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ARTICLE INFO ABSTRACT

Keywords: Intergroup bias — the preferential attitudes one holds towards one’s social group - is a ubiquitous
Racial categorization socio-cognitive phenomenon. In fact, studies show that already in the first months of life, infants
Infants manifest a preference for members of their own social group. This points to the possibility of
Oxytocin . . . . . i . .
Affiliation inborn mechanisms involved in social group cognition. Here we assess the effect of a biological

activation of infants’ affiliative motivation on their social categorization capacity. In a first visit to
the lab, mothers self-administered either Oxytocin (OT) or placebo (PL) via a nasal spray and then
engaged in a face-to-face interaction with their 14-month-old infants, a procedure previously
shown to increase OT levels in infants. Infants then performed a racial categorization task pre-
sented on an eye-tracker. Mothers and infants returned a week later and repeated the procedure
while self-administering the complementary substance (i.e., PL or OT, respectively). In total, 24
infants completed the two visits. We found that whereas infants in the PL condition on the first
visit exhibited racial categorization, infants in the OT condition in their first visit did not.
Moreover, these patterns remained a week later despite the change in substance. Thus, OT
inhibited racial categorization when infants first encountered the to-be-categorized faces. These
findings highlight the role of affiliative motivation in social categorization, and suggest that the
neurobiology of affiliation may provide insights on mechanisms that may be involved in the
downstream prejudicial consequences of intergroup bias.

1. Introduction

Throughout human history and across cultural communities, humans have consistently organized themselves into social groups
(Henrich, 2015; Sapolsky, 2018; Tomasello, 2016). Thus, the need to affiliate - to feel part of a group whom one can trust for coop-
eration and protection — has evolved. Such disposition is thought to represent a crucial adaptation; humans need social groups in order
to survive and thrive, and group cohesion is a key mechanism of evolutionary adaptation. Despite its benefits, a common and robust
psychological consequence of the organization into groups is intergroup bias, the tendency to favour one’s group over others’. Often,
such ingroup favouritism is accompanied by outgroup derogation and leads to the endorsement of discriminatory ideologies, laws, and
practices, including violent ones, in relation to other groups. Given these deleterious consequences, social psychologists have devoted
decades of research to investigate the mechanisms driving intergroup biases in adults (Jost et al., 2004; Sidanius & Pratto, 2001; Tajfel,
1982). Recent developmental evidence suggests that aspects of intergroup bias may have their seeds early in life, thus prompting the
search for mechanisms driving the very early emergence of such a bias. The present work tackles such a mechanism and focuses on one
process that underpins intergroup bias. We ask whether triggering a biological mechanism implicated in social affiliation may impact
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processes of representing social groups in 1-year-old infants.

Already by 3 months, infants can differentiate between those familiar and those unfamiliar to them in their social environment
(Bar-Haim et al., 2006), and prior to their first birthday, infants can discriminate between categories of people based on race (Anzures
etal., 2010; Ferera et al., 2021), gender (Leinbach & Fagot, 1993; Quinn et al., 2002), and age (Damon et al., 2016). Moreover, by the
end of the first year, infants already hold positive attitudes towards those similar to them (Kinzler et al., 2007; Pun et al., 2018; Xiao
et al., 2017), and in general hold distinct expectations regarding within- vs. between-group interactions (Jin & Baillargeon, 2017).
Evidently, these intergroup biases can only emerge once infants represent distinct social groups. Thus a fundamental question in
attempting to understand the origins of intergroup bias is what drives infants’ discrimination of social groups? Or complementarily,
what mechanism underlies infants’ representation of social groups?

Arguably, the categories represented are those that “stand out” in infants’ natural environment due to their relative prevalence
(Ferera et al., 2021; Pauker et al., 2016; Singarajah et al., 2017), or those marked in their culture via labels (Waxman & Leddon, 2011).
Nevertheless, an important insight from this literature on infants’ social categorization is that, barring the possible exceptions of
gender- and language-based categories, there is substantial malleability in the definition of social categories (Liberman et al., 2017).
For instance, labelling exemplars of shirt-color-based categories was as effective as labelling race-based categories, in facilitating
19-month-olds’ formation of these respective categories (Diesendruck & Deblinger-Tangi, 2014). Moreover, exposure to faces of
other-races improved infants’ general visual recognition memory to other-race faces (Anzures et al., 2012; Spangler et al., 2013), and
such increased exposure to racial diversity led to a reduction in young children’s intergroup biases (Qian et al., 2017; Setoh et al.,
2019). Importantly, recent evidence shows that not only perceptual exposure can influence infants’ recognition of other-race faces but
also motivational context. Specifically, it was found that the other-race effect can be eliminated via affiliative cues such as emotional
expressions (Quinn et al., 2020) or speech production (Minar & Lewkowicz, 2018). In other words, although infants may latch on to
certain criteria for representing distinct social groups, these representations can be re-shaped by various factors, including motiva-
tional ones.

Grounded on evolutionary theory and neurobiological discoveries, we targeted a motivational factor that possibly contributes to
infants’ representation of group boundaries. Evolutionary theorists suggest that affiliation is among the key motivations for social
group formation (Baumeister & Leary, 1995; Feldman, 2021; Fiske, 2010; Henrich, 2015; Herrmann et al., 2007). In order to survive,
humans needed to affiliate with others whom they could trust, cooperate with, and learn from, so as to jointly hunt, work, care for their
offspring, and fight off intruders. Work with adults reveal that engaging them in alternative affiliation-based social grouping (e.g.,
based on membership in a sports team) was powerful enough to effectively eliminate their presumably automatic processing of more
conventional social groups (i.e., race) (Pietraszewski et al., 2014). Recent developmental work indicates that such motivation also
affects infants and young children’s social group behavior and cognition (for a review see Diesendruck, 2021). For instance, a recent
study showed that whereas priming 14-month-old infants with a competitive motivation enhanced racial categorization of men,
priming with a collaborative motivation hindered it (Ferera et al., 2018). In fact, although after a neutral prime 14-month-olds evinced
racial categorization, infants primed with collaboration did not, suggesting that although infants at this age can categorize men by their
race, an affiliative orientation seems to dampen this capacity. Following these findings, and based on the evolutionary perspective
presented above, here we investigated whether the oxytocin system, a neurobiological system involved in social affiliation (Feldman,
2012, 2016), could have the same effect as collaborative priming on infants’ social categorization. Would a boost to infants’ oxytocin
levels inhibit the discrimination of faces based on their race?

Oxytocin, a peptide functioning as both neurotransmitter and hormone, is produced in the hypothalamus and released into the
amygdala, hippocampus, brainstem, as well as regions of the spinal cord that regulate the autonomic nervous system (Maestripieri
et al., 2009; Neumann, 2008; 2009). A function of oxytocin across mammalian species revolves around processes of mother-offspring
bond formation (Feldman, 2012; 2016; Keverne & Curley, 2004; Meaney, 2001; Pedersen, 2004; Ross & Young, 2009). In humans
specifically, oxytocin has been related to numerous components of parenting, such as affectionate behaviors, synchrony, and infant
social engagement (for reviews, see Carter, 2014; Feldman, 2017; Rilling & Young, 2014).

In addition to its critical role in shaping the primary attachment, it has been suggested that the role of oxytocin extends to serving as
a catalyst for group formation, and as a trigger for trusting and caring behaviors within social groups more broadly (Kosfeld et al.,
2005), and parochial cooperation in particular (De Dreu et al., 2020). For instance, exogenous administration of oxytocin has been
shown to promote adults’ trust and social collaboration (Arueti et al., 2013; Declerck et al., 2010; Liu et al., 2019; Yan et al., 2018), and
adults’ oxytocin levels rise when they are both the recipients and deliverers of trustworthy behaviors (Zak et al., 2005). Relatedly,
oxytocin nasal inhalation has led adults to perceive novel people as more familiar (De Dreu & Kret, 2016; Rimmele et al., 2009), and
boosts their willingness to approach others, especially strangers (Cohen & Shamay-Tsoory, 2018). Further related, oxytocin is argued
to orient perceptual focus to the individual rather than the categorical level of a social stimulus; oxytocin administration (compared to
placebo) improved White men’s ability to identify individual Black faces (Blandon-Gitlin et al., 2014; Gamer et al., 2010), and
improved recognition of voice identity (Borowiak & von Kriegstein, 2020). Taken together, these findings indicate that oxytocin serves
as a general affiliation trigger, operating as a "flattener" of the social world wherein all people become more approachable, and are
represented primarily as individuals and potential collaborative partners. In a sense, oxytocin may “broaden” what constitutes one’s
in-group. As such, a central hypothesis of the current study is that oxytocin may inhibit the discrimination between potential social
groups already in infancy, at the first stages of social categorization development when the boundaries of social groups are still quite
malleable.

In the present study, we assessed how an increase in infants’ endogenous oxytocin levels may affect their capacity to discriminate
between racial categories (Black and White men). We targeted White 14-month-old infants as prior studies have found that infants of
this age have a budding capacity to differentiate between such categories (Anzures et al., 2010; Ferera et al., 2018). Specifically, it was
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shown that 9- (Anzures et al., 2010) and 14- (Ferera et al., 2018) month-old White infants living in a predominantly White environment
were able to discriminate between their own- and other-race categories. We therefore had reason to believe that under normal con-
ditions (i.e., under placebo), our participants would be capable of discriminating between these racial categories. Our main question
was whether oxytocin would dampen this capacity. The study involved a double-blind, within-subjects cross-over design, hence, half of
the infants were exposed to placebo in their first visit and oxytocin in their second (a week later), and the other half vice versa.

This design allowed us to further tap, for the first time in infants, an additional aspect of oxytocin, namely, its social salience
reactivity (Fischer-Shofty et al., 2013; Gamer et al., 2010; Kemp & Guastella, 2011; Xue et al., 2020). According to this account, the
effect of oxytocin may vary according to the available social representations. In particular, in the absence of oxytocin at the time of first
exposure, infants presumably would be able to represent racial categories — as infants this age have been shown to do (Ferera et al.,
2018). For these infants, would oxytocin administration a week later maintain that representation given that the categories would by
then be available? In contrast, would oxytocin administration on first exposure to faces of Black and White men, dampen the rep-
resentation of racial categories? And if it did, would that effect hold a week later? This design, therefore, allowed us to assess the
endurance of the oxytocin effect — an under-examined issue in human subjects (for example, see Eckstein et al., 2019).

A further important aspect of our study is the method used for manipulating oxytocin levels in our infant participants. Due to ethical
concerns, oxytocin is not administered to young infants and thus we employed a non-intrusive indirect method to boost the infant’s
oxytocin system, which was found effective in increasing oxytocin levels in infants (Weisman et al., 2012b). Specifically, in Weisman
et al.’s study, fathers inhaled oxytocin, and then engaged in a 30-minute interaction with their 5-month-old infant. It was found that
oxytocin administration increased not only fathers’ salivary oxytocin, but also led to a parallel increase in the infants’ salivary oxytocin
levels. We applied this method to mothers and their 14-month-old infants, consistent with research indicating that the
cross-generational transmission of oxytocin is similar in mothers and fathers (for support, see Feldman et al., 2010).

We assessed infants’ racial categorization using a task previously employed to assess infants’ categorization of various types of
stimuli (Damon et al., 2016; Erickson et al., 2014; Ferry et al., 2013; Robinson & Sloutsky, 2007), including races (Anzures et al., 2010;
Ferera et al., 2018, 2021). In this task (see Ferera et al., 2018), we first assessed infants’ baseline preference for looking at pictures
depicting faces of a White vs. a Black man. Then infants were exposed to nine exemplars of one of these categories (e.g., faces of White
men), and were finally shown a test trial identical to the baseline one, namely, pairing an additional exemplar of the familiarized
category (e.g., another White man) with an exemplar from the “novel” contrasting category (e.g., a Black man). Using this method,
Ferera et al. (2018) found that White 14-month-old infants indeed looked longer at a novel racial category exemplar, relative to their
baseline looking preference, thus exhibiting successful racial categorization. The question addressed here was whether raising
14-month-olds’ oxytocin level prior to the categorization task would dampen this capacity.

2. Method
2.1. Participants

Twenty-four healthy mothers (mean age 33 years, range 24-45 years) and their healthy 14-month-old infants (14 girls; mean age
14.4 months; range 12-16 months) constituted the final sample of participants. Nineteen additional families were excluded due to
incomplete data collection in their first visit (two), their second visit (eleven), or both (six). Mothers’ exclusion criteria included
pregnancy, mental or physical illness, and medication intake. Infants’ exclusion criteria included premature birth, birth-related
complications, and illness. All participants were White, living in predominantly White cities (according to the national Central Bu-
reau of Statistics, between 0.001%—3.8% of residents in the cities from where infants were recruited are defined as Black). Based on a
survey conducted with the 24 families who composed the final sample, 2 reported that their infant had never seen a Black person, 4
reported that their infant had seen a Black person once, 8 reported that their infant had seen a Black person once a month, 9 once a
week, and 1 every day.

Families were recruited via ads around the university and in Facebook. As a reward for their participation, families received a gift
voucher for a book store as well as a souvenir t-shirt for the infant. The research was approved by the Bar-Ilan University’s Institutional
Review Board and by the Helsinki committee of the Sourasky Medical Center, Tel Aviv. All mothers signed an informed consent form.

Given the pioneering nature of this study, we had no benchmark as to the possible effect size of oxytocin delivery on infants’ racial
categorization. The only relevant measure we did have, regarded infants’ — of this age — capacity to categorize racial stimuli. Spe-
cifically, a previous study presented infants at this age, from similar background, with the exact same stimuli and DV following a
neutral prime (thus equivalent to the placebo condition). It was found that infants significantly increased their looking time at the
novel exemplar from baseline to test (for details see Ferera et al., 2018). A one-sample t-tests analysis against zero (i.e., no change from
baseline to test) with m=0.0799 and sd=0.1339 resulted in an effect size of 0.59. Using this as an estimate, and setting a of 0.05 and
power of 0.8, rendered a total sample size of n=19 for detecting categorization. Therefore, in the present study we aimed for a total
sample size of n=38, and ran a few additional participants to accommodate for attrition (thus resulting in running the study on 43
participants). Unfortunately, the complex design of the study resulted in substantial data loss, and so attrition rates were much higher
than expected. Thus, the final sample of participants consisted of n=24.

2.2. Design and Procedure

Dyads completed two visits to the lab, one week apart. Twelve dyads were randomly assigned to one of two administration orders:
either placebo administration to the mother at the first visit and oxytocin at the second, for short, V1PL-V20T condition, or vice versa,
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i.e., VIOT-V2PL condition. The procedure was identical in both administration orders and visits, except for whether oxytocin or
placebo was delivered to the mothers (see Fig. 1). Both visits were conducted by the same two female experimenters. Each visit took
approximately two hours.

The procedure in each visit included three phases. In the first phase, mothers and infants arrived at the laboratory, and mothers
were asked to sign consent and health (e.g., non-pregnancy) forms. Once the mother and infant had acclimated, two critical pre-
administration baseline measures were assessed: OT levels in both mothers and infants, and infants’ looking time preferences. Spe-
cifically, mothers’ and infants’ baseline oxytocin levels were measured from their saliva (Oxytocin T1). Infants were asked to chew a

Pre- Pre- Administration Post- Post- Post-
administration administration administration administration administration
Oxytocin or Play & Touch
Saliva oxytocin Looking time Placebo Saliva oxytocin Looking time Saliva oxytocin
measurement measurement Mother- measurement measurement measurement
baseline baseline Infant baseline, recovery
interaction familiarization
(0T T1) (0T T2) and test (0T T13)
(Categorization
task)

Baseline Face of Face of
trial White Black
man 10 man 1

Face of
Black

Face of

White
man 1

Categorization task
enlarged

man 10

Note. All pictures (9 in
the familiarization phase,
2 in the baseline/test
phase) were of different
people. Each trial was
presented for ten
seconds (with three

Face of
White
man 1

Face of
Black
man 1

Familiarization

seconds transitions Face of
White

man 2

Face of
Black
man 2

trials
between trials). In the

baseline trials (both pre-

and post-administration)

infants viewed the same
Face of

Black
man 3

slide as they viewed at
test, according to their
"Black familiarization" or
"White familiarization"
assignment (the scheme
here is for "Black
familiarization" on the
right and "White

familiarization" on the
Face of

Black
man 9

Face of
White
man 9

left). All pictures were
color photographs; they
are available for research
purposes only, upon

request to the authors. Test

trial

Face of
Black
man 1

Face of
White
man 1

Fig. 1. Sequence of events in each visit (from left to right).
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salivette for 40 s, and mothers were given an option to either chew a salivette for 40 s or spit directly into a test tube (i.e., passive droll).
Immediately afterward, infants’ “pre-administration” baseline looking pattern at the (to be) test stimulus was measured. This stimulus
consisted of a single slide with a pair of faces of men: a White man and a Black man (see Fig. 1 for a schematic example). These two pre-
administration measurements were conducted to verify whether there were any a priori differences between the two administration
order conditions in terms of baseline OT levels and preferential looking towards one of the faces.

In the second phase, the mother was invited to a separate room, where she self-administered — via a nasal spray — 24 IU of either
oxytocin (Syntocinon Spray; Novartis, Basel, Switzerland; three puffs per nostril) or placebo (depending on administration order
condition) under the supervision of the experimenter. Participants and experimenters were blind to substance condition. The
administration took about two minutes, during which the infant played with the other experimenter in the play room. After admin-
istration, the mother re-joined her infant at the play room, and they were left alone for a "play-and-touch" interaction for thirty minutes
(similar to the procedure that successfully induced rise in infants’ oxytocin level in (Weisman et al., 2012b). The only instruction the
mother received was to play freely with her infant while maintaining close physical contact. The interaction was recorded and viewed
online by the two experimenters to ensure the instruction was kept and no extraordinary events occurred. Both experimenters agreed
that all mothers indeed adhered to this instruction. At the end of the thirty minutes, a second measurement of oxytocin level was taken
from the mothers’ and infants’ saliva (Oxytocin T2). This was the critical measurement as it occurred immediately prior to the
categorization task.

The third phase of the experiment consisted of the categorization task and a final OT measurement. Mothers and infants were led
into the eye-tracking room, where infants were sat 60 cm away from a 22” monitor. An SMI Red-M eye-tracker (sampling rate: 120 Hz)
placed under the screen captured infants’ looking behavior. The experimenter located the infant’s eyes using SMI software iView,
adjusting the position of the monitor as necessary, while the infant watched an intriguing neutral video (running horses). Once infants
were comfortable, the experimenter started the SMI’s calibration sequence, which involved presenting visually interesting stimuli (an
infant laughing) at each of a 2-points calibration followed by a 4-points validation procedure. Using the feedback from the validation,
the experimenter repeated the calibration until the infant’s gaze was within approximately 2° of the validation stimulus locations. All
infants eventually calibrated, and once they did, the categorization task started. During infants’ testing, the mother stood at the back of
the infant’s chair and was instructed to keep silent and not interfere during the task. Thus, no eye contact or any other form of mother’s
behavior could influence the infant.

The categorization task was identical to the one used by Ferera et al. (2018), and consisted of eleven trials: a baseline trial, nine
familiarization trials, and a test trial (see Fig. 1 for a schematic display). The baseline and test trials were identical, and presented faces
of a Black and a White man simultaneously, side by side, with approximately 27 cm space between them. Each of the nine famil-
iarization trials presented one picture of a face at the centre of the screen, either of White or Black men (counterbalanced between
subjects). Each picture showed a man’s face (from shoulders up), looking straight, with a neutral expression. Pictures appeared on the
screen as 10 cm wide and 12 cm high, presented on a grey background. In order to facilitate infants’ categorization, six of the
familiarization trials were labelled using a non-word (see Balaban & Waxman, 1997; Erickson et al., 2014, for evidence of the facil-
itatory effect of labels in this task, but see Robinson & Sloutsky, 2007, for a more general debate on the relation between labeling and
categorization). Each of the eleven trials (the baseline, nine familiarization, and the test) was presented for ten seconds with three
seconds transitions between trials. Most of the pictures were taken from the NimStim face set (Tottenham et al., 2009).

The crucial index of categorization was whether infants’ looking time at the contrasting — “novel” — category exemplar at test
significantly increased, relative to their baseline looking rate. For instance, for infants who saw faces of nine Black man during
familiarization, the measure was the change in looking time at the White man from baseline to test. If looking time increased, it would
indicate that infants viewed: a) all nine familiarization exemplars as similar, b) the additional exemplar from the familiarized category
shown at test as similar to the familiarization exemplars, and c) the novel exemplar from the contrasting category shown at test as
distinct.

Fifteen minutes after completing the categorization task, a final salivary sample was drawn (Oxytocin T3), but due to the small
number of usable samples (see explanation below), these data were not analyzed. Mothers and infants were thanked and freed to go.
The same procedure was repeated a week later (Visit 2), with the only change being the substance administered, such that mothers who
got placebo in Visit 1 got oxytocin in Visit 2 (V1PL-V20T), and those who got oxytocin in Visit 1 got placebo in Visit 2 (V1OT-V2PL). At
the end of the second visit mothers were thanked for, rewarded, and debriefed.

2.3. Oxytocin measurement

All saliva samples were analysed using the Enzo® (NY, USA) oxytocin ELISA kit, according the manufacturer instructions. The
calibration curve was extended by adding calibrator of 3000 pM, which allowed us to evaluate samples with high oxytocin concen-
tration. The concentrations of samples were calculated using Matlab-7 according to relevant standard curves. The intra-assay and inter
assay coefficient of variability were less than 20%, which is within the manufacturer’s reported range.

It is important to note that in order for samples to be analysed, a minimal amount of saliva should be obtained. This is true for both
methods of saliva collection (i.e., chewing a salivette or spiting into a test tube). The instructions were to chew the salivette for at least
40 s or to spit into the tube until it reaches a certain height in the tube. Unfortunately, not all infants and mothers were able to adhere
to these instructions. Therefore, not all saliva samples — of both infants and mothers — were usable for analyses.



M. Ferera et al. Infant Behavior and Development 71 (2023) 101824

3. Results
3.1. Preliminary analyses

Given that the between-subjects manipulation involved the order of the visits in which OT was delivered, it was important to assess
whether there were any differences between infants assigned to the two order conditions — VIPL-V20T and V1OT-V2PL - in terms of
two key baseline measures. First, we compared infants’ and mothers’ OT saliva level in the two administration order conditions at the
outset of the first visit, i.e., before substance administration (OT T1). We found no difference between the two administration order
conditions (among infants and mothers for whom sufficient data were available), with similar levels both among infants, t(8)=—0.053,
p:0.96 (MV1PL-V20T:106 pg/ml, Mv10T_V2pL:lO3 pg/ml), and rnothers, t(19)20.622, p:0.54 (MV1PL-V20T:43 pg/ml, MV]()T_
v2pL=61 pg/ml).

Second, we evaluated whether there was any difference between infants from the two administration order conditions, regarding
their looking time preferences vis-a-vis Black and White men. This provided an indication as to how novel, Black faces seemed to
infants in the two order conditions. To this end, we compared the proportion of time infants looked at each of the faces presented in the
baseline slide. Here too, we found no difference between the two administration order conditions, with infants in both groups looking
approximately the same proportion of time at the (to be) novel exemplar (My1pL-.v20r=46%, My10T-v2pL.=44%, t(19)=-0.39, p=0.70).
In sum, in terms of these two critical measures, there were no a priori differences between infants in the two administration order
conditions.

3.2. Manipulation check

We first assessed that the oxytocin manipulation was successful, and mothers’ and infants’ oxytocin levels increased when mothers’
inhaled oxytocin (see SI-Method for details on the analyses). Only 17 of the 24 mothers delivered enough saliva on T1 (pre-admin-
istration measurement) and T2 (post- administration measurement) in both visits. A repeated measures ANOVA including mothers’
oxytocin level in each measurement (T1 and T2) of the two visits (Visit 1 and Visit 2) as within-subjects factors, and administration
order (VIPL-V20T or V1OT-V2PL) as a between-subjects factor, revealed a significant triple interaction among the factors, F(1,15)=
6.886, p<0.05, 1°=0.315. As can be seen in Fig. 2a, oxytocin level rose substantially between T1 and T2 in both visits only after
oxytocin administration and not after placebo administration, consistent with prior work (Weisman et al., 2012a). The rise was more

2A Mothers Pre Administartion
100000 -
B Post Administartion
10000 4 —
£
=
21000
£
3
£ 100 A
x
o
10 A
1
Oxytocin Placebo Oxytocin Placebo
Visit 1 Visit 2

)

Mothers (n=17; eight of them were in the oxytocin on first visit condition)

2B Infants Pre Administartion
100000 -+ . .
[ Post Administartion
10000 -+
£
S~
21000 A
£
3
E_ 100 A
o
10 A
1
Oxytocin Placebo Oxytocin Placebo
Visit 1 Visit 2

b. Infants (n=6; three of them were in the oxytocin on first visit condition)

Fig. 2. Oxytocin (pg/ml) levels in each visit (in a logarithmic scale, for ease of presentation); bars represent standard error of means.
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marked in Visit 1 than in Visit 2. Unfortunately, only six infants out of the 24, delivered enough saliva on T1 and T2 in both visits, thus
making inferential statistics inappropriate. Nevertheless, as can be seen in Fig. 2b, their pattern of oxytocin levels mirrored their
mothers’. Moreover, descriptive examination of their individual data reveals that only 1 of them did not show a substantial increase in
OT level (among mothers, only 2 out of the 17 did not show a substantial increase; see raw data values in SI-Data). It thus seems that
oxytocin levels at T2 (post-administration measurement) in infants whose mothers had inhaled oxytocin, were higher than in infants
whose mothers had inhaled placebo — consistent with the work by Weisman et al. (2012b) showing a similar transmission between
fathers and their infants. Noteworthy also, this pattern was not affected by administration order. The crucial question was whether the
oxytocin manipulation impacted infants’ racial categorization.

3.3. Categorization performance

We used SMI's BeGaze software to code and analyse the data. For the familiarization trials, a single AOI was defined that included
the entire face (apart from the grey background; the AOI was a rectangle of 213435px in size). For the baseline and test trials, two AOIs
were defined: one including the entire face at the left of the screen and the other including the entire face at the right of the screen (each
AOI was a rectangle of 199920px in size). The raw dependent measure was Net Dwell Time (i.e., total looking time including fixations,
saccades, etc.) at each AOL

Our focal measure was looking time at the novel exemplar. We defined the dependent measure in the same way as done previously
by Ferera et al. (2018). First, in order to compensate for individual differences in infants’ looking time, we converted infants’ raw
looking time (in seconds) into percentages, by dividing “looking time at the novel exemplar” by “total looking time at both novel and
familiar exemplars”. Then, our dependent measure of categorization was the change in infants’ percentage of looking time at the novel
category exemplar from “post-administration” baseline to test trial. This measure allowed correcting for any a priori looking pref-
erences infants might have towards White vs. Black man (for a discussion, see Oakes (2010)). Given this measure, a positive change
meant that infants looked longer at the novel exemplar after familiarization, indicating that that exemplar had become more salient —
presumably due to the fact that it was discriminated from the other test-exemplar and all the familiarization exemplars. In other words,
change scores significantly higher than zero indicated categorization had occurred.

To assess infants’ categorization performance, a repeated measures ANOVA including the two visits’ (Visit 1 and Visit 2) change
scores as dependent measures, and the administration order (V1PL-V20T or V1OT-V2PL) as between-subjects factors, revealed only a
significant main effect of administration order, F(1, 22)=8.036, p<0.05, ;12:0.268. As can be seen in Fig. 3, infants whose mothers
received oxytocin in their first visit and placebo in their second visit (i.e., the V10T-V2PL condition) looked significantly less at the
novel exemplar (across both visits; M=—3.5%, SE=5, n=12) than infants whose mothers received placebo in their first visit and
oxytocin in the second (i.e., the V1PL-V20T condition; M=16.7%, SE=5, n=12). Breaking it down by visit, in the first visit, infants
looked longer at the novel exemplar when their mothers inhaled placebo (V1PL-V20T) than when they inhaled oxytocin (V10T-V2PL),
F(1,22)=6.451, p<0.05, 712:0.227. In turn, in the second visit, infants looked longer at the novel exemplar when their mothers inhaled
oxytocin (V1PL-V20T) than when they inhaled placebo (V10T-V2PL), F(1, 22)=4.626, p<0.05, ;72:0.174.

These patterns were confirmed when analyzing whether the change in the percentage of looking time at the novel exemplar was
greater than zero (as zero indicated no change from baseline to test). One-sample one-tailed t-tests revealed that in the first visit, only
under the placebo condition (V1PL-V20T) did infants evince categorization (My1pL.v201=15.7%, SE=7.6, n=12; t(11)=2.046, p<0.05;
Myiot.vapL= —6.9%, SE=4.5, n=12; t(11)=—1.529, p=0.155). In contrast, in the second visit, only under the oxytocin condition
(V1PL-V20T) did infants evince categorization (My;ot.v2p.=0.00%, SE=6.1, n=12; t(11)=0.00, p=1.0; My1pL-v20T1=17.7%, SE=5.4,
n=12; t(11)=3.240, p<0.01).
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Fig. 3. Categorization scores: Mean change in percentage of looking time at the novel exemplar from baseline to test trial in each visit (n = 24
infants); bars represent standard error of means. Note. Comparison against “no-change” (i.e., zero), * *p < 0.01, *p < 0.05, one-tailed.
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These results on infants’ change scores suggest that the effect of enhanced oxytocin levels on infants’ racial categorization per-
formance may vary as a function of infants’ knowledge of the relevant social stimuli. When receiving placebo in their first visit, infants
may have “noticed” the racial category during the familiarization trials, and thus discriminated between familiar and novel exemplars
at test — just as infants this age have been shown to do (Ferera et al., 2018). Once this category was formed and accessible, upon
receiving oxytocin in their second visit, these infants continued to notice these racial categories. In turn, infants exposed to oxytocin in
the first visit, were seemingly unable to notice the common features characterizing the racial category. They did not represent a racial
category, and this absence of categorization, remained one week later, when receiving placebo. If this interpretation is correct, then
there should also be differences in the familiarization processes of infants in the different administration orders. Specifically, for infants
whose mothers received placebo in their first visit (i.e., the VIPL-V20T condition), seeing nine faces of what they came to notice as
exemplars of the same racial category, should have led to increased habituation to that “kind” of face. In contrast, if infants whose
mothers received oxytocin in their first visit (i.e., the V1OT-V2PL condition) did not notice the commonality across the familiarization
faces, then their attention to these faces should not have diminished during this phase, as they kept viewing each face as unique.

To assess this possibility, another set of analyses examined infants’ looking pattern during familiarization. To this end, we followed
a strategy previously used by Balaban and Waxman (1997): We computed for each infant a “familiarization decrease” score, by
multiplying the average looking time on each familiarization trial block (Block 1 = familiarization trials 1-3, Block 2 = familiarization
trials 4-6, and Block 3 = familiarization trials 7-9) by the appropriate contrast weights for a linear trend (-1, 0, +1), and summed the
resulting products. In this way, if a participant did not show a linear change in looking time over familiarization blocks (i.e., main-
tained his/her interest in the faces), the contrast score should equal zero. A negative score indicates looking time decreased during
familiarization, consistent with habituation. One-sample t-tests against zero (i.e., no change) revealed that in the V1PL-V20T con-
dition (i.e., the group who evinced categorization in both visits), there was a significant decrease in looking time during familiarization
in both visits (Myisit1 (pry=—1.95 s, t(11)=—2.327, p<0.05; Myisit2 (or)=—1.27 s, t(11)=—2.214, p<0.05). In contrast, in the VIOT-V2PL
condition (i.e., the group who did not evince categorization in either visit), there was no significant decrease in looking time during
familiarization in either visit (Myisi1 (or)=—0.82 s, t(11)=—1.395, p=0.191; Myisit2 (pr)=—0.12 s, t(11)=—0.187, p=0.855) (see Fig. 4).

These results of the familiarization phase cohere with those derived from the categorization change scores. They indicate that
infants in the V1PL-V20T condition, noticed the similarity across familiarization faces, and thus “lost interest” in that particular type of
face. Consequently, upon being shown a novel face from a contrasting type, their attention was drawn to it. In turn, infants who were in
the V10T-V2PL condition, seem not to have noticed the similarity across familiarization faces, keeping their interest in each individual
face. Thus, for them, the face from the putatively novel type was not seen as such, as they had not formed a category with which that
exemplar contrasted.

4. Discussion

A necessary, though by no means sufficient, process in the emergence of intergroup biases is the perceptual discrimination between
groups. This process begins to develop towards the end of the first year, at least with regard to racial categories (Ferera et al., 2018,
2021; Lee et al., 2017). Here we replicated this finding, and showed that under natural conditions (i.e., Placebo), when first
encountering to-be-categorized faces, 14-month-olds successfully formed race-based categories (“Blacks” and “Whites™). The novel
finding revealed here is that increasing infants’ oxytocin levels at this first encounter attenuates this capacity.

Oxytocin is involved in numerous affiliative functions in humans: from the formation of parent-infant bonds (Carter, 2014;
Feldman, 2017; Rilling & Young, 2014), through the facilitation of collaborative and trusting behaviors in adults (Arueti et al., 2013;
De Dreu et al., 2020; Declerck et al., 2010; Kosfeld et al., 2005), the perception of strangers as more familiar and approachable (Cohen
& Shamay-Tsoory, 2018; De Dreu & Kret, 2016; Rimmele et al., 2009), and to the highlighting of individuating features (Blandon--
Gitlin et al., 2014; Borowiak & von Kriegstein, 2020; Gamer et al., 2010). The present findings suggest that already at the earliest stages
in the development of the capacity to discriminate among members of racial groups, oxytocin lowers the potential salience of
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Fig. 4. Familiarization scores: Decrease in looking time at the exemplars during familiarization trials in each visit (n = 24 infants); bars represent
standard error of means. Note. For the sake of readability, the graph presents positive values, even though the changes were reductions in looking
time. Comparison against “no-change” (i.e., zero), *p < 0.05.
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racial-discriminatory features in people’s faces to infants. This was evident in the infants in the V1OT-V2PL condition in the first visit,
both in their failure to look longer at an out-of-category exemplar after familiarization as well as in the lack of habituation to
same-category exemplars during familiarization.

Interestingly, this oxytocin effect was observed only when it was delivered prior to infants’ first exposure to the to-be-categorized
faces. When instead, placebo was administered in the first visit and oxytocin in the second (i.e., in the V1PL-V20T condition), the
oxytocin boost in the second visit did not revert the categorization process that had ensued in the first visit. One possible interpretation
of this finding is that the effect of enhanced oxytocin levels on infants’ social categorization performance varied as a function of the
infant’s prior experience with the relevant social stimuli during the experiment. Although most prior work with younger infants had
demonstrated effects of exposure on racial discrimination and categorization across longer periods of time (e.g., Anzures et al., 2012),
it is possible that given that the two visits were identical in terms of settings and medium, there was substantial scaffolding for infants
in Visit 2 to have a trace of what they had seen in Visit 1. Moreover, the findings from Visit 1 indicate that infants in the VIPL-V20T
condition had indeed categorized the faces by race. It will be valuable to address this interpretation systematically in the future.

The above conclusion, however, is consistent with the notion that one of the main effects of oxytocin is highlighting socially-
relevant stimuli (Fischer-Shofty et al., 2013; Rimmele et al., 2009). In the present context, the socially relevant stimuli may have
varied between the two substance administration orders. Specifically, it may be argued that in their first visit to the lab, for our
participants, who were White infants living in a White environment, Black men were fairly unfamiliar. Under the placebo condition (i.
e., VIPL-V20T), infants were able to “learn” this new social category and discriminate between its exemplars and the more familiar
ones (as was demonstrated that they indeed can, Anzures et al., 2010; Ferera et al., 2018). In their second visit to the lab, these
participants were no longer naive: they had already recognized the racial categories, which then constituted the socially relevant
stimuli highlighted by the oxytocin upsurge. In contrast, infants who were under the oxytocin condition in their first visit (i.e.,
V10T-V2PL), did not “learn” the category, but rather had acquired experience with a diversity of individuals. Thus, under placebo in
the second visit, they simply started-off with a somewhat depressed capacity to detect the differentiating features between Whites and
Blacks. We assume that the activated affiliation motivation in the first visit did not turn infants unable to categorize but rather directed
their attention to the individuating, but not the category-defining features of the faces. It is important to note in this discussion, that
this difference between the two administration orders was unlikely due to any a priori differences between the two groups of infants. As
our baseline analyses indicated, there were no differences between the groups neither in terms of oxytocin levels, nor in terms of
preferential looking to White or Black faces.

Further noteworthy about this carry-over effect of oxytocin delivery in the first visit to the second visit taking place a week later, is
its resemblance to findings among adults. For instance, oxytocin-administered adult participants were found to be more likely to later
remember familiar happy faces and less likely to remember angry and neutral faces as compared to participants administered a placebo
(Guastella et al., 2008). In the same vein, oxytocin improved adults’ recognition memory for familiar faces (Rimmele et al., 2009), and
affected adults’ later processing of socially salient stimuli (Eckstein et al., 2019). Research on infants’ long term memory demonstrated
that infants show memories for stimuli weeks or months after their exposure (Bauer, 2007), and that in-lab experiences influenced
infants’ face recognition of other-race faces and was carried over between testing sessions (Spangler et al., 2013). The present findings
suggest that oxytocin may have similar long term effects on the processes involved in infants’ memory for social stimuli. Evidently, this
requires further research for more in-depth understanding of the mechanism involved.

This knowledge-dependent effect of oxytocin on infants’ representation of social categories may also help integrate the current
findings with an additional set of findings on adults, which showed that oxytocin promotes certain intergroup biases. For instance,
after inhaling oxytocin — compared to placebo — adults manifested more ingroup favoritism (Dreu et al., 2011), were more willing to lie
in order to benefit fellow group members (Shalvi & De Dreu, 2014), and were more willing to collaborate with ingroup members (De
Dreu et al., 2010). A crucial point that allows for the integration of these sets of findings is that these effects of oxytocin on adults’
intergroup cognition occurred vis-a-vis groups known to the adult participants (e.g., based on nationality or ethnicity, or explicitly
assigned to them during the experiments). In this respect, the situation is analogous to the one experienced by the infants who were in
the placebo condition in their first visit. They too formed racial categories on that visit, and thus in their second visit, the oxytocin
boost maintained these previously established racial categories. In turn, for the infants in the oxytocin condition on the first visit, there
were no set groups. And the revelation here is that, under this naive knowledge state, oxytocin hindered the discrimination between
potential groups; in a sense it led to the formation of a broader social group inclusive of White and Black men. In sum, oxytocin seems to
have different effects in group cognition once groups are already represented versus when they are still in the process of being formed.

From a practical perspective, it is not viable to prescribe oxytocin to infants so as to halt the formation of social group represen-
tations. Nevertheless, the more general point is that the function of oxytocin is to activate infants’ fundamental affiliative drive. It has
been previously demonstrated that behaviourally activating this drive increases infants’ helping behaviour (Over & Carpenter, 2009),
and also dampens their racial categorization (Ferera et al., 2018). Affiliative cues have also been found to improve infant’s recognition
of other-race faces (Minar & Lewkowicz, 2018; Quinn et al., 2020). The present findings reveal that a biological manipulation of the
system indeed has a similar effect. This suggests that triggering an affiliation motivation leads infants to privilege the construal of
others as individuals, and thus potential ingroup members. This suggestion is in line with the Perceptual-Social Linkage recently
proposed by Quinn et al. (2019). According to this account, exposure to facial stimuli is accompanied by different social and emotional
correlates that in turn, may explain social biases. They list a number of mechanisms that may be involved in the process, such as
familiarity of stimuli and caregiver emotional reaction to stimuli, to name a few. It seems reasonable to add motivationally-related
biological factors (such as Oxytocin) to this complex repertoire.

One question left open by this conclusion is whether the effect of oxytocin found here would hold to other social categories. A recent
developmental argument is that the underlying process of category representation is general in nature, not specific to racial categories
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(Lee et al., 2017). Further, from an evolutionary point of view, it is argued that humans are prone to detect coalitions in their envi-
ronment, namely, others with whom they could collaborate and prosper (Kurzban et al.,2001). This presumed activation of infants’
“coalitional psychology”, may indeed lead them to focus on group cues that are fundamental (e.g., collaboration potential) over more
modern and superficial ones (e.g., race; Pietraszewski et al., 2014). Although infants’ definition of social groups may be quite
malleable, it remains to be seen whether there are limits to the effectiveness of such intervention with regard to other social categories.
An additional - related — question is whether oxytocin’s putative effects on infants’ categorization are limited to social stimuli. It would
be interesting to explore this possibility in further studies using non-social stimuli as categorization targets.

A further issue has to do with limitations of the present work. Recent reviews (for example, Mierop et al., 2020; Quintana et al.,
2021) raised concerns that research on intranasal oxytocin administration suffers from small sample size and lack of replications. This
is evidently a limitation of the present study as well. We hope that the novelty of the paradigm and the findings, will encourage further
work to more systematically examine the effects of oxytocin on categorization. Related issues concern, for example, whether intranasal
administration reaches the brain or only the periphery. This is clearly beyond the scope of this paper, though it adds to the debate by
showing that intranasal intake by mothers, affected their infants’ looking behaviour, replicating earlier findings on the transmission
process between fathers and their infants (Weisman et al., 2012b). It is worth noting that this transmission process between parent and
infant is yet to be fully understood. Many possible mechanisms of psychological and/or chemical communication may be involved:
parent-infant interaction, parent breath, body smell, or even simply parents touching their noses post administration, and when
interacting with their infant, transferring some residual spray onto their infant. Regardless of the specific mechanism(s) involved, the
main point in terms of the present work is that infants’ oxytocin levels increased from baseline measurement to post-administration
measurement, and that their behavior was affected by these changed oxytocin levels.

5. Conclusions

We conclude by highlighting what we believe is the main contribution of the present work. Very little is known about the effect of
oxytocin on young children’s social cognition (Horta et al., 2020). The current findings begin to fill this gap by providing promising
evidence for the role of an affiliative motivation in general, and oxytocin in particular, in the very formation of social group repre-
sentation in infants.
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