in order to fully tease apart these two forms of imitation, 
future studies could incorporate additional control groups that systematically vary the presence of interactive 
cues and demonstration conditions. For example: (1) the observer sees only the demonstration, no cues given to 
demonstrator or observer; (2) the observer sees demonstration with cues but does not receive cues themselves; 
(3) the observer sees only the demonstration but receives cues themselves. Such a design would allow researchers 
to determine whether second-party imitation is equally driving the observed outcomes.

In this study, several limitations should be considered when interpreting the results. First, the sample size 
was relatively small as it is characteristic of many animal cognition studies working with species that are not 
easily available or kept in large numbers68. Second, due to the time-consuming training of the demonstrators, 
we decided to work with no more than five intransitive actions demonstrated in a third-party setting. Both 
points may limit the generalizability of our findings to the larger population. Future studies with larger sample 
size and more diverse behaviours could help confirm the findings. Additionally, the short duration of baseline 
observations limits the ability to draw firm conclusions regarding the relative improbability of the target 
behaviours. Hence extended longitudinal studies are recommended to further explore the causal relationship of 
probability of occurrence with imitation ability. However, as our task did not test for true imitation, we consider 
this limitation relatively unproblematic. Finally, although efforts were made to control for external variables, 
factors such as cueing from gestural commands may have played a role in the observed outcomes, particularly 
with regard to the control group, which learnt some actions contrary to our expectations. Future research should 
aim to control against possible unwanted cueing as part of the gestural commands more rigorously by using 
completely arbitrary hand gestures or completely arbitrary acoustic commands.

Overall, our study provides the first evidence for imitative learning from a third-party setting in a parrot, 
an ability previously recorded only in humans and, concurrently, the first evidence for third-party imitation 
of intransitive actions in a non-human species. Albeit a greater sample size would have been desirable and a 
third-party design involving an interaction between conspecifics would have been informative, the findings 
obtained from this study suggest that blue-throated macaws may learn imitatively by observing conspecific 
interactions. This may facilitate faster transmission of social information and group synchronisation that could 
provide adaptive benefits to a highly social species69. It also raises the possibility that macaws, and perhaps other 
parrots, may transmit and use gestures and bodily movements in the wild, maybe to a degree (not tested here) 
that may give rise to long-lasting cultures. Our study opens up a new line of inquiry into third-party imitation, 
encouraging future studies investigating interaction between two conspecifics being observed by a third party, 
and the imitation of intransitive actions in general, its evolution, and its potential importance for group cohesion 
and cultural evolution in a non-primate taxon: parrots.

Materials and methods
Subjects and housing conditions
Subjects were 14 (experimental subjects N = 12, demonstrators N = 2) hand-raised but early-on socialized 
and group-living captive blue-throated macaws (for details on rearing, age and sex refer to Supplementary 
Information and Table S2). They arrived at the Max Planck Comparative Cognition Research Station facility 
at Loro Parque Fundación, from a breeding facility of Loro Parque Fundacion, Tenerife, Spain, shortly before 
the commencement of the experiment. One control subject arrived later during the experiment and was not 
available for baseline observation. All subjects were group-housed in 3 adjacent semi-outdoor aviaries contiguous 
with the lab facility. All birds had ad libitum access to water and mineral blocks and were fed twice daily (for 
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more details on housing and diet, please refer to Supplementary Information). Besides the two pre-assigned 
trained demonstrators, 12 subjects were divided into two groups (balancing for age and sex): (i) a test group 
that was tested in a third-party setting with demonstrator (N = 7) and (ii) a control group (N = 5) tested without 
a demonstrator in the first round and with a ‘social facilitator’ (as social enhancement control) in the second 
round (see below). The two demonstrators (8-year-old males) were behaviourally trained. They could perform 5 
intransitive motor actions upon specific gestural commands (hand signals) from the experimenter (see Fig 1A). 
In contrast, the test and control subjects were completely naïve individuals that had not participated in any prior 
cognitive study previously and were only habituated to human presence, stay on a perch in the experimental 
room and receive food from human hands. They had not been trained to perform any behaviour on command 
or to copy actions of others. All subjects participated in the experiment voluntarily.

Intransitive actions used in the experiment
Five arbitrarily chosen intransitive motor actions (all in the species repertoire), namely i) ‘lift leg’ ii) ‘spin’ iii) 
‘fluff ’ iv) ‘vocal’ and v) ‘flap wings’ were used for the experiment. The detailed topography of each demonstrated 
action with the associated commands is described in Table 2. Additionally, the hand commands associated with 
the actions are illustrated in Fig. 1A. The two demonstrators performed the pre-assigned actions throughout the 
experiment: Charlie- ‘lift leg’, ‘fluff ’ and ‘wings’, Gargamel- ‘vocal’ and ‘spin’, to control individual variation in the 
demonstrations. The order in which the five different actions and associated commands were introduced was 
randomized across subjects for both test and control groups (see Supplementary Table S1).

Demonstrator training
The demonstrators had been trained to perform each of the five arbitrary intransitive actions in response to a 
specific hand signal as part of a previous study with the subjects70. Training involved operant conditioning and 
shaping methods71,72. The parrots learned to associate the sound of a whistle following a desired action with a 
food reward. The operant conditioning increased the likelihood of the occurrence of the target actions. Once 
the target actions had been reliably produced, they were associated with the respective commands (see details in 
Supplementary Information).

Baseline: natural occurrence rate of the target actions
Behavioural observations were conducted throughout 16 days before the experiment commenced. We 
monitored each of the 11 subjects for 15 min (one control subject was not available as it arrived at the Max 
Planck facility later) per day for 16 days, resulting in 44 h of observation in total. During each focal sampling 
for continuous 15 min, it was noted if any of the five target behaviours were shown by each subject. The subjects 
were observed by the experimenter at different times of the day when they were not feeding, following some 
criteria (see Supplementary Information). The occurrences of each of those five actions from all the subjects in 
44 h were summed to obtain cumulative scores (Supplementary Information). The rate of occurrence within 
a 12 s timeframe (the response time during experiment) was then calculated post-hoc as Rate = (Cumulative 
score X 12)/44 × 60 × 60. We set a post-hoc criteria for the rate of occurrence to infer which behaviours are more 
frequently observed in the natural repertoire- (i) Below 10%- infrequent, (ii) Below 5%- improbable and (iii) 
Below 1%- very improbable.

Experimental setup
An illustration of the experimental set-up is shown in Fig. 1B. Testing took place in two adjacent indoor testing 
chambers, separated from each other with a transparent plexiglass window and equipped with lamps covering 
the birds’ full range of visible light (details in Supplementary Information), In each room, a standing perch 
(height: 1.13 m) was placed at a 1 m distance on either side of the plexiglass window. The demonstrator was 
placed on the perch to the left side of the glass while the observer was placed on the right side. Experimenter 1 
stood in chamber 1 facing the demonstrator while experimenter 2 stood in the neighbouring chamber facing 
the subject.  To ensure passive observation by the test subjects, both experimenters wore reflective sunglasses 
to avoid any unconscious cueing and remained passive throughout the test sessions and only interacted with 
the respective birds while giving the gestural commands and rewards. No other ostensive signals (calling or eye 
contact) were used. The setup for the control sessions was kept the same as the tests, with the control subject 
sitting on the perch in front of experimenter 2. The adjacent chamber was empty for the first round of testing in 
the control condition. From the second round, a conspecific bird (social facilitator)19 was placed on the perch 
accompanied by experimenter 1 – as a control for social enhancement73. We recorded the sessions on closed 
circuit television (cctv) cameras mounted on the walls of the experimental chambers, and a Sony HDR-CX240E 
video camera was additionally used. Testing took place from October 2021 to August 2022 between 10:30 and 
14:00 regularly every week.

General procedure
Reward contingency
The demonstrator was rewarded with a small piece of walnut for each correct demonstration in clear view of 
the subjects. No other actions of the demonstrator except the requested action during a trial was rewarded. The 
social facilitator in the control sessions was fed sunflower seeds every 2–3 min. The subjects in both conditions 
were rewarded with small pieces of walnuts for the target actions during the test trials. Any action that was not 
the target action, or that was performed outside of the 12 (± 2) sec interval (set a priori) following the gestural 
command given by experimenter 2 (i.e., the actual duration of the test trial, see below) was not rewarded. 
If a subject performed the matching action simultaneously with the demonstration or before it received its 
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own gestural command, the subject was not rewarded to distinguish if any action was contagious that may be 
biologically predisposed to occur recurrently on observation even without rewards.

Test condition
In each test session only one of the five actions was demonstrated and tested. At the beginning of each test 
session, the demonstrator and the subject were placed next to each other on the two standing perches. Both birds 
could clearly see both experimenters. Test sessions consisted of the 10 trials preceded by three demonstrations 
each, hence 30 demonstrations and 10 test trials in total. Experimenter 1 gave the gestural command requesting 
the demonstrator to perform a particular action (e.g., ‘lift leg’)’. As soon as the demonstrator performed the 
action, she pressed a clicker and rewarded the bird with a small walnut piece in full view of the subject (for a 
description of the visual field of parrots see Demery et al. 2011)74. The three demonstrations were carried out in 
a row by experimenter 1 interacting with the demonstrator. Then, after a gap of 3–5 s (demonstrator completes 
eating the reward within this time), experimenter 2 started the test trial. She gave the same gestural command to 
the subject for 12 (± 2) seconds continuously, which experimenter 1 had given throughout the demonstrations 
(see Supplementary Videos S1-5). The timeframe was set arbitrarily to match the assumed attention span of 
a bird while giving a gestural command during one trial. If the subject performed the target action within 
this period of time, experimenter 2 pressed the clicker immediately and rewarded the subject with a walnut 
piece. If there was no response from the subject or a different action was performed, there was no reward,  
and experimenter 1 continued with the subsequent trial. The criterion for imitation (correct response) was the 
matching of the topography of model’s actions in response to the associated gestural commands. Factors like 
direction of movement or preference of foot use by the observer were excluded from the criterion (see Table 2).

Round 1 of testing
To avoid frustration of the subjects in case of continuous failure, we adopted a ‘rolling’ method for demonstration 
of the actions in two consecutive rounds. In the first round, the first action (as determined from the individually 
randomized order provided in supplementary Table S1) was demonstrated throughout a minimum of four 
sessions. In absence of any correct matching response from the subject within those four consecutive sessions, the 
2nd action was demonstrated from the next session throughout at least four sessions, and the process continued 
for the following actions. If there was any correct response from the subject within those four sessions of a 
particular action, the testing continued until the subject reached the learning criterion of 80% correct responses 
(8 out of 10 correct trials) in two consecutive sessions. After all the 5 actions had been demonstrated in at least 
4 sessions, round 2 commenced.

Round 2 of testing
Round 2 followed the same protocol as round 1, but now the minimum number of test sessions for an action 
was increased to 7 in a row. All actions that the subjects had failed to learn in round 1, were repeated in round 
2 (see Supplementary Information Table S1). If a subject failed to respond correctly within those seven sessions, 
it was considered not to have learnt the action. If there was any target matching response within these seven 
sessions, the testing continued with that action until the subject had reached the 80% learning criterion in two 
consecutive sessions as in round 1.

Control condition
The control sessions consisted of the same rolling method of two rounds employing the same number of sessions 
as the test condition. The first round was conducted without a conspecific present in the adjacent test chamber. 
However, in order to control for possible effects of social enhancement, a 2nd bird (social facilitator)73 was 
placed in the adjacent chamber from round 2 in the presence of experimenter 1. Experimenter 1 stood passively 
in front of the social facilitator, not giving any commands or cues. Occasionally, experimenter 1 would give 
sunflower seeds to the social facilitator to prevent it from begging using vocalisations or doing any other action. 
Experimenter 2 would give a hand signal to the subject for 12 (± 2) seconds continuously for the bird to respond 
(see supplementary videos S6-7). If the subject produced the target action, a clicker was pressed immediately 
followed by rewarding of the subject with a walnut piece, otherwise the next trial ensued after an inter-trial gap 
of 3–5 s. There were 10 trials in each session and the criteria for successful learning of a behaviour or failure were 
kept identical to the test condition. The social facilitator was rewarded only with sunflower seeds which was of 
lower value than walnut, to ensure the control subjects would not socially learn to remain passive like the social 
facilitator.

Video analyses
The videos were independently coded by two experimenters (E.H and J.V who participated in the experiment) 
in equal ratio using Solomon Coder (version Beta 19.08.02, 2019 by András Péter). Production of target actions 
within 12 (± 2) sec after the hand signals in each session were coded as successful trials. Absence of any response 
or non-target responses were coded as failed trials. A Cohen’s κ = 0.96 for intercoder reliability was established 
through common coding of randomly selected 25 test and control sessions (5% of 462 sessions = 25 sessions or 
250 trials) by both experimenters. Successful and unsuccessful trials were coded as a binary variable (success = 1, 
failure = 0), and we averaged it across total number of trials to get the response rate. We calculated the correct 
response rate as the measure for response accuracy. The total number of sessions faced in round 1 and round 2 
to learn each behaviour was taken as the learning speed. For example, if a bird did not express any target action 
response in the four sessions of the1st round but learnt to express the target action in the 2nd round taking 13 
sessions, we took the total session number as 17.
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Statistical analyses
All statistical analyses were performed in RStudio (R Core Team 2019, R version R.4.1.3). We conducted 
Wilcoxon-rank sum test to compare the number of actions learnt by the test and control subjects, due to 
non-normal distribution of the data. To determine the effect of experimental groups and the actions on mean 
response rate and learning speed of the birds, we ran a series of Generalized Linear Mixed Models (GLMMs) in 
the lme4 package75 of R via glmer function using maximum likelihood estimation with Laplace approximation, 
including all explanatory variables (Fixed effects: groups, actions, groups*action interaction, random effects: 
individual identity) as part of exploratory analysis and selected the best model through backward selection. We 
fitted a Gaussian GLMM with identity-link function to predict ‘response rate’ and a negative binomial GLMM 
(Poisson GLMM showed overdispersion) with logit link function to predict learning speed or the ‘number of 
sessions’ required to reach the learning criterion. All model assumptions (i.e. normality of residuals, presence of 
outliers, dispersion) were checked using the DHARMa package76 in R, in addition to multicollinearity. The best 
fit models were selected on the basis of least AIC scores from the Akaike Information Criterion.‘Groups’ (test 
and control) and ‘actions’ (five levels: lift leg, spin, fluff, vocal, wings) were fitted as fixed effects and ‘individual 
identity’ was included as random effect to control for repeated measure in the final models. For the ‘number of 
sessions’ model, we excluded the data points on wings as only the test subjects were able to learn the action and 
thus fixed effect: ‘actions’ had only four levels. During model fitting, we encountered singularity issues despite 
specifying a relatively simple random effects structure (random intercept for subjects), indicating the estimated 
variance of random effects as (near) zero. Despite the singularity, we chose to present the results from the models 
with the full random effects structure to account for potential subject-level variability. To analyse the ‘order’ in 
which actions were learned, we initially fitted Cumulative Link Mixed Model (CLMM) from ordinal package77 
to predict the ordinal response variable (order of action learnt) with ‘actions’ and ‘groups’ as fixed effects and 
‘individual identity’ as random effect. However, this model produced a singular fit as well as several standard 
errors could not be computed, suggesting instability in parameter estimation. Hence, we opted to simplify the 
model by excluding the random effect of individuals and fitted a cumulative link model (CLM) instead, using 
clm function in the ‘ordinal’ package. The model assumption for an ordinal regression (proportional odds ratio) 
was checked using the nominal_test function, and we found no violation of assumption. We also conducted 
Fisher’s Exact tests of statistical significance to compare the topography of actions between the two groups.

Data availability
Raw and analysed data with R codes have been deposited at Figshare and is publicly available at DOI: ​h​t​t​p​s​:​/​/​d​o​
i​.​o​r​g​/​1​0​.​6​0​8​4​/​m​9​.​f​i​g​s​h​a​r​e​.​2​6​8​1​9​9​2​9​.​v​3​.​​

Materials availability
Detailed description of the materials is listed in the Methods and Supplementary section. Any further informa-
tion is available from the corresponding authors E.H (iesha.haldar@gmail.com) and A.M.P.B (auguste.bayern@
bi.mpg.de).

Code availability
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