
1Scientific RepoRtS |         (2020) 10:6277  | https://doi.org/10.1038/s41598-020-63428-3

www.nature.com/scientificreports

no evidence of spontaneous 
preference for slowly moving 
objects in visually naïve chicks
Bastien S. Lemaire

it has been recently reported that young chicks that have received equal exposure to slowly- and 
fast-rotating objects showed a preference for slowly-rotating objects. this would suggest that visual 
experience with slowly moving objects is necessary for object recognition in newborns. i attempted to 
duplicate this finding in newborn chicks using a simple rotating blue cube. No significant preference 
was found. Using objects similar to the ones used in the previous study (digital embryos), i observed 
a strong and robust preference for the fast- (not for the slow-) rotating object. to clarify whether the 
discrepancies with the previous study could be due to the stimuli frame-frequency used (the chicks’ 
visual system is characterized by high temporal resolution), i repeated the experiments by presenting 
the stimuli with a lower-frame frequency (from 120 fps to 24 fps). However, similar preferences for 
the fast-rotating objects were found, this time also for the rotating blue cube. these results suggest 
a preference for fast-rotating objects that is modulated by the shape and, in part, by the frame-
frequency. it remains to be established whether the discrepancies between this study and the previous 
study can be explained by differences related to strains or artefacts due to the use of monitors with a 
low-refresh rate.

The domestic chick is one of the most used avian models in laboratories. One of its advantages lies in its relative 
maturity and mobility at ‘birth’1, which allows researchers to disentangle learned from unlearned knowledge. 
Over the past years, numerous studies have shed light on the cognitive and perceptual abilities possessed by naïve 
birds2,3. With limited and controlled experience, chicks show arithmetic capacities4–6 and are able to use multiple 
information for object individuation7,8. Furthermore, like human newborns, they demonstrate intuitive phys-
ics9–11 and perceive the visual Ebbinghaus illusion12. To demonstrate these amazing capacities, researchers have 
been taking advantage of a specific phenomenon called filial imprinting.

Filial imprinting has been described as a learning process through which the social behaviour of a young 
becomes restricted to a particular individual or object13–19. Precocial animals such as domestic chicks develop a 
strong preference toward a stimulus in a short period of time. In this context, chicks have to find the right kind of 
stimuli quickly to imprint on and survive.

Decades of research on filial imprinting and the domestic chick have led to the discovery of many predispo-
sitions that help animals to orient toward specific stimuli features (sizes20,21, shapes22, colours23–26). Furthermore, 
the predispositions described in precocial species such as the domestic chick are not only species-specific. For 
example, both human newborns and naïve domestic chicks have a preference for face-like stimuli27–33. This 
suggests shared mechanisms and demonstrates the importance in studying precocial species in a comparative 
perspective1,34.

Specific patterns of motion are more likely to be perceived as animate in adults35 and newborns humans36–38. 
In line with these findings, several studies in chicks have described spontaneous preferences for patterns that 
drive animacy detection. Chicks have a preference for biological motion (semi-rigid movement representing 
animal’s motion) in comparison to rigid and random motion39–41. Furthermore, they prefer objects that can accel-
erate and decelerate (self-propelled) in comparison to objects moving at a constant speed42. It has also been found 
that chicks have a preference for objects that rotate and move along their main body axis43,44.

Interestingly, a recent study45 reported a novel spontaneous motion preference in chicks. In this study, a spon-
taneous and growing preference for slow- (in comparison to fast-) moving objects was described. The author 
interpreted this finding based on the idea that visual experience with slowly moving objects would help animals to 
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build accurate object representation, whereas exposure to quickly moving objects would create inaccurate object 
representation.

Motion has been described as an essential cue to attract chicks’ attention since imprinting’s early work14,15,20. 
However, in this context, it seems that the faster an object moves, the more attractive it becomes46. James47–49 
demonstrated that chicks were more attracted by an object located close to a fast- (in comparison to slow-) flick-
ering light. Fast-flickering light was thus more attractive and led the animals to spend more time with the object 
close to it.

Based on the filial imprinting literature, the preference observed for slow-moving objects is thus entirely unex-
pected, and for this reason theoretically fascinating. Consequently, I decided to replicate the study using a similar 
method to re-investigate whether newly-hatched chicks need visual experience with slowly moving objects to 
perceive the world successfully. Three experiments were performed by manipulating the shape and the frame 
frequency of the stimuli.

Experiment 1
Methods. The study was carried out in compliance with the European Union and the Italian law on the treat-
ment of animals. The experimental procedures were approved by the Ethical Committee of the University of 
Trento and licenced by the Italian Health Ministry (permit number 630/2018).

The methods used were similar to the first experiment of the study of Wood45. Soon after hatching, visually 
naïve chicks were placed in a cage for five days and stimulated with two versions of a stimulus, a slow- and 
fast-rotating stimulus. In this experiment, I tested whether chicks preferred a slow- or a fast-rotating cube.

Subjects. Ten chicks (seven females) domestic chicks (Gallus gallus) of the strain Ross 308 were used. The sam-
ple size was determined based on Wood’s previous studies50,51 using automated controlled rearing experiments. 
The eggs were sourced from a commercial hatchery (Azienda Agricola Crescenti) and were incubated in the 
laboratory under controlled conditions (37.7 °C and 40% of humidity). Three days before hatching, chicks were 
transferred into opaque individual boxes and placed inside a hatching chamber at 37.7 °C and 60% of humidity. 
All operations were performed in darkness to prevent the chicks from having visual experience before the start 
of the experiment.

Apparatus. Multiple apparatuses were used at the same time to test several animals simultaneously. Each appa-
ratus had a rectangular shape (90 cm × 60 cm ×60 cm, Fig. 1). A high-frequency screen (ASUS MG248QR, 
120 Hz) was located on each smaller wall of the apparatus to display stimuli. Animal’s behaviour was recorded 
using a Microsoft life camera placed 105 cm above the ground. Food and water were located in the middle of each 
larger wall and available ad libitum.

Stimuli. The stimulus used was a 3-dimensional tilted cube (5 cm) coloured in blue (see Fig. 1 and video in the 
supplementary materials). Two versions of the stimulus were created. On the first version, the blue cube was rotat-
ing on itself quickly (one rotation every 1.25 s). On the second version, the same cube was rotating on itself slowly 
(one rotation every 5 s). The use of these rotatory speeds has been described to produce a preference for slow 

Figure 1. Schematic representation of the apparatus and stimuli used in the first experiment. The position of 
the stimuli on the screens was switched and balanced across sessions.
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motion in Wood’s second experiment45. The videos were exported with a high frame rate (120 frames per second) 
to ensure a smooth displaying of the stimuli. The stimuli were created and animated using Blender (version 2.79). 
The screen frequency was set at 120 Hz to avoid flicker.

Procedure. After hatching chicks were sexed (using night-vision goggles) and singly placed in their apparatus 
for five days in a day-night cycle (LD 13:11 hr). Sexing was necessary because the difference in the direction of 
responses of male and female chicks have been reported in several laboratories39,52–54. During the day, the chicks 
underwent 13 sessions of 59 minutes of test with the stimuli displayed on the screens (fast-moving stimulus dis-
played on one screen and slow-moving stimulus on the other). Between sessions, the displaying of the stimuli was 
interrupted by 1 minute of dark screens. The position of the stimuli on the screens was balanced across sessions. 
During the night, dark screens were displayed.

Data analysis. The position of the animal (centre of the body) within the cage was scored automatically using 
DeepLabCut, an open-source deep-learning toolbox made to efficiently track animal behaviours55. The preference 
for a stimulus was assessed using the time spent close to it. Consequently, the apparatus had been divided into 
three different zones. Two screen zones (30 cm by 60 cm) and a centre zone (30 cm by 60 cm). A preference score 
had been calculated using the following

−
×formula: time spent by the slow moving stimulus

time spent by the two stimuli
100

Using this formula, a score of 50% indicates no preference for either stimulus. A score higher than 50% indi-
cates a preference for the slow-rotating stimulus, while a score lower than 50% indicates a preference for the 
fast-rotating stimulus.

To determine whether chicks’ preferences were influenced by sex and testing day, I performed a mixed 
ANOVA. The distribution of the residuals was checked (Q-Q plots) and validated as normally-distributed. 
Sphericity was checked using Mauchly’s test, and corrections were performed when the assumptions were not 
met.

The preference toward a stimulus (different from chance-level) was evaluated using two-tailed one-sample 
t-tests and also by estimating the relative likelihood ratio or Bayes factor (BF10). The latest allows to demonstrate 
how likely the overall preference was different from the null hypothesis (H0).

Statistical analyses were performed using RStudio56 and the following packages: ez57, goftest58, nlme59, lme60, 
tidyr61, plyr62, dplyr63, reshape64, lsr65, BayesFactor66 and ggplot267.

Results. The results are shown in Fig. 2. There were no significant effects associated with sex (F(1, 9) = 
0.17, p = 0.90, η2

G = 0.001), day (F(4, 36) = 1.12, p = 0.36, η2
G = 0.044) or interaction (sex x day, F(4, 36) = 1.37, 

p = 0.26, η2
G = 0.054). The preference score was not significantly different from chance level (t(10) = −1.50, 

p = 0.16, Cohen’s d = 0.45). There was however a trend for a preference for the fast-rotating object. Chicks spent 
in average 55% (+/− 3.08 SEM) of their time close the fast-rotating cube (Fig. 2B).

Furthermore, the BF10 for the overall preference, which is 0.72, confirmed that the preference observed is not 
different from the null hypothesis.

Figure 2. (A) Preference score between the slow- and fast-rotating cube across testing days. (B) Overall 
preference score between the slow- and fast-rotating cube.
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Experiment 2
The results of the first experiment did not reveal any clear preference. This could be due to the shape of the stim-
ulus used. For example, It has been reported that, at least in human vision, the number of corners and contour 
structure can affect motion perception of rotatory objects68. Besides, the colour of the object might influence the 
approach behaviours of the animals towards the stimuli. Several imprinting studies demonstrated that some col-
ours are more attractive than others in domestic chicks19. Red and blue have been described to be equally attrac-
tive in comparison to green and yellow24–26. It has also been described that chick’s favourite colour is influenced by 
experience and genetic differences23. Therefore, I conducted a second experiment by using another type of stimuli 
similar in shape and colour to those used in the study of Wood45.

Methods. The methods were the same as in the first experiment except for the stimulus used. The new stimu-
lus (Digital Embryo) had been generated using a program called Digital Embryo Workshop (DEW). The stimulus 
was then imported, animated and exported in two versions (red and blue, see Fig. 3 and video in the supplemen-
tary materials) using Blender (v2.79).

Ten chicks (four females) were tested using the red digital embryo. Eleven chicks (four females) were tested 
using the blue digital embryo (Fig. 3).

Results. The results are shown in Fig. 4. There were no significant effects associated with sex (F(1, 17) = 0.18, 
p = 0.89, η2

G = 0.0004), colour (F(1, 17) = 0.017, p = 0.25, η2
G = 0.027), day (F(4, 68) = 1.10, p = 0.36, η2

G = 0.042) 
or interactions (sex x colour, F(1, 17) = 0.43, p = 0.52, η2

G = 0.0083; sex x day, F(4,68) = 0.26, p = 0.90, η2
G = 0.010; 

colour x day, F(4, 68) = 0.23, p = 0.92, η2
G = 0.0090; sex x colour x day, F(4, 68) = 0.28, p = 0.89, η2

G = 0.011). The 
preference score was significantly different from chance level (t(20) = −5.26, p < 0.001, Cohen’s d = 1.15). The 
majority of the chicks chose the fast-rotating object and spent in average 58% (+/− 1.50 SEM) of their time close 
to it (Fig. 4).

Furthermore, the BF10 revealed that the overall preference score is 653 times more likely than the null hypoth-
esis. Following Lee and Wagenmakers classification69, the BF10 provides extreme evidence that the chicks possess 
a strong preference for the fast-rotating digital embryos.

Experiment 3
This experiment confirmed that the shape of an object likely influences the perception of rotatory motion (though 
a similar trend was also observed in Exp. 1). Nonetheless, the preference observed is opposite to that reported in 
Wood’s study45. One reason for this discrepancy could be associated with the frame frequency of the videos dis-
playing the stimuli. In the replicated study45, videos with a low frame rate (24 fps) were used, whereas videos with 
a high frame rate (120 fps) were used in this study. Birds possess highly developed visual systems which make 
them perceive the environment in slow motion in comparison to what humans perceive70. In chicks, the temporal 
perception (quantified by using critical flicker fusion, CFF) is higher than in humans and can reach 115 Hz in 
some individuals71,72. It is thus possible that the videos displayed at 24 fps were perceived as a series of still images 
rather than a smooth motion by the young birds, thereby altering their motion perception.

To test this hypothesis, in the third experiment I used the same stimuli employed in the first and second exper-
iment but changed their frame rate (fps) from a high to low fps value (such as that used in Wood45).

Figure 3. Representation of the digital embryos in blue (A) and red (B).
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Methods. Similar methods were used than in previous experiments except for the frame rate of the displaying 
of the stimuli, which were decreased from 120 to 24 fps using Blender.

Twelve chicks (six females) were tested using the blue cube. Eleven chicks (five females) were tested using the 
red Digital Embryo. Eleven chicks (five females) were tested using the blue Digital Embryo.

Results. The results are shown in Fig. 5. First, I checked for any effect of colour within the group of chicks 
exposed to the Digital Embryos. There were no significant effects associated with colour (F(1, 18) = 1.04, p = 0.32, 
η2

G = 0.035), sex (F(1, 30) = 0.13, p = 0.72, η2
G = 0.050) or interactions (sex x colour, F(1, 18) = 1.05, p = 0.32, 

η2
G = 0.035; colour x day, F(4, 72) = 0.34, p = 0.20, η2

G = 0.0072; sex x colour x day, F(4, 72) = 0.45, p = 0.77, 
η2

G = 0.0094) on the preference score.
Since, they were no effect of colour, chicks exposed to the blue and red Digital Embryos were grouped together 

for the subsequent analyses. There were no significant effects associated with stimulus (F(1, 30) = 0.51, p = 0.48, 
η2

G = 0.0098), sex (F(1, 30) = 0.13, p = 0.72, η2
G = 0.0025) or interactions between sex and stimulus (F(1, 30) = 

1.40, p = 0.20, η2
G = 0.032).

Mauchly’s test indicated that the assumption of sphericity had been violated for one factor (day, W = 0.46, 
p < 0.01) and several interactions (day x sex, W = 0.46, p < 0.01; day x stimulus, W = 0.46, p < 0.01; day x sex 
x stimulus, W = 0.46, p < 0.01). Therefore, degrees of freedom were corrected using Huynh-Feldt estimates of 
sphericity. There was a significant interaction between testing day and stimulus (F(1.82, 54.66) = 6.07, p < 0.001, 
η2

G = 0.078) but no significant effect of day (F(1.82, 54.66) = 0.44, p = 0.76, η2
G = 0.0060) or other interactions 

Figure 4. (A) Preference score between the slow- and fast-rotating Digital Embryos (blue and red) across 
testing days. (B) Overall preference score between the slow- and fast-rotating Digital Embryos (p < 0.001, ***). 
The red dots represent the overall individual preference of the chicks tested with the red Digital Embryo. The 
blue dots represent the overall individual preference of the chicks tested with the blue Digital Embryo.

Figure 5. Preference score between a slow- and fast-rotating objects (cube and Digital Embryos) across testing 
days (p < 0.05, *, p < 0.01, **, p < 0.001, ***). The blue line represents to the preference score of the chick 
stimulated by the blue cube whereas the red line represents the preference score of the chicks stimulated by the 
Digital Embryos (blue and red Digital Embryos pulled together).
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(day x sex, F(1.82, 54.66) = 2.13, p = 0.10, η2
G = 0.029; day x sex x stimulus, F(1.82, 54.66) = 0.10, p = 0.97, 

η2
G = 0.0014).

The preference scores were significantly different from chance-level on each testing day with the cube (day 
1, t(11) = −5.82, p < 0.001, Cohen’s d = 1.68, day 2, t(11) = −3.45, p < 0.01, Cohen’s d = 0.99, day 3, t(11) = 
−6.95, p < 0.001, Cohen’s d = 2.01, day 4, t(11) = −2.85, p < 0.05, Cohen’s d = 0.82, day 5, t(11) = −3.12, p < 0.01, 
Cohen’s d = 0.91). Similar results were observed with the Digital Embryos (day 1, t(21) = −2.58, p < 0.05, Cohen’s 
d = 0.55, day 2, t(21) = −2.91, p < 0.01, Cohen’s d = 0.62, day 3, t(21) = −2.60, p < 0.05, Cohen’s d = 0.55, day 4, 
t(21) = −4.14, p < 0.001, Cohen’s d = 0.88, day 5, t(21) = −3.55, p < 0.01, Cohen’s d = 0.76).

Furthermore, the BF10 revealed that the overall preference score is 41204 times more likely than the null 
hypothesis. Following Lee and Wagenmakers classification69, the BF10 provides extreme evidence that the chicks 
possess a strong preference for the fast-rotating stimuli when displayed at a low frame rate (24 fps).

Both chicks tested with the cube and with the Digital Embryo showed a preference for the fast-rotating stimu-
lus. On day 1, the preference was more robust in the group exposed to the cube than in the group exposed to the 
Digital Embryos. On day 1, chicks tested with the rotating cubes spent 70% (+/− 3.41 SEM) of their time close 
to the fast-rotating object, while chicks tested with the rotating Digital Embryos spent 56% (+/− 2.20 SEM) of 
their time close to the fast-rotating object. Moreover, the preference toward the fast-rotating cube decreased with 
time until it reached 59% (+/− 2.95 SEM) on day 5. In contrast, the preference toward the fast-rotating Digital 
Embryos increased with time until it reached 64% (+/− 3.80 SEM) on day 5.

General Discussion
This study aimed to re-investigate the spontaneous preference for slow- (in comparison to fast-) rotating objects 
described in a previous study45. Firstly, I tried to duplicate the preference for slow-moving objects using a simple 
blue cube. Secondly, I investigated whether the preference was affected by the colour and shape of the stimulus 
using differents, more complex stimuli. Thirdly, I investigated how the preference was influenced by the frame fre-
quency of the videos displaying the stimuli. In all three experiments, I was unable to find a preference for slowly 
rotating objects. Instead I have found a preference for quickly rotating objects.

The preference I observed agrees well with previous literature on filial imprinting. Soon after hatching, chicks 
are sensitive for a stimulus to imprint on. As mentioned in the introduction, they possess many predispositions to 
help them narrow their choice toward specific cues. Among all the predispositions described concerning motion, 
chicks have a general preference for movements associated with animate stimuli34,39–41,43,44,73. The results may 
fit into this pattern of preference since fast-moving objects are more likely to be considered as animate than 
slow-moving objects74. Classical imprinting literature from the 1960s has also reported that the faster an object 
moves (or flicker), the more attractive it seems to young birds, so that they would approach and imprint on it46–49.

In the literature, spontaneous preferences have been described by focusing on the first minutes and first 
choices after exposure to some stimuli37. In such experimental setting, the attraction observed toward a particu-
lar stimulus cannot be explained by learning; therefore, the term ‘spontaneous’ is used appropriately. Prolonged 
exposure paradigms such as used here and in the replicated study45 provide a promising alternative to study 
animal’s predispositions. Nevertheless, using this kind of paradigm, the preference toward a particular stimulus 
cannot be defined as a spontaneous preference since it is the result of at least two mechanisms influencing one 
another, predispositions and learning.

Given that the frequency of frames used for stimuli presentation did not affect the direction of the preference 
for quickly-moving objects in my experiments, it could be that the discrepancy between my results and Wood’s45 
results is due to the monitor screen themselves, and that the monitors used in Wood’s study might have been 
below the flicker frequency fusion threshold of birds71,72. Further research would be needed to understand this 
discrepancy. Meanwhile, these results demonstrate the necessity of controlling the temporal frequency of the 
monitor when displaying moving stimuli to avian species. Differences between strains also need to be considered. 
Unfortunately, Wood45 did not sex his animals, and this could be important because in some strains, male and 
female chicks show opposite preferences in some tasks39. In our strain, however, no sex differences were observed 
on this particular task.

Data availability
The datasets generated during and/or analysed during the current study are available on figshare, [10.6084/
m9.figshare.11637327].

Received: 6 February 2020; Accepted: 30 March 2020;
Published: xx xx xxxx

References
 1. Versace, E. & Vallortigara, G. Origins of Knowledge: Insights from Precocial Species. Front. Behav. Neurosci. 9 (2015).
 2. Vallortigara, G. Core knowledge of object, number, and geometry: A comparative and neural approach. Cogn. Neuropsychol. 29, 

213–236 (2012).
 3. Chiandetti, C. & Vallortigara, G. Chicken – Cognition in the Poultry Yard. in Field and Laboratory Methods in Animal Cognition 

97–118 (Cambridge University Press). https://doi.org/10.1017/9781108333191.007
 4. Rugani, R., Fontanari, L., Simoni, E., Regolin, L. & Vallortigara, G. Arithmetic in newborn chicks. Proc. R. Soc. B Biol. Sci. 276, 

2451–2460 (2009).
 5. Rugani, R., Regolin, L. & Vallortigara, G. Imprinted numbers: newborn chicks’ sensitivity to number vs. continuous extent of objects 

they have been reared with. Dev. Sci. 13, 790–797 (2010).
 6. Rugani, R., Vallortigara, G. & Regolin, L. From small to large: Numerical discrimination by young domestic chicks (Gallus gallus). 

J. Comp. Psychol. 128, 163–171 (2014).
 7. Fontanari, L., Rugani, R., Regolin, L. & Vallortigara, G. Object individuation in 3-day-old chicks: use of property and spatiotemporal 

information. Dev. Sci. 14, 1235–1244 (2011).

https://doi.org/10.1038/s41598-020-63428-3
https://doi.org/10.1017/9781108333191.007


7Scientific RepoRtS |         (2020) 10:6277  | https://doi.org/10.1038/s41598-020-63428-3

www.nature.com/scientificreportswww.nature.com/scientificreports/

 8. Fontanari, L., Rugani, R., Regolin, L. & Vallortigara, G. Use of kind information for object individuation in young domestic chicks. 
Anim. Cogn. 17, 925–935 (2014).

 9. Chiandetti, C. & Vallortigara, G. Intuitive physical reasoning about occluded objects by inexperienced chicks. Proc. R. Soc. B Biol. 
Sci. 278, 2621–2627 (2011).

 10. Regolin, L., Rugani, R., Stancher, G. & Vallortigara, G. Spontaneous discrimination of possible and impossible objects by newly 
hatched chicks. Biol. Lett. 7, 654–657 (2011).

 11. Regolin, L. & Vallortigara, G. Perception of partly occluded objects by young chicks. Percept. Psychophys. 57, 971–976 (1995).
 12. Rosa Salva, O., Rugani, R., Cavazzana, A., Regolin, L. & Vallortigara, G. Perception of the Ebbinghaus illusion in four-day-old 

domestic chicks (Gallus gallus). Anim. Cogn. 16, 895–906 (2013).
 13. Spalding, D. A. Instinct, with original observations of young animals. 282–293 (1873).
 14. Lorenz, K. Z. The Companion in the Bird’s World. Auk 54, 245–273 (1937).
 15. Hess, E. H. Imprinting. Science (80-.). 130, Issue, (1959).
 16. Vallortigara, G. & Versace, E. Filial Imprinting. in Encyclopedia of Animal Cognition and Behavior 1–4 (Springer International 

Publishing, 2018). https://doi.org/10.1007/978-3-319-47829-6_1989-1
 17. McCabe, B. J. Visual Imprinting in Birds: Behavior, Models, and Neural Mechanisms. Front. Physiol. 10, (2019).
 18. Bateson, P. P. G. Preferences for familiarity and novelty: A model for the simultaneous development of both. J. Theor. Biol. 41, 

249–259 (1973).
 19. Bolhuis, J. J. Mechanisms of avian imprinting: A review. Biol. Rev. 66, 303–345 (1991).
 20. Fabricius, E. & Boyd, H. Experiments on the following-reaction of ducklings. Wildfowl 6, 84–89 (1954).
 21. Schulman, A. H., Hale, E. B. & Graves, H. B. Visual stimulus characteristics for initial approach response in chicks (Gallus 

domesticus). Anim. Behav. 18, 461–466 (1970).
 22. Versace, E., Schill, J., Nencini, A. M. & Vallortigara, G. Naïve Chicks Prefer Hollow Objects. PLoS One 11, e0166425 (2016).
 23. Ham, A. & Osorio, D. Colour preferences and colour vision in poultry chicks. Proc. R. Soc. B Biol. Sci. 274, 1941–1948 (2007).
 24. Kovach, J. K. Effectiveness of Different Colors in the Elicitation and Development of Approach Behavior in Chicks. Behaviour 38, 

154–168 (1971).
 25. Salzen, E. A., Lily, R. E. & McKeown, J. R. Colour preference and imprinting in domestic chicks. Anim. Behav. 19, 542–547 (1971).
 26. Schaefer, H. H. & Hess, E. H. Color Preferences in Imprinting Objects1. Z. Tierpsychol. 16, 161–172 (2010).
 27. Buiatti, M. et al. Cortical route for facelike pattern processing in human newborns. Proc. Natl. Acad. Sci. 116, 4625–4630 (2019).
 28. Goren, C. C., Sarty, M. & Wu, P. Y. Visual following and pattern discrimination of face-like stimuli by newborn infants. Pediatrics 56, 

544–9 (1975).
 29. Macchi Cassia, V., Simion, F. & Umiltaà, C. Face preference at birth: the role of an orienting mechanism. Dev. Sci. 4, 101–108 (2001).
 30. Morton, J. & Johnson, M. H. CONSPEC and CONLERN: a two-process theory of infant face recognition. Psychol. Rev. 98, 164–81 

(1991).
 31. Rosa-Salva, O., Regolin, L. & Vallortigara, G. Faces are special for newly hatched chicks: evidence for inborn domain-specific 

mechanisms underlying spontaneous preferences for face-like stimuli. Dev. Sci. 13, 565–577 (2009).
 32. Rosa-Salva, O., Mayer, U. & Vallortigara, G. Unlearned visual preferences for the head region in domestic chicks. PLoS One 14, 

e0222079 (2019).
 33. Valenza, E., Simion, F., Cassia, V. M. & Umiltà, C. Face preference at birth. J. Exp. Psychol. Hum. Percept. Perform. 22, 892–903 

(1996).
 34. Di Giorgio, E. et al. Filial responses as predisposed and learned preferences: Early attachment in chicks and babies. Behav. Brain Res. 

325, 90–104 (2017).
 35. Tremoulet, P. D. & Feldman, J. Perception of Animacy from the Motion of a Single Object. Perception 29, 943–951 (2000).
 36. Bardi, L., Regolin, L. & Simion, F. Biological motion preference in humans at birth: role of dynamic and configural properties. Dev. 

Sci. 14, 353–359 (2011).
 37. Di Giorgio, E., Lunghi, M., Simion, F. & Vallortigara, G. Visual cues of motion that trigger animacy perception at birth: the case of 

self-propulsion. Dev. Sci. 20, e12394 (2017).
 38. Mascalzoni, E., Regolin, L., Vallortigara, G. & Simion, F. The cradle of causal reasoning: newborns’ preference for physical causality. 

Dev. Sci. 16, 327–335 (2013).
 39. Miura, M. & Matsushima, T. Preference for biological motion in domestic chicks: sex-dependent effect of early visual experience. 

Anim. Cogn. 15, 871–879 (2012).
 40. Miura, M. & Matsushima, T. Biological motion facilitates filial imprinting. Anim. Behav. 116, 171–180 (2016).
 41. Vallortigara, G., Regolin, L. & Marconato, F. Visually Inexperienced Chicks Exhibit Spontaneous Preference for Biological Motion 

Patterns. PLoS Biol. 3, e208 (2005).
 42. Rosa-Salva, O., Grassi, M., Lorenzi, E., Regolin, L. & Vallortigara, G. Spontaneous preference for visual cues of animacy in naïve 

domestic chicks: The case of speed changes. Cognition 157, 49–60 (2016).
 43. Mascalzoni, E., Regolin, L. & Vallortigara, G. Innate sensitivity for self-propelled causal agency in newly hatched chicks. Proc. Natl. 

Acad. Sci. 107, 4483–4485 (2010).
 44. Rosa-Salva, O., Hernik, M., Broseghini, A. & Vallortigara, G. Visually-naïve chicks prefer agents that move as if constrained by a 

bilateral body-plan. Cognition 173, 106–114 (2018).
 45. Wood, J. N. Spontaneous Preference for Slowly Moving Objects in Visually Naïve Animals. (2017).
 46. Sluckin, W. & Salzen, E. A. Imprinting and perceptual learning. Q. J. Exp. Psychol. 13, 65–77 (1961).
 47. James, H. Flicker: An unconditioned stimulus for imprinting. Can. J. Psychol. Can. Psychol. 13, 59–67 (1959).
 48. James, H. Social inhibition of the domestic chick’s response to visual flicker. Anim. Behav. (1960).
 49. James, H. Imprinting with visual flicker: Evidence for a critical period. Can. J. Psychol. Can. Psychol. 14, 13–20 (1960).
 50. Wood, J. N. Newborn chickens generate invariant object representations at the onset of visual object experience. Proc. Natl. Acad. 

Sci. 110, 14000–14005 (2013).
 51. Wood, J. N. Newly Hatched Chicks Solve the Visual Binding Problem. Psychol. Sci. 25, 1475–1481 (2014).
 52. Vallortigara, G., Cailotto, M. & Zanforlin, M. Sex differences in social reinstatement motivation of the domestic chick (Gallus gallus) 

revealed by runway tests with social and nonsocial reinforcement. J. Comp. Psychol. 104, 361–367 (1990).
 53. Vallortigara, G. Affiliation and aggression as related to gender in domestic chicks (Gallus gallus). J. Comp. Psychol. 106, 53–57 

(1992).
 54. Versace, E., Spierings, M. J., Caffini, M., ten Cate, C. & Vallortigara, G. Spontaneous generalization of abstract multimodal patterns 

in young domestic chicks. Anim. Cogn. 20, 521–529 (2017).
 55. Nath, T. et al. Using DeepLabCut for 3D markerless pose estimation across species and behaviors. Nat. Protoc. 14, 2152–2176 (2019).
 56. RStudio Team. RStudio: Integrated Development for R. (2015).
 57. Lawrence, M. A. ez: Easy Analysis and Visualization of Factorial Experiments. (2016).
 58. Faraway, J., Marsaglia, G., Marsaglia, J. & Baddeley, A. goftest: Classical Goodness-of-Fit Tests for Univariate Distributions. (2019).
 59. Pinheiro, J., Bates, D., DebRoy, S., Sarkar, D. & R Core, T. Linear and Nonlinear Mixed Effects Models. (2020).
 60. Bates, D., Mächler, M., Bolker, B. & Walker, S. Fitting Linear Mixed-Effects Models Using lme4. J. Stat. Softw. 67 (2015).
 61. Wickham, H. & Lionel, H. tidyr: Tidy Messy Data. (2020).
 62. Wickham, H. The Split-Apply-Combine Strategy for Data Analysis. J. Stat. Softw. 40, 1–29 (2011).

https://doi.org/10.1038/s41598-020-63428-3
https://doi.org/10.1007/978-3-319-47829-6_1989-1


8Scientific RepoRtS |         (2020) 10:6277  | https://doi.org/10.1038/s41598-020-63428-3

www.nature.com/scientificreportswww.nature.com/scientificreports/

 63. Wickham, H., François, R., Henry, L. & Kirill, M. dplyr: A Grammar of Data Manipulation. (2020).
 64. Wickham, H. Reshaping data with the reshape package. J. Stat. Softw. 21 (2007).
 65. Navarro, D. Learning statistics with R: A tutorial for psychology students and other beginners. (2015).
 66. Morey, R. D. & Rouder, J. N. BayesFactor: Computation of Bayes Factors for Common Designs. (2018).
 67. Wickham, H. ggplot2: Elegant Graphics for Data Analysis. (Springer-Verlag New York, 2016).
 68. Porter, K. B., Caplovitz, G. P., Kohler, P. J., Ackerman, C. M. & Tse, P. U. Rotational and translational motion interact independently 

with form. Vision Res. 51, 2478–2487 (2011).
 69. Lee, M. D. & Wagenmakers, E.-J. Bayesian Cognitive Modeling. (Cambridge University Press, 2013). https://doi.org/10.1017/

CBO9781139087759
 70. Healy, K., McNally, L., Ruxton, G. D., Cooper, N. & Jackson, A. L. Metabolic rate and body size are linked with perception of 

temporal information. Anim. Behav. 86, 685–696 (2013).
 71. Lisney, T. J. et al. Behavioural assessment of flicker fusion frequency in chicken Gallus gallus domesticus. Vision Res. 51, 1324–1332 

(2011).
 72. Lisney, T. J., Ekesten, B., Tauson, R., Håstad, O. & Ödeen, A. Using electroretinograms to assess flicker fusion frequency in domestic 

hens Gallus gallus domesticus. Vision Res. 62, 125–133 (2012).
 73. Vallortigara, G. Aristotle and the Chicken: Animacy and the Origins of Beliefs. in The Theory of Evolution and Its Impact 189–199 

(Springer Milan, 2012). https://doi.org/10.1007/978-88-470-1974-4_12
 74. Szego, P. A. & Rutherford, M. D. Actual and illusory differences in constant speed influence the perception of animacy similarly. J. 

Vis. 7, 5 (2007).

Acknowledgements
Fondazione Caritro funded this research.

Author contributions
B.S.L. designed the research, acquired the data, analysed the data and wrote the article.

competing interests
The author declares no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-63428-3.
Correspondence and requests for materials should be addressed to B.S.L.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-63428-3
https://doi.org/10.1017/CBO9781139087759
https://doi.org/10.1017/CBO9781139087759
https://doi.org/10.1007/978-88-470-1974-4_12
https://doi.org/10.1038/s41598-020-63428-3
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	No evidence of spontaneous preference for slowly moving objects in visually naïve chicks
	Experiment 1
	Methods. 
	Subjects. 
	Apparatus. 
	Stimuli. 
	Procedure. 
	Data analysis. 

	Results. 

	Experiment 2
	Methods. 
	Results. 

	Experiment 3
	Methods. 
	Results. 

	General Discussion
	Acknowledgements
	Figure 1 Schematic representation of the apparatus and stimuli used in the first experiment.
	Figure 2 (A) Preference score between the slow- and fast-rotating cube across testing days.
	Figure 3 Representation of the digital embryos in blue (A) and red (B).
	Figure 4 (A) Preference score between the slow- and fast-rotating Digital Embryos (blue and red) across testing days.
	Figure 5 Preference score between a slow- and fast-rotating objects (cube and Digital Embryos) across testing days (p < 0.




