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ABSTRACT
Wecare about others’ opinions of us and regulate our emotions tomake positive impressions. This formof impressionmanagement
may change during ontogeny as children become increasingly sensitive to others. To examine whether self-conscious emotions
are influenced by audience presence across the lifespan, we induced embarrassment and pride in n = 71 3.5–5-year-old children, n
= 71 8–10-year-old children, and n = 73 adults, either in the presence of an audience or alone. Wemeasured nonverbal expressions
of emotion, physiological arousal, and self-reported emotional experiences. All participants reported more embarrassment and
blushedmorewhile watching their singing performance in the presence of others. However, participants’ pridewas not contingent
on audience presence and differed across age, with adults showing themost nonverbal expressions of pride. These results elucidate
how social environments shape how we feel and express emotions across development.

1 Introduction

The feeling of being watched by others bears significant influence
on the way we behave (Kampis and Southgate 2020), likely
because we care about others’ opinions of us (Baumeister 1982;
Leary 2019). We bicycle faster (Triplett 1898), donate more money
to causes (Satow 1975), make riskier investment decisions in eco-
nomic games (Goulart et al. 2015) and cheat less (Engelmann et al.
2012) whenwe are observed compared towhenwe are alone, even
in early childhood (Banerjee 2002; Haun et al. 2014; Haun and
Tomasello 2011). These so-called “audience effects”—that is, any
modification in behavior attributable to the belief that another
personmay bewatching—have captured the interests of scientists
for over a century (Hamilton and Lind 2016; Triplett 1898). More
recently, attention has turned to the ways in which the experience
and expression of certain emotions may be impacted by the (real

or imagined) presence of onlookers in the environment (Fridlund
1991; Fridlund et al. 1992; Shearn et al. 1992; van Osch et al. 2019;
Webster et al. 2003). For example, adults express more joy after
bowling a strike (Kraut and Johnston 1979), make more intense
facial expressions after smelling unpleasant odors (Gilbert et al.
1987), and laugh more during the viewing of pleasant videotapes
(Fridlund 1991) in the company of others compared to when they
are alone.

Understanding audience effects on emotions is important
because emotions are not solitary phenomena, but are rather
inextricably linked to the social world (Fischer et al. 2016;
Frijda and Mesquita 1994; Mesquita and Parkinson 2024; van
Kleef et al. 2016) and highly influenced by situational contexts
(Harris 1983; Schachter and Singer 1962). Nonverbal emotional
displays communicate internal states to others (Fridlund 1991)
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Summary
∙ Children (ages 3.5–5, 8–10) and adults watched recordings
of themselves singing or successfully solving a puzzle
to elicit embarrassment and pride, with or without an
audience.

∙ While watching their singing performance, participants
reported more embarrassment and blushedmore when an
audience was present compared to when it was absent.

∙ Pride was unaffected by audience presence, but adults
showed more nonverbal expressions of pride, and chil-
dren showed greater physiological arousal while watching
themselves solve the puzzle.

∙ These findings highlight the influence of the immediate
social environment and age on how we feel and express
self-conscious emotions.

and therefore should inevitably increase when potential commu-
nication partners are around compared to when they are absent.
For example, one study found that adults’ smiling increased
in the presence of an audience compared to when they were
alone, although they did not report feeling their emotions more
intensely (Fridlund 1991). Additionally, when others are present,
people tend to engage in impression management strategies
to influence others’ perceptions of their competencies, even in
childhood (Asaba and Gweon 2022; Banerjee 2002; Bond 1982;
Botto and Rochat 2019). For example, in relation to emotions,
culturally-specific display rules operate and guide how, and in
which social contexts, certain emotions are expressed (Malatesta
and Haviland 1982). For example, scrunching one’s nose and
down-turning one’s lips (i.e., displaying the prototypical facial
expression of disgust) after tasting ameal prepared by a friendwill
likely result in a negative, and therefore undesirable, evaluation
from one’s surroundings in certain cultural contexts. This makes
such a display less likely to occur in the presence of other people.

Audience effects, therefore, may reflect a more general sensitivity
to the thoughts, beliefs, and judgments of people around us
(Hamilton and Lind 2016). Increasing sensitivity to other people
likely coincides with developing socio-cognitive abilities across
childhood, including Theory of Mind (Hamilton and Lind 2016)
and understanding of social standards, rules, and goals (Leary
et al. 1992). As such, exploring how emotional expressions are
modulated by the presence of others across ontogeny provides an
interesting avenue to pry into children’s developing impression
management abilities and self-presentation more generally.

Children’s reputational concerns are argued to stem from the
development of two key components in early childhood—the
realization that others can positively or negatively evaluate their
behavior, and the default preference to want these evaluations to
be positive rather than negative (Botto and Rochat 2019). Because
evaluative concerns become prominent only from around the
ages of four to five and increase across childhood (Nikolić et al.
2022), it is theorized that children in early childhood are less
likely than older children and adults to adjust their behavior in
the company of others compared to when they are alone (Botto
and Rochat 2019). With increasing evaluative concerns at the end

of childhood and at the emergence of adolescence (Nikolić et al.
2019, 2019; Westenberg et al. 2004), children in late childhood;
however, would be expected to become more adult-like and
show sensitivities to audiences, modifying their behavior in the
presence of others to manage their reputation, as adults do. This
is supported by one study which found that 8-year-old children,
but not 6- and 7-year-old children, displayed more intense facial
expressions of joy and disappointment in the presence of others
compared to when they were alone (Holodynski 2004). Further
work that compares the effect of audience presence on the
expressions and experience of a variety of emotions in children
of different ages, including children in early childhood (as well as
with adults), is thus needed.

1.1 Self-Conscious Emotions and Audience
Effects

Interestingly, although there is evidence that the expressions of
basic emotions, such as happiness, sadness, fear, disgust, anger
and surprise are modulated by audience presence in both adults
and children (Ekman 1970, 1992; Holodynski 2004; Tracy and
Weidman 2021), there has been a distinct lack of research on
audience effects on complex social emotions. One class of social
emotions, referred to as self-conscious emotions, is those that are
highly related to our sense of self and our awareness of others’
reactions to us (Lewis et al. 1989; Lewis 2008). This group of
emotions includes pride, embarrassment, shame, guilt, and envy
(Tracy and Weidman 2021). In the current study, we focus on
two self-conscious emotions, pride—as an example of a positive
self-conscious emotion—and embarrassment—as an example of
a negative self-conscious emotion. Pride is an emotion that occurs
when an individual attributes success in an area that they value
to their own efforts (Tracy and Robins 2004). Embarrassment,
conversely, is an emotion that occurs when one violates social
conventions or disrupts social relationships, both of which result
in the feeling of social exposure (Lewis and Ramsay 2002).
Unlike shame, another negative self-conscious emotion that
occurs as a result of more serious moral or social transgressions,
embarrassment typically occurs due to minor violations, such as
mishaps and social faux pas (Keltner and Buswell 1996). Self-
conscious emotions may be particularly susceptible to audience
effects for two reasons. First, self-conscious emotions are known
to be elicited when the attention of others is put on the self (Leary
2004; Lewis et al. 1989; Lewis 2007), and, therefore, with increased
social attention from the presence of an audience, these emotions
may be experienced and expressed more intensely. Second,
self-conscious emotions are known to have the communicative
function of navigating one’s own reputation and relationships
with other people (Sznycer 2019), and, as such, the need to
communicate these emotions may be greater in the presence of
others (Dijk et al. 2009; Keltner and Buswell 1997).

Self-conscious emotions have typically been investigated in the
context of social situations, and are assumed to start developing
in toddlerhood and throughout childhood (Lewis et al. 1989;
Stipek 1995; Tracy andWeidman 2021). At around three years old,
once children have the capacity for self-reflection and understand
the rules and standards of their culture, children are argued
to be able to experience embarrassment and pride (Lewis and
Wolan Sullivan 2005). As these concerns becomemore prominent
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over ontogeny, it is likely that the expressions of these emotions
similarly become stronger with age (Nikolić et al. 2022). As
such, it is relevant to investigate not only their developmental
patterns across age, but also the impact of audience presence
on their expression and experience. The impact of audience
on self-conscious emotions could vary across age and may
suggest differential (or different intensities) of presentation- and
impression-management strategies in different periods of life.

In one of the few investigations of audience effects on self-
conscious emotions, Holodynski (2006) found that 3–7-year-old
children did not express pride and shame in solitary situations,
but only in social situations, suggesting that these emotions need
a social component to be expressed. Another study found that
4–10-year-old children displayed more negative body postures
when they unintentionally disadvantaged a peer, but only in a
social context, perhaps reflecting an increase in the experience
of emotions such as shame or guilt (Gerdemann, McAuliffe,
et al. 2022). However, given the large age ranges of the children
in these works and their predominant focus on behavioral
measures of emotion, newwork is needed to understand whether
audience presence may influence self-conscious emotions in the
same or different way in early childhood, late childhood and
adulthood, considering different components of emotions. For
example, not only nonverbal behaviors may be impacted by audi-
ence presence—but also physiological aspects and self-reported
experiences.

1.2 Audience Effects on Physiological
Responding

Emotions inevitably involve changes to physiological activity,
brought upon by the activity of the autonomic nervous system
(Bradley and Lang 2007; Friedman and Thayer 2024). These
changes likely reflect an autonomic arousal response (de Vente
et al. 2014; Kreibig 2010; Nikolić et al. 2016), which involves the
activation of the sympathetic anddeactivation of parasympathetic
nervous systems (or both) (de Vente et al. 2014; Porges 2009). The
sympathetic nervous system triggers the “fight or flight” response
in the body, whereas parasympathetic stimulates digestion and
other homeostatic processes (de Vente et al. 2014). Increases
in skin conductance level are known to reflect sympathetic
activation (Dawson et al. 2007; de Vente et al. 2014), whereas
decreases in high-frequency heart rate variability are known to
reflect deactivation of the parasympathetic system (Penttilä et al.
2001). Feelings of embarrassment are associated with an increase
in skin conductance level and a decrease in heart rate variability
(Gerlach et al. 2001; Harris 2001; Kreibig 2010). Although studies
of pride are more limited, previous works have linked pride
to increases in skin conductance level, while the findings on
heart rate variability are more mixed (Behnke et al. 2022). Work
examining the arousal response during embarrassment-eliciting
situations in childhood suggests that this pattern of responding
occurs even in early childhood (Nikolić et al. 2016).

In addition to this general emotional arousal, blushing (i.e.,
reddening of the face and neck) is a physiological response that
arises in response to social exposure (Crozier 2004; Drummond
2013; Leary 2019), and has also been demonstrated to occur during
experiences of embarrassment and pride. Blushing is assumed to

be a hallmark physiological response specific to self-conscious
emotions (Crozier and Jong 2012). For example, blushing occurs
in response to embarrassing situations, such as performing or
watching oneself perform a song, in early childhood (Nikolić et al.
2016), late childhood (Nikolić et al. 2019, 2019), and adulthood
(Gerlach et al. 2001; Mulkens et al. 1997). Additionally, some
studies have also reported blushing in situations that may evoke
pride, such as receiving (exaggerated) compliments (Brummel-
man et al. 2018; Leary et al. 1992; Leary and Meadows 1991;
Nikolić et al. 2018). Compared to the other peripheral measures,
the physiological underpinnings of blushing are less clear (de
Vente et al. 2014). However, Drummond et al. (2020) suggest that
blushing reflects an increase in blood flow through superficial
vessels in the face (and sometimes neck and chest) that is
driven by an increased sympathetic nervous system activity. This
range of physiological measures gives us valuable insights into
participants’ patterns of emotional responding. These responses
may be particularly interesting to investigate in the context
of audience effects as they are under less volitional control
compared to nonverbal emotional expressions, yet still visible
(either directly or indirectly) to observers (Kret 2015).

1.3 Present Study

We aimed to establish whether the self-reported experience, non-
verbal expression and physiological response associated with the
self-conscious emotions pride and embarrassment aremodulated
by the presence of an audience across three age groups: 3.5–5-
year-old children (representing early childhood), 8–10-year-old
children (representing later childhood) and adults. These age
ranges broadly reflect the periods of ontogeny in which self-
conscious emotions and audience sensitivity are expected to
emerge (younger children) and become more adult-like (older
children) (Lewis andWolan Sullivan 2005; Somerville et al. 2013).
Of all the self-conscious emotions, we chose embarrassment and
pride because we aimed to investigate both positive and negative
emotions.While pride is the only positive self-conscious emotion,
embarrassment was chosen because there is a well-validated task
known to evoke embarrassment across different ages, allowing
for a direct comparison between age groups (e.g., Gerlach et al.
2001; Nikolić et al. 2019, 2019). To this end, participants watched,
in a counterbalanced order, recordings of themselves previously
(1) solving an age-appropriate puzzle task, which we claimed was
very difficult and receiving bogus positive feedback (regardless of
their performance) and (2) singing a song of their choice in front
of a camera for 1 min.

A video of participants receiving positive feedback during the
puzzle task was used to elicit pride, and a video of the singing
performancewas used to elicit embarrassment. Receiving positive
feedback is known to induce pride in both children (Stipek et al.
1992) and adults (Fourie et al. 2011; Williams and DeSteno 2008).
Similarly, watching back oneself performing a song is known
to elicit embarrassment in both children (Nikolić et al. 2016)
and adults (Gerlach et al. 2001; Mulkens et al. 1997). Half of
the participants viewed these videos completely alone, and the
other half viewed these in the presence of two audiencemembers.
We recorded participants’ nonverbal expressions of pride and
embarrassment, as well as their physiological response (cheek
temperature, skin conductance level, heart rate variability) in
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the viewing phase to examine if these were modulated by the
presence of the audience. Additionally, we asked older children
and adults to indicate self-reported embarrassment and pride.

We expected that both the viewing of the singing performance and
the puzzle task would result in a general physiological arousal
response (i.e., an increase in skin conductance level, a decrease
in heart rate variability) and self-conscious physiological arousal
(i.e., an increase in cheek temperature reflecting physiological
blushing) (de Vente et al. 2014; Nikolić et al. 2016). However,
we hypothesized that adults would demonstrate more embar-
rassment during the rewatching of the singing performance
(captured through both nonverbal expressions of embarrassment
and physiological arousal), and more pride during the watching
back of the puzzle task (captured through nonverbal expressions
of pride and physiological arousal) than both older and younger
children, but especially so in the presence of an audience. We
expected the presence of the audience to be less important for
children’s emotional responding, and especially for that of young
children. As such, we expected fewer nonverbal expressions of
embarrassment and pride, as well as less physiological arousal
in the presence of the audience in younger children compared
to older children and adults (age group * audience condition
interaction). This is based on the notion that the intensity of
self-conscious emotions is known to increase across childhood
(Lewis 2007), with a peak in the late-adolescent years and young
adulthood (Somerville et al. 2013), and that sensitivity to audience
evaluation increases from early to late childhood (Botto and
Rochat 2019).

2 Method

2.1 Participants

Two-hundred-sixteen participants were invited to participate in
the experiment: n = 71 younger children (Mage = 4.06, SDage =
0.51, range: 3.42–5.25-years-old),n= 71 older children (Mage = 8.83,
SDage = 0.62, range: 7.92–10-years-old) and n = 73 adults (Mage
= 23.39, SDage = 4.89, range: 18–40-years-old). This sample size
was calculated a-priori through simulation using the Superpower
package in R (Caldwell et al. 2022). We based our sample size
calculation on ensuring sufficient power for a 3 (age group) * 2
(audience condition) * 2 (emotion induction task) mixed-design
ANOVA, althoughwe deviated slightly from this analysis strategy
as it was deemed unsuitable to test our hypotheses and used
analysis which required smaller sample size, thus ensuring, we
had at least 80% power (see Section 2.5). A sample size of n
= 70 per age group was needed to have 80% power to detect a
three-way (age * audience condition * emotion induction task)
interaction on nonverbal emotional expression duration with
small-to-medium effect sizes (ηp2 = 0.06) at the standard alpha
0.05 error probability.

All participants were fluent in Dutch or English, reported normal
(or corrected-to-normal) vision, no current treatment for any
psychological disorders, and no current use of any psychoactive
medications. Children were recruited through various channels,
including online advertising via social media, as well as through
local schools and nurseries. Adult participants were recruited
both through the Leiden University compulsory research partic-

ipation program (for first-year psychology students) and online
advertising. Adult participants received research credits or were
paid according to the Leiden University standard hourly rate
(€7.50) for their participation. Children received a small gift
bag with toys and a “Young Scientists” certificate for their
participation.

Missing data. n = 5 younger children and n = 1 older child were
excluded from the embarrassment nonverbal behavior analyses
due to refusal or inability to participate in the singing task.
An additional n = 1 adult was excluded because of a technical
issue, leaving a total of N = 209 participants included in the
final embarrassment nonverbal expression models. Additionally,
a number of younger children were uncooperative and refused
physiological measurement. n = 12 younger children and n = 1
older child refused the cheek temperature sensor, resulting in a
total of n = 203 participants remaining in the cheek temperature
analyses. n = 6 younger children refused the skin conductance
level (SCL) electrodes, resulting in a total of n = 210 participants
remaining in the SCL analyses. n = 8 younger children refused
the electrocardiogram (ECG) electrodes, resulting in a total of n
= 208 participants remaining in the ECG analyses.

2.2 Procedure

After participants arrived at the lab, we invited them to take part
in a singing performance and a puzzle task, which we recorded
to use as stimuli for our experiment. Participants were told that
a camera and a webcam would be used to record their faces and
bodies for the analysis of their nonverbal emotional expressions.
For the experiment, participants rewatched, in counterbalanced
order, the videos of themselves (1) solving a puzzle and receiving
compliments, used in previousworks to induce pride (Fourie et al.
2011; Stipek et al. 1992) and (2) performing a song, used in previous
works to induce embarrassment (Gerlach et al. 2001; Nikolić et al.
2016). Participants’ behavioral and physiological responses were
recorded during the viewing task.We opted tomeasure responses
only during the viewing phase to ensure thatwe couldmanipulate
audience presence in the same way for all age groups: younger
children could not be left alone in a room to complete a puzzle
and perform a song, which would have made examining the
impact of audience presence on these emotions impossible. We
randomly assigned participants to the audience condition: Half
of the participants viewed these videos alone (alone condition),
and the other half in the presence of two researchers (audience
condition). Participants completed the first component in a fixed
order (puzzle followed by performance task), after which they
engaged in the viewing of these tasks (in counterbalanced order).
A fixed order for the puzzle and performance tasks was used
as piloting revealed that younger children who were asked to
complete the performance task first were less likely to be engaged
and willing to participate in the remainder of the experiment.
Additionally, since we measured responses only during the
viewing of these videos (which occurred after an approximately
10-min recovery period), it was only necessary to counterbalance
the presentation of the videos in this phase of the experiment.

Recording of the puzzle solving. Participants were instructed
to solve an age-appropriate mental-rotation puzzle, which the
experimenter claimed was very difficult. Participants performed
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this task in the presence of one researcher and were filmed from
behind so that their face was not visible (to try to ameliorate any
potential embarrassment caused by viewing one’s face). Younger
children were presented with a physical puzzle: a series of block
patterns on pieces of paper and a collection of puzzle pieces,
and were asked to place the correct puzzle piece on the example
pattern in the correct orientation. The children were made to
believe that the taskwas timed, and that theywere to complete the
puzzle before the experimenter’s stopwatch sounded. In reality,
the stopwatch never sounded, and they were free to take as much
time as necessary to complete the puzzle.

Older children and adults completed the mental rotation task
on a computer. They were presented with a series of monkey
figures (older children) and Tetris blocks (adults): one figure
was presented below a line (rotated between 45◦ and 225◦), and
two figures above a line (mirrored vertically). The objective was
to mentally rotate the figure below the line, and to indicate
which of the two figures above the line was the identical match.
Children were given 10-s to choose a response alternative, and
completed a total of 10 trials. Adults completed a total of 20
trials, and were also given 10-s to choose a response alternative.
In both cases, participants used the “Z” key to indicate the
left response alternative and the “M” key to indicate the right
response alternative.

After completion of the puzzle, while being recorded, all
participants received age-appropriate false positive feedback—
irrespective of actual performance in the task. Feedback was
slightly adjusted between children and adults, with adults
receiving a score expressed in a percentile, and children said
that they scored better than all other participants. This was
because piloting revealed that highly exaggerated feedback in
the adult group made the task less believable, and that children
had difficulty interpreting the meaning of percentages. Younger
children received verbal feedback at the conclusion of the task.
The experimenter faced the child and told them that they
“scored better and were faster than all of the other children their
age” and congratulated them. Older children received the same
message, although this was read by a text-to-speech function
after completion of the task. Adult participants received a similar
text-to-speech message that they “scored better than 90% of
participants, and were also faster than 88% of participants.” After
a rest period of approximately 5-min, participants completed the
singing performance.

Recording of singing performance. The singing performance
was identical for all age groups. Participants were asked to stand
in the corner of the room and sing a song of their own choice for
1 min. The song itself was unimportant if the participant was able
to stand and sing for a fullminute. Participantswere filmed facing
the camera, such that their face and bodywere in full frame. In the
case of the younger children, who sometimes had trouble and/or
showed unwillingness to sing, the researcher cued the child on
but gave no positive feedback. If the child refused to sing, the
researcher offered to sing with the child. If the child still refused,
the researcher offered the alternative of having the guardian stand
next to the child to help sing. Finally, if the child refused this
offer, the performance task ended. Out of 71 young children, 14
did not want to perform alone and therefore performed standing
next to their guardian. There was no evidence that this influenced

children’s embarrassment. The comparison of cheek temperature
change scores and nonverbal embarrassment during the viewing
task between children who performed alone versus those who
performed with their guardian were non-significant, F(1, 58) =
2.21, p = 0.143, η2 = 0.04; F(1, 63) = 2.23, p = 0.140, η2 = 0.03,
respectively. Additionally, these children were distributed across
both audience conditions (nalone = 5, naudience = 8). Therefore, we
could be confident that parental presence in the recordings did
not influence our findings on embarrassment.

Viewing task. After recording both the puzzle and performance
tasks, the researcher left the room for approximately 10 min and
cut the participants’ recordings such that they were 1-min in
length. This window also gave sufficient time for participants
to recover after the performance task, given that this may have
resulted in a brief period of stress. Children were given the
opportunity to play. After the videos were cut, the viewing task
began. Both researchers returned, and participants were invited
to sit in front of the viewing computer, at approximately 30 cm
distance from the monitor.

Next, disposable Ag/Cl isotonic electrodes to measure SCL were
placed on the intermediate phalange of both fingers on the
right hand. For the placement of the ECG electrodes, we used
a modified Lead II placement, with electrodes that were placed
under the participant’s right clavicle and on the left and right sides
of the abdomen. Finally, the skin temperature probe was affixed
to the participant’s skin, directly under the right cheekbone with
medical tape.

After the application of all electrodes, the viewing task began. The
researcher turned thewebcamon discreetly and hid the recording
from the participants’ view. Children’s parentswere asked to leave
the room during the viewing phase (regardless of the audience
condition assigned). For participants assigned to the audience
condition, both researchers sat adjacent to the participant, facing
a screen which showed a live recording of their physiological
response, at approximately 1-m distance. Both the participant and
the researcher could see both the recordings and the physiological
response output. The researchers avoided interaction with the
participants. For participants assigned to the alone condition,
all individuals left the room. Participants were told that the
experimenter would go to another room and would return “in
a few minutes.” The viewing task began with a 1-min baseline
recording: An aquarium scene, showing various swimming fish
and coral, was presented without sound, designed to be engaging
for younger participants, but not too arousing as to inflate
baselinemeasurements.After the baseline recording, participants
viewed their 1-min pride and embarrassment-inducing videos in
counterbalanced order. The video of the puzzle task was filmed
from behind and depicted performing the puzzle and receiving
the false positive feedback. The participant was recorded from
behind to move the focus from the self and enhance the focus
on the positive feedback to ensure pride would be induced (and
not embarrassment due to seeing one’s face). The video of the
singing performance was filmed from the front and depicted
the participant standing and singing a song from start to end.
Between the presentation of each of the induction videos, an
additional 1-min baseline video of a similar aquarium scene was
displayed (second baseline), as done in similar studies where
physiological reactivity is measured to ameliorate any carry-over
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effects (Brummelman et al. 2018). Viewing all the stimuli took a
total of 4 min.

Finally, following completion of the video sequence, adults and
older children (but not younger children)were asked to report the
extent to which they felt both proud viewing their solving of the
puzzle and receiving positive feedback, and embarrassed viewing
their singing performance on a three-point scale (0 = “not at all
embarrassed/proud,” 1 = “a little embarrassed/proud,” 2 = “very
embarrassed/proud”).

2.3 Materials

A Sony Handycam HDR-CX240 was used to record the partic-
ipants in the puzzle and performance tasks, while nonverbal
emotional expressions were recorded with a Logitech C270
webcam during the viewing of these videos. A Dell Optiplex 3060
computer and a Phillips 243Smonitorwere used to display stimuli
during both the puzzle and the viewing. The display of both
videos was programmed, and event markers were sent using E-
Prime 3.0 software (Psychology Software Tools, Pittsburgh, PA).
The puzzle itself was programmed using PsychoPy2 (Peirce et al.
2019).

Physiological data were recorded using AcqKnowledge v5.0
(Goleta, California) software and acquired with a BIOPACMP150
system. An ECG100C module was used to collect ECG data,
acquired with a gain of 2000 Hz, a lowpass filter of 35 Hz, and a
highpass filter of 1 Hz. SCL data were collected using a GSR100C
module with a gain of 5uS/V and a lowpass filter of 10 Hz. Finally,
cheek temperature data were collected using a fast response
thermistor (TSD202A, BIOPAC) and an SKT100C module with a
gain of 2◦F/V and a lowpass filter of 10 Hz.

2.4 Data Processing

Physiological data. Physiological data were pre-processed and
manually inspected using PhysioData Toolbox (Sjak-Shie 2022).
For all measurements, to ensure a continuous signal, artifacts
were linearly interpolated at locations with missing and/or
erroneous signal values. Raw ECG data were pre-processed using
a band-filter with a cut-off of 1 and 50 Hz. The toolbox manually
detected R-peaks, and each recording wasmanually inspected for
artifacts.

We use a time-domain index of heart rate variability (HRV)—
the root mean square of successive RR interval differences
(RMSSD)—to quantify the amount of variability between succes-
sive IBIs. Raw SCL data were pre-processed using a low-pass filter
with a cut-off of 2 Hz. No specific pre-processing was required
for cheek temperature measurements, but data were nonetheless
inspected for artifacts. HRV, SCL, and cheek temperature scores
were calculated over a period of 60-s for the viewing of the
performance task, and over a period of 30-s for the viewing of
the puzzle task (given that the false positive feedback was always
given in the last 30-s of the video).

In preparation for subsequent analyses, mean data were baseline
corrected by calculating relative change scores. Baseline 1 was

used to calculate relative change scores for the first viewing task,
and Baseline 2 was used to calculate relative change scores for
the second viewing task. In this way, we could measure the
reaction to the viewing task relative to the period just before
that task and ameliorate any carry-over effects. Although we had
originally indicated to use absolute change scores in our pre-
registration (i.e., SkinTemptask—SkinTempbaseline), this method
proved unsuitable given that children and adults exhibited
quite large differences in baseline physiological response. For
example, adults’ cheek temperature was significantly higher
than children’s, which made it difficult to compare the extent
of physiological change between groups using these absolute
scores. Differences in (baseline) physiological reactivity between
children and adults are common (Falk and Dotan 2008; Mulkey
and du Plessis 2019; Porges 2009; Silvetti et al. 2001), but beyond
the scope of this paper. As such, we opted for relative change
scores, calculating the percentage change from baseline 1 (or 2)
according to the Formula (1):

Baseline corrected measure =
(
𝑥2 − 𝑥1

𝑥1

)
∗ 100, (1)

where x1 is themean of themeasurement during baseline 1 and/or
2, and x2 is the mean of the measurement during the viewing of
the tasks.

Nonverbal emotional expression data. Nonverbal emotional
expression data were manually micro-coded frame-by-frame in
the Observer XT (Noldus,Wageningen) by a FACS-certified coder
(first author). In addition, a group of four research assistants,
blind to the emotion induction condition displayed in the video,
went through extensive training for micro-coding with the first
author and coded 10% of the videos to establish inter-rater
reliability. Eachminute-long video of the participant’s face during
the two viewing tasks was coded for seven behaviors, each with
two or more mutually exclusive categories: lips corners (AU12:
raised, not raised); cheek raiser (AU6: active, not active); gaze
(averted, not averted); head position (AUs 53, 54, 56, 57: head tilt
up, head tilt down, head tilt side); tongue protrusion (protruded,
not protruded); hand position (touching face, not touching face);
chest position (neutral, closed, expanded). Reliability was good
(Cohen’s kappa > 0.75) for all behaviors.

To derive an index of the nonverbal expression of embarrassment,
the total length of time in which each participant displayed
a smile (as indicated by raised lip corners) combined with
averted gaze and/or a head tilt (down or to the side but not
up) was summed (as per the prototypical nonverbal displays
for both children and adults indicated in; Colonnesi et al. 2014;
Cordaro et al. 2018; Keltner and Buswell 1997; Reddy 2004).
Although, as indicated, we coded tongue protrusions and hand
positions, these behaviors were fully accounted for by other
behaviors, meaning their inclusion in the nonverbal expressions
of embarrassment was superfluous. For example, there were no
instances of participants covering their face with their hand that
did not occur without a head aversion, and there were no tongue
protrusions that did not occur without smiles. As such, it was
superfluous to include these behaviors in our analysis. As the
video duration was 60 s, the total length of the embarrassment
display could vary between 0 and 60 s. To derive an index of
the nonverbal expression of pride, the total length of time in
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which each participant displayed a smile (as indicated by raised
lip corners) with direct gaze combined with a head tilt up and/or
expanded chest was summed (as per the prototypical nonverbal
display indicated in; Tracy and Robins 2004, 2007). Since the false
positive feedback, which is assumed to evoke pride, was always
displayed in the last 30-s of the video display, we calculated the
total length of the pride display (in seconds) over this period, such
that it was always between 0 and 30 s.

2.5 Data Analysis

Main analyses were conducted using R Studio (R Studio Team
2023), and manipulation checks using JASP (JASP Team 2024).
Analysis of our data in the manner we pre-registered prevented
us from explicitly examining our hypotheses—which concerned
behavioral and physiological responding within each specific
task. Additionally, when performing our pre-registered analy-
ses, we found consistently strong (and unexpected) interactions
between the emotion induction task and age group on skin
temperature, skin conductance level, and nonverbal expressions
of embarrassment. Although we had anticipated age-related
effects for all dependent variables, we did not expect that the two
viewing tasks would result in such disparate physiological and
behavioral responses across age.

As such, rather than focusing on the unexpected interaction
effects with the emotion induction task, which was not of
interest for our study, we decided to deviate from our pre-
registered analyses and focus on each task separately. To this
end, we examined whether both age group and audience con-
dition influenced participants’ responding while viewing the
videos intended to induce embarrassment and pride in separate
models for each emotion. Nonetheless, for transparency, we
present our pre-registered analyses in Supporting Information
1. We inspected all variables for outliers before running our
models, and, where possible, winsorized values greater or less
than three standard deviations from the mean, preserving rank
order.

To this end, for both viewing tasks separately, we performed
a series of two-way ANOVAs with audience condition and
age group as fixed factors and participants’ skin temperature,
skin conductance level, nonverbal expressions of embarrass-
ment, pride, and self-reported embarrassment/pride as outcome
measures. Since the assumption of normality for ANOVA was
seriously violated for the self-report data, we performed a series
of non-parametric Kruskal-Wallis tests on these data, with age
group and audience condition as fixed factors and participants’
self-report scores as the outcome measure. In the event of
significant effects, we followed up these tests with Dunn’s tests
for pairwise comparisons across factor levels. A further exception
to this analysis strategy was for the pride nonverbal expression
data, for which we used the glmmTMB function (Brooks et al.
2017) to model zero-inflated Gamma distributions with a log
link, as nonverbal pride expression duration scores were highly
positively skewed (Mahmood and Xie 2019), with a large number
of zeros.Note that since thismodel considers the participantswho
displayed pridewhilewatching the puzzle task (n= 46) separately
from thosewho did not (n= 170), it is based on fewer observations
than the models above.

2.6 Transparency and Openness

We report howwe determined our sample size, all data exclusions
(if any), all manipulations, and all measures in the study, and the
study follows JARS (Appelbaum et al. 2018). All non-identifiable
data, analysis code, and research materials are available at:
https://osf.io/ac3sv/.

3 Results

Descriptive statistics of all self-report, nonverbal expression, and
physiological variables for all age groups, audience conditions,
and emotion induction tasks can be found in Tables S1–S6 of
Supporting Information 2. A correlation matrix of the dependent
measures can be found in Supporting Information 3.

3.1 Manipulation Check

To begin, we examined whether our manipulations resulted in
the expected patterns of emotional responding within and across
tasks. In terms of physiological activity, we examinedwhether the
viewing of the singing and puzzle tasks resulted in the hypoth-
esized autonomic arousal response by comparing participants’
responding in each viewing task compared to baseline using a
series of paired-sample t-tests. As expected, participants’ skin
conductance level scores were significantly greater and heart rate
variability scores significantly lower than baseline when viewing
the puzzle task, t(209)= 3.25, p= 0.001,d= 0.22; t(207)= –2.12, p=
0.036, d = –0.15, respectively. When viewing the singing task, we
found a similar pattern of autonomic activity. Participants’ skin
conductance level scores increased significantly from baseline,
t(209) = 11.17, p < 0.001, d = 0.77, while participants’ heart rate
variability decreased significantly from baseline, t(207) = –3.50, p
< 0.001, d = –0.24. This pattern of responding suggests that we
did induce the expected pattern of emotional arousal during both
viewing tasks. Finally, participants’ cheek temperature during
the viewing of the puzzle, t(202) = 3.99, p < 0.001, d = 0.28,
and performance viewings, t(202) = 7.42, p < 0.001, d = 0.52,
were significantly higher than baseline levels. This indicates
that both tasks also induced specific self-conscious physiological
arousal.

Next, we examined participants’ nonverbal expressions of pride
and embarrassment across both viewing tasks. First, we checked
whether participants expressed greater than zero levels of nonver-
bal pride and embarrassment expressions in each task separately.
During the viewing of the puzzle task, participants expressed
nonverbal pride and embarrassment significantly above zero
levels, t(215) = 3.75, p < 0.001, d = 0.26; t(209) = 9.56, p <

0.001, d = 0.66. Similarly, during the viewing of the singing
task, participants expressed nonverbal pride and embarrassment
behaviors significantly above zero levels, t(215) = 5.03, p <

0.001, d = 0.34; t(208) = 15.94, p < 0.001, d = 1.11, respectively.
This suggests that, contrary to our expectations, both tasks
resulted in the production of both nonverbal expressions of
emotion.

Next, andmore critically,we comparednonverbal embarrassment
and pride expressions within each viewing task separately using
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TABLE 1 Results of a series of two-way ANOVAs predicting cheek temperature, skin conductance level, heart rate variability, and nonverbal
expressions of embarrassment scores by age and audience condition during the viewing of the singing performance.

Cheek temperature Skin conductance level Heart rate variability
Nonverbal

embarrassment

Predictor df F p ηp2 df F p ηp2 df F p ηp2 df F p ηp2

Age Group 2 2.82 0.062 0.03 2 0.77 0.467 0.01 2 2.58 0.079 0.02 2 7.72 <0.001 0.07
Condition 1 4.56 0.034 0.02 1 0.24 0.628 0.00 1 0.48 0.488 0.00 1 0.37 0.543 0.00
Age Group *
Condition

2 1.51 0.224 0.02 2 1.47 0.232 0.01 2 0.56 0.573 0.01 2 0.75 0.475 0.01

Residuals 197 204 202 203

FIGURE 1 Effect of audience presence on participants’ self-reported embarrassment, nonverbal expressions of embarrassment, and cheek
temperature during the viewing of the singing performance. *p < 0.05. Error bars represent standard error.

a series of chi-squared tests to examine whether the tasks evoked
one specific self-conscious emotion, rather than more general
self-conscious emotional arousal. For these direct comparisons
between embarrassment and pride, we looked at the presence
and absence of each nonverbal expression within each task. This
was because nonverbal expressions of pride were typically more
transient in duration (i.e., shorter) than those of embarrassment
and were related specifically to the presentation of the positive
feedback (which always occurred for a short period in the last 30 s
of the video). Nonverbal expressions of embarrassment, rather,
were more likely to be evoked and displayed for the duration of
both tasks. During the viewing of the puzzle, participants did
not express more nonverbal expressions of pride than embar-
rassment, χ2(1) = 0.05, p = 0.816. During the viewing of the
singing task, participants expressed significantly more nonverbal
expressions of embarrassment than pride, χ2(1)= 18.10, p< 0.001.
Full model summaries for each of the manipulation checks can
be found in Supporting Information 4.

To summarize, this pattern of results suggests that the viewing of
the performance task was successful in inducing embarrassment
specifically, but the viewing of the puzzle task induced both
pride and embarrassment. Nonetheless, since we still did induce
nonverbal expressions of pride, we decided to proceed with our

analyses as originally planned. Because we induced both self-
conscious emotions in the viewing of the puzzle task, we analyzed
and reported the models with both embarrassment and pride
nonverbal expressions in both viewing tasks (to show how they
differed across age and audience conditions).

3.2 Did Audience Presence Influence Emotional
Responding During the Viewing Tasks?

Singing performance. While viewing themselves sing, we
found a significant main effect of audience presence on partic-
ipants’ cheek temperature change scores, F(1, 197) = 4.56, p =
0.034, ηp2 = 0.02 (Table 1). This effect was such that, as hypothe-
sized, participants showed greater increases in cheek temperature
in the presence of the audience thanwhen alone,Mdifference = 0.07,
p= 0.034 (Figure 1). Additionally, we found a significant audience
effect on older children and adults’ self-reported embarrassment
in the same direction, χ2(1) = 5.17, p = 0.023, with participants
reporting more embarrassment in the presence of the audience
than when alone while viewing themselves perform (Z = 2.23)
(Figure 1). No other significant audience effects on emotional
responding could be found across our other response measures
(nonverbal expressions of embarrassment, nonverbal expressions
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TABLE 2 Results of a series of two-way ANOVAs predicting cheek temperature, skin conductance level, and heart rate variability and nonverbal
expression of embarrassment scores by age and audience condition during the viewing of the positive feedback.

Cheek temperature Skin conductance level Heart rate variability
Nonverbal

embarrassment

Predictor df F p ηp2 df F p ηp2 df F p ηp2 df F p ηp2

Age Group 2 9.06 <0.001 0.08 2 15.22 <0.001 0.13 2 6.68 0.002 0.06 2 5.78 0.004 0.05
Condition 1 0.34 0.561 0.00 1 0.32 0.572 0.00 1 1.20 0.276 0.01 1 0.41 0.521 0.00
Age Group *
Condition

2 1.05 0.351 0.01 2 0.97 0.383 0.01 2 0.60 0.553 0.01 2 2.24 0.109 0.02

Residuals 197 204 202 204

TABLE 3 Results of zero-inflated gamma generalized linear model
predicting pride nonverbal expression duration by age group, emotion,
and audience during the viewing of the positive feedback.

Total pride

Predictors Estimates CI p

Count model
(Intercept) 8.85 2.67–29.28 <0.001
Audience condition
Audience (Reference)
Alone 0.62 0.15–2.58 0.509

Age category
Adult (Reference)
Older Child 0.29 0.07–1.11 0.071
Younger Child 0.15 0.04–0.64 0.010

Audience Condition *
Age Category
Alone * Older Child 1.97 0.36–10.72 0.432
Alone * Younger Child 3.43 0.57–20.49 0.177

(Intercept) 2.88 2.42–3.54
Zero-Inflated Model
(Intercept) 3.70 2.67–5.12 <0.001
Observations 216
R2 marginal 0.267

of pride, skin conductance level, and heart rate variability) when
participants viewed themselves singing, all p’s > 0.05 (Tables 1
and 4).

Puzzle task. While viewing themselves completing the puz-
zle and receiving positive feedback, we found no audience
effects across all our response measures (nonverbal expres-
sions of embarrassment, nonverbal expressions of pride, cheek
temperature, skin conductance level, heart rate variability, and
subjectively reported pride), all p’s > 0.05 (Tables 2 and 3). This
suggests that audience presence did not influence self-conscious
emotions during the viewing of the puzzle task.

TABLE 4 Results of zero-inflated gamma generalized linear model
predicting pride nonverbal expression duration by age group, emotion,
and audience during the viewing of the singing task.

Total pride

Predictors Estimates CI p

Count model
(Intercept) 3.45 1.69–7.06 0.001
Audience condition
Audience (Reference)
Alone 0.64 0.25–1.66 0.359

Age category
Adult (Reference)
Older Child 0.80 0.24–2.61 0.711
Younger Child 0.73 0.28–1.88 0.509

Audience Condition *
Age Category
Alone * Older Child 2.04 0.47–8.87 0.342
Alone * Younger Child 1.18 0.32–4.35 0.803

Zero-inflated model
(Intercept) 3.50 2.54–4.82 <0.001
Observations 216
R2 Nagelkerke 0.019

3.3 Were Their Age-Related Differences in
Emotional Responding During the Viewing Task?

Singing performance. While participants viewed themselves
sing, we found no age-related differences in participants’ cheek
temperature and skin conductance level (Table 1), as well as
nonverbal expressions of pride (Table 4), all p’s > 0.05. However,
there were significant differences in the length of nonverbal
expressions of embarrassment displayed across age groups, F(2,
203) = 7.71, p < 0.001, ηp2 = 0.07 (Table 1). Older children
displayed significantly more nonverbal expressions of embarrass-
ment compared to both younger children and adults, Mdifference
= 9.32, p < 0.001, Mdifference = 6.09, p = 0.032, respectively.
The difference between adults and younger children was not
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FIGURE 2 Bar plots indicating total displayed nonverbal expressions of embarrassment during the viewing of the singing performance per age
group. * p < 0.05, ***p < .001. Error bars represent standard error.

significant, p = 0.537. These age-related differences in nonverbal
expressions of embarrassment are displayed in Figure 2. In terms
of subjectively reported embarrassment, Kruskal-Wallis tests
revealed no differences in self-reported embarrassment between
age groups in this task, χ2 (1) = 0.08, p = 0.779.

Puzzle task. While participants viewed themselves receiving
positive performance feedback, we found a significant effect
of age group on cheek temperature change scores, F(2, 197) =
9.06, p < 0.001, ηp2 = 0.08 (Table 2). Both younger and older
children’s cheek temperature rose significantly more than adults,
Mdifference = 0.17, p < 0.001; Mdifference = 0.09, p = 0.049 (Figure 3),
respectively, indicating that young children showed stronger self-
conscious emotional arousal compared to adults when viewing
themselves solve the puzzle and receiving a compliment for this.
There were also significant differences across age groups on skin
conductance level change scores, F(2, 204) = 15.22, p < 0.001,
ηp2 = 0.13 (Table 2), with both younger and older children’s skin
conductance level rising significantly more than that of adults,
Mdifference = 9.70, p< 0.001,Mdifference = 4.89, p= 0.016, respectively.
Younger children also demonstrated a greater positive skin
conductance level change compared to older children, Mdifference
= 4.81, p = 0.022 (Figure 3). In terms of the changes in heart rate
variability scores during this task, we found significant effect of
age group, F(2, 202) = 6.68, p = 0.002, ηp2 = 0.06, with younger
children heart rate variability rising significantly more than that
of adults, Mdifference = 17.36, p = 0.001. Together, these findings
indicate a stronger general emotional arousal in children (and
younger children specifically) compared to adults.

Finally, analysis of nonverbal expressions of pride also revealed
a significant effect of age category, β = –1.88, p = 0.010, 95% CI
= [0.04–0.64]. Taking the exponent of this coefficient revealed

that the expected nonverbal displays of pride for younger children
were approximately 15% less than the expected nonverbal displays
of pride for adults (the reference category; Table 3, Figure 3).
Additionally, during the viewing of the puzzle task, we found
a significant effect of age group on participants’ nonverbal
expressions of embarrassment, F(2, 204) = 5.78, p = 0.004,
ηp2 = 0.05, with younger children displaying significantly more
embarrassment compared to adults, Mdifference = 5.92, p = 0.004
(Figure 3). These results indicate that viewing the puzzle task
evoked less pride and more embarrassment in young children
compared to adults. Finally, in terms of self-reported pride, there
was also a significant effect of age group, χ2(1) = 43.71, p < 0.001,
with Dunn post-hoc tests revealing older children reported signif-
icantly more pride compared to adults after viewing themselves
receiving praise for their success in the puzzle (Z = 6.61).

4 Discussion

Emotions, and in particular emotional expressions, do not exist in
isolation, but rather appear within, and are highly influenced by,
the social environment. Audience effects provide an interesting
avenue for prying into how the self-reported experience and
expression of emotions are influenced by social context, and have
therefore been the focus of much scholarly work (Fridlund 1991;
Fridlund et al. 1992; Hamilton and Lind 2016; Holodynski 2004;
Holodynski 2006). Additionally, the examination of when and in
which contexts sensitivity to audience presence emerges provides
critical insights into children’s burgeoning self-representation
and impression management skills (Botto and Rochat 2019). In
this pre-registered experiment, we examined whether being in
the company of others modulates emotional responding for two
specific positive andnegative self-conscious emotions—pride and
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FIGURE 3 Effect of age group on participants’ cheek temperature, skin conductance level, heart rate variability, nonverbal expressions of pride,
and nonverbal expressions of embarrassment during the viewing of the positive feedback. Effects of age group on pride nonverbal expressions based on
a zero-inflated generalized linear model, and includes only the participants who displayed at least some pride nonverbal behaviors (n = 46 individuals).
*p < .05, **p < .01, *** p <.001.

embarrassment—andwhether this differs across various stages of
human development.

We found that participants reported feeling more embarrassed
while watching themselves perform when they were in the
presence of others compared to when they were alone. In
line with this, participants also showed greater increases in
cheek temperature in the audience condition, reflecting more
physiological blushing (Schandry and Poth 1983). Interestingly,
although reporting feelingmore embarrassed and blushingmore,
participants did not show more nonverbal expressions of embar-
rassment in the presence of others. Emotional responding when
participants watched themselves receive positive feedback; how-
ever, was not influenced by the presence of the audience. Rather,
we found clear age-related differences: children experienced
more physiological arousal and reported experiencingmore pride
than adults. However, when looking at their nonverbal expres-
sions of pride during this task, we found the opposite pattern:
adults expressed more nonverbal pride behaviors than children.

These findings have important implications for theories on how
emotions and emotional expressions develop and are influenced
by social context (Fischer and Hess 2017; Holodynski 2004; van
Kleef et al. 2016), and for social cognition more broadly (Kampis
and Southgate 2020). Importantly, our results may suggest a
potential distinction between automatic emotional cues and
those that are under more volitional control.

4.1 Audience Effects on Emotional Responding

Despite having hypothesized that being in the presence of an
audience would amplify emotional responding more generally,
we found this to be only partly true. To this end, participants’
cheek temperature increased in the presence of others only
when they viewed their singing performance (but not when they
viewed themselves receiving positive feedback). Cheek temper-
ature increases are assumed to reflect physiological blushing
(Schandry and Poth 1983; Shearn et al. 1990), and blushing
is known to be a hallmark physiological response specific to
self-conscious emotional arousal, including both negative and
positive social attention (Crozier 2004, 2007; Leary et al. 1992).
Similarly, adults and older children also reported experiencing
more embarrassment while watching back their singing perfor-
mance in the presence of others, indicating that the presence of
others increased feelings of embarrassment. This result is in line
with the idea that embarrassment, and blushing in particular, is
elicited by feelings of being exposed to others’ attention, being
scrutinized, and judged (Crozier 2004, 2007; Leary et al. 1992).

It is important to note that although the effect size for the effect
of audience on physiological blushing was small-to-medium,
it was nonetheless consistent with older children and adults’
self-reports of experiencing greater feelings of embarrassment
while watching their singing performance in the presence of
others compared to when they were alone. This suggests that
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the presence of others evoked embarrassment in this task, both
on a subjective and physiological level. Interestingly, we did not
find evidence for differences in other physiologicalmeasures than
cheek temperature across audience conditions. Unlike blushing,
which is specific to self-conscious emotions (Leary andMeadows
1991), other physiological measures (skin conductance and heart
rate variability) are reflective of a more general arousal (Kreibig
2010; Porges 2009) andmay appearwithmany different social and
non-social emotions. This may explain why the presence of an
audience did not have a clear effect on these measures.

Although participants felt more embarrassed and showed greater
increases in cheek temperature in the audience condition, this
was not reflected in their nonverbal emotional expressions.
Nonverbal expressions of emotions, like changes in cheek temper-
ature, are directly visible to observers, and we had hypothesized
that audience presencewould similarly amplify these displays. As
such, it is interesting that, amongst both the nonverbal expression
and cheek temperature domains (both of which are visible
to outside observers), we found an audience effect for cheek
temperature only. The lack of audience effects on participants’
nonverbal behavior does support one previous study, which
found that children expressed similar levels of shame when they
were observed by others during a failure to help compared to
when they were not (Gerdemann, Tippmann, et al. 2022). It is,
therefore, possible that participants in the audience condition
attempted to downregulate their behavior in order to appear
less embarrassed than they actually were (Costa et al. 2001).
One’s cheek temperature (and other responses of the autonomic
nervous system) is largely uncontrollable and, therefore, less
susceptible to regulation. Conversely, nonverbal expressions of
emotion can be somewhat controlled (Kromm et al. 2015; Recio
and Sommer 2018).

Although often resulting in positive social outcomes for the
individual displaying the embarrassment (Feinberg et al. 2012),
embarrassment itself is seen as a negative and aversive emotional
state (Miller 1995), and people often try to avoid or hide it
(Crozier 2007; Dong et al. 2013). This may explain why we found
an effect of audience presence in the skin temperature domain
only. This result is in line with one previous study (Costa et al.
2001) that found that although participants reported feeling more
embarrassment in the presence of an audience compared towhen
they were alone, they demonstrated significantly less nonverbal
embarrassment behaviors in the audience condition. The authors
argue that this may have reflected participants’ use of emotion
regulation strategies in order to try to appear less embarrassed
than they actually were. This may explain why we did not
find any effects of audience presence on participants’ nonverbal
expressions of embarrassment.

Moreover, although we hypothesized that the effects of the audi-
ence would be largest for adults, we found that the positive effect
of the audience on cheek temperature was consistent across all
age groups during the viewing of the singing performance. Since
pride and embarrassment (as well as other social emotions) have
been argued to have an attenuated development across childhood
compared to other emotions (Lewis et al. 1989; Somerville et al.
2013), we expected that older children and adults would be more
sensitive to the presence of the audience than younger children,
and this would be reflected in greater increases in cheek tem-

perature. However, cheek temperature increases across audience
conditions did not differ between age groups, whichmay indicate
that watching oneself perform induced physiological blushing—a
hallmark of embarrassment (Buss 1980)—consistently across our
sample of children and adults. To our knowledge, no studies have
directly examined both children’s and adults’ cheek temperature
changes during a contextually similar embarrassment-inducing
task. As such, this study represents one of the first pieces of
evidence that young children as young as three years old can
blush in a similar manner to older children and adults, at least
in the domain of embarrassment. This suggests that very young
children may be, like older children and adults, sensitive to social
exposure and possible negative evaluations by others.

We observed significant age-related differences in nonverbal
expressions of embarrassment—with older children displaying
significantly more embarrassment expressions while watching
their signing performance compared to both younger children
and adults. Although we hypothesized that adults would display
the most nonverbal expressions of embarrassment due to their
further-developed socio-cognitive skills, this result nonetheless
supports previous works on the development of social emotions
across ontogeny. For example, in one study, during a task inwhich
participants believed they were being observed by a peer, partici-
pants’ self-reported embarrassment and autonomic arousal were
found to be highest in adolescence, tapering off with the emer-
gence of adulthood (Sommerville et al. 2013). Our results point
to a similar pattern with children approaching pre-adolescence
displaying themost embarrassment of all age groups. Considering
that older children, when compared to adults, did not differ
in self-reported embarrassment and physiological blushing, this
result may indicate that they were less able to downregulate their
nonverbal expressions of embarrassment whilst viewing their
singing performance.

Our results beg the interesting question of why, contrary to
our predictions, we did not find any positive effect of audience
presence on participants’ cheek temperature when they viewed
themselves receiving a compliment for solving a puzzle well.
Considering that blushing is also assumed to occur with positive
attention (Leary et al. 1992), we expected to see participants
blushmore while viewing themselves receive compliments in the
presence of others compared to when they were alone. However,
this was not the case. A simple explanation could be that being in
the presence of the audience did not induce more self-conscious
emotional arousal compared to being alone. In line with this, we
did not find similar audience effects across other physiological
measures, nonverbal behavior, and self-report scoreswhen partic-
ipants watched themselves receive praise. Conversely, we found
clear age-related differences in physiological responding and
nonverbal behavior during this task. Compared to adults, across
both cheek temperature and skin conductance measures, both
older and younger children demonstrated higher physiological
arousal. Thus, it seems that receiving a compliment for solving a
puzzle well is especially arousing in childhood. In line with this,
older children also reported experiencing significantlymore pride
after viewing themselves receiving positive feedback compared
to adults. Interestingly, adults displayed the most nonverbal
expressions of pride, although this result should be interpreted
with caution given the low number of pride observations used in
the modelling of these data.
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Although we attempted to mitigate this with our design, the task
intended to induce pride also appeared to have the unintended
effect of inducing embarrassment, perhapsmostly for the younger
children, who displayed significantly more embarrassment and
less pride than adults. We found some nonverbal expressions of
embarrassment (in addition to pride) in the two child age groups
(although the duration of these expressions was significantly
lower than during the viewing of the singing performance; see
Supporting Information 1, Table S7). Indeed, there is evidence
that (exaggerated) complimenting may elicit embarrassment in
late childhood (Lewis et al. 1989, Lewis et al. 1991; Nikolić
et al. 2018). Moreover, simply observing oneself may also elicit
feelings of exposure and heightened awareness (Lewis and
Ramsay 2002), and this might have been particularly marked
for children who have had less experience viewing themselves
on film compared to adults. In general, these results imply that
watching oneself receive compliments for solving a puzzle well
may evoke heightened self-awareness, especially in children, and
that watching oneself back on a video in a positive light can
induce pride in combination with other self-conscious emotions,
such as embarrassment. As such, children may become highly
self-aware from an early age, although their socio-cognitive skills
still undergo significant development.

Although offering several important insights into the develop-
ment of social emotions, as well as the impact of the audience
on the expression and self-reported experience of these across
ontogeny, there are some limitations of our design worth men-
tioning. First, most of our participants were White and from
a Western country. As such, we cannot generalize our results
beyond this specific context to different populations. Moreover,
although the combination of both physiological responses and
self-reports suggests that participants who viewed themselves as
receiving positive feedback experienced pride, we only observed
its associated nonverbal expression in one quarter of the total
observations. Based on the results of our manipulation check,
the puzzle task elicited embarrassment in addition to pride
(i.e., mixed emotions), particularly since we measured emotional
responding during the viewing phase (and not in-the-moment).
False positive feedback tasks have been used in previous studies
on pride (Adams et al. 2020; Stoeber et al. 2007; Williams and
DeSteno 2008); however, future studies may consider a stronger
and in-the-moment elicitation method in order to induce more
nonverbal expressions of pride. Nonetheless, given that we still
did see participants express pride (nonverbally and via self-
report), we believe our data still provide valuable insights into the
ontogeny of both embarrassment and pride (and theirmodulation
by audience).

An additional limitation of this study concerns our lack of
self-report data for younger children. Pilot testing revealed
that younger children had difficulty reliably reporting on self-
conscious emotions. It may be fruitful for future studies to
implementmore readily interpretable scale items (e.g., emoticons
rather than verbal categories) so that the subjective experience
of embarrassment and pride can be properly characterized in
children of this age. Moreover, it is important to note that we
considered only the prototypical nonverbal displays of embarrass-
ment (Colonnesi et al. 2014; Keltner and Buswell 1997; Reddy
2004) and pride (Tracy and Robins 2004, 2007) in our analyses.
Some scholars (e.g., Barrett et al. 2019; Durán and Fernández-

Dols 2021; Russell and Barrett 1999) have questioned the extent
to which such potentially stereotyped displays reflect the ways
in which emotions are expressed in real-life contexts, potentially
limiting the generalizability of our findings. Although a review of
this debate is beyond the scope of the present study, we believe
that the addition of both physiological and self-report measures
provides nonetheless a more holistic assessment of the ontogeny
of these two emotions. Furthermore, our study only investigated
two self-conscious emotions (one positive, one negative), but the
range of self-conscious emotions is wider. For example, there is
debate regarding whether or not shame expressions in children
may be similarly pervious to audience presence (Gerdemann,
McAuliffe, et al. 2022; Holodynski 2006). Particularly, one study
found that children in late childhood were more likely to express
negative bodily expressions (e.g., slouched shoulders indicating
shame or guilt) after receiving an advantageously unfair payout
compared to a peer, but only in a social context (Gerdemann,
McAuliffe, et al. 2022). Thiswould indicate that the presence of an
audience in situations that evoke shame (and perhaps other self-
conscious emotions, too) may result in the amplification of their
expression, although future works should consider examining a
wider range of self-conscious emotions.

Furthermore, in our study, the audience consisted of unfamil-
iar strangers. Therefore, a fruitful avenue for future research
may be to manipulate the composition of the audience and
examinewhether children and adults experience and express self-
conscious emotions differently depending on who is observing
them. Importantly, previous studies have emphasized differences
in emotional responding depending on the composition of the
audience (e.g., friends vs. strangers, peers vs. parents). These past
studies found that individuals typically tend to suppress their
emotional expressions in the presence of strangers compared
to friends (Manokara et al. 2023; Jakobs et al. 1999), even in
childhood (Zeman and Garber 1996). The tendency to suppress
appears to be stronger for negative as compared to positive
emotions (Matsumoto et al. 2008). Itmay be expected that the type
of audience influences self-conscious emotional experience and
expression in a similarmanner. As such, our current findingsmay
be amplified in the context of interactions with familiar others.

Ultimately, the data from this study paint an interesting picture
regarding the nature of embarrassment and pride across both
the lifespan and across social context. One key advantage of our
paradigm is in its ability to capture emotional responding across
modalities (e.g., physiological, behavioral, and self-report) and to
examine how each of these may be uniquely impacted by age
and the presence of audience. Many common theories of emotion
posit that there should be coherence between these modalities
(Mauss et al. 2005). In our study, we find limited evidence of this
and highlight that both age and audience presencemay influence
the emotional responses associated with pride and embarrass-
ment. Concerning audience effects, visible physiological cues,
such as changes in cheek temperature reflecting physiological
blushing, may be particularly insightful as they are under limited
volitional control and directly visible to outside observers. In
terms of age, our findings suggest that children may experience
and display self-conscious emotions at least as much as adults
andmay, therefore, be sensitive to others around them, even at an
early age. These findings, therefore, offer important insights both
for theories of emotion and socio-cognitive development more
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generally. Regarding the former, our results highlight the highly
social nature of self-conscious emotions and show that different
modalities may not be equally influenced by the social context.
Regarding the latter, our findings suggest that self-presentation
concernsmay appear earlier in ontogeny than previously thought.
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