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Abstract 

Perceptual animacy is the tendency for observers to represent inanimate objects as animate, 

based on simple motion cues. Several features of the chasing pattern can elicit animacy 

perception and, similarly to adult humans, dogs perceive dots showing this pattern as animate. 

Here, we used moving objects with a heading alignment (isosceles triangles) to investigate 

whether human and dog behavior continues to show similarities following such slight, but 

important change in the pattern. We hypothesized that a heading alignment would facilitate 

animacy perception in both species in a similar manner. We displayed chasing and non-chasing 

(independent) motions side-by-side on a screen, in two subsequent trials (Trial 1 and 2). 

Looking duration at each pattern as well as frequency of gaze shifting between the patterns was 

measured. Humans looked at the independent motion for longer already during Trial 1; 

however, dogs looked at this pattern longer only during Trial 2, whereas during Trial 1, their 

looking time increased towards the chasing pattern. Gaze shifting was observed in humans more 

often in both trials than in dogs. Although ultimate preference for the independent motion 

suggests rapid perception of the chasing pattern directing gaze in both species toward the 

“unrecognized” pattern, there was an initial inter-species difference. We suggest that different 

behavior across humans and dogs could be explained by ecological differences, although the 

role of differences in visual strategies, irrespective of perception of animacy, cannot be 

excluded.  

 

 Keywords: animacy perception; social perception; chasing; comparative perception; 

vision.  
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 Animacy perception is conceptualized as the tendency for observers to perceive 

inanimate objects as animate, based on simple motion cues, such as changing speed and 

direction (e.g. Gao et al., 2009; Scholl & Tremoulet, 2000; Tremoulet & Feldman, 2000). This 

phenomenon has mainly been investigated in humans, but newly-hatched chicks (Gallus gallus) 

and dogs (Canis familiaris) are also sensitive to such cues (e.g. Abdai et al., 2017; Mascalzoni 

et al., 2010; Rosa-Salva et al., 2016). Prior findings further indicate that pigeons (Columba 

livia) discriminate between displays of apparent motion exhibited by dots, relying on 

assessment of relative motion of objects (coherent vs incoherent) (e.g. Jitsumori et al., 2013). 

 In a previous study, we presented dogs and adult humans with simultaneous displays of 

chasing and independent motion exhibited by two dots (Abdai et al., 2017). We hypothesized 

that if the motion was perceived as a chasing interaction (dependent motion), subjects would 

shift their gaze more frequently toward the independent pattern, either due to habituation to the 

familiar chasing motion or to greater interest in the independent, “unrecognized” pattern (see 

also Rochat et al., 1997). Dogs divided their looking time between chasing-like and independent 

motion patterns similarly to adult humans (Abdai et al., 2017), by showing equal initial attention 

to both patterns and favoring the independent pattern later. Detailed analysis also revealed that 

both species increasingly favored to look at the chasing pattern even within the first trial, 

although not reaching overall preference during the trial. These changes in visual attention were 

in line with those reported by Rochat et al. (1997) in five-month-old human infants and adults, 

who considered these shifts as indicating sensitivity to the specific movement information, 

animacy in our case. Accordingly, we interpreted our results as indicating that dogs, similarly 

to humans, perceive animacy based on simple motion cues (Abdai et al., 2017). 

 Changes in the characteristics of the chasing pattern influence human animacy 

perception. Whereas some of these facilitate the perception of the pattern (e.g. chaser moving 

directly toward the chasee; Gao et al., 2009), others impair the detection of the object as animate 

(e.g. interruption of chasing pattern with random motions; Gao & Scholl, 2011). Heading 

alignment, that is, when the main axis of objects is always aligned with the direction of their 

motion, is an important cue to animacy, perhaps due to the constraints by the bilateral body-

structure on the motion. The anteroposterior axis defines several aspects of the behavior, thus 

spontaneous encoding of the axis of an agent is advantageous, for example in foraging (e.g. 

attacking the head of the prey), communication (e.g. accumulation of perceptual organs toward 

the anterior end) or predicting future behavior (e.g. motion direction) (Hernik et al., 2014; 

Morikawa, 1999; Rosa-Salva et al., 2018). 

 Recent findings indicate that human and non-human species might be sensitive to 

heading alignment (Ewert et al., 1983; Gao et al., 2009; Hernik et al., 2014; Morikawa, 1999; 

Rosa-Salva et al., 2018; Tremoulet & Feldman, 2000). Adult humans consider moving objects 

maintaining heading alignment more likely to be animate, than objects without heading 

alignment (Tremoulet & Feldman, 2000). Also in adult humans, this aspect of motion facilitates 

perception of a chaser agent, compared to cases when the axis of the object and its motion are 

uncorrelated or when the principal axis of the object is always perpendicular to its motion 

direction (Gao et al., 2009). Human infants at six months of age already show the spontaneous 

encoding of the anteroposterior axis of a moving object in a short, chasing-like scenario (Hernik 

et al., 2014). Regarding non-human species, Ewert et al. (1983) described that toads (Bufo) and 

Periophthalmus koelreuteri prefer when the main axis is aligned with the motion direction, 

compared to when it is oriented perpendicular to the direction of movement. Visually naïve 

chicks also show preference toward a moving object with heading alignment over objects 

without it (Rosa-Salva et al., 2018). Based on these findings, heading alignment alone seems to 

be an important cue for animacy detection across many species, though we only have limited 

information on this in non-human species. 
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 Although in our earlier study dogs resembled humans in overall pattern of visual 

attention to chasing vs. to independent displays (Abdai et al., 2017), it remained unclear whether 

the same spatiotemporal and physical features (e.g. shape) drove this behavior in both species. 

In the current study the same method was applied as  previously in (Abdai et al., 2017); 

however, isosceles triangles were used as moving objects instead of dots. The main axis of the 

triangles was always aligned with the direction of their motion, equipping the moving objects 

with heading alignment that has been shown to facilitate animacy perception (e.g. Gao et al., 

2009; Rosa-Salva et al., 2018; Tremoulet & Feldman, 2000). 

 We hypothesized that using heading alignment facilitates animacy perception both in 

dogs and adult humans, and we expected that the more rapid perception of animate motion 

would shift subjects’ attention to the independent motion pattern earlier, i.e. subjects’ looking 

time would gradually increase toward the independent motion from the beginning of the test 

(cf. Abdai et al., 2017). 
 

Methods 

Ethics 

Dogs 
Ethical approval was obtained from the National Animal Experimentation Ethics 

Committee (PEI/001/1492-4/2015). Owners provided written consent indicating voluntarily 

allowing their dogs to participate in the study. 

 

Humans 

Ethical approval was obtained from the Institutional Psychological Ethics in Research 

Committee (EPKEB-2017/13). Participants (all of legal age) provided written consent 

indicating voluntarily participation in the study. 

 

Subjects 

 Testing was conducted with 53 dogs and 32 university students; of these, data were 

analyzed for 30 dogs (different breeds; 15 females; mean age = 4.1 years, SD = 2.8) and 30 

students (22 women; mean age = 21.7 years, SD = 1.2). Twelve dogs were excluded because 

they looked at the stimuli for less than 1 s in either trial, seven because their faces were not 

captured by the camera for the entire duration of the trials (conceptualized as >3 s in either trial; 

non-capture duration for excluded dogs: Trial 1, mean = 5.74 s, SD = 3.57; Trial 2, mean = 7.27 

s, SD = 2.96; min = 3.8 s, max = 10.0 s), and four due to technical problems with the recording 

system. Two human participants were excluded because of poor quality of the recording. 

 

Apparatus 

 Participants were tested at the Department of Ethology, Eötvös Loránd University, in a 

5.2 m x 3 m testing room. Trials were recorded by two cameras; one was a 25 frame/s (fps) zero 

lux camera (Panasonic NV-DS28), appropriate for recording in low light density. This camera 

was mounted on a compact tripod placed before the screen, equidistant from its sides and was 

focused on the face of subjects. Infrared LEDs placed next to the camera were directed toward 

the subjects to improve eye visibility. The second camera was a synchronized camera mounted 

on the ceiling, behind subjects and was focused on the video displays. The projector was also 

mounted on the ceiling behind subjects. Audio was displayed by two speakers centered behind 

the screen to avoid possible asymmetric cues. 
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Procedure 

 Subjects sat on the ground, 2.8 m away from the stimulus-projecting screen (Figure 1). 

Owners sat on a chair and held the dog in front of them, by a collar or its chest. Owners were 

instructed to look towards the ground during the test, to avoid unintended human influence 

(Pfungst, 1911). Human participants sat on a pillow that was placed on the floor before they 

entered the testing room, so that the height of their eyes was closer to the height of the dogs’ 

eyes. The experimenter adjusted the focus of the zero lux camera to capture subjects’ face and 

turned off the lights in the room. The experimenter left the room and started the video from 

outside. We repeated 10 s long stimuli to subjects twice in a row (Trial 1 and 2) by using a 

video that consisted of the following: (1) 2.32 s long audiovisual attention grabber directing 

subjects’ attention to the center of the screen, (2) 10 s stimulus, (3) 3 s long black screen, (4) 

2.32 s long audiovisual attention grabber, and (5) 10 s stimulus. All subjects saw one unique 

video, and we used the same set of stimuli (overall 30 unique videos) for dogs and humans. 

Videos displayed to excluded subjects were used again later for new subjects. The study thus 

included 30 videos for 30 dogs and 30 human participants (see supplemental materials for an 

example video). 
 Stimuli were dependent (henceforth ‘chasing’) and independent movement patterns of 

two white isosceles triangles presented side-by-side, over a plain black background separated 

by a white vertical line. Videos were generated by the ChasingDots program (Abdai et al., 

2017). Independent patterns were compiled from two chasing patterns selected randomly; from 

one of them the program used the chaser, and from the other, the chasee. Thus, the dynamics 

of the chasing and independent patterns were the same. The sides of the chasing and 

independent patterns were counterbalanced between trials and subjects. See supplemental 

materials for further details. 

 

Data analyses 

 All tests were recorded and subjects’ behavior was analyzed with Solomon Coder 

17.03.22 (developed by András Péter: http://solomoncoder.com). All videos were coded frame 

by frame (25 frames per second); for each frame, gaze direction (independent, dependent, away) 

was determined. Looking duration (at the patterns) was coded based on eye movements. 

Looking duration was normally distributed in both species (see supplemental material). Inter-

coder reliabilities on random subsamples (20% of dog and 20% of human recordings) indicated 

acceptable reliability (mean ± SD Cohen’s kappa for dog recordings: 0.820 ± 0.082; human 

recordings: 0.789 ± 0.149; see supplemental material). 

 Generalized Linear Mixed Model were used (GLMM; adjusted with sequential Sidak) 

in IBM SPSS 22 to estimate the fixed effect of motion pattern, trial and species (three-way 

interactions) on looking duration. Subject was included as a random effect variable to control 

for within-subject comparison across trials. Contrast estimates (ß ± SE) are reported for 

significant explanatory variables. 

 Looking-time curves were created for dogs and humans separately for each trial, to 

investigate within-trial dynamics of looking. The relative proportions of time spent looking at 

the chasing and at the independent stimuli were calculated for every three consecutive frames, 

to represent a single point. As at the onset of the trials neither dogs nor humans looked at the 

stimuli, data points preceding their looking at the stimulus with looking proportions <80% of 

their respective averages were disregarded in the analyses. Linear regression was applied to the 

data to capture overall trends and estimate slopes (ß ± SE). 

 Frequency of gaze shifts between patterns (irrespective of delays in between) were 

counted. AIC values indicated the Poisson distribution fit the data best, thus loglinear GLMM 

was used for analyses (AIC = 175.386; model with the lowest AIC value was kept, a model was 
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considered better whenever ΔAIC was ≥2). For significant explanatory variables, contrast 

estimates (ß ± SE) are provided. 

 

Results 

 Significant three-way interaction was found between species, trial and pattern (linear 

GLMM of looking duration: Species x Trial x Pattern, F(1, 232) = 6.418, p = .012). In Trial 1, 

dogs looked longer at the chasing, whereas in Trial 2, they looked longer at the independent 

pattern (Dogs, Chasing vs Independent: Trial 1, F(1, 232) = 4.604, ß = 0.952, SE = 0.444, p = 

.033; Trial 2, F(1, 232) = 20.457, ß = -2.007, SE = 0.444, p < .001). Humans looked marginally 

significantly longer at the independent pattern in Trial 1, but looked at it longer in Trial 2 

(Humans, Chasing vs Independent: Trial 1, F(1, 232)  = 3.642, ß = -0.847, SE = 0.444, p = .058; 

Trial 2, F(1, 232)  = 12.231, ß = -1.557, SE = 0.444, p = .001). In Trial 1, humans looked longer 

at the independent pattern than dogs (Independent pattern, Dogs vs Humans: Trial 1: F(1, 232)  

= 7.778, ß = -1.237, SE = 0.444, p = .006), and in Trial 2, humans looked longer at the chasing 

pattern than dogs (Chasing pattern, Dogs vs Humans: Trial 2: F(1, 232)  = 6.028, ß = -1.089, 

SE = 0.444, p = .015). However, significant difference was not found between species in Trial 

1 regarding the chasing (Chasing pattern, Dogs vs Humans: Trial 1: F(1, 232)  = 1.601, p = 

.207), or in Trial 2 regarding the independent pattern (Independent pattern, Dogs vs Humans: 

Trial 2: F(1, 232)  = 2.081, p = .151). Although in humans difference was not found between 

trials in looking at either of the patterns (Humans, Trial 1 vs 2: Chasing pattern, F(1, 232)  = 

0.966, p = .327; Independent pattern, F(1, 232)  = 0.383, p = .536), dogs looked at the chasing 

pattern less in Trial 2 than in Trial 1 (Dogs, Trial 1 vs 2: Chasing pattern, F(1, 232)  = 22.120, 

ß = 2.087, SE = 0.444, p < .001; Independent pattern, F(1, 232)  = 3.863, ß = -0.872, SE = 0.444, 

p = .051) (see Figure 2 and Table S2 in the supplemental material). 

 

Within-trial dynamics of looking at stimuli 

 Dogs’ looking increased toward the chasing pattern during Trial 1, while it decreased 

toward the independent motion (Dogs, Trial 1: Chasing, ß = 0.012, SE = 0.002, p < .001; 

Independent, ß = 0.009, SE = 0.002, p < .001; Figure 3a). Dogs’ decreased attention toward the 

stimuli in Trial 2 (see supplemental material) was driven by decreased looking at the chasing 

pattern, while their looking at the independent pattern did not change (Dogs, Trial 2: Chasing, 

ß = -0.011, SE = 0.002, p < .001; Independent, ß = 0.003, SE = 0.002, p = .154; Figure 3a). 

Human participants’ looking time decreased toward the chasing, while increased toward the 

independent pattern during Trial 1 (Humans, Trial 1: Chasing, ß = 0.017, SE = 0.004, p < .001; 

Independent, ß = 0.025, SE = 0.004, p < .001; Figure 3b). In Trial 2 there was no change in the 

dynamic of humans’ looking at either of the patterns (Humans, Trial 2: Chasing, ß = 0.003, SE 

= 0.002, p = .238; Independent, ß = -0.005, SE = 0.003, p = .130; Figure 3b). 

 

Alternation of looking between patterns 

 There was a two-way species by trial interaction effect on frequency of between-pattern 

gaze alternation (loglinear GLMM: Species x Trial, F(1, 116) = 4.077, p = .046). Humans 

shifted gaze more often than dogs, in both trials (Dogs vs Humans: Trial 1, F(1, 116) = 18.073, 

ß = 3.389, SE = 0.797, p < .001; Trial 2, F(1, 116) = 35.378, ß = 4.135, SE = 0.695, p < .001). 

Dogs exhibited more frequent gaze alternation in Trial 1 than in Trial 2 (Trial 1 vs 2: Dogs, 

F(1, 116) = 10.609, ß = 1.597, SE = 0.490, p = .001). In humans, there was no difference in this 

regard between trials (Trial 1 vs 2: Humans, F(1, 116) = 1.502, p = .223) (see also Table S3 in 

the supplemental material). 

Discussion 
 Consistent with earlier findings (Abdai et al., 2017), spontaneous recognition of the 

chasing pattern increased attention toward the independent pattern in both species, suggesting 
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animacy perception. As predicted, humans exhibited gradual increases in looking duration 

toward the independent pattern already in Trial 1 (suggesting more rapid perception of the 

chasing pattern). Dogs, however, looked preferentially at the chasing pattern throughout Trial 

1 in contrast to Abdai et al. (2017) where dogs did not show a marked preference toward either 

pattern. Thus both species are sensitive to changes in the shape of moving objects and/or to the 

heading alignment in the movement of such objects, but dog and human looking patterns show 

different dynamics. In what follows, we propose ecological and sensory explanations that may 

point to different causal factors, the roles of which may be warranted to clarify in future 

behavioral experiments. 

 Ecological differences between species can affect how they process environmental 

information. For example, chimpanzees, relying on shorter fixations, scan naturalistic scenes 

faster than humans, but the location of such fixations are similar across these species (Kano & 

Tomonaga, 2011). It was suggested that as the dense forests that are the natural habitat of 

chimpanzees have low predictability, these animals have to employ rapid visual scanning to 

efficiently detect other individuals. Analogously, one could argue that dogs, being a predator 

species, are highly sensitive to chasing motion (cf. sign stimulus), which might control their 

initial looking preference and result in an extended interest in this pattern. In contrast, in 

humans, rapid perception of chasing led to faster habituation to this pattern and they turned 

their look toward the “unrecognized” independent pattern. 

 Dogs have good peripheral vision along a horizontal plane (approx. 250°), supported by 

the horizontally elongated visual streak consisting of relatively large amounts of ganglion cells 

in the retina (McGreevy et al., 2004; Peichl, 1992). In contrast, humans have a narrower visual 

field (approx. 180°) and use the fovea for focused vision. Therefore, dogs are able to perceive 

motions in a wider visual field, whereas humans have to change the focus of the eye frequently 

for active exploration of their environment (Hoppe & Rothkopf, 2016). It has been found that 

humans rapidly adjust the temporal eye movement to the regularity of changes in the 

surrounding (Hoppe & Rothkopf, 2016). Taken together, this suggests that humans switch more 

frequently between the two patterns, and thus they have a greater chance to get drawn into 

looking at the “unrecognized” independent pattern. In contrast, dogs may have been able to 

look at both patterns without the need to alter the orientation of their gaze. 

 Interestingly, three-month-old human infants, relative to older human children, behave 

more similarly to dogs. Rochat et al. (1997) reported that three-month-olds, relative to five-

month-old human infants, alternate more often between looking at chasing and independent 

patterns, potentially reflecting more frequent comparison of the stimuli. However, these 

between-group differences may also be explained by visual stimulus processing differences. 

For example, Helo et al. (2016) found that duration of fixation on visual scenes decreases from 

three to twelve months of age in infants (see also Colombo & Mitchell, 2009). Longer fixation 

duration has been explained by the speed with which visual stimuli are processed in a 

perceptual-cognitive task (e.g. Colombo et al., 1991). It also cannot be excluded that younger 

infants may be more sensitive to the sign stimulus aspect of the coherent pattern (cf. chasing). 

 Regarding the behavioral difference of chimpanzees and humans, Kano & Tomonaga 

(2011) also suggested that the different processing of the retrieved information in the two 

species might account for their results. The heading alignment, which is an important cue for 

animacy may have increased the complexity of the motion (qualitatively or quantitatively) that 

could also have led to differences in the processing of the stimuli used in this experiment. 

 Thus, we suggest that basic differences in the visual system and visual strategies of 

animals should be taken into account in future comparative studies on visual perception of 

moving patterns. These aspects can lead to different behavior in species irrespective of the 

perception of animacy per se. Findings of this study may lead to novel directions in the research 
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on animacy perception. For example, it has been suggested that animacy perception has a 

specialized processing in the visual system (for further details see Scholl & Gao, 2013). 
 Throughout this paper, we use the term animacy instead of agency as the latter implies 

goal-directedness in the agent (e.g. Blakemore et al., 2003; Luo et al., 2009; Rosa-Salva et al., 

2016). Although the chasing pattern has often been interpreted as a visual display of goal-

directed motion, it would have been difficult to determine in the context of the current design, 

whether looking behavior was influenced by the goal-directedness, or by other characteristic(s) 

of motion (e.g. correlation in the motion of the objects). Rosa-Salva et al. (2018) also discussed 

that heading alignment alone could be a cue for agency, or a constraint on motion by the 

bilateral body-structure that is linked to animacy. Heading alignment and other animacy-related 

motion cues together may lead to agency attribution; however, considering the uncertainty of 

how specific cues and their combination affect the attribution of animacy or agency to moving 

objects, we do not want to argue that our chasing stimuli convey the former or the latter. 

 In summary, dogs and humans both exhibit evidence of animacy perception, and 

changes in motion (or shape) similarly influence their behavior. Yet, it is not possible to 

determine whether the across-species difference found in the present study, i.e., initial 

preference for gazing at the chasing pattern in dogs, and at the independent motion in humans, 

relates to animacy perception and thus reflects ecological differences between dogs and 

humans, or is the result of visual strategy differences between two to species. Accordingly, we 

suggest that factors beyond motion parameters (e.g. differences in looking strategies) should be 

taken into account in comparative studies on animacy perception. 

 

References 

Abdai, J., Ferdinandy, B., Baño Terencio, C., Pogány, Á., & Miklósi, Á. (2017). Perception of 

animacy in dogs and humans. Biology Letters, 13(6), 20170156. 

https://doi.org/10.1098/rsbl.2017.0156 

Blakemore, S., Boyer, P., Pachot-Clouard, M., Meltzoff, A., Segebarth, C., & Decety, J. (2003). 

The detection of contingency and animacy from simple animations in the human brain. 

Cerebral Cortex, 13(8), 837–844. https://doi.org/10.1093/cercor/13.8.837 

Colombo, J., & Mitchell, D. W. (2009). Infant visual habituation. Neurobiology of Learning 

and Memory, 92(2), 225–234. https://doi.org/10.1016/j.nlm.2008.06.002 

Colombo, J., Mitchell, W. D., Coldren, J. T., & Freeseman, L. J. (1991). Individual differences 

in infant visual attention : Are short lookers faster processors or feature processors? 

Child Development, 62(6), 1247–1257. https://doi.org/10.1111/j.1467-

8624.1991.tb01603.x 

Ewert, J.-P., Burghagen, H., & Schürg-Pfeiffer, E. (1983). Neuroethological analysis of the 

innate releasing mechanism for prey-catching behavior in toads. In J.-P. Ewert, R. R. 

Capranica, & D. J. Ingle (Eds.), Advances in vertebrate neuroethology. NATO Advanced 

Science Institutes Series (Series A: Life Sciences) (pp. 413–475). Springer. 

https://doi.org/10.1080/0143116021000023880 

Gao, T., Newman, G. E., & Scholl, B. J. (2009). The psychophysics of chasing: A case study 

in the perception of animacy. Cognitive Psychology, 59(2), 154–179. 

https://doi.org/10.1016/j.cogpsych.2009.03.001 

Gao, T., & Scholl, B. J. (2011). Chasing vs. stalking: Interrupting the perception of animacy. 

Journal of Experimental Psychology: Human Perception and Performance, 37(3), 669–

684. https://doi.org/10.1037/a0020735 

Helo, A., Rämä, P., Pannasch, S., & Meary, D. (2016). Eye movement patterns and visual 

attention during scene viewing in 3- to 12-month-olds. Visual Neuroscience, 33, e014. 

https://doi.org/10.1017/S0952523816000110 

Hernik, M., Fearon, P., & Csibra, G. (2014). Action anticipation in human infants reveals 



9 

assumptions about anteroposterior body-structure and action. Proceedings of the Royal 

Society B: Biological Sciences, 281(1781), 20133205. 

https://doi.org/10.1098/rspb.2013.3205 

Hoppe, D., & Rothkopf, C. A. (2016). Learning rational temporal eye movement strategies. 

Proceedings of the National Academy of Sciences, 113(29), 8332–8337. 

https://doi.org/10.1073/pnas.1601305113 

Jitsumori, M., Nakamura, N., & Wasserman, E. A. (2013). Discrimination of coherent and 

incoherent motion by pigeons: An investigation using a same-different motion 

discrimination task. Behavioural Processes, 93, 116–124. 

https://doi.org/10.1016/j.beproc.2012.10.004 

Kano, F., & Tomonaga, M. (2011). Species difference in the timing of gaze movement between 

chimpanzees and humans. Animal Cognition, 14, 879–892. 

https://doi.org/10.1007/s10071-011-0422-5 

Luo, Y., Kaufman, L., & Baillargeon, R. (2009). Young infants’ reasoning about physical 

events involving inert and self-propelled objects. Cognitive Psychology, 58(4), 441–

486. https://doi.org/10.1016/j.cogpsych.2008.11.001 

Mascalzoni, E., Regolin, L., & Vallortigara, G. (2010). Innate sensitivity for self-propelled 

causal agency in newly hatched chicks. Proceedings of the National Academy of 

Sciences, 107(9), 4483–4485. https://doi.org/10.1073/pnas.0908792107 

McGreevy, P., Grassi, T. D., & Harman, A. M. (2004). A strong correlation exists between the 

distribution of retinal ganglion cells and nose length in the dog. Brain, Behavior and 

Evolution, 63, 13–22. https://doi.org/10.1159/000073756 

Morikawa, K. (1999). Symmetry and elongation of objects influence perceived direction of 

translational motion. Perception and Psychophysics, 61(1), 134–143. 

https://doi.org/10.3758/BF03211954 

Peichl, L. (1992). Topography of ganglion-cells in the dog and wolf retina. Journal of 

Comparative Neurology, 324(4), 603–620. https://doi.org/10.1002/cne.903240412 

Pfungst, O. (1911). Clever Hans (the horse of Mr. Von Osten): a contribution to experimental, 

animal, and human psychology. The Journal of Philosophy, Psychology and Scientific 

Methods, 8, 663–666. https://doi.org/10.2307/2012691 

Rochat, P., Morgan, R., & Carpenter, M. (1997). Younf infants’ sensitivity to movement 

information specifying social causality. Cognitive Development, 12, 537–561. 

https://doi.org/10.1016/S0885-2014(97)90022-8 

Rosa-Salva, O., Grassi, M., Lorenzi, E., Regolin, L., & Vallortigara, G. (2016). Spontaneous 

preference for visual cues of animacy in naïve domestic chicks: The case of speed 

changes. Cognition, 157, 49–60. https://doi.org/10.1016/j.cognition.2016.08.014 

Rosa-Salva, O., Hernik, M., Broseghini, A., & Vallortigara, G. (2018). Visually-naïve chicks 

prefer agents that move as if constrained by a bilateral body-plan. Cognition, 173, 106–

114. https://doi.org/10.1016/j.cognition.2018.01.004 

Scholl, B. J., & Gao, T. (2013). Perceiving animacy and intentionality: Visual processing or 

higher-level judgment. In M. D. Rutherford & V. A. Kuhlmeier (Eds.), Social 

perception: Detection and interpretation of animacy, agency, and intention. (pp. 197–

229). MIT Press. https://doi.org/10.7551/mitpress/9780262019279.003.0009 

Scholl, B. J., & Tremoulet, P. D. (2000). Perceptual causality and animacy. Trends in Cognitive 

Sciences, 4(8), 299–309. https://doi.org/10.1016/S1364-6613(00)01506-0 

Tremoulet, P. D., & Feldman, J. (2000). Perception of animacy from the motion of a single 

object. Perception, 29(8), 943–951. https://doi.org/10.1068/p3101 

  



10 

Figure 1 

Experimental Set-up. 
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Figure 2 

Median Duration of Looking at the Chasing and Independent Patterns. 

 

  
 

Note. Median duration of looking at the chasing and independent patterns in Trial 1 and 2 by 

dogs (blue/ dark grey) and humans (pink/ light grey) (minimum, first quartile, median, third 

quartile, maximum). ns – non-significant, * p < .05, ** p < .01, *** p < .001; blue/ dark grey 

lines indicate within-subject differences in dogs, pink/ light grey lines indicate within-subject 

differences in humans, and dashed lines indicate between-species differences. 
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Figure 3 

Proportions of Looking at the Chasing and the Independent Stimuli in (a) Dogs and (b) 

Humans. 

 

 

 
 

Note. Regression lines were fitted using data after the proportion values reached the 80% 

threshold computed from the average proportion of looking time at stimuli during the trial for 

the subject (see supplemental material). *** p < .001 


