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Abstract

The current studyprobedwhether infants understand themselves in relation to others.

Infants aged 16–26 months (n= 102) saw their parent wearing a sticker on their fore-

head or cheek, depending on experimental condition, placed unwitnessed by the child.

Infants then received a sticker themselves, and their spontaneous behaviorwas coded.

Regardless of age, from 16months, all infants who placed the sticker on their cheek or

forehead, placed it on the locationon their own facematching their parent’s placement.

This shows that infants as young as 16months of age have an internal map of their face

in relation to others that they can use to guide their behavior. Whether infants placed

the sticker on the matching location was related to other measures associated with

self-concept development (theuseof their ownnameandmirror self-recognition), indi-

cating that it may reflect a social aspect of children’s developing self-concept, namely

their understanding of themselves in relation and comparison to others. About half

of the infants placed the sticker on themselves, while others put it elsewhere in the

surrounding, indicating an additional motivational component to bring about on them-

selves the state, which they observed on their parent. Together, infants’ placement of

the sticker in our task suggests an ability to compare, and motivation to align, self and

others.
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1 INTRODUCTION

The ontogenetic origin of self-representation is a fundamental ques-

tion in the study of early cognitive development. An uncontroversial

answer to this question has been impeded by the multifaceted charac-

ter of the self.While research in the first year of life hasmainly focused

on infants’ perception of their own body – sometimes referred to as

bodily self (e.g., Bahrick, 2013; Filippetti et al., 2015a, 2013; Marshall
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& Meltzoff, 2015), others have proposed that a more conceptual self-

representationdevelops through the interactionwith others in the sec-

ond or third year of life (e.g., Musholt, 2012; Rochat, 2010). The latter

view follows a tradition of thinking in which the self-concept entails an

awareness of the self as distinct from, but in relation to, others (Mead,

1934). According to this view, one can only become an object of one’s

own reflection by thinking of oneself from an outside perspective, that

is, as seen by others (Mead, 1934; Musholt, 2012; Rochat, 2010). In
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the present study, we aimed at probing infants’ understanding of them-

selves in relation to others by investigating whether infants seek to

bring about physical similarity between self and others.

The ability to see one’s physical resemblance to others entails an

understanding of the correspondence between self and other body

parts. Some evidence suggests that precursors of such a map may

alreadybepresent at birth. In a series of studies, newbornspreferred to

look at another infant’s face stroked in synchrony with their own face

compared to asynchronous stroking, and preferred anatomically con-

gruent to incongruent stroking (Filippetti et al., 2013, 2015a, 2015b).

This early ability for multi-sensory integration has been argued to pro-

vide a potential precursor for self-perception (Bahrick, 2013), by allow-

ing one to identify sensory input that refers to one’s own senses (e.g.,

seeing and feeling that one is being stroked). Towards their second year

of life, infants are able to successfully reach for a tactile stimulation on

their own body (Leed et al., 2019), extending findings of multi-sensory

integration to the tactile-proprioceptive domain. In addition,while per-

fect multi-sensory synchrony may allow identifying sensory input that

refers to one’s own senses, differences in multi-sensory information in

turn may support a potential differentiation between self-touch and

touch by another person in newborns (Rochat & Hespos, 1997), pro-

viding a potential precursor of self-other differentiation.

This ‘subjective’ understanding of self can be seen in contrast to

an objective self-awareness (Duval & Wicklund, 1972; Moore, 2007).

While the studies discussed above address precursors of a multi-

sensory, bodily self and its distinction from others’ bodies (subjective

self-awareness), much less is known about how infants come to under-

stand themselves in relation to others, whether and when they are

able to compare self and other, and are motivated to align with others

(objective self-awareness). For infants, seeing themselves in relation

to others and engaging in self-recognizing in interactions by detect-

ing how others respond to them, has been proposed to be an essential

contributor to moving from a more bodily self to a self proper (Rochat,

2013). This self proper is proposed to have referential ‘aboutness’: it

can be understood as an object of thought, something one (others or

oneself) can think (or talk) about (Bates, 1990; Rochat, 2013) and poten-

tially formmemories of (Howe et al., 2003; Povinelli, 1995). It has been

argued that this is a step that eventually contributes to understand-

ing the self as a person who is in comparative and normative relation

to others (Rochat, 2009). Some suggestion that infants may already

detect the relationship between self and others comes from recogniz-

ing when they are being imitated or in imitating others. For example,

infants who pass themirror self-recognition task engage inmore imita-

tion than infants who do not, suggesting that imitation may involve an

appreciation of the self (Asendorpf & Baudonnière, 1993; Asendorpf

et al., 1996;Zmyj et al., 2013). Furthermore, infants fromaround14–18

months discriminate between a person who imitates their action and

an object that brings about the same state they did (Agnetta & Rochat,

2004), again suggesting that at this age they might be able to detect

similarity between their own and others’ actions. However, themecha-

nismsbehind imitationanddetectionof imitationaredebatedandneed

not necessarily reflect a conceptual understanding of self versus other

(e.g., Anisfeld, 1991; Heyes, 2011; Jones, 2009).

RESEARCHHIGHLIGHTS

∙ In the newly developed “sticker task,” we probed 16-26-

month-old infants’ understanding of themselves in rela-

tion to, andmotivation to align with, others.

∙ Infants saw their parent wearing a sticker on their cheek

or forehead, and were offered then a sticker themselves,

whereupon their spontaneous behavior was observed.

∙ All infants who placed the sticker on their cheek or

forehead, placed it on the location matching that of their

parent’s sticker.

∙ Matching placement was related to infants’ use of their

own name and mirror-self-recognition, indicating its rela-

tion to self-concept development.

The ability to detect similarities and differences between self and

others – or self–other comparison – is central to understanding the

self in relation to others and may be a prerequisite for a motivation to

align self with others. Self–other comparison is relevant not just in the

context of understanding the development of the self, but also when

thinking about the self in interaction with others. To compare the self

with others, identify differences, and seek to bring about alignment is

foundational for important aspects of our social cognition, including

our social preferences (e.g., Tajfel & Turner, 1979). Fromaround 2 years

of age, children’s self-directed behavior has been shown to depend on

their social environment (Broesch et al., 2011; Rochat et al., 2012). For

example, while 2-year-old children typically touch or try to remove a

previously unnoticedmark on their facewhen seeing themselves in the

mirror in the classic mirror mark test (Amsterdam, 1972), they did this

less often when the others around them also wore the same mark on

their face (Rochat et al., 2012).

Moreover, to date much evidence suggests that infants prefer oth-

ers who share some characteristic with the infants themselves, includ-

ing their language and their preferences. For example, infants prefer to

choose puppets offered to them by speakers of their own native lan-

guage (Kinzler et al., 2007) or puppets who make the same food or

color choices as the infant has made (Mahajan & Wynn, 2012), and

preschoolers prefer others who have a facial resemblance to them-

selves (Richter et al., 2016). While a preference for others is a form

of social alignment, it is unclear from these studies whether behavior

derives from a comparison of others with self, or rather a preference

for familiarity (Begus et al., 2016). For example, both one’s native lan-

guage and one’s own face is a highly familiar input andmay drive infant

and young children’s preferences for others displaying these familiar

characteristics.

In the current study, we avoided the ambiguity of preference as an

indicator of self–other comparison and social alignment, and used the

behavior of physical alignment. Rather than using preference as an

indicator that infants may have detected that others act like them, we

asked whether infants themselves would act to be more like others.
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We reasoned that a motivation to look like others by spontaneously

emulating their appearance on oneself would unambiguously indicate

the process of self–other comparison and alignment. Specifically, when

we try to look like others, it entails that we compare self and others,

have understood that the other is different from us, and are motivated

to align the self with the other. In the present study, we wanted to

tap into this social dimension of the self, and probe whether it may

be related to other markers of self-concept development, such as

mirror self-recognition and the use of verbal self-reference. We asked

whether infants are able not only to understand the correspondence

between self and others, but also to act upon this correspondence. In

particular, wewanted to probewhether infants are able andmotivated

to use their self–other map to actively intervene in order to align the

self with the other.

Combining these different aspects of understanding the self in rela-

tion to others (i.e., infants’ active self–other map, their ability for self–

other comparison, and motivation to align with others), we developed

a novel task probing infants’ readiness to emulate a state observed

on their parent’s face by acting on their own face in correspondence,

without seeing how this state came about and thus without having

the opportunity to imitate their parent’s actions. This was intended to

ensure that infants did not merely copy observed actions, but instead

reenacted the parent’s appearance on themselves, out of a motivation

to look like them. Importantly, unlike in themirrormark test, the child’s

own face and their actions on it remained visually inaccessible to them,

to probe the presence of an internalmap of the self in relation to others

and the ability to act on oneself using this mapwithout visual feedback

(e.g., of a mirror) or guidance (e.g., by imitating their parent’s action).

Moreover, rather than seeing a mark on their own face in their per-

fectly synchronous mirror image, the mark was placed on another per-

son, thus tapping into infants’ social understanding of the self in rela-

tion to others.

In this preregistered study, infants (aged 16–26 months) saw their

parentwith a sticker on their face,which hadbeenplaced in the infant’s

absence, either on the parent’s cheek or their forehead depending on

experimental condition. The infantwas thenoffered to choosea sticker,

and we observed whether infants spontaneously placed the chosen

sticker on the corresponding location on their own face. We reasoned

that such a behavior would indicate (1) the presence of an internal map

of the infant’s own facial features in correspondence to the other’s face

and the ability to act on their own face accordingly, (2) the infant’s abil-

ity to compare self and other andmotivation to align their own appear-

ance to a state observed on their parent, reflecting a social dimension

of the self.

We predicted that infants would show this behavior in their sec-

ond year of life when other indicators of self-concept, such as mir-

ror self-recognition and verbal self-reference, develop (e.g., Lewis &

Ramsay, 2004; Rochat et al., 2012; Stipek et al., 1990). Addition-

ally, we administered the classic mirror mark test and a parental

questionnaire on infants’ use of their own name and personal pro-

nouns and hypothesized that infants’ self–other mapping behav-

ior would be related to these other measures of a developing

self-concept.

2 METHODS

The study was preregistered on the Open Science Framework, the

description of the testing protocol, testing materials, and planned

analyses can be found here: [https://osf.io/7ut9k/?view_only=

a9b5146f960f456bb95f791edce614a1]. All materials and the

dataset are available here: [https://osf.io/sqhyp/?view_only=

4587bb27e189442089534444e89ba76d].

2.1 Participants

In the sticker task 102 Danish speaking children between 16 and 26

months of age were included, and a further 27 participated but were

excluded from the analyses due to fussiness (3), technical problems

with the video recording (7), parental interference (11) or because they

refused to take the sticker (6). Of the 102 children included in the

sticker task (age: 16.0–26.4 months, median: 20.9 months; interquar-

tile range (IQR) = 5.4 months; 59 (58%) female), 79 children also

successfully participated in a mirror self-recognition task before the

sticker task (age: 16.3–26.4 months, median: 21.4 months; IQR = 5.7

months; 46 (58%) female). Mirror test data for the other 23 children

could not be included because of technical or video problems (3), insuf-

ficient mark saliency or other errors in the protocol (7), missing com-

pliance (3), parental interference (1), or because they did not complete

themirror test (9). A parent questionnaire on verbal self-referencewas

obtained for 91 of the 102 children (age: 16.3–26.4 months, median:

20.9months, IQR= 5.5months; 52 (57%) female). More data were col-

lected than planned at preregistration, but the results in the prereg-

istered first N = 72 participants are highly comparable as reported in

the Supplemental Information (SI; for a sample description of the first

N= 72 and results, see SI Section 2.1 Table S2a, 2b).

Testing took place at two testing locations: in the lab and in a local

science museum (for further details see SI, Section 1.1). At the science

museum, infants were recruited through approaching the families on-

site. In the lab, participants were recruited through the national birth

registry of Copenhagen. Participants were predominantly from white

middle-income families, reflective of the local population and those

who responded to the invitation toparticipate. The studywasapproved

by the Ethics Committee of the Department of Psychology at the Uni-

versity of Copenhagen, and parents signed an informed consent prior

to participation.

2.2 Sticker task

2.2.1 Procedure

First, the parent received an envelope with a sticker and writ-

ten instructions (see here: https://osf.io/3fvua/?view_only=

4587bb27e189442089534444e89ba76d) to place the sticker on

their face unbeknownst to the child. Parents were randomly assigned

to one of two conditions, acting as controls for one another: n = 61

parents were asked to place the sticker on their cheek (children’s age:

https://osf.io/7ut9k/?view_only=a9b5146f960f456bb95f791edce614a1
https://osf.io/7ut9k/?view_only=a9b5146f960f456bb95f791edce614a1
https://osf.io/sqhyp/?view_only=4587bb27e189442089534444e89ba76d
https://osf.io/sqhyp/?view_only=4587bb27e189442089534444e89ba76d
https://osf.io/3fvua/?view_only=4587bb27e189442089534444e89ba76d
https://osf.io/3fvua/?view_only=4587bb27e189442089534444e89ba76d
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range: 16.0–26.1months,median=20.6months, IQR=5.5months, 37

(61%) female) and n = 41 (16.3–26.4 months, median = 21.6 months,

IQR = 5.0 months, 22 (54%) female) to place it on their forehead.

Administering these two conditions controlling for each other allowed

to test whether infants placed the sticker on the specific location on

their face observed on their parent, and thus to ensure that they did

not show this placing behavior without the correspondingmodel. After

parents had placed the sticker, they were told to briefly and naturally

interact with their child, without drawing attention to the sticker or

referring to it in any way, and while making sure their child could not

remove the sticker from their face. Once children noticed the sticker

on their parents’ face, the experimenter presented them with two

other stickers (one identical to their parent’s sticker, and a different

one, see SI Section 1.2 Figure S1), and encouraged them to pick one.

If the child did not make a choice, the experimenter gave them the

identical sticker (N = 1). Then, children’s behavior was observed. If

children spontaneously placed the sticker on their cheek or forehead

within the first 2 min after taking a sticker, the experiment was fin-

ished. Otherwise, after 2min, the experimenter asked themwhat to do

with the sticker, up to three times with increasing specificity (“What

should we do with the sticker?”, “Where should it go?”, “Where should

we put the sticker, should we put it on you?”). Infants’ behavior was

video recorded for later analysis. More details on the experimental

procedure are provided in SI Section 1.3.

2.2.2 Coding

Children’s spontaneous behavior was analyzed with respect to (i)

whether the child pointed to their own face after seeing the sticker

on their parent, (ii) which sticker the child chose (identical vs. different

one), and (iii) whether and where they placed the sticker on their own

face (cheek (side disregarded) vs. forehead vs. other;where ‘other’ indi-

cated placing anywhere else than cheek or forehead, or no placement

at all). We also analyzed whether children placed the sticker on their

cheek or forehead spontaneously or after one of the three prompts.

Children in the cheek condition were further analyzed with respect to

whether they placed it to the same or mirrored cheek as the parent’s

sticker. Finally, for comparisonwith themirrormark test anduseof ver-

bal self-reference, children received a score of 1 for placing the sticker

to the matching location and 0 for placing it elsewhere or not placing

the sticker at all. The videos of 40 children (i.e., 39%) were coded by a

second coder. In case of disagreement, a third coder was involved, and

the final score was decided by the majority. The coders agreed on the

matching placement in 100% of the cases.

2.3 Mirror mark test

2.3.1 Procedure

We conducted a mirror mark test (following the procedure of Bulgar-

elli et al., 2019; see also Amsterdam, 1972) to assess children’s ability

to recognize themselves in the mirror. The testing procedure included

four phases: exposure and familiarizationwith themirror prior tomark

application (phase 1); mark application phase with occluded mirror

(phase 2); second exposure to the mirror with the child having a mark

on their face (phase 3); and finally, the experimenter pointing to the

child’s reflection in the mirror and asking “Who is that?” (phase 4). The

mark was either applied to the cheek or nose (in 65% on the nose).

2.3.2 Coding

Children’s reactions to themirror were coded with respect to whether

they touched the mark in phase 3 (mark-directed behavior) and

whether they vocalized any verbal self-reference when seeing them-

selves in the mirror in phase 3 or on request in phase 4. Children

were assigned 1 for passing themirror test (i.e., showingmark-directed

behavior, using first-person pronouns, or using their own name) and

0 for not passing. None of the children touched the mark in phase 2

before seeing themselves in themirror.

2.4 Questionnaire

Parents filled out a short questionnaire with basic demographic data

(e.g., age, siblings, language(s) of the child), questions on self-related

language use (i.e., personal pronoun use, use of own name), and experi-

ence (e.g., with mirrors or cameras); the original questionnaire in Dan-

ish and English language can be found here: [OSF Link].

3 RESULTS

The dataset is publicly available here: [OSF Link].

3.1 Sticker placement

For the main analysis of interest, a Fisher’s exact test was used to

investigate the probability of children placing the sticker on their own

face differentially depending on condition. This test was conducted

instead of the preregisteredmultinomial logistic regression because of

the occurrence of zero cell sizes. The two conditions acted as control

groups for one another, yielding abaseline for howoften childrenmight

put a sticker on their cheek (or forehead) without seeing the sticker

on that location on their parent. In the forehead condition, 17/41

children (41%) placed the sticker on their own forehead and none on

their cheek, and in the cheek condition 33/61 (54%) placed it on their

own cheek and none on their forehead (Fischer’s exact test p < 0.001;

Cramer’s V = 0.69; for a summary see Table 1, and SI Section 2.2 Table

S3 for detailed description of “Other” placement responses), indicating

that children who placed the sticker on their face had a correct map of

their own face in relation to the face of their parent. Children placed

the sticker on the respective matching location similarly often in

https://osf.io/3fvua/?view_only$=$4587bb27e189442089534444e89ba76d
https://osf.io/sqhyp/?view_only$=$4587bb27e189442089534444e89ba76d
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TABLE 1 Children’s sticker placement in the two conditions
(parent placement forehead vs. cheek)

Child

Parent Forehead Cheek Other Total

Forehead 17 0 24 41

Cheek 0 33 28 61

Total 17 33 52 102

TABLE 2 Relation between children’s behavior in the sticker task
and their performance in themirror mark test

Mirror test

Sticker placement Pass Fail Total

Matching 32 8 40

None 24 15 38

Total 56 23 79

both conditions, that is, there was no significant difference regarding

matching sticker placement between the two conditions (forehead

and cheek; X2(1, N = 102) = 1.1, p = 0.294). Forty-five out of 50

children (88%) who placed the sticker on their cheek or forehead did

so spontaneously after receiving it, the remaining six children placed it

after the prompt by the experimenter (see SI section 2.3 Table S4). An

additional five children pointed to the matching location on their own

face but did not place the sticker accordingly. Two children pointed to

a nonmatching location on their face (for further analyses of pointing

location see SI Section 2.7 Table S8).

In the cheek condition, we analyzed whether children placed the

sticker on, or pointed to, the same or the mirrored side of their face. In

their sticker placement, children placed the sticker about equally often

to the same and the mirrored side (exact binomial test, with “same

cheek” as “success” category; N = 32, K = 18, p = 0.298, probability of

success = 0.56, 95% CI = [0.4, 1]), whereas in their pointing, children

pointed to the mirrored cheek more often (exact binomial test, with

“mirrored cheek” as “success” category;N= 10, K= 9, p= 0.011, prob-

ability of success= 0.90, 95%CI= [0.6, 1]).

3.2 Relation of sticker task with mirror mark test
and verbal self-reference

Childrenwhoplaced the sticker to thematching location also tended to

pass the mirror task (X2(2, N = 79) = 3.261, p = 0.035, one-sided Chi-

square test, for a summary see Table 2). To test whether there might

have been an effect of the mark in the mirror task on children’s sticker

placement, we tested whether the location of the mark in the mirror

test (cheek or nose) had an effect on children’s sticker placement in the

sticker test, in particular in the cheek condition. This showed that chil-

dren in the cheek condition were not more likely to place the sticker

on their cheek when the mark in the preceding mirror task was on the

cheek rather than the nose (X2(1,N= 48)= .738, p= 0.39).We further

assessed children’s ability to verbally refer to themselves and found a

significant relation betweenmatching sticker placement and the child’s

use of their own name (X2(1, N = 91) = 4.361, p = 0.038, Chi-square

test), but not their use of first-person pronouns (X2(1,N= 91)< 0.001,

p= 0.992, Chi-square test; for details see SI Section 2.4 Table S5a–5i).

3.3 Choice

Out of 102 children 58 chose the identical sticker (57%), showing no

significant preference for the sticker identical to their parent’s sticker

(exact binomial test, with “choice of same sticker” as “success” cate-

gory; N = 102, K = 58, p = 0.099, probability of success = 0.57; 95%

CI= [0.48, 1]). Children who chose the identical sticker were not more

likely to place the sticker on thematching location (exact binomial test,

with “matching placement” as “success” category; N = 58, K = 30,

p = 0.448, probability of success= 0.52, 95%CI= [0.4, 1]).

3.4 Effect of age

To assess whether age had an effect on the probability of placing the

sticker to thematching location,weenteredage (inmonths) as a contin-

uous predictor in a binary logistic regression model with placement as

a binary outcome variable (matching vs. nonmatching/no placement).

This yielded no increase in successful sticker placement with age (X2(1,

N = 102) = 0.996; p = 0.319; B = 0.066; SE = 0.066; 95%

CI = [−0.064, 0.196], reference category 0, that is, “nonmatching/no

placement,” see SI Section 2.5 Figure S2a). The relation between age

and mirror self-recognition was X2(1, N = 79) = 3.529; p = 0.060;

B = 0.161; SE = 0.086; 95% CI = [−0.007, 0.329], between age and

first person pronoun use was X2(1, N = 91) = 13.276; p = 0.000;

B = 0.367; SE = 0.101; 95% CI = [0.17, 0.565], and age and use

of own name was X2(1, N = 91) = 13.94; p = 0.000; B = 0.348;

SE = 0.093; 95% CI = [ 0.165, 0.531]. For details and results of the

relation between age and other personal pronoun variables see SI Sec-

tion 2.5 Figure S2b. We further conducted the main analyses in the

two preregistered age groups separately (16– 21.5 months and 21.5–

26 months), which yielded similar results to those of the whole sam-

ple, and no differential effects in the two age groups (see SI Section 2.5

Table S6a–6d, Figure S3).

To test whether the relation between sticker placement and pass-

ing the mirror test changed with age, we added the mirror test (pass

or no pass) as an additional factor to the binary logistic regression. This

yieldedno significant interactionbetweenmirror test performanceand

age in months (p = 0.241; B = 0.083; SE = 0.071; 95% CI = [0.947,

1.251], reference category 0, i.e., “nonmatching/no placement”). Fur-

thermore, adding gender and condition as variables to the logistic

regression yielded no effect of gender or sticker condition (cheek or

forehead) on infants’ placement (for details see SI Section 2.6 Table S7).

4 DISCUSSION

In the present study, 16- to 26-month-old infants saw their parentwith

a sticker on their face, either on the forehead or the cheek, depending
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on condition. After receiving a sticker themselves, many children spon-

taneouslyplaced it on their owncheekor forehead, andall childrenwho

did so placed the sticker on thematching location on their own face. No

child placed the sticker to the location of the respective control con-

dition (i.e., no child in the cheek condition placed a sticker on the fore-

head and vice versa), yielding a highly significant differential placement

depending on condition. Moreover, very few (5 children out of 102)

placed the sticker elsewhere on their face, showing that such behavior

is unlikely to occur coincidentally without a model. Infants placed the

sticker differentially from 16 months with no increase with age. This

indicates that the understanding of the correspondence between self

and others, is likely in place from at least 16 months of age. About half

of the infants placed the sticker on their face, and the other half else-

where in the surrounding, suggesting an additional motivational com-

ponent to bring about the state on themselves that they observed on

their parent. Children’s placement of the sticker to the matching loca-

tion was related to established measures of self-concept development

(i.e., passing the mirror mark test and infants’ use of their own name),

indicating that this matching behavior may reflect children’s develop-

ing self-concept.

All the infants who placed the sticker on their cheek or forehead,

placed it on the matching location where they had observed it on their

parent, and did so in the absence of any visual feedback. This suggests

that they had an internal representation of their face, a visually inac-

cessible body part, and understood its correspondence to their par-

ent’s face. Infants were able to use this map to act on themselves to

bring about correspondence with the state observed on their parent.

The present study thus extends previous findings of multisensory con-

tingency detection (e.g., Filippetti et al., 2015b; Leed et al., 2019) by

showing that infants actively understand this correspondence, and that

they are able to act upon it without multisensory contingency or feed-

back. As infants did not see how the parent’s sticker was put on, they

had no opportunity to imitate the parent’s action to guide their own

action. This is important because infants may have been motivated to

imitate the action of placing a sticker on their face even if they had not

engaged in any self–other comparison. Rather, in spontaneously emu-

lating the outcome without any prior observation of how this outcome

was achieved (Want & Harris, 2002), it implies that infants were moti-

vated to align their appearance to the appearance of others. This moti-

vation to create a similarity between self and other implies that infants

detected a difference between self and other, suggesting that they

engaged in a process of self–other comparison. Contrary to our predic-

tions, out of two stickers, children did not choose the same sticker as

their parent above chance level. One reason for this might have been

that seeing the parent with a sticker on their face was considerably

more novel and salient than the difference between the two stickers.

While the vast majority of infants who placed the sticker on their

face did sowithout any prompt, half of the infants tested in the current

study did not place the sticker on their face at all. It is important to note

that because infantswere not given any instructions or task, they could

understand the situation in various ways and may have had different

motivations. To show this matching behavior, infants had to be spon-

taneously motivated to bring about the state observed on their parent

on themselves, and thus align their own appearance to the appearance

of their parent. The positive relation of their sticker placement with

infants’ use of their own name and mirror self-recognition suggests

a common element between intervening to look like the other in the

sticker task and detecting or acting on themark in themirror task. One

possibility is that this common element could be related to the capaci-

ties underlying the two tasks. The fact that themajority of childrenwho

placed the sticker to the matching location also passed the mirror task

(80%), and only 10% of children failed the mirror task but placed the

sticker in the matching location (see Table 2) could indicate that the

capacity underlying mirror self-recognition may in part drive detect-

ing the difference between self and other or the propensity to act on

it. While mirror self-recognition increases with age in the tested age

range, infants’ tendency to place the sticker on the matching location

on their face did not. It may be the distinct motivational aspect of the

sticker task, namely themotivation to engage in self–other comparison

and align with the other, that does not change with age. For example,

there may be a propensity of self-recognizers to intervene on them-

selves in response to appearing differently from others. Alternatively,

and perhaps more likely, the sticker and the mirror task may have a

commonmotivational component related to the self in relation to oth-

ers (to add the sticker in the sticker task and to remove themark in the

mirror task, in both cases to bemore like the other person) and it could

be this, which drives the relation between the two behaviors. Indeed,

themirrormark test has previously been found to be sensitive to social

context, whereby toddlers were less likely to remove amark from their

forehead if others around them also wore a similar mark, even though

many noticed and referred to the mark (Rochat et al., 2012), a mod-

ulation that may vary depending on culture (Broesch et al., 2011). A

relation between the mirror mark test and infants’ sticker placement

fits with this potential social aspect of the mirror mark test, suggest-

ing it taps into a social dimension of the self, namely how children see

themselves in relation to others. In the present study, infant’s own par-

ents were chosen as models to increase the likelihood of eliciting chil-

dren’s affiliativemotives. An interesting avenuewouldbe to investigate

inter-individual differences in relation to children’s varying tempera-

ments (e.g., shyness and other self-conscious emotions), aswell as their

behavior as a function of the identity of the other person (e.g., familiar

or unfamiliar; or ingroup/outgroup).

The classic mirror mark test involves identifying the location of the

mark seen in the mirror as a mark in the corresponding location of

infants’ own body, whereas the current task probed infants’ under-

standing of the self in relation to others. The ability to compare self

and other is an important social cognitive skill and lies at the heart

of phenomena like minimal group preferences (Tajfel & Turner, 1979).

Yet there has, to date, been little clear evidence concerning when this

self-other comparison ability emerges in development. One previous

study showed that 11-month-old infants prefer to play with a puppet

who chooses the same-coloredmittens as the infant chose (Mahajan &

Wynn, 2012). While this may indicate that infants detected the simi-

larity between self and other and preferred the other who liked what
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the infant liked, it is also possible that infants like puppets who exhibit

preferences that the infants themselves value more highly. Consistent

with this explanation, infants did not prefer a puppet with whom they

sharedmitten color if the infant themselves did not have a choicewhich

mitten color they wore. In the current study, not only did infants act

spontaneously to bring about similarity between self and other, but in

order to be motivated to bring about this similarity, they had to detect

a difference: the other has a sticker but they do not.

From a broader perspective, self–other comparison and alignment

is not only relevant for social preferences, but also for construing our-

selves and our own perspective, and coordinating it with that of others.

This is essential for interacting with others and thinking about other

minds. From a developmental perspective, coordinating self-other per-

spective is challenging for children: they have been shown to focus

predominantly on their own perspective, a phenomenon coined ego-

centrism (Piaget, 1926). With development, children increasingly mas-

ter the capacity of coordinating potentially conflicting perspectives,

an essential component of Theory of Mind, the attribution of mental

states to others and to oneself (Premack & Woodruff, 1978). Before

they do so, however, it has been suggested that young infants may not

experience a conflict between their own and others’ perspective, but

instead, may be altercentric, that is, rely primarily on the perspective of

others (GrosseWiesmann& Southgate, 2021; Southgate, 2020).While

infant altercentrismmayprovide abasis for perspective takingbybeing

attuned to others (Southgate, 2020), to intentionally align one’s per-

spective with that of others one arguably also has to grasp the distinc-

tiveness of self and other, to then be able to bring about alignment.

How could the ability to understand the self in relation to others

develop? In everyday turn-taking interactions there is often alternat-

ing reference to the caretaker’s and the infant’s body (e.g., showing

something on one’s own face, and then on the infant’s). Such interac-

tions – which infants seem to master between 12 and 18 months of

age (Carpenter et al., 2005) – may facilitate detecting a correspon-

dence, but also highlight the distinctiveness of self versus others. In

contrast with mirrors that provide spatiotemporally reliable, perfectly

contingent feedback on one’s self, the imperfect contingency of inter-

actions may help to distinguish perceptual input directly linked to the

self (e.g., a mirror image, or proprioception) compared to input com-

ing from others (Gergely, 2001; Gergely &Watson, 1999). As such, the

imperfect contingencies, combined with self–other mapping may pro-

vide a potential pathway to a socially constructed self.
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