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ABSTRACT
Changes in pupil size can reflect social interest or affect, and tend to get mimicked by
observers during eye contact. Pupil mimicry has recently been observed in young
infants, whereas it is unknown whether the extent and the speed of infants’ pupil
mimicry response are identical to that of adults. Moreover, the question of whether
pupil mimicry in infants is modulated by the race of the observed other remains to
be explored. In two studies, pupil mimicry was investigated in infants and their
parents. In the first study, 6-, 12- and 18-month-olds (n = 194) and their parents (n
= 192) observed eyes with dynamically dilating, constricting, or static pupils. Infants
mimicked the pupil sizes of the observed eyes like their parents, but responded
slower. Study 2 replicated these findings in a new sample of infants (n = 55, 12-
month-olds) and parents (n = 64), and further showed that the pupil mimicry
response was not significantly modulated by the race of the observed partner
neither in infants nor in parents. We conclude that pupil mimicry is an ancient
bonding mechanism that helps to connect people.

ARTICLE HISTORY
Received 5 September 2018
Revised 3 February 2020
Accepted 12 February 2020

KEYWORDS
Pupillometry;
synchronisation;
development; infancy; own-
race bias

The ability to understand, empathise and appropri-
ately act upon the emotions of others is a prerequisite
for a healthy social life. From the earliest months of life
onwards, young infants eagerly orient towards faces
and keep their attention on faces longer than on any
other object (e.g. Goren, Sarty, & Wu, 1975). In
humans, the face provides the richest source of
social information and reveals important cues about
someone’s emotions and intentions (Reid & Striano,
2007). From the face, the eye region is particularly
expressive and attracts most attention in newborns
and adults alike (Farroni, Csibra, Simion, & Johnson,
2002; Hood, Willen, & Driver, 1998).

Infants learn to recognise and tune in to another’s
emotional expressions through interactions with care-
givers (e.g. Aktar, Colonnesi, de Vente, Majdandžić, &
Bögels, 2016) and through observation of caregiver’s

emotional expressions to novelty (e.g. Aktar, Maj-
danžić, De Vente, & Bögels, 2013). Following their
parents’ eye gaze and reciprocating smiles are two
of the earliest and best-studied examples of infant
behaviour during face-to-face exchanges of emotional
states, and are important markers in the development
of an infant’s social behaviour (Als, Tronick, & Brazel-
ton, 1979; Messinger & Fogel, 2007). Infants begin to
mimic facial expressions of emotion shortly after
birth and continue to do so throughout their lifetimes
(Meltzhoff & Moore, 1994). In addition to infants’ ten-
dency to mimic their parents’ facial expressions, there
is evidence to suggest that infant-parent dyads also
synchronise on the physiological level, a phenomenon
that might be related to the development of empathy
and important for social bond formation (Feldman,
2007). For instance, a study by Waters and colleagues
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(2014) showed that mothers’ stressful experiences
were contagious to their infants and generated high
levels of heart-rate covariation (Waters, West, &
Mendes, 2014).

Another physiological reaction that is, in principle,
directly visible to observers is pupil size (Kret, 2015).
Recent studies showed that, like adults, infants adapt
their pupil sizes to the pupil sizes of others (Fawcett,
Arslan, Falck-Ytter, Roeyers, & Gredebäck, 2017;
Fawcett, Wesevich, & Gredebäck, 2016). This phenom-
enon, also dubbed “pupil mimicry” has first been
described in adults (Harrison, Singer, Rotshtein,
Dolan, & Critchley, 2006; Hess, 1975; Kret & de Dreu,
2017; Kret, Fischer, & De Dreu, 2015; Van Breen, de
Dreu, & Kret, 2018) and has been observed in chim-
panzees as well (Kret, Tomonaga, & Matsuzawa,
2014), suggesting that pupil mimicry not only has an
early ontogenic onset, but it is also a phylogenetically
old, robust phenomenon.

Pupillary alterations can reflect different cognitive
and emotional processes including arousal, attention,
and social interest (Bradley, Miccoli, Escrig, & Lang,
2008; Hepach & Westermann, 2016; Hess & Polt,
1960, for a review, see Kret & Sjak-Shie, 2019). Precisely
because pupillary changes are unconscious and
beyond control, they provide a direct reflection of a
person’s inner state and are a relevant source of infor-
mation for observers. Recent studies suggest that the
mimicry of pupil size is important for the establish-
ment of trust. First, Kret and colleagues (2015)
showed that when participants mimicked a partner’s
dilating but not constricting pupils, this promoted
trust. The positive relationship between pupil dilation
mimicry and trust was bound to interactions with part-
ners that belonged to the same ethnic group as the
participants (Kret et al., 2015), and fell apart in a com-
petitive context (Van Breen et al., 2018). Another study
confirmed these findings and showed that this pupil
mimicry-trust linkage was further modulated by oxy-
tocin, an evolutionary ancient neuropeptide that acts
as hormone and neurotransmitter and is important
for the formation of social bonds (Kret & de Dreu,
2017, for a review, see De Dreu & Kret, 2016). Together,
this research suggests that pupil mimicry facilitates
social bonding.

The finding that in both studies pupil dilation
mimicry positively correlated with trust in partners
from the same racial group as their own, but not in
partners from another racial group, is very interesting
from a developmental perspective (Kret et al., 2015;
Kret & de Dreu, 2017). An important open question

is whether this reflects different levels of experience
with the own group compared to the other race
group. From infancy research, it is known that young
infants already process own-race faces differently
than other-race faces (Kelly et al., 2007; Sangrigoli &
de Schonen, 2004). Although such a difference is not
apparent in newborns, infants already show a visual
preference for own (vs. other) race by 3-months of
age (Kelly et al., 2005). This early sensitivity to own-
race faces along with environmental exposure to
own-race faces between 4 and 9 months contributes
to an advantage in infants’ processing of own-race
as compared to other-race faces (Kelly et al., 2007).

The findings suggest that facial input from the
infant’s visual environment is crucial for shaping the
face-processing system early in infancy, possibly
resulting in differential recognition accuracy for faces
of different races in adulthood. However, regardless
of recognition, whether a similar advantage to own-
race eyes is already observed at this age in differential
physiological patterns or mimicry responses is
hitherto unknown. Findings from a recent fNIRS
study investigating 9-month-olds’ brain responses to
dynamic own-race versus other-race eyes provide evi-
dence for an own-race advantage in infants’ brain
responses to dilating pupils. This study showed that
infants’ brains are sensitive to the dilating pupils of
own-race, but not other-race eyes, indexed by an
enhanced activity in the right superior temporal
cortex (Kelsey, Krol, Kret, & Grossmann, 2019). More-
over, infants were found to allocate greater cognitive
effort to the processing of other-race faces at the
neural level, evidenced by activity in the dorsolateral
prefrontal cortex. The current study investigates
whether a similar advantage to own race eyes is
directly observed in infants’ pupil mimicry responses.

In the present study, we investigated pupil mimicry
in 6-, 12-, and 18-month-old infants and their parents.
Participants were shown the eye region of adult
models with static or dynamically constricting, or dilat-
ing pupils, whilst their own pupil size was being
measured by eye-tracking equipment. The current
study builds on earlier work and aims to extend this
in several ways. The first aim is to investigate
whether the findings observed by Fawcett and col-
leagues (2016) are replicable in infants’ pupil
responses by using more naturalistic stimuli. Instead
of pupillary contagion in static pictures with small or
large pupils, the current study uses images of eyes
with pupil sizes that change dynamically, as they do
in real life. Based on earlier work by Fawcett and

COGNITION AND EMOTION 1161



colleagues (2016, 2017), we predicted that infants,
regardless of age, would mimic the pupil sizes
observed in a dynamic pair of naturalistic eyes.

A second aim is to take a closer look at the devel-
opmental trajectory of pupil mimicry. If infants
indeed show pupil mimicry, do they, compared to
their parents, mimic pupil sizes to a similar extent,
show similar pupillary patterns over time and mimic
as fast? To that extent, we tested not only 6-, 12-
and 18-month-old infants, but also included their
parents for a direct comparison of mimicry across
infants and parents. These age groups were of
special interest for the current study for several
reasons. First, Fawcett and colleagues (2016, 2017)
observed pupil mimicry already in 4–6-month-olds.
Between the 5th and the 7th months, infants also
start to differentiate between positive and negative
facial expressions (Vaish, Grossmann, & Woodward,
2008) and between the 10th and the 14th months,
they start to modify their behaviour in accordance
with these expressions (Aktar et al., 2013; De Rosnay,
Cooper, Tsigaras, & Murray, 2006; Feinman, 1982). In
that realm, it is interesting to investigate not only
whether the tendency to mimic changes over the
course of infancy, but also whether the propensity to
mimic dilating versus constricting pupils changes in
the first years of life.

Third, we aimed to explore possible differential
effects in infants’ compared to adults’ tendency to
mimic pupil sizes of partners of own vs. other-race
faces. Although latest research has shown that young
infants have an own-race bias at the neural level to
dilating pupils, it is currently unknown whether they
show a similar bias in pupil mimicry. The question of
whether they will differentially mimic own- versus
other-race partners, is therefore of exploratory nature.

Methods

Study 1

Participants
The infant sample consisted of 194 infants of three age
groups 6-month-olds (n = 70, M age = 6.11, range =
4.97–7.01, SD = 0.50, 33 girls), 12-month-olds (n = 62,
M age = 12.01, range = 10.66–12.99, SD = 0.66, 38
girls), and 18-month-olds (n = 62, M age = 17.89,
range = 16.55–18.95, SD = 0.66, 32 girls,) and the
parents (n = 192 parents, 51 fathers, see Table S1 for
demographic information). In 94.23% of the participat-
ing families the partners were co-habiting (mother’s

report). Data from an additional 34 children who
visited the lab were missing due to child fussiness/
fatigue/movement (n = 18), calibration or tracking fail-
ures (n = 12) or experimenter errors (n = 4). An
additional 23 infants were excluded from the analysis
during data processing (see Data Reduction). For the
infants, the drop-out rate is comparable to the earlier
study with similar stimuli for the infants (see Fawcett
et al., 2017). In cases where the testing did not
succeed with the infant, the procedure was terminated
without testing the parent (n = 47). An additional
number of 12 parents were excluded from the analyses
during data processing (see Data Reduction)

Families who participated were recruited via invita-
tion letters sent by the municipality to a random
sample of familieswith babies. The studywas approved
by the ethical committee of the University of Amster-
dam. Parents gave written informed consent for their
own and for their child’s study participation.

Stimuli
The stimuli were black and white dynamic videos
(1280 × 1024 pixels) depicting the eye regions of 10
male and 10 female Dutch models exhibiting con-
stricting, static or dilating pupils (640 × 250 pixels)
on the centre of a 1280 × 1024 screen. There were
three unique stimuli per model, two videos showing
constricting, or dilating pupils, and one picture with
static pupils, presented for 4000 ms. For dynamically
constricting or dilating pupils, pupils were static for
the first 1500 ms, followed by a dynamic constriction
or dilation of the pupil that reached the maximum
after 1500 ms, and stayed at maximum for another
1000 ms (see Figure 2(a)). Two sets of 10 partners
were counter-balanced across participants and the
order of trials was random across families.

Procedure
Infants’ and parents’ pupillary reactions were
measured via an EyeLink eye-tracker in a dimly illumi-
nated room. Before the start of the experiment, both
infants’ and parents’ gaze were calibrated with a 5-
point procedure. The experimental setup is presented
in Figure 1. Infants were placed in a car seat, approxi-
mately 60 cm away from the screen. The parents sat
on a chair on the side of the infant during testing,
and they were instructed not to intervene unless the
infant became fussy or was seeking attention. In
cases where the child tried to get their attention,
parents were instructed to respond as they would nor-
mally do.
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The experiment consisted of 30 trials. Each trial
started with a 500 ms attention-getter followed by
500 ms of blank screen. Next, a scrambled grey
screen (with equal luminance to dynamic stimuli)
was presented first without (1500 ms) and next with
a fixation cross (500 ms), followed by the stimuli. A
random order was generated for each infant, and
repeated during the testing of the parent. This way,
the order was randomised across families, while it
was fixed within-family level. Using the same order
aimed to make the experimental procedure as
similar as possible within families to be able to
detect a potential association between the parent
and infant pupil mimicry responses. The experimenter
monitored infants’ attention during the experiment
and repeated the presentation of the attention
getters at the beginning of the trials, if necessary.
Parents were seated in front of the eye-tracker and
completed the task following infants. Parents
additionally reported infants’ temperament, and
their own negative emotions, and empathy (not
used in the current study).

Data Reduction
All the available pupil data from parents and children
were included in the analyses, and were pre-pro-
cessed identically to maximise comparability. The

pupil data were first restricted to the last 2500 ms
of the stimulus presentation because only then did
the changes in partner pupil size occur (see also
Kret et al., 2015; Kret & de Dreu, 2017). Outlying
scores (>|3| SD) and blinks were removed and
missing data points (maximally 500 ms) were
replaced via linear interpolation (Jackson & Sirois,
2009). Following the interpolation, the pupil data
were down-sampled to 100 ms intervals. The
500 ms just before the partners’ pupils started to
change (1000–1500 ms after stimulus onset) in each
trial were used as a baseline. Subsequent data
points were divided by the average pupil size
during these 500 ms. Subsequent data points were
divided by the average pupil size during these
500 ms (Kret & de Dreu, 2017). The following exclu-
sion criteria were applied at the trial and subject
level: Trials in which the data were available for at
least 500 ms within the 4 s stimulus presentation
time were included in the analyses. The data from
7 infants and 4 parents were excluded at this
stage. Finally, infants and parents with less than 10
trials were excluded from the analyses. The data
from 16 infants and 8 parents were excluded at
this stage. The pupil data were available on
average for 23.85 trials (SD = 5.32) per infant, and
for 29.31 trials (SD = 2.31) per parent.

Figure 1. Experimental set-up.
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Outcome variables
Baseline-corrected pupil size was the outcomemeasure
in the analyses testing whether infants’ and parents’
mimickedpartners’pupil sizes. Thepupil datawere ana-
lysed in 3-levelmulti-level regressionmodels consisting
of repeatedobservations of time (level 1) nested in trials
(level 2), nested in participants. The sample size at the
highest level of the current hierarchical data structure
(i.e. participants, N = 194 infants and 192 parents)
allows sufficient power for multi-level analyses of
pupil responses (Maas & Hox, 2005; Snijders, 2005).

Afirst-order auto-regressive covariance structurewas
used for repeated effects of time within trials. Maximum
likelihood was the estimation method. We also tested
random effects of intercept, partner ID and linear, quad-
ratic, and cubic terms of time in each model, and kept
the significant random effects. All relevant interactions
were included in the initial models. To reach the best
fitting and most parsimonious final model, non-signifi-
cant interaction effects that did not significantly
improve the fit (computed using log-likelihood ratios)
were one-by-one excluded from the initial model start-
ing with higher-order interactions and higher p’s. The
backward exclusion of interactionswasmore favourable
than the alternative approachof startingwith the simple
maineffects andone-by-oneadditionof the interactions
of interest to the model in a forward fashion, as the
former not require decisions about the sequence of
inclusion for separate interactions.

For fixed effects, multi-level regression models gen-
erate F-scores and B estimates, (see below). Similar to
regular ANOVAs, F-scores are used in the testing of
overall group differences for themain effect of fixed cat-
egorical variables (such as family member), as well as of
higher-order interactions including these variables.
Inclusion/exclusion of initially tested interactions in the
final model was based on the significance of F-scores.

Multi-level models additionally generate the coeffi-
cient estimates B. Similar to linear regression analyses,
these provide the test for continuous and dichoto-
mous variables. In the current analyses, B estimates
were used to interpret the fixed effects of dichoto-
mous categorical variables and continuous variables
in the final models.

The initial multi-level model for pupil responses of
infants and parents consisted of the fixed effects of
partner’s pupil (dilating, and constricting versus
static), Infant/Parent (infant versus parent), and the
two-way interaction between of partners’ pupil and
Infant/Parent (see Table S2). Additional analyses

were conducted in the infant sample alone to
explore age effects in place of Infant/Parent. In the
next analysis, we modeled the slope of participants’
pupil sizes over time by including linear, quadratic
and cubic polynomial terms of time, and tested all
the two and three-way interactions between Infant/
Parent, Partner’s Pupil, and polynomial terms of time,
except for the interactions between the polynomials
(see Tables S3 and S5).

Study 2

Participants
The sample for Study 2 included 55 infants with amean
age of 12 months (M age = 12.55, range = 9.15–14.9,
SD = 0.02, 24 girls), and 64 parents (17 fathers, see
Table S1 for demographic information). In 92.18% of
the participating families, the partners were co-habit-
ing (mother’s report). Data from an additional 8 chil-
dren who visited the lab were missing due to child
fussiness/fatigue/movement (n = 6), or experimenter
errors (n = 2). An additional number of 8 infants were
excluded from the analysis during data processing
(see Data Reduction). Data from 6 parents were
missing from this sample as the procedure was termi-
nated early due to child-related reasons, and one
parent was excluded during data processing. Families
who participated were recruited in the same way as
in Study 1. The study was approved by the ethical com-
mittee of the University of Amsterdam. Parents gave
written informed consent for study participation.

Stimuli
The stimuli were black and white dynamic videos
depicting the eye regions of 2 male and 2 female
North European models for own-race and of 2 male
and 2 female Asian Japanese models for the other-
race category. The videos exhibited dynamically con-
stricting, or dilating pupils, or static pupils (640 × 250
pixels) on the centre of a 1280 × 1024 screen (see
Figure 2(a), for more information on stimuli, also see
Kret & de Dreu, 2017). The time flow of the trial was
identical to Study 1.

Procedure
The procedure was the same as Study 1. The exper-
iment consisted of 24 trials. Just like in Study 1, a
random order was generated for each infant, and
repeated during the testing of the parent. The time
flow of the trials is identical to Study 1.
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Data Reduction
To enable comparability with Study 1, the data
reduction of Study 2 followed identical steps. No
subject was excluded due to missingness within
trials, whereas a sample of 8 infants and 1 parent
with less than 10 trials were excluded from the ana-
lyses at this stage. The pupil data were available on
average for 20.42 trials (SD = 3.56) from infants, and
for 23.72 trials (SD = 1.20) from parents.

Outcome variables
Like in Study 1, baseline-corrected pupil sizes were the
outcome measure. The hierarchical structure and
steps to analyse the dataset were the same as in
Study 1. The sample size at the highest level of the
current hierarchical data structure (i.e. participants)
was 119 (55 infants and 64 parents)

The main difference from Study 1 in the analyses
was that the multi-level models for differential pupil
responses of infants and parents additionally included
the fixed effects of partner’s group as well as its two
and three-way interactions with Partner’s pupil (dilat-
ing, and distracting versus static), and Infant/Parent
(infant versus parent). Like in Study 1, we modeled
the slope of participants’ pupil sizes over time in the
next step, by including the polynomial terms of time.

Results

Study 1

In a linear mixed model including Infant/Parent
(Infant, Parent) and Partner Pupil Size (Constricting,
Static, Dilating) as fixed factors (N = 386, 194 infants
and 192 parents), a significant main effect of Partner
Pupil Size was observed, F (2, 10239.17) = 6.85, p
= .001 (see Table S2) showing that participants’ pupil
sizes were larger when observing a partners’ dilating
as compared to static pupils, B = .01, SE = <.01, 95%
CI [.003, .013], p = .002, while the pupil sizes did not
differ during the observation of constricting (vs.
static) pupils, p = .934. Importantly, the interaction
between Partner Pupil Size and Infant/Parent was
not significant p = .456, showing that infants, like
adults, showed pupil mimicry (see Figure 2(b)). In an
additional step where we restricted the model to
infants only (N = 194) to detect differences related to
infant age, we found that pupil mimicry did not
change across as a function of age (the interaction
between infant age * Partner’s Pupil was not signifi-
cant, p = .380, and the main effect of infant age was

not significant in the final model, p = .130). In a
control analysis with the percentage of missing data
per trial as the outcome variable, we inspected age
group differences in infants’ attention to partner’s
pupil: The missing percentage of infants’ data did
not differ as a function of Partner’s Pupil (p = .128)
and the two-way interaction between partner’s pupil
and age group (6- and 12-months vs. 18-months)
was not significant (p = .299).

To investigate potential differences between the
dynamic changes in parents’ and infants’ pupillary
changes over time, we included linear, quadratic and
cubic polynomial terms to the full model (N = 386,
194 infants and 192 parents, see Table S3). An inter-
action between the linear polynomial and Partner
Pupil Size, F (2, 35809.84) = 14.18, p < .001 showed
that the linear increase in participants’ pupil sizes
over time was faster when observing partners with
dilating as compared to static pupils, B = .02, SE = .01,
95% CI [.008, .039], p = .003. Similarly, as seen in
Figure 2, whereas participants’ pupils slightly
increased in size during the observation of partners
with static pupil sizes, their pupils were constricting
relatively slower when those of the partners con-
stricted, which resulted in different linear slopes, B =
−.02, SE = .01, 95% CI [−035, −.003], p = .017. An inter-
action between the cubic polynomial and Partner’s
Pupil Size, F (2, 194892.32) = 6.71, p = .001 showed
that the slope of participants’ pupillary response had
a weaker cubic trend when observing partners with
dilating, as compared to static pupils, B =−.01, SE <
0.01, 95% CI [−.019, −.005], p = .001, but did not
differ between constricting and static pupils (p = .583).

Interestingly, we observed two-way interactions
between the polynomials and Infant/Parent, linear:
F (1, 440.75) = 29.38, B = .05, SE = .01, 95% CI [.030,
.065], p < .001; quadratic: F (1, 389.51) = 21.14, B = .02
SE < .01, 95% CI [.012 to .029], p < .001; cubic: F (2,
195027.82) = 13.85, B =−.01, SE < .01, 95% CI [−.017,
– .005], p < .001. Infants’ pupillary responses over
time (see Figure 2(b)) show high similarities to the
pattern of results reported by Fawcett and colleagues
(2016), who did not analyse the dynamic effects stat-
istically. Specifically, the results show that adults
have a pronounced peak in their pupil size between
800 and 1500 ms after the partner’s pupils started to
change in size, whereas infants’ pupils keep dilating
linearly without reaching a peak during the course
of stimulus presentation. In order to test this obser-
vation statistically, we measured the peak in pupil
size in each trial and confirmed that parents’ pupils
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peaked earlier than the pupils of infants, F (1,10500) =
258.43, p < .001.

The direct link between infants’ and parents’
pupil mimicry
The lack of significant differences in the pupil mimicry
response between infants and parents raises the ques-
tion of whether a direct association exists between
pupil mimicry responses of infants and their parents.
To test this direct association, we first aggregated par-
ticipants’ pupil responses across time within each trial
via averaging, and we tested parents’ pupil responses
as a predictor of infants’ responses (N = 172). All the
two and three-way interactions between Partner
Pupil Size (Constricting, Static, Dilating), infant age
and parents’ pupil were also included in this
model. None of the tested interactions were signifi-
cant, p’s ≥ .329. Findings revealed no direct associ-
ation between parents’ and infants’ pupil responses
(p = .922) in the final model.

Study 2

The linear mixed model including Infant/Parent
(Infant, Parent), Partner Group (Own Race, Other
Race) and Partner Pupil Size (Constricting, Static, Dilat-
ing) as fixed factors, showed a significant main effect
Partner Group, F (1, 3135.72) = 7.42, p = .006 (N = 119,
55 infants and 64 parents, see Table S4). Participants’

pupil sizes were smaller during the observation of
own-race as compared to other-race partners, B =
−.01, SE = .01, 95% CI [−.020, .003], p = .006, possibly
indicating heightened arousal for the outgroup
faces. The three-way interaction between Infant/
Parent (Infant, Parent), Partner Group and Partner
Pupil Size (p = .237) or the two-way interaction
between Partner Group and Partner Pupil Size (p
= .876) were not significant, suggesting no significant
advantage for own-race eyes in the case of pupil
mimicry and/or for parents (vs. infants).

A significant main effect of Partner Pupil Size was
observed in the final model (presented in Table S4),
F (2, 3137.14) = 3.75, p = .024. However, differently
from Study 1 where we only observed a significant
dilation mimicry, only constriction mimicry was signifi-
cant in Study 2: Participants’ pupil sizes were smaller
when observing a partners’ constricting as compared
to static pupils, B =−.01, SE = .01, 95% CI [−.023,
−.003], p = .010. The difference between dilating and
static pupils did not reach significance, although the
means are numerically consistent with Study 1 (p
= .659). Concerning the comparison of pupillary
responses across parents and infants, the findings
were in line with the findings from Study 1: there
was no significant two-way interaction between
Partner Pupil Size and Infant/Parent, p = .863 (see
Figure 2(c)). In fact, none of the two and three-way
interactions between Partners’ Group, Partner’s Pupil

Figure 2. (a) The time flow of the experiment. For dynamically constricting or dilating pupils, pupils were static for the first 1500 ms, followed by
a dynamic constriction or dilation of the pupil that reached the maximum after 1500 ms, and stayed at maximum for another 1000 ms. Static
pupils remained the same size in the static condition throughout the trial. (b) Infants’ and parents’ predicted pupil responses (on the right) over
the time interval (1600–4000 ms) investigated within stimulus presentation time in Study 1. (c) Infants’ and parents’ predicted pupil responses
(on the right) over the time interval (1600–4000 ms) investigated within stimulus presentation time in Study 2.
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Size and Infant/Parent were significant in this model
((p’s≥ .237), reducing this model to main effects pre-
sented in Table S4).

In an additional step where we restricted the model
to infants only (N = 55) to detect age differences, we
found that pupil mimicry was not modulated by age
and/or partner race (the three-way interaction
between age, Partner Group, and Partner Pupil Size,
p = .588, or the two-way interaction between age *
Partner’s Pupil was not significant, p = .264. In line
with the findings of Study 1, the main effect of age
was not significant in the final model, p = .628). In a
control analysis with the percentage of missing data
per trial as the outcome variable, we found that the
missing percentage per trial in infants’ data did not
differ as a function of Partner’s Pupil (p = .798).

In the next step, we included linear, quadratic and
cubic polynomial terms to the full model (N = 119, 55
infants and 64 parents, see Table S5). Like in Study 1,
an interaction between the linear polynomial and
Partner Pupil Size F (2, 9322.85) = 8.46, p < .001
showed that the slope of the linear increase in partici-
pants’ pupil sizes was steeper when observing
partners with dilating as compared to static pupils,
B = .05, SE = .02, 95% CI [.016, .079], p < .003. No signifi-
cant differences were observed with constricting as
compared to static pupils, p = .300. An interaction
between the cubic polynomial and Partner’s Pupil,
F (2, 52466.01) = 3.75, p = .023 showed that the slope
of participants’ pupillary responses had a weaker
cubic trend when observing partners with dilating
as compared to static pupils, B =−.02, SE = .01, 95%
CI [−.031, −.004], p = .014, but did not differ between
constricting and static pupils (p = .857), consistent
with the findings of Study 1.

Importantly, again replicating Study 1, we observed
significant two-way interactions between the poly-
nomials and Infant/Parent. The two-way interactions
between the linear and quadratic polynomials
and Infant/Parent (linear: F (1, 106.86) = 4.19, B = .03,
SE = .02, 95% CI [.001, .063], p = .043; quadratic: F (1,
31911.25) = 11.16, B = .03, SE = .01, 95% CI [.011,
.043], p = .001) reflect the pattern observed in the
Fawcett study and in Study 1 of this article. As pre-
sented in Figure 2(c), there was a clear peak in
adults’ pupil responses between 800 and 2000 ms
after the partner’s pupils started to change in size,
while infants’ pupils linearly increased without reach-
ing a clear peak over stimulus presentation time.
Additional analyses confirmed that the timing of the
peak in pupil size came earlier in parents compared

to infants, F (1, 2674) = 126.36, p < .001, thus replicated
the findings of Study 1.

The direct link between infants’ and parents’
pupil mimicry
To test the direct association between pupil mimicry
responses of infants and their parents, we tested
parents’ pupil responses as a predictor of infants’
responses (N = 51). None of the two and three-way
interactions between Partner Pupil Size (Constricting,
Static, Dilating), infant age and parents’ pupil were sig-
nificant, ps > .799. Findings revealed no direct associ-
ation between parents’ and infants’ pupil responses,
in the final model, p = .104, revealing no significant
direct link between parents’ and infants’ pupil
mimicry in Study 2.

Exploratory analyses

The current findings reveal significant pupil mimicry in
both studies, whereas the specific subtype of mimicry
differed between Study 1 and 2, with a significant
dilation (but not constriction) mimicry observed in
Study 1 and a significant constriction (but not dilation)
mimicry observed in Study 2. Although the means
across the two studies were numerically consistent
with our à priori predictions (dilating > static > con-
stricting), the statistical outcomes were different. To
gain further insight into this matter, we repeated the
same model across the two studies, after including
“Study” as an additional factor, and excluding other-
race faces. None of the two and three-way interactions
between Study, Partner’s Pupil, Infant/Parent were sig-
nificant in the initial model (p’s ≥ .148). The main
effect of Study was also not significant in the final
model (p = .484). Taken together, these findings
reveal no significant differences across the samples
of Study 1 versus Study 2.

Regarding the mimicry response, the findings reso-
nated with Study 1 with a significant main effect of
Partner’s Pupil F (2, 11537.90) = 7.33, p = .001 revealing
a significant dilation, but not constriction mimicry:
Participants’ pupil sizes were larger when observing
a partners’ dilating as compared to static pupils,
B = .01, SE = < 0.01, 95% CI [.002, .011], p = .003, while
the pupil sizes did not differ during the observation
of constricting (vs. static) pupils, p = .524. Just like in
Study 1 and Study 2, the two-way interaction
between Infant/Parent and Partner’s Pupil was not sig-
nificant in this model across the two studies, p = .279.
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Discussion

The eyes are extremely important for communication.
From the first days of life on, human infants’ attention
is grabbed by others’ eyes and their signals are readily
processed (Farroni et al., 2002; Hood et al., 1998). The
importance of the eyes is underscored by a recent
finding that 4-to-6-month-old infants already mimic
the pupil sizes of observed eyes (Fawcett et al., 2016,
2017). Large pupil sizes may reflect positive social
interest, and their mimicry has been shown to foster
trust and social approach (Brambilla, Biella, & Kret,
2019; Kret et al., 2015). In contrast, small pupils may
be indicative of fatigue and boredom, and trigger
avoidance tendencies. Both signals are important to
detect, and may be perceived differently by infants
and adults, as well as from own- versus other-race
faces. The key finding of the current study is that
infants mimicked observed pupil sizes regardless of
race, but that their mimicry response is slower than
that of their parents, suggesting that this behaviour
might not yet be fully mature. Below we discuss
these results in the light of the existing literature.

The current study encompasses two experiments,
both confirming pupil mimicry in infants and parents
and both showing a faster response in the parents
than in infants. We also observed some unexpected
differences between Study 1 and 2. In Study 1, there
was significant mimicry to partner’s dilating, but not
constricting pupils, while themimicry response only fol-
lowed partner’s constricting pupils in Study 2. Although
the significant constriction mimicry observed in Study 2
may in fact, be related to the inclusion of other-race
faces, for which a stronger constriction mimicry was
reported earlier in an adult study (Kret et al., 2015), the
findings did not reveal a significant moderation of the
pupil mimicry response to own versus other-race faces
in this study. Considering relatively small effect sizes
coming from working with pupillary responses with
luminance-controlled stimuli, we suspect that the
sample of Study 2 was underpowered to detect pupil
dilation mimicry. Indeed, the means were numerically
consistent with Study 1 and when the datasets of both
studies own-race faces were included in one analysis,
pupil dilation mimicry was observed and there was no
interaction effect with study.

The current study shows that parents’ and infants’
pupil mimicry was overall similar, whereas the
dynamic unfolding of the pupillary reactions over time
differed between parents and infants. Supporting
earlier findings by Kret and colleagues (2015), parents

had a clear peak in their pupil response. In contrast to
parents, infants’ pupil sizes kept increasing over time,
suggesting they might still have to learn to regulate
their increasing level of arousal. Note that this linear
increase in infants’ pupil responses was also previously
observed in the visualisation of the data by Fawcett
and colleagues (2016), who investigated pupil mimicry
in 6- and 9-month-olds. Moreover, similar to this earlier
study, the pupil mimicry response in this study did not
differ as a function of age. The current study additionally
revealed no synchrony in infant and parent dyads’
mimicry responses, as no significantdirect link appeared
betweenparents’ and infants’ responses todilating, con-
stricting and static pupils at the trial level. Taken
together, the findings suggest that pupil mimicry is a
robust phenomenon and is present from birth, or devel-
ops during the first six months irrespective of the per-
ceptual narrowing observed in infants’ emotion
processing of other race (vs. own race) faces between
4 and 9 months of age in typical development (Kelly
et al., 2007). Moreover, unlike heart-rate indices
(Feldman, 2007), no physiological synchrony was
detected in the current study in parent-infant dyads’
mimicry responses in the first 18 months of life.

Despite well-established evidence showing that
infants start to develop an advantage in emotion pro-
cessing for in-group members, and discriminate the
faces from their own race better than other races
between 6 and 9 months (e.g. Ge et al., 2009; Kelly
et al., 2007; Liu et al., 2015), Study 2 showed no such
advantage for pupil mimicry. Infants and parents had
overall larger pupils during the observation of other-
race faces, while pupil mimicry did not differ across
own and other-race faces. In a previous investigation
in a student sample, we observed that pupil dilation
mimicry was enhanced during interactions with in-
group members, yet pupil constriction mimicry was
stronger with out-group members (Kret et al., 2015).
In that study, partners either showed a happy or an
angry expression. In a second study, we used neutral
faces and did not find amodulation of group member-
ship on either type of mimicry (Kret & de Dreu, 2017).
However, in both studies, pupil dilationmimicry associ-
ated with higher investments in a trust game, but this
positive relationship only held during interactions
with in-group partners. Obviously, in the current
study we did not use a trust game but a passive
viewing experiment (Kret et al., 2014). Pupil mimicry
was observed, but independent of partner group,
which is in line with Kret and de Dreu (2017). Thus,
we conclude that during emotionally neutral
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interactions, pupil mimicry is not affected by partner’s
group membership. The current findings revealed no
other-race effect in pupil mimicry in infants vs.
parents, suggesting that this automatic response may
be less affected by environmental exposure to in-
group members. Overall larger pupil sizes during the
observation of other-race faces may be related to
greater cognitive effort allocated to the processing of
other-race faces as compared to own-race, and are in
line with earlier findings by Kelsey and colleagues
(2019) who observed greater cognitive effort to
other-race faces on the neural level in 9-month-olds.

The findings of the current studymust be seen in the
light of the following limitations: First, the comparison
of the infant and adult pupil mimicry responses in the
current dataset were based on the data from infants
and adults from the same families. Despite this, we
have treated each family member independently in
the first set of analyses to be able to compare adult
and infant patterns of mimicry. Although our statistical
approach was not optimal in this respect, the findings
revealing no statistical association between infants’
and parents’ pupil mimicry suggest that disregarding
the dependency coming from families may not have
an influence in the current dataset. Second, although
the study provides preliminary evidence for some con-
tinuity in the pupil mimicry response across the first 18-
months, future studies investigating this question in
longitudinal designs will be necessary to reach a firm
conclusion on the developmental trajectories of pupil
mimicry. Third, since the current analyses did not
include looking analyses, we cannot directly exclude
that attention played a role in the observed findings
in pupil mimicry response. However, in the light of
exploratory analyses that revealed no significant differ-
ence in the percentage of missing data at the trial level
between constricting, dilating vs. static stimuli, and of
earlier evidence that revealed no main effect of race
or partner’s pupil on infants’ looking behaviour
(Kelsey et al., 2019), we conclude that attention is not
a potential confound for the observed dynamic
changes in pupil mimicry (see also Prochazkova et al.,
2018, for an analysis of looking behaviour, ruling out
that looking patterns modulated the pupil mimicry
response). Finally, the current dataset did not include
infants who have become fussy during the experiment,
and it remains to be investigated whether infants who
were dropped due to fussiness differed systematically
in their pupil mimicry. Future studies using alternative
physiological measurements that are relatively less
affected bymovement may shed light on this question.

The current study was the first one to demonstrate
pupil mimicry in infancy using naturalistic, dynamic
stimuli, and to directly compare infants’ pupil
mimicry to their parents’. It shows that infants are sen-
sitive to changes in partners’ pupil sizes, and mimic
dilating pupils just like their parents. Two important
aspects of this phenomenon await attention in
future studies. First, individual differences in infants’
or their parents’ personality and how these modulate
the tendency to mimic another’s pupil size remains to
be investigated in future studies. Second, future
studies should investigate parenting or broader
social and emotional factors that may enhance the
pupil mimicry response in infants.
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