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The ability to recognize animate agents based on their motion has been
investigated in humans and animals alike. When the movements of multiple
objects are interdependent, humans perceive the presence of social inter-
actions and goal-directed behaviours. Here, we investigated how visually
naive domestic chicks respond to agents whose motion was reciprocally con-
tingent in space and time (i.e. the time and direction of motion of one object
can be predicted from the time and direction of motion of another object).
We presented a ‘social aggregation’ stimulus, in which three smaller discs
repeatedly converged towards a bigger disc, moving in a manner resembling
a mother hen and chicks (versus a control stimulus lacking such inter-
actions). Remarkably, chicks preferred stimuli in which the timing of the
motion of one object could not be predicted by that of other objects. This
is the first demonstration of a sensitivity to the temporal relationships
between the motion of different objects in naive animals, a trait that could
be at the basis of the development of the perception of social interaction
and goal-directed behaviours.

1. Introduction

Motion perception is fundamental to orient in the visual environment. For
instance, it allows detection of the presence of other living animals, provides
insights into their internal states and helps to anticipate their behaviours
[1,2]. The detection of animate agents (other living animals) can be driven by
very simple motion cues. Intriguingly, similar cues capture visual attention in
humans [3] and non-human animals, such as domestic chicks [1,4]. Studies
on newly hatched chicks, a precocial species that can be tested immediately
after hatching, before any visual experience, have been used to reveal inborn
predispositions to attend to social partners [4-6]. Visually naive chicks are
spontaneously drawn toward motion properties typical of animate creatures
[1,5]. Intriguingly, often these same motion properties also attract human
infants and are perceived by human adults as associated with the presence of
animate agents (for reviews see [4,7]).

For instance, humans detect moving objects faster than stationary ones [8]
and categorize them as more animate [9]. Similarly, naive chicks preferentially
approach fast-moving objects rather than stationary or slower ones (see [10] and
[11] for opposite results). Although speed seems to provide information on
the presence of animate agents, inanimate objects can move at considerable
speed, if propelled by external forces. A distinguishing feature of animate
agents is self-propulsion. This is the ability of an agent to change its own
state, such as starting to move from rest, changing speed and changing
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direction. Self-propulsion implies that an object has an
internal source of energy, which inanimate objects lack, in
the natural environment. Indeed, human adults attribute
higher animacy rankings to objects that change speed and
direction [12]. Human newborns preferentially look to an
agent that starts to move on its own and changes speed in
comparison to an agent moving at a constant speed [13,14].
Similarly, visually naive chicks preferentially imprint on an
agent that starts to move on its own [15] and prefer to
approach agents that spontaneously alter their speed while
in movement [16-18]. These results suggest inborn predispo-
sitions shared across taxa, triggered by elementary motion
cues associated with self-propulsion.

Besides self-propulsion, the way animals move is
impacted by their body structure. This, too, can be used as
a cue to recognize animate agents. For example, most animals
keep their main-body axis aligned with their motion direc-
tion. Human adults consider agents moving in a such a
way as more animate than others that do not ([12] see also
[19] for evidence of human infants” assumptions on how ani-
mate agents’ body structure impacts their behaviour). Agents
that maintain their body axis aligned with their motion trajec-
tory are also spontaneously preferred by naive chicks [20].
Moreover, because of the constraints posed by their skeletal
structure, animals move in a semi-rigid manner (some parts
of their bodies always maintain fixed distance from each
other, e.g. wrist and elbow, while other parts can vary their
distance according to the animal’s movement). This feature
is conveyed very well when biological motion patterns are
presented through point-light displays, in which only few
dots placed on the limbs and joints of the moving animal
are visible [21]. Human adults and infants, cats, spiders,
fish and naive chicks are all attracted or strongly react to bio-
logical motion patterns [21-26]. Intriguingly, rather than
focusing on whether the body structure resembles the body
shape of a specific animal, naive chicks and newborn
babies are generally attracted by the semi-rigid property of
the motion pattern [26-28].

When multiple agents move within the same visual scene,
further cues might be used to recognize animate agents. Differ-
ent objects whose movements are reciprocally contingent in
space and/or time (‘social contingency’ [29]) usually elicit
the perception of social interactions and goal-directed beha-
viours in human observers (e.g. [30,31]). Some pioneering
studies conducted in quails (another precocial galliform
species) have shown that quail chicks show stronger imprint-
ing for objects whose movements are temporally contingent
with the chick’s own behaviour ([32]; see also [33,34] for audi-
tory imprinting). This is in line with evidence obtained in
human infants. Infants seem to consider unfamiliar objects
that react contingently to the infant’s own behaviour as
animate intentional agents (e.g. [35], see also [36,37]).

Intriguingly, adult dogs have shown a preference for
an agent displaying contingent reactivity (consistent and pre-
dictable relations between its actions and the behaviour of
another agent) [38]. Dogs seemed to consider an object as an
animate agent, only if its movements are temporally contin-
gent on the verbal command of a human. However, this
effect was displayed only if the behaviour of the agent was
perfectly predictable from the verbal commands. That is,
agency was attributed to the object only if it responded to
every single verbal command, although with a minimal and
approximately constant delay, as in natural interactions.

When the responses of the object to the verbal command
became less predictable in terms of frequency or temporal
delay, dogs did not seem to consider the object as an animate
agent anymore.

A very prominent case, in which the spatio-temporal con-
tingencies between the movements of different objects play a
role in the recognition of animate agents, is that of chasing pat-
terns. In these stimuli, a target moves around the screen and at
least one chaser follows it, adapting its trajectory and velocity
to the target’s path, to reduce its distance from the target.
Often, the target object reacts to the behaviour of the chaser,
increasing its velocity or changing its motion direction when
the chaser gets too close. During chasing, the behaviour of
both agents is obviously contingent in space and time. In
human adults, chasing displays are easily detected and are
perceived as an interaction between animate agents perform-
ing and goal-directed intentional behaviours [30,31,39-43].
Intriguingly, some evidence suggests that, in the perception
of chasing, the temporal contingency between the movement
of the agents drives the perception of a social interaction,
while the spatial contingencies allow recognition of the kind
of interaction involved [31]. Some studies have also proposed
that human observers immediately recognize the type of social
interaction present in chasing stimuli and thus often direct
their visual attention to explore stimuli with less predictable
spatio-temporal contingencies [44,45]. In the human literature,
chasing has thus often been used to test how the presence
of spatio-temporal contingency between the movements of
different objects affects the recognition of animate agents,
of the presence of a social interaction and even the attribution
of intentional goal-directed behaviour.

Human infants as young as three months can already
discriminate between a chasing pattern and a random one
and are attracted by the former ([46,47]; but see [42] for the
developmental trajectory of this trait). By nine months of
age, infants might already interpret chasing as a goal-directed
behaviour [47] (see also [48]). This may indicate that recog-
nition of the spatio-temporal contingencies defining chasing
events is independent from enculturation. However, some
studies have suggested that young infants might be strongly
attracted by low-level properties of the chasing displays,
such as the frequency of velocity changes in the agents’
motion. On the contrary, the spatial contingency between the
motion of the different agents on the screen would play a
detectable, but minor, role in infants’ preferences [46]. Thus,
the role of the spatio-temporal contingencies between the
movement of different agents in determining early/inborn
attention towards chasing patterns is still unclear.

Until now, only a few studies have been conducted on
chasing stimuli in non-human animals, for instance by demon-
strating that squirrel monkeys can be trained to discriminate
chasing events from random motion patterns. Some monkeys
could even spontaneously discriminate chasing from other
motion patterns, in which the two objects show high spatio-
temporal correlations, but do not depict a chasing interaction,
indicating a potential sensitivity to the goal-directed nature of
the depicted behaviour [49]. In a similar experiment, pigeons
showed a limited, although significant, ability to learn to
recognize a chasing-like stimulus [50]. Even more interest-
ingly, dogs have shown a strong interest in chasing-like
motion [51]. However, in subsequent studies, dogs showed a
more complex pattern of results, depending also on the
specific shape of the stimuli used. This included an initial
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preference for chasing or an initial absence of preference, fol-
lowed by an increase in attention towards independent
motion [44,45] (see also [52] for evidence of an opposite pat-
tern in cats). Finally, in their most recent study, focusing on
two specific dog breeds, Abdai et al. [53] did not find any
clear-cut evidence of differential attention towards chasing
stimuli, at least at the group level. Please note also that the pre-
ference for the independent motion is in contrast with the
results of Tauzin et al. [38], which reported recognition of
animate agents only in the presence of perfect reciprocal pre-
dictability of the agents’ behaviours. Results in dogs
thus seem to be partially contradictory or at least strongly
influenced by procedural aspects.

Sensitivity to the spatio-temporal contingencies between
the behaviour of different agents has never been tested so
far in naive animals, despite this being a fundamental cue
for the recognition of social interactions and goal-directed
behaviours. Thus, it is still unclear whether the use of
spatio-temporal contingencies between the motion of mul-
tiple agents, to detect the presence of living entities, is an
inborn social predisposition or a trait that develops with
experience. Moreover, the only evidence available in bird
species indicated a limited sensitivity to the typical chasing
patterns used for human experiments [50], while still
suggesting some sensitivity to the coordinated converging
motion of multiple objects. Thus, it is unclear whether recog-
nition of chasing, and of the spatio-temporal contingencies
that characterize it, can be found in this taxon (but see [54];
and [55] for pigeons’ ability to learn to discriminate stimuli
based on the presence of elementary spatial contingencies
between the motion of multiple objects).

Our aim was to investigate whether the sensitivity to
‘social contingencies” between the motion of animate agents
engaged in an apparent social interaction is present before
visual experience. To do so, we took advantage of chicks’ pre-
cocity and inborn predispositions to approach animate agents.
We investigated whether chicks would respond preferentially
to agents whose motions were reciprocally contingent in space
and time. Since chasing patterns have been widely used to
study the perception of ‘social contingencies’, we decided
to include a form of chasing in our stimuli. However, we
adapted the stimuli to the ecology and needs of our animal
model (i.e. identifying the most appropriate imprinting
object, keeping brood cohesion). To do so, we embedded
these chasing sequences in the context of a social aggregation
event, in which three smaller agents converged towards a
bigger one. We discovered that chicks specifically attend to
the temporal contingencies of the motion patterns. Moreover,
we found that chicks spontaneously preferred stimuli (or situ-
ations) in which the timing of different agents” motion was
reciprocally unpredictable.

2. General methods

We conducted six experiments using the same procedure, but
with different stimuli. The general procedure is described
here below.

(a) Subjects

Subjects were domestic chicks (Gallus gallus domesticus) of the
Aviagen Ross 308 strain, obtained from a local commercial
hatchery (Azienda Agricola Crescenti). The eggs were incubated
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Figure 1. Representation of the test apparatus (a), the agents used to build
the motion patterns in Experiments 1-3, 5-6 (b) and in Experiment 4 (c).
(Online version in colour.)

at 37.7°C and 40% humidity and maintained in darkness. Three
days before hatching, we moved the eggs into a hatching
chamber (37.7°C and 60% humidity), where they hatched in
complete darkness, to prevent any visual experience before the
test. Each chick was tested only once. A new set of naive
chicks was obtained for each experiment. Immediately after
the test, the animals were housed in social groups within our
animal house, in standard conditions optimal for this species,
and then donated to local farmers.

(b) Apparatus
We used the same testing apparatus as previous studies that
investigated the spontaneous preferences of domestic chicks
[16-18] (figure 1a). It consisted of a simple runway composed
of a central zone and two lateral choice sectors. The central
zone, equidistant from the two monitors, was 45 cm long.
The two lateral sectors, adjacent to the two monitors, were
each 20 cm long and were elevated by a platform 1.5 cm
above the central sector. Each platform faced a high-frequency
screen (Asus MG248QR, 120 Hz). A 30 x 30 cm portion of the
monitor (in which the stimuli were played) was visible to the
chicks through the opening at the end of the apparatus. To
approach the stimuli playing on the monitors, the chicks had
to climb on the corresponding platform. The only source of
illumination to the apparatus was provided by the test stimuli.
Above the apparatus, a video camera recorded the animal’s
location within the test arena. This video was also feed to
a screen located in the same room. This allowed the exper-
imenter to manually code the time spent by the animal on
each platform.
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Figure 2. Graphical illustration of five motion sequences manually generated to create the stimuli for Experiment 1 (a), 5 (b) and 6 (c). For each animation
generated, eight different scenes of five motion sequences were rendered. All the scenes of each stimulus followed the same structure defined by the five sequences,
but the trajectory of the agents varied between each scene. We balanced the velocity and the distance travelled by the agents for each animation pair rendered.

(Online version in colour.)

(c) Stimuli

For each experiment, we tested chicks’ choice between a ‘target
stimulus’, for which a preference was expected, and a ‘control
stimulus’. For instance, in our first experiment, the target
stimulus depicted a social aggregation event, while a so-called
random stimulus was used as control.

The stimuli were 30 s video clips manually generated with
Blender 2.8 (and looped for the test duration of 6 min). Each
stimulus depicted the motion of two kinds of agents: a forerun-
ner (5 cm diameter) and three chasers (3 cm diameter each)
(figure 1b). Each 30s video clip was composed of eight
scenes, each in turn composed of five sequences. In every
sequence, the agents followed a different trajectory, to create
a less repetitive stimulation.

In the social aggregation stimulus, the forerunner had a
simple motion pattern: it remained still for 2.75s (e.g.
sequence 1 and 2 on the left column of figure 24) and then
it moved along a straight line (in a randomly chosen direc-
tion) for 1 s (e.g. sequence 3 and 4 on the left column of
figure 2a), where again it stopped for 2.75 s (e.g. sequence 5
on the left column of figure 24) and so on (available
at  https://doi.org/10.6084/m9.figshare.20347401 or as
electronic supplementary material).

As for the three chasers, their movements were always
synchronized (i.e. they started/stopped to move all at the
same time). However, each chaser had a different starting
position and trajectory. In the social aggregation stimulus,

the chasers moved according to the following structure.
When the forerunner was still, each chaser was moving in a
random direction (unrelated to the position of the forerunner
and of the other chasers) for 1s (sequence 1 and 2 on the left
side of figure 2a). When the forerunner started to move, the
chasers remained still for 0.25 s (sequence 3 on the left side
of figure 2a). In the next sequence (sequence 4 on the left
side of figure 2a), the chasers converged towards the position
of the forerunner (this movement lasts 1 s). Finally (sequence
5 on the left side of figure 24), the chasers remained still for
0.5's in proximity of the forerunner. This movie was meant
to reproduce a social aggregation event potentially happen-
ing in the natural environment of chicks, thus avoiding the
perception of a predation event that might have induced
aversive responses in chicks. The forerunner (bigger disc)
was meant to represent the ‘mother hen’, while the chasers
(smaller discs) were meant to represent ‘chicks’ that explore
the surrounding environment when the mother remains
still. Then, when the hen appears to be moving away, the
‘chicks’” converge back to her (social aggregation event) to
maintain contact with the imprinting object and not to lose
brood cohesion. This motion sequence also exploited the
fact that birds might be particularly sensitive to convergent
motion of multiple agents [50].

The random stimulus was created using the same basic
‘elements’ as the social aggregation stimulus. Each of the
agents had the same basic motion properties as in the
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social aggregation stimulus, covering the same cumulative
distance at the same velocity in the two displays. In the
random stimulus too, the movements of the three chasers
were synchronized, while their trajectories differed. More-
over, each agent showed periods of motion and of stillness
of the same duration as in the social aggregation stimulus.
For instance, in both stimuli, the forerunner was moving for
periods of 1s and being still for periods of 2.75 s. However,
in the random stimulus, we randomized both the order of
the various motion events and the trajectory followed by
each agent. This disrupted the spatial and temporal contin-
gencies between the motion of the different agents that
defined the social aggregation events. To human observers,
in the control stimuli, all the agents appeared to be moving
randomly on the screen without being engaged in a
recognizable form of social interaction.

In each experiment, we manipulated specific aspects of
the stimuli, as detailed below (the videos used for each exper-
iment are available at https://doi.org/10.6084/m9.figshare.
20347401).

The test was run on the first day after hatching. Each visually
naive chick was taken from the incubator in complete dark-
ness and carried in a closed opaque container to the
experimental room. At the beginning of the test, the chick
was placed in the central zone, facing one of the two long
walls (the initial orientation of the chicks towards one or
the other long wall and the left-right position of the target
stimulus in the apparatus were counterbalanced between
subjects). The test lasted for 6 min. During the test, when a
chick entered one of the lateral sectors (by climbing on the
corresponding platform), this was considered as a choice
for the adjacent stimulus. In each experiment, we defined
one stimulus (for which a preference was expected, usually
the social aggregation stimulus) as a target stimulus, and
the other stimulus as a control.

The dependent variables that we analysed were the same
as in our previous studies (e.g. [16,20]). The first dependent
variable recorded was the first choice, defined as the first
stimulus approached by each animal during the test (by
climbing on the corresponding platform): the target or the
control stimulus. Moreover, we calculated the animals’ prefer-
ence for the target stimulus as percentage of time spent on the
platform close to this stimulus, over the total choice time,
using the following formula:

time spent by the target stimulus
time spent by the two stimuli

x 100.

preference for target stimulus =

Values could range from 0% (full preference for the control
stimulus), to 100% (full preference for the target stimulus),
whereas 50% represented the absence of preference.

The time spent close to the stimuli was scored online as in
Rosa-Salva et al. [16,20]. Afterwards, around 10% of the
videos (25 randomly selected chicks) were re-coded by an
experimenter blind to the position of the stimuli. The corre-
lation between the percentage of preference for the target
stimulus obtained in the online coding and in the offline
blind coding confirmed the reliability of our initial coding
(Pearson’s correlation=1, p <0.001).

The sample size was estimated a priori using a power analysis
[56] with an effect size (d) of 0.44 and an alpha of 0.05. This
revealed that 45 individuals per experiment were required to
achieve a power of 0.8 for a two-tailed Wilcoxon one-sample
test against chance (50%), on the dependent variable percentage
of preference for the target stimulus. The effect size was esti-
mated based on preliminary observations conducted in our
laboratories (unpublished). This N was rounded to 46 animals
per experiment, to allow within-sample balancing of stimulus
presentation side. Since a new sample of naive chicks was
used for each experiment, 276 chicks were employed overall.

The data distribution normality was assessed by looking at
the residuals” distribution (Q-Q plot) and Shapiro-Wilk tests.
In all experiments, the residuals’ distributions violated the nor-
mality assumptions. Therefore, non-parametric tests were used.

To determine whether the animals expressed more frequently
their first choice for the target stimulus or for the control stimulus
we performed a chi-square test of independence.

To examine whether chicks had a significant preference for
spending more time close to either stimulus, we performed
one-sample Wilcoxon tests against chance level (50%). More-
over, for each experiment, we performed a permutation test
with F-probabilities to investigate if there was any effect of
sex on the animals’ preference.

This experiment aimed to investigate whether chicks have a
spontaneous preference for a motion pattern that mimics
social aggregation events and contains spatio-temporal
contingencies reminiscent of chasing stimuli.

As described above, in the target stimulus, we rep-
resented social aggregation using two different kinds of
agents. For the sake of simplicity, we will call the two kinds
of agents ‘forerunner’ and ‘chasers’, even though our social
aggregation stimuli do not represent prototypical chasing dis-
plays (figure 1a). The forerunner moves in a random direction
from time to time. The three chasers move around when the
forerunner is static and aggregate around the forerunner
when it changes its position (left column of the figure 2a).
Thus, the movements of one type of agent are predictive of
the movement of the other kind of agent both in time and
in space (i.e. the movements of the two types of agents are
characterized by reciprocal spatio-temporal contingency).

In the random stimulus, all the agents were moving in
random directions, and there was no spatio-temporal contin-
gency between the movement of the two kinds of agents. In
this stimulus, both the motion direction of the different
agents and the temporal sequence of their movements were
randomized (right column of the figure 24). In other words,
the forerunner actions did not appear to trigger the chasers’
movements neither spatially nor temporally. Indeed, in the
random stimulus, the motions of the chasers and of the fore-
runner were not contingent in space or time, which means
that the movement of one type of agent is not predictive of
the movement onset/direction of the other kind of agents.

No difference emerged between males and females with regard
to the first stimulus approached (note that three subjects were
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Figure 3. First stimulus approached by the subjects (i) and percentage preference for target stimulus (i) for each experiment ((a) shows Experiment 1, (b) shows
Experiment 2, (¢) shows Experiment 3, (d) shows Experiment 4, (e) shows Experiment 5, (f) shows Experiment 6). On the percentage graphs, median and quartiles
are shown in the box plot, while the dots represent the individual data and the cloud shows the data distribution.

not sexed because of a technical mistake and were thus not
included in the analyses on sex effects, )\2(1,43) =002 p=
0.89). Thus, data of males and females were pooled for further
analyses. Overall, the subjects preferentially approached the
random stimulus (35 chicks approached the random stimulus,
11 chicks approached the social aggregation stimulus,
Xf146) = 12.52, p<0.001; figure 3a). Once again, the permu-
tation test on the percentage of preference for the target
stimulus did not reveal any effect of sex (F 41 =0.19, p=0.89)
on the animals’ preference. Thus, data of male and female sub-
jects were pooled for the subsequent analysis. Also in this case,
we observed a strong preference for the random stimulus
(V45=270, p<0.01, Cohen’s d=0.56, figure 3a), confirming
the result of the other dependent variable.

Contrary to our initial expectations, in this experiment,
we found a strong preference for the random stimulus. How-
ever, in our stimuli the trajectories of the forerunners and of
the chasers were different between the two stimuli (even
though features such as velocity, pauses and the distance tra-
velled were matched between the stimuli). It could thus be
possible that chicks” choice might actually reflect an idiosyn-
cratic preference for the trajectory followed by either type of
agent in the random stimulus. In the next two experiments,
we tested whether the forerunners’ trajectories alone or the
chasers’ trajectories alone could drive the animals” choice.

4. Experiment 2

In this second experiment, we investigated whether the fore-
runners’ trajectories, when presented in isolation (without the
chasers), could cause the animal preferences. We used the
same animations as in the first experiment, but we removed

the chasers from the scenes, so that only the two forerunners
were visible.

(@) Results and discussion
No difference emerged between males and females with regard
to the first stimulus approached ( )(%1, 16 = 0.11, p=0.74). Over-
all, the subjects approached both stimulis equally (24 chicks
approached the target stimulus, 22 chicks approached the
random stimulus, /\’%1, 16 = 0.09, p =0.79; figure 3b). The permu-
tation test on the percentage of preference for the target
stimulus did not reveal any effect of sex (Fy 44 =0.05, p=0.83).
Also in this case, no preference was found between the two
stimuli (V45 =634.5, p=0.28, Cohen’s d = 0.16).

The results of this experiment clearly show that the fore-
runners movements alone did not cause the preference for
the random stimulus observed in the first experiment.

5. Experiment 3

In this experiment, we tested whether an idiosyncratic
preference for the trajectory of the chasers might drive the
preference for the random stimulus. We used the same ani-
mations as in Experiment 1, but this time we removed the
forerunners. Please note that, despite that, some sort of
social aggregation events could be perceivable in the target
stimulus. Indeed, even though the forerunner was not visible
anymore, the chasers of the social aggregation stimulus
still periodically converged towards its ‘position’, becoming
closer to each other. The behaviour of the chasers of the
target stimulus was thus both temporally linked (their
movements were synchronized) and spatially linked (they
periodically converged towards the same position). This
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allowed us to test whether agents whose behaviour is recipro-
cally contingent at both the spatial and the temporal level
(chasers of the target animation) is preferred over that of
agents whose behaviour is reciprocally contingent only at
the temporal level (chasers of the random animation), while
still following a less predictable sequence of movements.

No difference emerged between males and females with regard
to the first stimulus approached (X(21,46) =0, p=1). Overall,
the subjects approached both stimuli equally (23 chicks
approached the chasers of the target stimulus, 23 chicks
approached the chasers of the random stimulus, X(21,4e) =0,
p=1; figure 3c). The permutation test on the percentage of
preference for the chasers of the target stimulus did not
reveal any effect of sex (F; 4=0.34, p=0.56). Also in this case,
no preference was found between the chasers of the two stimuli
(V45=540.5, p=1, Cohen’s d =0).

The results of this experiment showed that the move-
ments of the chasers did not drive the preference observed
in the first experiment. This suggests that something in the
interaction between the two kinds of agents (forerunner
and chasers) is necessary to direct the animals’ attention
toward the random stimulus. Moreover, chicks did not
show any preference between chasers whose behaviour was
reciprocally contingent only at the temporal level, and chas-
ers whose behaviour was contingent both at the spatial and
at the temporal level. This might suggest a minor role of
spatial contingencies compared to temporal contingencies in
chicks’ ability to recognize social interaction (a hypothesis
that we further explored in Experiments 5 and 6).

One alternative explanation to the results obtained in Exper-
iment 1 could be that, rather than preferring the random
stimulus, chicks avoided the social aggregation stimulus.
This could be the case, for instance, if the social aggregation
stimulus could be perceived as an aversive ‘predator-like’
stimulus. We designed our animations to avoid this possi-
bility. However, perceptually, when the chasers aggregate
around the forerunner, their movement could somehow
create the perception of a looming object (since the configur-
ation created by the chasers around the forerunner could be
perceived as a ‘bigger red multi-component-object’ than the
forerunner alone, giving the impression of the forerunner as
a looming object). Since looming objects have been shown
to reliably evoke fear responses in chicks [57], we tested
this hypothesis in Experiment 4. Again, we used the same
stimuli as in Experiment 1. However, in this experiment,
the chasers were unfilled white circles, marked by a 2.5 mm
red border, instead of full red discs (figure 1c). This manipu-
lation should have strongly reduced any potential perception
of looming created by the aggregation events. If chicks pre-
viously avoided the social aggregation stimulus, then the
preference obtained in the Experiment 1 should disappear
or at least be strongly reduced in Experiment 4.

No difference emerged between males and females with
regard to the first stimulus approached (/\/%1,46) =0.53, p=

0.47). Overall, the subjects preferentially approached the
random stimulus (31 chicks approached the random stimu-
lus, 15 chicks approached the social aggregation stimulus,
X%l,%) =5.56, p<0.05; figure 3d). The permutation test on
the percentage of preference for the target stimulus did
not reveal any effect of sex (F;44=0.69, p=0.41). Also in
this case, overall, we observed a preference for the random
stimulus (V45 =360, p <0.05, Cohen’s d =0.35).

In this experiment, we thus replicated the findings of the
first experiment, while changing the perceptual features of
the chasers, which stresses the robustness of our results.
Moreover, in this experiment, we strongly reduced any poten-
tial looming effect, suggesting that this should not be the
reason for chicks’ preference for the random stimulus. This
is also in line with the results of Experiment 3: even in that
experiment, a looming effect—to a lower degree—could still
be perceived in the target animation (when the chasers aggre-
gated around the position of the missing forerunner).
Nevertheless, the chicks did not show any avoidance of the
social aggregation stimulus in Experiment 3.

The results of the first four experiments reveal that both the
chasers and the forerunner need to be present in the visual
scene to elicit the preference for the random stimulus over
the social aggregation stimulus. Thus, some properties of the
spatial and/or temporal contingencies defining the interaction
between chasers and forerunner determine the preference for
the random stimulus over the social aggregation stimulus. In
Experiments 1 and 4, chicks showed a clear preference for the
stimulus in which the behaviour of the forerunner and of the
chasers did not show a clear reciprocal spatial or temporal
interdependence. We hypothesize that this could be due to a
preference for unpredictability in the spatial and or temporal
contingencies between the movements of the chasers and of
the forerunner.

This experiment aimed to investigate whether the preference
observed in Experiment 1 was influenced by the temporal
contingency between different agents’ motions. Specifically,
based on the results of Experiment 3, we wondered whether
the absence of an evident temporal link between the behav-
iour of the forerunner and of the chasers attracted the
chicks” attention and led them to approach the random stimu-
lus. To test this hypothesis, we employed the same target
animation (social aggregation stimulus) as in Experiment 1,
testing it against a new control stimulus, henceforth called
no-spatial-contingency stimulus. In this stimulus, at the
spatial level, the movements of the chasers were still unre-
lated to the positions of the forerunner. That is, in the
no-spatial-contingency stimulus the chasers never converged
towards the position of the forerunner. The direction of their
movements was always random (i.e. unrelated to the position
of the forerunner, except to avoid collisions). However,
the no-spatial-contingency stimulus was now matched to
the social aggregation stimulus in the temporal contingencies
between the movements of the chasers and of the forerunner
(figure 2b). Thus, in both stimuli, the two kinds of agents fol-
lowed the same rigid temporal sequence of motions (i.e. the
forerunner was still for 1s, during which the chasers are
moving; movement of the forerunner followed, after 0.25s,
by movement of the chasers for 1s, all agents still for 0.5 s
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and so on). To a human observer, this control stimulus could
still give the impression that the movement of the forerunner
triggered the movement of the chasers (ie. some form
of social interaction is happening between the two kinds of
agents), even though no social aggregation is apparent in it.

(@) Results and discussion
No difference emerged between males and females with
regard to the first stimulus approached (X%l,‘lﬁ) =014, p=
0.71). Overall, the subjects approached both stimuli equally
(18 chicks approached the social aggregation stimulus, 28
chicks approached the no-spatial-contingency stimulus,
,\%1’46) =218, p=0.14; figure 3e). The permutation test on
the percentage of preference for the trajectory of the target
stimulus did not reveal any effect of sex (F144=0.14, p=
0.72). Also in this case, overall no preference was found
between the two stimuli (V45=400, p=0.11, Cohen’s d =
0.24), confirming the result of the other dependent variable.
The absence of any significant preference between the two
stimuli indicates that the spatial contingencies between the
different agents’ trajectories do not influence the animal’s
choice in this task. This supports the idea that the temporal
contingencies between the agents’ motion are driving
chicks’ choices. Chicks could thus spontaneously prefer
stimuli in which the timing of different agents’ motion was
reciprocally unpredictable.

8. Experiment 6

The aim of this experiment was to test if chicks are attracted
by patterns in which the motions of different kinds of agents
are not temporally contingent on each other (or at least not in
a repetitive and predictable way). To do so, we tested the ani-
mals’ preference between the random stimulus used in
Experiment 1 and the no-spatial-contingency stimulus devel-
oped for Experiment 5 (figure 2c). In this case, neither
stimulus contained social aggregation events (there were
no spatial contingencies between the motion direction of
the two kinds of agents). However, the stimuli differed in
the temporal contingency of their motion sequences. In the
no-spatial-contingency stimulus, the agents” motion was tem-
porally linked and followed the predictable structure
described above. In the random stimulus, there was no evi-
dent temporal relationship between the movements of the
chasers and of the forerunner.

(@) Results and discussion

No difference emerged between males and females with regard
to the first stimulus approached ( X%1,46) =0, p=1). Overall, the
subjects preferentially approached the random stimulus used
in Experiment 1 (30 chicks approached the random stimulus,
16 chicks approached the no-spatial-contingency stimulus,
,\/%1’ 16) = 426, p <0.05; figure 3f). The permutation test on the
percentage of preference for the random stimulus did not
reveal any effect of sex (Fj44=0.03, p=0.86). Overall, we
again observed a strong preference for the random stimulus
(V45=292, p <0.01, Cohen’s d = 0.50).

This experiment confirmed that chicks preferred the
stimulus showing two kinds of agents of whose movements’
timing was not reciprocally contingent (i.e. they preferred the
stimulus in which the timing of the movement of one kind of

agent could not be predicted by the movement of the other
kind of agent).

9. Discussion

Over three different experiments, we demonstrated a strong
and robust preference for the random stimulus over different
versions of the social aggregation stimulus, in visually naive
chicks. More specifically, we proved that this preference was
driven by chicks’ attraction towards unpredictable temporal
contingencies between the motion of different kinds of agents
(Experiment 6). We were able to exclude alternative interpret-
ations related to fear responses induced by looming like-
stimuli (Experiments 4 and 3), or to idiosyncratic preferences
for the trajectories of the forerunner or of the chasers (Exper-
iment 2 and 3). This indicates a preference for stimuli in
which the timing of the movement of one kind of agent
cannot be predicted by the movement of the other kind of agent.

This finding is not in line with our initial expectations, nor
with the results reported by [38], in which dogs seemed to
consider as animate agents only objects that respond to the
behaviour of a human in a highly predictable way (see also
[51]; but see the subsequent work of the same research
group for conflicting evidence, including a preference for
random stimuli). In fact, based on the design of our stimuli
and of chicks’ motivation to approach appropriate social
partners, we initially expected to find a preference for the
social aggregation stimulus. Indeed, this stimulus represents
a social interaction of potential ecological significance for
chicks, in which the behaviour of multiple agents is recipro-
cally contingent (an important hallmark for the recognition
of animate agents).

However, a posteriori, we can hypothesize that the tem-
poral contingencies presented by the social aggregation
stimulus might have been ‘too predictable’ for chicks.
Indeed, the perception of naturalistic social interactions
between animate agents might require imperfect spatio-tem-
poral contingencies between the motion of different agents,
such as slight delays between the actions of one agent and
the response of the other (e.g. this has been theorized from
a developmental perspective in [58]; see also [59]). For
instance, objects moving in perfectly spatial and temporal
synchrony (i.e. objects placed at different spatial locations,
but simultaneously moving along identical trajectories) can
disrupt animacy perception in human observers [60]. In line
with that, in young bobwhite quail chicks, acoustical imprint-
ing is facilitated by variable contingencies between the
chicks” own vocalization and the auditory imprinting stimu-
lus. However, in this experiment, ‘variable contingencies’
meant variations in the number of vocalizations required to
activate the acoustical imprinting stimulus. Thus, this effect
could simply reflect the fact that variable reinforcement regi-
mens are usually more effective (hearing the imprinting
stimulus likely has a reinforcement value for the chicks) [34].

Here, to avoid the perception of ‘repetitive’ or ‘mechanical’
movements in the social aggregation stimulus, we constantly
varied the agents’ trajectories across the eight scenes that
composed it. Moreover, we did not implement perfect contin-
gencies or perfect synchrony between the motion of the
different kinds of agents. For instance, the chasers reacted to
the movement of the forerunner with a delay, as expected in
a naturalistic social interaction. However, we did not vary the
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temporal patterns underlying the scenes nor the duration of
the delay in the agents’ responses. Thus, chicks might
have picked up the extreme regularity of the temporal contin-
gencies between the motion of the different agents of the
social aggregation display and turned their attention to the
random display, in which these temporal contingencies were
more variable. Some evidence obtained in infants suggests
that behavioural variability could be an important cue for
the recognition of animate agents capable of goal-directed
behaviour [61], in line with our current results. Please note,
however, that our chicks were not simply attracted by the
mere presence of higher or lower temporal variability in the
timing of the agents’ movements. If that were the case, we
should have observed a preference also in Experiment 2 and
Experiment 3, in which only the forerunner or only the chasers
were presented. In both these experiments, the agents” move-
ments showed higher temporal variability in the random
than in the social aggregation stimulus, but no preference
was detected between them. Chicks seem to react selectively
to the variability in the temporal contingencies between the
motion of different agents (i.e. variability in the timing/pre-
dictability of the reaction of one agent to the behaviour of
another agent). Thus, here we are not dealing with a simple
preference for a more variable visual stimulus. Rather, we
found a preference for a higher variability in a cue that is crucial
for the detection of social interactions (temporal contingency
between the motion of different agents).

Some evidence indicates that very young infants show an
initial preference for perfect spatio-temporal contingencies
between the behaviour of different objects (e.g. objects
moving in perfect synchrony with the baby’s own move-
ments). In the immature infants, this might be instrumental
for the development of visual recognition of their own body.
However, during the first months of life, infants develop a pre-
ference for the imperfect temporal contingencies that resemble
naturalistic social interactions, in which one animate agent will
necessarily respond with a delay to the behaviour of its inter-
action partner (e.g. [58,62,63]; see also [59,64,65]). Indeed,
often human adults and older infants show a preference for
‘independent/random displays” over chasing, while younger
infants prefer chasing [42,44,45]. In Rochat et al. [42] adults
reported that the ‘independent event was more interesting as
it challenged participants’ propensity to detect invariant
relations in the dynamics of the two discs’.

As we mentioned above, our stimuli did not present
perfect contingencies or synchrony between the motion of
the different kinds of agents. For instance, the chasers reacted
to the movement of the forerunner with a certain delay, as
expected in a naturalistic social interaction. Moreover, none
of the agents perfectly replicated the trajectory of another
object as in Takahashi & Watanabe [60]. Even the chasers
(whose movements were synchronized with each other) did
not follow identical trajectories. However, the delays between
the motions of the different agents were not variable between
the eight scenes that comprised our ‘social aggregation’
stimulus, as it would probably be in a more naturalistic
social interaction. Moreover, the general sequence of ‘beha-
viours’ displayed by the agents was also highly repetitive,
which might have compromised animacy perception. Alter-
natively, the social aggregation stimuli might have been too
easy to process for the chicks, which thus may have turned
their attention towards making sense of the unpredictable
interactions of the random stimuli’s agents.

One could hypothesize that chicks behave similarly to older [ 9 |

infants/adults in this regard, displaying a preference for the
less predictable kind of interaction. The effect we found
might thus be related to the fact that domestic chicks are a pre-
cocial species characterized by fast maturation. Although our
chicks were visually naive, at the level of mere maturation,
they are clearly not comparable with young human infants
(e.g. chicks can already walk and feed in the first days after
hatching). Thus, our results might be more in line with that
reported in older infants, adults and (sometimes) in dogs (see
above). Future studies could further investigate developmental
effects. This can be done by testing chicks at different ages, to
verify if the expression of this effect is limited to a specific
post-natal period (and, if so, whether this time window is deter-
mined by the same hormonal mechanisms known for other
social predispositions [18]). Moreover, since the processing of
visual stimuli in chicks is highly lateralized [66-68], future
studies could investigate whether the preference we observe
here is also asymmetric (based on the literature, we would
expect a major involvement of the left-eye system [68-71]).

Another interesting point is that our social aggregation
stimuli contained some features of a ‘chasing’ display, which
produces strong animacy perception in adults. Despite that,
chicks clearly preferred the stimulus that did not contain this
‘chasing’ element. The attraction for variability in the temporal
contingencies could be simply too strong and overcome any
effect of chasing perception. However, this seems unlikely,
since in Experiment 5 chicks were exposed to a control stimulus
lacking this variability in the temporal contingency. Neverthe-
less, they did not show any preference for the social
aggregation stimulus containing chasing sequences.

Another possibility is that some other aspects of our
stimuli might have prevented the attraction to chasing. For
instance, in human adults, the detection of chasing is
impaired if the chasing behaviour is interrupted by long
periods of random motion by the chaser [41]. Our social
aggregation stimuli, indeed, included a phase in which the
chasers started to explore the environment (when the fore-
runner was still). This was done to mimic a naturalistic
filial interaction, in which chicks seek a balance between
environmental exploration and maintaining brood aggrega-
tion. However, this could have impaired the perception of
the chasing interaction (e.g. the behaviour of the chasers
might appear non-goal directed, since after they joined the
forerunner for a while, they then moved away from it).
Future studies should test stimuli in which chasing is not
interrupted by periods of random motion.

Another hypothesis could be that avian species are not
sensitive to chasing displays, in line with the results of [50].
However, please note that also in this study, the ‘chasing’
stimulus differed from those typically employed in the
human literature (the forerunners were moving randomly
across the screen, rather than trying to escape the chaser).
Future studies should investigate whether chicks, and avian
species in general, show preference/higher sensitivity to
prototypical chasing displays.

Overall, despite these open questions, our findings reveal
that, prior to any visual experience, chicks can compute the
temporal contingencies between the motion of different
agents (an important cue for the recognition of social inter-
actions) and use this to direct their approach towards the
most promising social partners. This paves the way for future
studies investigating the motion cues that naive organisms
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employ to detect different types of social interaction and,

potentially, goal-directed behaviours.

available at https://doi.org/10.6084/m9.figshare.20347401 [72].
Supplementary material is available online [73].

The experimental procedures were approved by the Ethical
Committee of the University of Trento and licensed by the Italian
Health Ministry (permit number 79/2018-PR).

draft—review and editing; M.F.: data curation and methodology; m

E.L: data curation and writing—review and editing; G.V.:
conceptualization, funding acquisition and writing—review and

editing.

All authors gave final approval for publication and agreed to be

held accountable for the work performed therein.

All the reported materials (data and stimuli) are freely

B.S.L.: conceptualization, data curation, formal
analysis, methodology, visualization and writing—original draft;
O.R.-S.: conceptualization, data curation and writing—original

Lorenzi E, Vallortigara G. 2021 Evolutionary and
neural bases of the sense of animacy. In The
Cambridge handbook of animal cognition, pp.
295-321. Cambridge, UK: Cambridge University
Press.

Schultz J, Frith (D. 2022 Animacy and the prediction
of behaviour. Neurosci. Biobehav. Rev. 140, 104766.
(doi:10.1016/j.neubiorev.2022.104766)

Pratt J, Radulescu PV, Guo RM, Abrams RA. 2010 It's
alive! Animate motion captures visual attention.
Psychol. Sdi. 21, 1724-1730. (doi:10.1177/
0956797610387440)

Rosa-Salva O et al. 2021 Sensitive periods for social
development: interactions between predisposed and
learned mechanisms. Cognition 213, 104552.
(doi:10.1016/j.cognition.2020.104552)

Rosa-Salva 0, Mayer U, Vallortigara G. 2015 Roots of
a social brain: developmental models of emerging
animacy-detection mechanisms. Neurosci. Biobehav.
Rev. 50, 150-168. (doi:10.1016/j.neubiorev.2014.
12.015)

Vallortigara G. 2021 Born knowing. The origins of
knowledge. Cambridge, MA: MIT Press.

Di Giorgio E et al. 2017 Filial responses as
predisposed and learned preferences: early
attachment in chicks and babies. Behav.

Brain Res. 325, 90-104. (doi:10.1016/j.bbr.
2016.09.018)

Royden CS, Moore KD. 2012 Use of speed cues in
the detection of moving objects by moving
observers. Vision Res. 59, 17-24. (doi:10.1016/j.
visres.2012.02.006)

Szego PA, Rutherford MD. 2007 Actual and illusory
differences in constant speed influence the
perception of animacy similarly. J. Vis. 7, 5. (doi:10.
1167/7.12.5)

Lemaire BS. 2020 No evidence of spontaneous
preference for slowly moving objects in visually
naive chicks. Sci. Rep. 10, 6277. (doi:10.1038/
541598-020-63428-3)

. Wood JN. 2017 Spontaneous preference for

slowly moving objects in visually naive
animals. Open Mind 1, 111-122. (doi:10.1162/
OPMI_a_00012)

Tremoulet PD, Feldman J. 2000 Perception of
animacy from the motion of a single object.
Perception 29, 943-951. (doi:10.1068/p3101)

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

We declare we have no competing interests.
This project has received funding from by an ERC Advanced

Grant (PREMESORERC-2011-ADG 670 20110406 to G.V.).

Di Giorgio E, Lunghi M, Simion F, Vallortigara G.
2017 Visual cues of motion that trigger animacy
perception at birth: the case of self-propulsion. Dev.
Sci. 20, €12394. (doi:10.1111/desc.12394)

Di Giorgio E, Lunghi M, Vallortigara, G, Simion F.
2021 Newborns sensitivity to speed changes

as a building block for animacy perception.

Sci. Rep. 11, 542. (doi:10.1038/541598-020-
79451-3)

Mascalzoni E, Regolin L, Vallortigara G. 2010
Innate sensitivity for self-propelled causal

agency in newly hatched chicks. Proc. Natl Acad.
Sci. USA 107, 4483—4485. (doi:10.1073/pnas.
0908792107)

Rosa-Salva 0, Grassi M, Lorenzi E, Re.golin L,
Vallortigara G. 2016 Spontaneous preference

for visual cues of animacy in naive domestic
chicks: the case of speed changes. Cognition

157, 49-60. (doi:10.1016/j.cognition.2016.
08.014)

Versace E, Ragusa M, Vallortigara G. 2019 A
transient time window for early predispositions in
newborn chicks. Sci. Rep. 9, 18767. (doi:10.1038/
$41598-019-55255-y)

Lorenzi E, Lemaire BS, Versace E, Matsushima T,
Vallortigara G. 2021 Resurgence of an inborn
attraction for animate objects via thyroid hormone
T3. Front. Behav. Neurosci. 15. (doi:10.3389/fbeh.
2021.675994)

Hernik M, Fearon P, Csibra G. 2014 Action
anticipation in human infants reveals assumptions
about anteroposterior body-structure and action.
Proc. R. Soc. B 281, 20133205. (doi:10.1098/rspb.
2013.3205)

Rosa-Salva 0, Hernik M, Broseghini A, Vallortigara
G. 2018 Visually-naive chicks prefer agents that
move as if constrained by a bilateral body-plan.
Cognition 173, 106—114. (doi:10.1016/j.cognition.
2018.01.004)

Johansson G. 1973 Visual perception of biological
motion and a model for its analysis. Percept.
Psychophys. 14, 201-211. (doi:10.3758/
BF03212378)

Simion F, Regolin L, Bulf H. 2008 A predisposition
for biological motion in the newborn baby. Proc.
Natl Acad. Sci. USA 105, 809-813. (doi:10.1073/
pnas.0707021105)

23.

24,

25.

26.

2].

28.

29.

30.

3N

32.

33.

34.

We thank Dr Mikolaj Hernik (The Artic University
of Norway) for reading our manuscript and providing us with
insightful comments and suggestions.

De Agro, M., RoBler DC, Kim, K, Shamble PS. 2021
Perception of biological motion by jumping spiders.
PLoS Biol. 19, €3001172. (doi:10.1371/journal.pbio.
3001172)

Blake R. 1993 (ats perceive biological motion.
Psychol. Sci. 4, 54-57. (doi:10.1111/j.1467-9280.
1993.th00557.x)

Larsch, J, Baier H. 2018 Biological motion as an
innate perceptual mechanism driving social
affiliation. Curr. Biol. 28, 3523—-3532. (doi:10.1016/j.
ub.2018.09.014)

Vallortigara G, Regolin L, Marconato F. 2005 Visually
inexperienced chicks exhibit spontaneous preference
for biological motion patterns. PLoS Biol. 3, e208.
(doi:10.1371/journal.pbio.0030208)

Vallortigara, G, Regolin L. 2006 Gravity bias in the
interpretation of biological motion by inexperienced
chicks. Curr. Biol. 16, R279-R280. (doi:10.1016/j.
ub.2006.03.052)

Bardi L, Regolin L, Simion F. 2011 Biological motion
preference in humans at birth: role of dynamic and
configural properties. Dev. Sci. 14, 353-359.
(doi:10.1111/j.1467-7687.2010.00985.x)

Frankenhuis WE, Barrett HC, Johnson SP. 2012
Developmental origins of biological motion
perception. In People watching (eds K Johnson, M
Shiffrar), pp. 121-138. Oxford, UK: Oxford
University Press.

Heider F, Simmel M. 1944 An experimental study of
apparent behavior. Am. J. Psychol. 57, 243. (doi:10.
2307/1416950)

Bassili JN. 1976 Temporal and spatial contingencies
in the perception of social events. J. Pers. Soc.
Psychol. 33, 680—685. (doi:10.1037/0022-3514.33.
6.680)

(ate (T. 1986 Does behavior contingent stimulus
movement enhance filial imprinting in Japanese
quail? Dev. Psychobiol. 19, 607—614. (doi:10.1002/
dev.420190611)

Harshaw C, Lickliter R. 2007 Interactive and
vicarious acquisition of auditory preferences in
Northern bobwhite (Colinus virginianus) chicks.

J. Comp. Psychol. 121, 320-331. (doi:10.1037/0735-
7036.121.3.320)

Harshaw C, Tourgeman [P, Lickliter R. 2008
Stimulus contingency and the malleability

of species-typical auditory preferences in


https://doi.org/10.6084/m9.figshare.20347401
http://dx.doi.org/10.1016/j.neubiorev.2022.104766
https://doi.org/10.1177/0956797610387440
https://doi.org/10.1177/0956797610387440
http://dx.doi.org/10.1016/j.cognition.2020.104552
http://dx.doi.org/10.1016/j.neubiorev.2014.12.015
http://dx.doi.org/10.1016/j.neubiorev.2014.12.015
http://dx.doi.org/10.1016/j.bbr.2016.09.018
http://dx.doi.org/10.1016/j.bbr.2016.09.018
http://dx.doi.org/10.1016/j.visres.2012.02.006
http://dx.doi.org/10.1016/j.visres.2012.02.006
http://dx.doi.org/10.1167/7.12.5
http://dx.doi.org/10.1167/7.12.5
http://dx.doi.org/10.1038/s41598-020-63428-3
http://dx.doi.org/10.1038/s41598-020-63428-3
http://dx.doi.org/10.1162/OPMI_a_00012
http://dx.doi.org/10.1162/OPMI_a_00012
http://dx.doi.org/10.1068/p3101
http://dx.doi.org/10.1111/desc.12394
http://dx.doi.org/10.1038/s41598-020-79451-3
http://dx.doi.org/10.1038/s41598-020-79451-3
http://dx.doi.org/10.1073/pnas.0908792107
http://dx.doi.org/10.1073/pnas.0908792107
http://dx.doi.org/10.1016/j.cognition.2016.08.014
http://dx.doi.org/10.1016/j.cognition.2016.08.014
http://dx.doi.org/10.1038/s41598-019-55255-y
http://dx.doi.org/10.1038/s41598-019-55255-y
http://dx.doi.org/10.3389/fnbeh.2021.675994
http://dx.doi.org/10.3389/fnbeh.2021.675994
http://dx.doi.org/10.1098/rspb.2013.3205
http://dx.doi.org/10.1098/rspb.2013.3205
http://dx.doi.org/10.1016/j.cognition.2018.01.004
http://dx.doi.org/10.1016/j.cognition.2018.01.004
http://dx.doi.org/10.3758/BF03212378
http://dx.doi.org/10.3758/BF03212378
http://dx.doi.org/10.1073/pnas.0707021105
http://dx.doi.org/10.1073/pnas.0707021105
http://dx.doi.org/10.1371/journal.pbio.3001172
http://dx.doi.org/10.1371/journal.pbio.3001172
http://dx.doi.org/10.1111/j.1467-9280.1993.tb00557.x
http://dx.doi.org/10.1111/j.1467-9280.1993.tb00557.x
http://dx.doi.org/10.1016/j.cub.2018.09.014
http://dx.doi.org/10.1016/j.cub.2018.09.014
http://dx.doi.org/10.1371/journal.pbio.0030208
http://dx.doi.org/10.1016/j.cub.2006.03.052
http://dx.doi.org/10.1016/j.cub.2006.03.052
http://dx.doi.org/10.1111/j.1467-7687.2010.00985.x
http://dx.doi.org/10.2307/1416950
http://dx.doi.org/10.2307/1416950
http://dx.doi.org/10.1037/0022-3514.33.6.680
http://dx.doi.org/10.1037/0022-3514.33.6.680
http://dx.doi.org/10.1002/dev.420190611
http://dx.doi.org/10.1002/dev.420190611
http://dx.doi.org/10.1037/0735-7036.121.3.320
http://dx.doi.org/10.1037/0735-7036.121.3.320

Downloaded from https://royal societypublishing.org/ on 28 June 2024

35.

36.

37.

38.

39.

40.

41.

42.

43.

4,

45.

46.

47.

48.

Northern bobwhite (Colinus virginianus)
hatchlings. Dev. Psychobiol. 50, 460—472.
(doi:10.1002/dev.20309)

Johnson S, Slaughter V, Carey S. 1998 Whose gaze
will infants follow? The elicitation of gaze-following
in 12-month-olds. Dev. Sci. 1, 233-238. (doi:10.
1111/1467-7687.00036)

Watson JS. 1972 Smiling, cooing, and ‘the game’.
Merrill Palmer Q. 18, 323-339.

Movellan JR, Watson JS. 2002 The development of
gaze following as a Bayesian systems identification
problem. In Proc. of the 2nd Int. Conf. on
Development and Learning, pp. 34—40. Piscataway,
NJ: IEEE. (doi:10.1109/DEVLRN.2002.1011728)
Tauzin T, Kovdcs K, Topdl J. 2016 Dogs identify
agents in third-party interactions on the

basis of the observed degree of contingency.
Psychol. Sci. 27, 1061-1068. (doi:10.1177/
0956797616647518)

Dittrich WH, Lea SEG. 1994 Visual perception of
intentional motion. Perception 23, 253-268.
(doi:10.1068/p230253)

Gao T, Newman GE, Scholl BJ. 2009 The
psychophysics of chasing: a case study in the
perception of animacy. Cognit. Psychol. 59,
154-179. (doi:10.1016/j.cogpsych.2009.03.001)
Gao T, Scholl BJ. 2011 Chasing vs. stalking:
interrupting the perception of animacy. J. Exp.
Psychol. 37, 669—684. (doi:10.1037/a0020735)
Rochat P, Morgan R, Carpenter M. 1997 Young
infants’ sensitivity to movement information
specifying social causality. Cogn. Dev. 12, 537-561.
(doi:10.1016/50885-2014(97)90022-8)

Scholl BJ, Gao T. 2013 Perceiving animacy and
intentionality. In Social perception, pp. 197-230.
Cambridge, MA: The MIT Press.

Abdai J, Ferdinandy B, Terencio (B, Pogany A, Mikldsi A.
2017 Perception of animacy in dogs and humans. Biol.
Lett. 13, 20170156. (doi:10.1098/rsbl.2017.0156)
Abdai J, Ferdinandy B, Lengyel, A, Mikldsi A. 2021
Animacy perception in dogs (Canis familiaris) and
humans (Homo sapiens): comparison may be perturbed
by inherent differences in looking patterns. J. Comp.
Psychol. 135, 82—88. (d0i:10.1037/com0000250)
Frankenhuis WE, House B, Clark BH, Johnson SP.
2013 Infants’ perception of chasing. Cognition 126,
224-233. (doi:10.1016/j.cognition.2012.10.001)
Rochat P, Striano T, Morgan R. 2004 Who is doing
what to whom? Young infants’ developing sense of
social causality in animated displays. Perception 33,
355-369. (doi:10.1068/p3389)

Gsibra G, Bir6 S, Kods 0, Gergely G. 2003 One-year-
old infants use teleological representations of

49.

50.

51.

52.

53.

54.

56.

57.

58.

59.

60.

61.

actions productively. Cogn. Sci. 27, 111-133.
(doiz10.1207/s15516709c0g2701_4)

Atsumi T, Nagasaka Y. 2015 Perception of chasing in
squirrel monkeys (Saimiri sciureus). Anim. Cogn. 18,
1243-1253. (doi:10.1007/510071-015-0893-)

Goto K, Lea SE, Dittrich WH. 2002 Discrimination of
intentional and random motion paths by pigeons.
Anim. Cogn. 5, 119-127. (doi:10.1007/510071-002-
0139-6)

Abdai J, Bafio TC, Miklési A. 2017 Novel approach
to study the perception of animacy in dogs.

PLoS ONE 12, e0177010. (doi:10.1371/journal.
pone.0177010)

Abdai J, Uccheddu S, Gacsi M, Miklosi A. 2022
Chasing perception in domestic cats and dogs.
Anim. Cogn. (doi:10.1007/510071-022-01643-3)
Abdai J, Miklési A. 2022 Selection for specific
behavioural traits does not influence preference of
chasing motion and visual strategy in dogs. Sci. Rep.
12, 2370. (doi:10.1038/541598-022-06382-6)
Bischof WE, Reid SL, Wylie DRW, Spetch ML. 1999
Perception of coherent motion in random dot
displays by pigeons and humans. Percept.
Psychophys. 61, 1089-1101. (doi:10.3758/
BF03207616)

. Jitsumori M, Nakamura N, Wasserman EA. 2013

Discrimination of coherent and incoherent motion
by pigeons: an investigation using a same—different
motion discrimination task. Behav. Processes 93,
116-124. (doi:10.1016/j.beproc.2012.10.004)
Champely S. 2020 pwr: Basic functions for power
analysis. See https://cran.r-project.org/package=
pwr.

Hébert M, Versace E, Vallortigara G. 2019
Inexperienced preys know when to flee or to freeze
in front of a threat. Proc. Natl Acad. Sci. USA 116,
22 918-22 920. (doi:10.1073/pnas.1915504116)
Gergely G, Watson JS. 1999 Early socio-emotional
development: contingency perception and the
social-biofeedback model. In Early social cognition:
understanding others in the first months of life (ed.
P Rochat), pp. 101-136. Mahwah, NJ: Lawrence
Erlbaum Associates Publishers.

Striano T, Henning A, Stahl D. 2005 Sensitivity to
social contingencies between 1 and 3 months of
age. Dev. Sci. 8, 509-518. (doi:10.1111/j.1467-
7687.2005.00442.x)

Takahashi K, Watanabe K. 2015 Synchronous motion
modulates animacy perception. J. Vis. 15, 17.
(doi:10.1167/15.8.17)

Csibra G. 2008 Goal attribution to inanimate agents
by 6.5-month-old infants. Cognition 107, 705-717.
(doi:10.1016/j.cognition.2007.08.001)

62.

63.

64.

65.

66.

67.

68.

69.

70.

.

72.

73.

Gergely G, Watson JS. 1996 The social biofeedback m

theory of parental affect-mirroring: the
development of emotional self-awareness and self-
control in infancy. Int. J. Psychoanalysis 77,
1181-1212.

Bahrick LE, Watson JS. 1985 Detection of intermodal
proprioceptive visual contingency as a potential
basis of self-perception in infancy. Dev. Psychol. 21,
963-973. (doi:10.1037/0012-1649.21.6.963)
Bigelow AE. 1998 Infants’ sensitivity to familiar
imperfect contigencies in social interaction. Infant
Behav. Dev. 21, 149-162. (d0i:10.1016/50163-
6383(98)90060-1)

Muir D, Hains S, Cao Y, D'Entremont B. 1996 3- to
6-month-olds’ sensitivity to adult intentionality: the
role of adult contingency and eye direction in dyadic
interactions. Infant Behav. Dev. 19, 199. (doi:10.
1016/50163-6383(96)90254-4)

Rogers LJ. 1982 Light experience and asymmetry of
brain function in chickens. Nature 297, 223-225.
(doi:10.1038/297223a0)

Rogers LJ. 1997 Early experiential effects on
laterality: research on chicks has relevance to other
species. Laterality 2, 199-219. (doi:10.1080/
713754277)

Vallortigara G, Cozzutti C, Tommasi, L, Rogers LJ.
2001 How birds use their eyes: opposite left-right
specialization for the lateral and frontal visual
hemifield in the domestic chick. Curr. Biol. 11,
29-33. (doi:10.1016/50960-9822(00)00027-0)
Andrew RJ. 2009 Origins of asymmetry in the CNS.
Semin. Cell Dev. Biol. 20, 485-490. (doi:10.1016/j.
semcdb.2008.11.001)

Deng C, Rogers LJJ. 2002 Social recognition and
approach in the chick: lateralization and effect of
visual experience. Anim. Behav. 63, 697-706.
(doi:10.1006/anbe.2001.1942)

Rugani R, Rosa-Salva 0, Regolin L, Vallortigara G.
2015 Brain asymmetry modulates perception of
biological motion in newborn chicks (Gallus gallus).
Behav. Brain Res. 290, 1-7. (doi:10.1016/j.bbr.
2015.04.032)

Lemaire BS, Rosa-Salva 0, Fraja M, Lorenzi E,
Vallortigara G. 2022 Data from: Spontaneous
preference for unpredictability in the temporal
contingencies between agents’ motion in naive
domestic chicks. Figshare. (doi:10.6084/m9.figshare.
20347401)

Lemaire BS, Rosa-Salva 0, Fraja M, Lorenzi E,
Vallortigara G. 2022 Spontaneous preference for
unpredictability in the temporal contingencies
between agents’ motion in naive domestic chicks.
Figshare. (doi:10.6084/m9.figshare.c.6260227)


http://dx.doi.org/10.1002/dev.20309
http://dx.doi.org/10.1111/1467-7687.00036
http://dx.doi.org/10.1111/1467-7687.00036
https://doi.org/10.1109/DEVLRN.2002.1011728
http://dx.doi.org/10.1177/0956797616647518
http://dx.doi.org/10.1177/0956797616647518
http://dx.doi.org/10.1068/p230253
http://dx.doi.org/10.1016/j.cogpsych.2009.03.001
http://dx.doi.org/10.1037/a0020735
http://dx.doi.org/10.1016/S0885-2014(97)90022-8
http://dx.doi.org/10.1098/rsbl.2017.0156
https://doi.org/10.1037/com0000250
http://dx.doi.org/10.1016/j.cognition.2012.10.001
http://dx.doi.org/10.1068/p3389
http://dx.doi.org/10.1207/s15516709cog2701_4
http://dx.doi.org/10.1007/s10071-015-0893-x
http://dx.doi.org/10.1007/s10071-002-0139-6
http://dx.doi.org/10.1007/s10071-002-0139-6
http://dx.doi.org/10.1371/journal.pone.0177010
http://dx.doi.org/10.1371/journal.pone.0177010
http://dx.doi.org/10.1007/s10071-022-01643-3
http://dx.doi.org/10.1038/s41598-022-06382-6
http://dx.doi.org/10.3758/BF03207616
http://dx.doi.org/10.3758/BF03207616
https://doi.org/10.1016/j.beproc.2012.10.004
https://cran.r-project.org/package=pwr
https://cran.r-project.org/package=pwr
http://dx.doi.org/10.1073/pnas.1915504116
http://dx.doi.org/10.1111/j.1467-7687.2005.00442.x
http://dx.doi.org/10.1111/j.1467-7687.2005.00442.x
http://dx.doi.org/10.1167/15.8.17
http://dx.doi.org/10.1016/j.cognition.2007.08.001
http://dx.doi.org/10.1037/0012-1649.21.6.963
http://dx.doi.org/10.1016/S0163-6383(98)90060-1
http://dx.doi.org/10.1016/S0163-6383(98)90060-1
http://dx.doi.org/10.1016/S0163-6383(96)90254-4
http://dx.doi.org/10.1016/S0163-6383(96)90254-4
http://dx.doi.org/10.1038/297223a0
http://dx.doi.org/10.1080/713754277
http://dx.doi.org/10.1080/713754277
https://doi.org/10.1016/S0960-9822(00)00027-0
http://dx.doi.org/10.1016/j.semcdb.2008.11.001
http://dx.doi.org/10.1016/j.semcdb.2008.11.001
http://dx.doi.org/10.1006/anbe.2001.1942
http://dx.doi.org/10.1016/j.bbr.2015.04.032
http://dx.doi.org/10.1016/j.bbr.2015.04.032
http://dx.doi.org/10.6084/m9.figshare.20347401
http://dx.doi.org/10.6084/m9.figshare.20347401
http://dx.doi.org/10.6084/m9.figshare.c.6260227

	Spontaneous preference for unpredictability in the temporal contingencies between agents' motion in naive domestic chicks
	Introduction
	General methods
	Subjects
	Apparatus
	Stimuli
	Procedure
	Statistical analysis

	Experiment 1
	Results and discussion

	Experiment 2
	Results and discussion

	Experiment 3
	Results and discussion

	Experiment 4
	Results and discussion

	Experiment 5
	Results and discussion

	Experiment 6
	Results and discussion

	Discussion
	Ethics
	Data accessibility
	Authors' contributions
	Conflict of interest declaration
	Funding
	Acknowledgements
	References


