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1 | INTRODUCTION

Since birth, infants discriminate the biological motion
(BM) revealed by point-light displays (PLDs). To date,
no studies have explored whether newborns differentiate
BM that approaches rather than withdraws from them. Yet,
approach and withdrawal are two fundamental motivations
in the socio-emotional world, key to developing empa-
thy and prosocial behavior. Through a looking-behavior
paradigm, we demonstrated that a few hours after birth, a
human figure approaching attracted more visual attention
than a human figure receding, showing that newborns are
attuned to PLDs of others moving toward rather than walk-
ing away from them. Further, a withdrawing body appears
to be less attractive than withdrawing scrambled points.
Altogether, these observations support the existence of
an early predisposition toward social closeness that might

have its roots in an evolutionary perspective.

Biological movement (BM) is fundamental to perceiving our environment and social situations effec-
tively. Even Point-light Displays (PLDs) consisting of a few white dots representing the human body's
joints moving are immediately perceived as a living creature's motion (Johansson, 1973). While one
could argue that this ability depends on the experience acquired through observing everyday motion
patterns (Johnson, 2006), research evidence suggests that it is an inborn predisposition. Indeed, since
birth, newborns discriminate the BM from its scrambled version, in which the physical constraints
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of the human joints are disrupted (Simion et al., 2008). Many studies followed this thread (Bardi
et al., 2011; Bidet-Ildei et al., 2014; Simion et al., 2011), and some scholars advanced the hypothesis
of an ontogenetically and phylogenetically precocious "life detector system" (Johnson, 2006; Troje &
Westhoff, 2006).

Traditionally, BM has been studied through PLDs that depicted a repetitive motion pattern as if on
a treadmill. This pattern is typically perceived as a person that is walking stationary, not approaching
nor withdrawing, given that the overall dimension of the PLDs is maintained constant. Few stud-
ies have examined newborns and young infants' perception of a translational movement, that is, a
displacement of human BM from one side of the screen to the other, always on the same depth level
(Bidet-Ildei et al., 2014; Kuhlmeier et al., 2010). Findings indicate that, independently from the biolog-
ical nature of the movement, newborns prefer translated over non-translated, treadmill-like configu-
rations (Bidet-Ildei et al., 2014), suggesting that the ability to detect biological information from
translational movements might emerge later in development. However, the horizontal translation is
not the only and most relevant direction of locomotion. With the present study, we investigated for the
first time whether the predisposition for BM at birth is influenced by a three-dimensional feature of
the space that has never been taken into consideration before: the approach and withdrawal dimension.
An approaching human motion represents a potential predictor of an upcoming social interaction, and
infants might be particularly attuned to such social cues since the very first stages of postnatal life.

Approach and withdrawal are fundamental in social development (Hane et al., 2008). The infant's
brain encodes approach and avoidance motivation separately, with positive emotions fostering
approach motivation and negative ones inducing avoidance motivation (Buss et al., 2003; Crespo-Llado
et al., 2018; Krzeczkowski et al., 2020). Yet, quite surprisingly, studies exploring infants' visual sensi-
tivity to approaching and withdrawing movements have so far been limited to collision and looming
of non-human objects (Orioli, Bremner, et al., 2018; Orioli, Filippetti, et al., 2018). Literature on this
topic showed that newborns prefer a looming visual object when presented simultaneously with a
sound increasing in intensity, thus matching dynamic audio-visual events when the visual stimulus
moves toward the infant (Orioli, Bremner, et al., 2018). Moreover, newborns display a visual pref-
erence for non-human objects moving according to trajectories approaching and receding from their
body, compared to trajectories directed to the space around their body, suggesting that newborns are
particularly attuned toward their peripersonal space (Orioli, Filippetti, et al., 2018).

Newborns' predisposition toward both BM and non-human objects approaching and receding their
peripersonal space has prompted us to gather knowledge about the BM of humans approaching or
withdrawing newborns' early processing. We designed a study where newborns were presented with
PLDs of humans walking toward or away from them, along with scrambled displays as a control
condition. We hypothesized that newborns would discriminate between the approaching versus with-
drawal displays in the human but not in the scrambled condition, devoting heightened attention to the
human approaching walker.

2 | METHODS
2.1 | Participants

The final sample consisted of 24 healthy and full-term newborns (mean age: 45.13 h, SD = 16.25,
range: 24—78 h; 16 males, mean birth weight: 3407 g). All newborns had an Apgar score of at least
8 after 5 min from birth and were born full-term (37-41 weeks of gestational age). Participants were
recruited at the maternal unit of the Ospedale Maggiore Policlinico in Milan. They were tested as
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soon as they were awake and alert. Seven additional infants were tested but excluded from the final
sample because of looking times in one of the presented trials above 2 standard deviations from the
mean of the sample (n = 1, looking time: 34.8 s; mean of the sample: 10.05 s, SD = 6.13; no saccades
and reorientations could be observed for this participant), incomplete procedure because of fussiness
(n = 3), and lack of attention (i.e., they did not watch an entire trial or more; n = 3). The present study
was conducted according to guidelines laid down in the Declaration of Helsinki, with written informed
consent obtained from a parent or guardian for each child before any assessment or data collection.
All procedures involving human subjects in this study were approved by the Ethics Committee at the
Ospedale Maggiore Policlinico on September 26, 2018 (NeoPerFiSo, n. 624/2018).

2.2 | Stimuli and design

All newborns saw four videos presented centrally and sequentially. The PLDs were presented centrally
on the screen based on previous evidence showing that the path of an approaching object, central
versus from the side, can influence infants' perception and reaction to an impending collision. In
particular, infants respond more (more defensive blinks) to objects approaching them from the front
than from the side (De Hevia et al., 2014; Rothbart et al., 2011; Schmuckler et al., 2007). Hence, the
central presentation allows newborns to process one stimulus at a time, which might help them to
elaborate complex configurations such as bodily or scrambled PLDs. Moreover, having stimuli
looming in opposite directions, with the bilateral presentation of approaching and receding displays,
newborns' attention could have been driven solely by low-level variables such as size, density and
area occupied by the stimuli if presented simultaneously rather than by the human-scrambled and
approach-withdrawal features. Therefore, we chose to display the different stimuli sequentially rather
than at the two sides of the screen.

Two videos depicted the biological movement of a human walker, that is, 13 points PLDs (one
approaching and the other withdrawing the observer), and two videos contained the same points but in
a scrambled position in space (again, one approaching and one withdrawing). Thus, in the scrambled
stimuli, the individual motion of each dot was the same as in the human walker, but all spatial relations
between the dots were perturbated. Stimuli were created on the https://www.biomotionlab.ca website.
The withdrawing video was a 180° rotation of the approaching walker. Therefore, the action repre-
sented is the same (i.e., walking), but the result is not a mere translation of the video. If we thought
about the corresponding full-light video, we would not see a person facing us and walking backward,
but rather we would be watching from the back a person walking onward. The scrambled videos were
a 60% randomization of the spatial position of each point that is part of the biological movement,
performed automatically by the toolbox. Notably, we used the scrambled version of the PLDs as
a control condition and not inverted displays. Few studies used the same scrambled stimuli (Bardi
et al., 2011; Bidet-Ildei et al., 2014), while many more used inverted displays (Filippetti et al., 2013;
Kuhlmeier et al., 2010; Reid et al., 2006; Simion et al., 2008). Nonetheless, the inverted displays
violate the gravity principle other than changing local motion to the extent that interpretations of
possible effects are much more complex (Kuhlmeier et al., 2010). Therefore, we chose to present the
scrambled displays, considering that if the key concept of PLDs is that the joints' constraints convey
biological meaning, they would be a better control condition.

Each video extracted from the toolbox lasted 3.63 s, and the figure performed eight movements
(gaits, in the case of the human walker BM). The videos were then looped 10 times, and the final
stimuli lasted 36.67 s. When looped, the videos went from the biggest size (end of motion) on frame
x to the smallest size (start of motion) on frame x + 1 for the approaching conditions and from the
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FIGURE 1 Representation of the four stimuli created (each lasting 3.63 s): (a) Biological motion (BM) of a
human walker approaching the observer, (b) BM of a human walking away from the observer, (c) randomized motion

approaching the observer, (d) randomized motion moving away from the observer.

smallest size (end of motion) on frame x to the biggest size (start of motion) on frame x + 1 for the
withdrawing conditions. As previously mentioned, the four final stimuli depicted (a) BM of a human
walker approaching the observer, (b) BM of a human walking away from the observer, (c) randomized
motion approaching the observer, (d) randomized motion moving away from the observer (Figure 1).
The observed diameter of the single points was 0.8 cm for all stimuli, similar to what was done in
previous studies using PLDs with newborns (Simion et al., 2008). Therefore, the low-level features,
such as density, were comparable across conditions. The visual angle between the observer and the
stimuli in both the human and the scrambled condition was 4.01° horizontally and 10.28° vertically
for the stimulus position perceived as far (smaller stimuli) and 12.36° horizontally and 33.4° vertically
for the stimulus position perceived as close (bigger stimuli).

2.3 | Procedure

Testing took place in a dedicated room near the neonatal ward. Newborns sat on a student's lap,
unaware of the experimental condition presented, at approximately 30 cm from the screen. The student
also controlled that the infant's eye level was aligned to the center of the screen (27" screen size,
1920 x 1080 pixel resolution, 60 Hz refresh rate) through a small monitor placed above the main
monitor. A camera above the screen recorded the newborn's visual behavior, allowing a trial-by-trial
offline coding. An experimenter sat behind the monitor and, once the infant looked at the monitor, ran
the E-Prime 3 (Psychology Software Tools) script to start the procedure.

The four looped videos were presented, and each represented a trial. The four trials, Human
Approach (HA), Human Withdrawal (HW), Scramble Approach (SA), and Scramble Withdrawal
(SW), were counterbalanced so that half of the infants saw BM first and the other half scrambled
motion first, as well as half of them saw approach first and the other half withdrawal first. Before each
trial, an intermittent white dot was presented to attract newborns' attention. The presentation lasted
5 min but was interrupted if the newborns showed signs of distress before completion.

Total looking times and the number of orientations to the stimuli were measured within a
looking-behavior paradigm (Filippetti et al., 2013; Orioli, Filippetti, et al., 2018). Total looking times
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were calculated as the sum of the looking times in all orientations to stimuli. Orientations were coded
from the first saccade toward a stimulus until newborns looked away for more than 2 seconds. Many
studies involving newborns reported both looking times and saccadic orientations toward stimuli
(e.g., Addabbo et al., 2018; Farroni et al., 2004; Gava et al., 2009). To assure the reliability of the
online coding, 30% of the videos were also coded offline frame-by-frame by a second blind coder.
The inter-coder agreement (Pearson correlation) between the two coders for total fixation time was
0.76, and the Intra-Class Correlation coefficient was of 0.75 (all p < 0.001), indicating overall good
inter-rater reliability (Koo & Li, 2016).

3 | RESULTS

All statistical analyses were performed using Jamovi 1.2.22 (https://jamovi.org) and conducted
on a 0.05 level of significance (two-tailed). We analyzed the infants' attention-orienting and
attention-holding (DeNicola et al., 2013) through the number of orientations toward the stimuli and
the total fixation times. Given that the data were normally distributed (Kolmogorov—Smirnov test:
HA: W=0.19 p=0.29; HV: W= 15, p = 0.67; SA: W=0.26, p = 0.07; SW: W = 0.21, p = 0.22),
a repeated-measures Analysis of Variance (,, ANOVA) was performed on total fixation times and the
number of orientations. Planned comparisons were performed through t-tests, and multiple compar-
isons were corrected with the False Discovery Rate (FDR) method (Benjamini & Hochberg, 1995).

The . ANOVA performed on the number of orientations with 7ype (Human, Scramble) and Direc-
tion of movement (Approach, Withdrawal) as within-subjects factors showed a significant main effect
of Direction, F (1,23) = 4.63, p = 0.042, 17P2 = 0.17. All the other main effects and interactions
were not significant (Type: F (1,23) = 1.25, p = 0.28, 11p2 = 0.05; Type x Direction: F (1,23) = 0.29,
p =0.60, ’7,,2 = 0.01). The planned t-test indicated that newborns performed more orientations toward
the approach conditions (M = 4.67; SD = 1.63) compared to the withdrawal conditions (M = 4.06;
SD =1.75), t (23) = 2.15, p = 0.042, d = 0.44, 95% CI [0.023, 1.18] (Figure 2).

The ,,ANOVA on total fixation times with Type (Human, Scramble) and Direction of movement
(Approach, Withdrawal) as within-subjects factors showed a significant Type x Direction interaction,
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Number of orientations
w
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0
Human Approach ~ Scramble Approach  Human Withdrawal Scramble Withdrawal

FIGURE 2 Newborns oriented their attention more toward the Approach conditions than the Withdrawal
conditions (*p < 0.05). Error bars represent the standard errors of the means.
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FIGURE 3 Looking times in the human withdrawal condition were shorter than the human approach and the
scramble withdrawal condition (**p < 0.01; *p < 0.05). Error bars represent the standard errors of the means.

F(1,23)=14.09,p=0.001, npz =0.38. All the main effects were not significant (Type: F'(1,23) =0.35,
p = 0.55, r]pz = 0.02; Direction: F (1,23) = 0.58, p = 0.46, r]p2 = 0.02). Planned t-tests (two-tailed)
indicated that newborns looked longer toward the HA condition (M = 14.46 s; SD = 7.59) compared
to the HW condition (M = 10.05 s; SD = 6.13), ¢ (23) = 3.03, p.pr = 0.012, d = 0.62, 95% CI
[1.404, 7.417]. Moreover, the HW condition was looked at less than the SW condition (M = 14.49 s;
SD =10.15), ¢ (23) = =2.36, p ;.pr = 0.027,d = —0.48, 95% CI [-8.318, —0.555] (Figure 3). All other
comparisons were not significant (SA-SW: 7 (23) = 1.70, p = 0.10, d = 0.35; HA-SA: 1 (23) = 1.50,
p=0.15,d =0.31).

4 | DISCUSSION

Approach and withdrawal are key dimensions in social development (Hane et al., 2008), and yet
no BM research has explored their perception in the first stages of life. This is a surprising gap in
the infant literature, as it is still unknown whether newborns perceive approaching or withdrawing
human movements as relevant in their visual environment. The present study aimed to fill this gap
and explore whether neonates are more attracted by BM approaching rather than withdrawing from
them and whether newborns' visual attention differs when the approaching or withdrawing stimuli are
random points moving. To this aim, we analyzed both attention-orienting and attention-holding of the
infants (DeNicola et al., 2013), through the number of gaze orientations toward the stimuli and the
total fixation times.

The results from newborns' gaze-orienting behavior suggest that their attention is more frequently
oriented toward approaching stimuli, independent of the biological or scrambled quality of the motion.
This evidence converges with the idea that more attention is drawn from situations where some-
thing is directed toward our body. Indeed, studies on non-human objects' trajectories showed that
newborns prefer to look at trajectories both approaching and receding their peripersonal space rather
than the space around their body (Orioli, Filippetti, et al., 2018). Our findings extend these results to
human BM, demonstrating that approaching movements of both human and non-human stimuli orient
newborns' visual attention toward what is reaching the infant body and might thus represent a possible
threat or opportunity.
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Moreover, in line with our initial hypothesis, we found that newborns are particularly attuned to
approaching human motion, as they devoted prolonged visual attention (i.e., total fixation time) at human
bodies moving toward them rather than walking away. This evidence lays the foundation to go beyond
the classical results available in the literature, according to which we could have expected only a differ-
ence between human and scrambled displays (Reid et al., 2006). Instead, newborns showed differential
responses within the human stimuli conditions, as the human figure approaching the observer is more
attractive than the figure of a receding human. This observation supports the existence of a predisposition,
present right after birth, toward social closeness that might have its roots in an evolutionary perspective
(Bjorklund & Pellegrini, 2000). Further, newborns' looking times were also affected by the social nature
of the stimulus; indeed, comparing the two withdrawing stimuli, the scrambled one was more attractive
than the human one. In other words, we can say that while human bodies attract newborns' attention
when they move toward the infant, a withdrawing body is less salient than withdrawing scrambled points.

Interestingly, newborns' sustained attention to the HA—SW conditions did not statistically differ.
We can only speculate about the lack of a difference between the two. Different perceptual mecha-
nisms might have triggered this similar interest that the two conditions elicited. In particular, HA might
attract newborns' gaze because of its BM properties. In contrast, newborns might visually explore the
SW because it does not trigger an avoiding reaction (determined by the possible collision trajectory
of an object). Future studies might better clarify this point by manipulating the trajectory (e.g., not
directed to or walking away from the observer but toward a corner of the screen). Also, a limitation
of the present study is that, by displaying stimuli in a sequential presentation, we did not test infants'
relative evaluation of stimuli, and thus we did not measure a classical visual "preference" per se.
Future studies might replicate the results reported here through a bilateral presentation of the stimuli.

While the ability to detect biological information from translational movements seems to emerge
later in development (Bidet-Ildei et al., 2014; Kuhlmeier et al., 2010), our findings highlight the early
relevance of approach and withdrawal movements in humans' social environment (Hane et al., 2008).
They demonstrate that sensitivity to BM can be detected right after birth when the motion is approach-
ing or receding instead of moving from one side of the screen to the other.

To sum up, our results do show a different attentional response for the scrambled and human displays,
confirming that, a few days from birth, the spatial configuration of the body is a relevant feature in inter-
preting observed movement. Furthermore, approaching humans represent a privileged category when
newborn babies explore their surrounding visual environment. While these results alone cannot be
ascribed to an early social motivation, they delineate a predisposition toward specific kinds of motion,
specifically others approaching or trajectories directed to one's peripersonal space. We believe that
together with other early attentional and perceptual constraints (Addabbo et al., 2021, 2022; Di Giorgio
et al., 2021), this early attunement might play a role in the establishment of the roots of human predis-
position toward social signals. The present study's findings converge with the idea that we are attuned
to what is close to us and that others play a crucial role in this closeness from the very beginning of life.
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