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Emotion recognition, one key aspect of emotion reasoning, is crucial to socioemotional development in
childhood. While much developmental research has focused on facial emotion recognition, studies on the
recognition of emotions conveyed through vocal bursts remain relatively scarce, despite the voice being one of
the primary channels for conveying emotion. To address this gap, we investigated (a) how recognition accuracy
across six well-studied emotions in vocal bursts changes between the ages of 5 and 8 (N = 162, 47.53% girls
and 52.47% boys), (b) whether gender moderates the developmental trajectories of recognition accuracy (both
overall and at the level of distinct emotions), and (c) whether recognition accuracy predicts socioemotional
functioning concurrently and longitudinally. Our findings revealed that recognition accuracy was highest for
happiness and lowest for fear and that accuracy improvedwith age for all emotions except for happiness, which
was positively associated with age at a marginal level. While younger girls (comparedwith boys) were better at
recognizing emotions, this difference disappeared by age 8. This same pattern was observed for sadness and
anger at the level of distinct emotions. The capacity to recognize emotion in vocal bursts did not correlate with
caregivers’ perceptions of children’s emotional symptoms or hyperactivity. However, it predicted a lower
likelihood of conduct problems and a higher tendency toward prosocial behavior concurrently, with the latter
effect staying significant longitudinally. These findings contribute to a deeper understanding of emotion
recognition beyond the face and its implications for children’s socioemotional adjustment.

Public Significance Statement
This study has the potential to facilitate the identification of critical periods for targeted interventions
for emotional knowledge in children, informing public health initiatives aimed at promoting their
well-being.
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Emotion reasoning, a suite of abilities that involve recognizing,
inferring, and predicting others’ emotions (Ruba & Pollak, 2020), is
vital for navigating social interactions both in childhood (Denham,
2007; Denham et al., 2003) and throughout development (Parker &
Gottman, 1989). One key skill that falls under this broad construct is
emotion recognition, the narrower capacity to decipher others’

emotional cues in various expressive modalities such as the face,
voice, and posture (Keltner et al., 2019). The ability to recognize
emotions improves throughout infancy and early childhood (Ruba&
Pollak, 2020) and is a crucial aspect of children’s socioemotional
development (Schultz et al., 2004). It facilitates the navigation of
social situations, plays a pivotal role in interpersonal communication,
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and enhances comprehension of others’ behavior (Saarni, 1999;
Scharfe, 2000). Despite its important role in day-to-day life, most
empirical research on emotion recognition in childhood has
focused on a single expressive modality, the face (Denham et al.,
2003; Widen & Russell, 2008). However, emotions are reliably
expressed across a range of modalities, including touch, posture, and
voice (Keltner et al., 2019), suggesting that the current under-
standing of how emotion recognition develops in other modalities
during childhood is relatively limited and lacks the nuance involved
in real social encounters (see Ruba & Pollak, 2020). To address this
gap, the present study investigated another important modality—the
expression of emotion through vocal bursts (e.g., laughs, sighs).
More specifically, we focused on the recognition of distinct emotions
via vocal bursts, investigating (a) the developmental trajectories
of this recognition among children aged 5–8 years, (b) gender
differences in these trajectories, and (c) the socioemotional cor-
relates of emotion recognition accuracy.

Emotion Recognition in Facial Cues

Most scholarship establishing the developmental trajectories
and importance of emotion recognition ability centers around the
face as the primary expressive modality (Hall & Matsumoto, 2004;
Hampson et al., 2006; Keltner, 2019; Vassallo et al., 2009). This
visual recognition commences within the first year of life (Morgan&
Hayne, 2011; Oakes & Rakison, 2019), during which children begin
to discriminate facial expressions based broadly on valence (i.e.,
positive vs. negative; Widen, 2013;Widen & Russell, 2010). By age
3, children become more able to distinguish expressions of distinct
emotions (e.g., happiness, sadness, anger, fear; Székely et al., 2011),
with some research suggesting that improvements continue to occur
through adolescence (Batty & Taylor, 2006; Herba et al., 2006;
Thomas et al., 2007). Although findings on which distinct emotions
are recognized earlier versus later in development are mixed (Bruce
et al., 2000), it is widely accepted that children are able to accurately
recognize faces expressing happiness earlier than those depicting
distinct negative emotions such as anger or disgust (Boyatzis
et al., 1993; Camras & Allison, 1985; Gosselin & Larocque, 2000;
Herba et al., 2008; Maassarani et al., 2014; Montirosso et al.,
2010; Widen & Russell, 2003).
The role of gender in the development of children’s emotion

recognition ability has also been examined. In this regard, meta-
analytic findings suggest a small but reliable advantage for girls in
the overall ability to recognize and interpret emotions from static
facial expressions (McClure, 2000). Furthermore, this effect tends to
be larger in infancy but gradually disappears in later childhood as
boys catch up with girls. More recent studies focusing on gender and
distinct emotions have yielded results consistent with these meta-
analytic findings, demonstrating an advantage for girls that has
persisted through adolescence across a number of distinct emotions,
including anger, disgust, and sadness (Lawrence et al., 2015;
Montirosso et al., 2010). These gender differences in early emotion
recognitionmay be due to differential socialization processes (e.g., girls
are exposed to affective contexts more often; Aznar & Tenenbaum,
2015; Camras &Allison, 1985; Fivush et al., 2000; Lytton &Romney,
1991) or to maturational differences in biological mechanisms that
support emotion recognition (e.g., androgens in boys delaying the
maturation of temporal cortex and the amygdala; Stahl et al., 1978; also
see McClure, 2000).

Given that the ability to decode others’ affective states is
a centerpiece of social interactions throughout the lifespan (Keltner &
Haidt, 1999), it is no surprise that proficiency in facial emotion
recognition during childhood is associated with better socioemotional
functioning (Field et al., 1982), including higher levels of per-
spective taking and empathy (Carr & Lutjemeier, 2005) as well as
lower levels of problematic social behaviors and hyperactivity
(Chronaki et al., 2015; Izard et al., 2001). Specifically, expressions
of emotions provide information about the intentions of expressors.
Being able to recognize one’s own and others’ emotions facilitates
appropriate responses, thereby helping to coordinate social interac-
tions (Keltner & Buswell, 1997; Keltner & Kring, 1998; Schultz et al.,
2004). For example, accurately perceiving someone’s sadness and
distress might elicit compassionate responses, which can enhance
affiliative tendencies (Campos et al., 1989; Keltner &Bonanno, 1997).
By contrast, challenges with emotion recognition have been linked to
relationship difficulties as well as the risk for internalizing problems
(Johnson et al., 2013; Joormann & Gotlib, 2010; van Os et al., 2010).
Overall, the ability to recognize emotions facilitates positive re-
lationships and underscores the importance of better understanding the
predictors and consequences of these skills in children.

Emotion Recognition in Vocal Bursts

Despite the insights provided by the existing literature on the
development of emotion recognition ability in children, one critique
of this literature is that it focuses almost exclusively on emotion
recognition in a single modality, the face. Moreover, these studies
largely use static images portraying exaggerated facial expressions
that are uncommon in everyday life leading to an overestimation of
children’s accuracy. Indeed, recognition rates get lower when
children are asked to identify less intense, more subtle expressions
(Montirosso et al., 2010).

Emotions are expressed through multiple modalities including
body posture, gestures, words, and pitch (de Gelder & Vroomen,
2000; Hampson et al., 2006; Keltner et al., 2019; Vassallo et al.,
2009), and each of these modalities inherently constrains the type
and the amount of information conveyed. One such modality is
vocalization. Emotional vocal cues include inflections in speech,
known as emotional prosody (e.g., rhythm, stress, and intonation),
and purely nonverbal emotional vocalizations, such as sighs,
laughter, screams, or cries, often called vocal bursts (Cordaro et al.,
2016; Cowen et al., 2019; Scherer & Wallbott, 1994; Trinh et al.,
2022). Vocal bursts are described as the auditory equivalent of facial
expressions (Grandjean, 2021) and are also rich sources of emotion
signaling (Keltner & Haidt, 2001). Like facial expressions, they
provide insights into the internal state of others even though they do
not rely on words (Kraus, 2017). Thus, they are essential to social
interactions and influence the hearer’s reactions to their environ-
ment. For example, toddlers are less likely to play with a toy when
their parents vocalize yuck—a burst expressing disgust (Hertenstein
& Campos, 2004). Studies have found that individuals can reliably
discern emotions through vocalizations across cultures both in
adults (Cordaro et al., 2016; Sauter et al., 2010; Simon-Thomas
et al., 2009) and children (Chronaki et al., 2018), even when the
person producing the vocal burst cannot be seen. Therefore, vocal
bursts may carry unique and important information about other
people’s emotional states that are missed when research focuses
solely on the face.
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Like facial emotion recognition, infants can discriminate across
different emotional vocal bursts soon after birth (Grossmann,
2010; Soderstrom et al., 2017; Wu et al., 2017). Recognition
accuracy in this modality develops with age, with greater gains
in early childhood, followed by slower improvement and an
eventual plateau. Some research indicates that children reach
adult-level competency around age 15 (Grosbras et al., 2018),
while other studies suggest this plateau occurs earlier, possibly
by age 9 (Tonks et al., 2007). Some studies also suggest
that developmental trajectories vary across distinct emotions
(Matsumoto & Kishimoto, 1983). For example, Sauter et al.
(2013) found that recognition of surprise conveyed through
vocal bursts improved from ages 5 to 10, whereas no such
improvement was found for the other distinct emotions assessed,
including anger, disgust, fear, sadness, achievement, amuse-
ment, contentment, and relief. Similar to facial recognition, girls
tend to be more accurate in identifying emotional nuances
conveyed through vocal bursts during childhood (Allgood &
Heaton, 2015; Chronaki et al., 2015; Grosbras et al., 2018).
However, minimal research has evaluated gender differences in
emotion recognition for distinct emotions in this modality during
early childhood.
The potential implications of emotion recognition in vocal cues

for socioemotional outcomes have been addressed by limited
research focusing primarily on emotional prosody. Specifically,
preschoolers’ ability to recognize emotional prosody has been
associated with increased peer-rated popularity and decreased
emotional and behavioral problems (Nowicki & Mitchell, 1998),
as well as lower levels of hyperactivity and conduct problems
(Chronaki et al., 2015). Similarly, school-age children’s ability to
recognize emotional prosody has been linked to enhanced social
competence, peer-rated popularity (Leppänen & Hietanen, 2001),
and reduced emotional and behavioral difficulties (Nowicki et al.,
2019). However, a study specifically focusing on emotional vocal
bursts showed no significant associations between recognition
accuracy and socioemotional functioning in 6- to 8-year-old
children (Neves et al., 2021). The scarcity of research on this
topic, combined with the limited scope and inconsistencies across
findings, collectively underscores the need for further exami-
nation of whether recognition accuracy in the vocal modality
relates to important outcomes in childhood.

The Current Research

The present study aimed to address several of the knowledge gaps
described in the preceding sections. First, given that most emotion
recognition tasks for children rely heavily on visual stimuli, it is
important to examine the recognition of emotions expressed through
other modalities (see Ruba & Pollak, 2020, for review). This in-
cludes vocal bursts, which also convey important information
about the internal states of others (Kraus, 2017). Second, while
children’s ability to recognize emotions in vocal bursts improves
with age (Herba & Phillips, 2004; Sauter et al., 2013), there is a
lack of well-powered research on the developmental trajectories of
distinct emotions and how these trajectories may vary by gender.
Third, there is limited research on how a child’s ability to reliably
recognize vocal bursts might relate to their socioemotional func-
tioning. Beyond broadening our understanding of emotion recogni-
tion in childhood, addressing these gaps could inform whether the

ability to recognize emotions in vocal bursts is associated with the
development of socioemotional functioning later in life, thus
offering insights for both early assessments and interventions.

To address these gaps, a modestly large sample of children aged
5–8 years completed a computer task in which they heard a series of
vocal bursts emitted by different voices and were asked to identify
the emotion conveyed (Sauter et al., 2013). The task included well-
studied distinct emotions (Ekman & Friesen, 1976), including
happiness, anger, fear, surprise, disgust, and sadness. Additionally,
caregivers completed a well-validated and widely used question-
naire (Strengths and Difficulties; Goodman, 2001) assessing their
child’s socioemotional functioning in various domains, including
emotional symptoms, conduct problems, hyperactivity/inattention,
and prosocial behavior both at the time of the laboratory assessment
(Time 1) and again approximately 3 years later (Time 2).

We evaluated the role of age and gender (along with their
interaction) in predicting overall recognition accuracy (collapsed
across emotions) and recognition accuracy separately for each of the
six distinct emotions. We hypothesized that children’s overall
recognition accuracy would increase with age (Hypothesis 1) and
that girls would recognize emotions more reliably than boys
(Hypothesis 2). While we expected recognition to improve with age
across distinct emotions, we did not have specific hypotheses about
which distinct emotions might show the greatest versus the smallest
improvements with age or for which emotions there would addi-
tionally be interactions with gender.

In a final set of analyses, we assessed whether the ability to
recognize emotions in vocal bursts is associated with functioning in
the aforementioned socioemotional domains: emotional symptoms,
peer relationships, conduct problems, prosocial behavior, and
hyperactivity/inattention. Based on the prior literature establishing a
connection between other forms of emotion recognition (e.g., facial
cues, emotional prosody) and socioemotional functioning, we
generally expected a positive association (Hypothesis 3). That
said, of the latter domains, we expected the weakest association
with hyperactivity/inattention given that it is not directly related
to social communication and understanding.

Method

Participants

The initial sample at Time 1 consisted of 171 children aged 5–8
years, recruited from nearby elementary schools, museums, or
family events (M = 6.86, SD = 1.11, range = 5–8.92). The
determination of the lower and the upper age bounds was guided by
several factors. The lower bound was set at the typical age of school
entry (age 5). We reasoned that the onset of schooling is a pivotal
juncture in a child’s life, potentially impacting their emotional
capacity, socialization processes, and socioemotional development.
The results reported here are part of a broader caregiver–child study
investigating the links between self-control, emotion recognition and
regulation, as well as family dynamics (also see Luerssen et al., 2024).
Delay of gratification was used as a measure of self-control in the
broader study. As children near the end of elementary school, per-
formance on the delay of gratification task starts to show a large ceiling
effect (Ayduk et al., 2000; Luerssen et al., 2015; Rodriguez et al.,
1989); as such, the upper age limit was set at 8 years.

T
hi
s
do
cu
m
en
t
is
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al

A
ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le

is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al

us
e
of

th
e
in
di
vi
du
al

us
er

an
d
is
no
t
to

be
di
ss
em

in
at
ed

br
oa
dl
y.

VOCAL BURSTS AND SOCIOEMOTIONAL CORRELATES 3

A
ll 

rig
ht

s, 
in

cl
ud

in
g 

fo
r t

ex
t a

nd
 d

at
a 

m
in

in
g,

 A
I t

ra
in

in
g,

 a
nd

 si
m

ila
r t

ec
hn

ol
og

ie
s, 

ar
e 

re
se

rv
ed

.



Children visited our laboratory with one accompanying caregiver
(81.01%mothers, 18.35% fathers, 0.63%other), who participated in the
study. The first five children were pilot subjects and were, therefore,
removed from the sample on an a priori basis. Additionally, four
participants were excluded because they were either not in the right age
range (n= 3) or not typically developing (n= 1). After these exclusions,
162 children remained in the final sample. As reported by caregivers,

47.53% of the children were girls, and 52.47%were boys (see Table 1
for the full list of demographics). Age and gender (boy=−1; girl= 1)
were not correlated in this sample, r(160) = .02, p = .79.

Given that the broader child–caregiver study was targeting
multiple constructs (see the Supplemental Materials for a full list of
measures), we did not have an a priori effect size for conducting
power analysis to determine sample size. Our stopping rule was
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Table 1
Participants’ Demographics at T1 and T2

T1 (N = 162) n (%) T2 (N = 98) n (%)

Child variable
Age at T1 Age at T2
5 (23 boys, 21 girls) 44 (27.2) 5 (14 boys, 12 girls) 26 (26.5)
6 (22 boys, 20 girls) 42 (25.9) 6 (15 boys, 13 girls) 28 (28.6)
7 (20 boys, 21 girls) 41 (25.3) 7 (11 boys, 12 girls) 23 (23.5)
8 (20 boys, 15 girls) 35 (21.6) 8 (11 boys, 10 girls) 21 (21.4)

Gender Gender
Girl 77 (47.5) Girl 47 (48.0)
Boy 85 (52.5) Boy 51 (52.0)

Race Race
Asian American 20 (12.3) Asian American 9 (9.2)
Black/African American 6 (3.7) Black/African American 4 (4.1)
Native Hawaiian or Pacific Islander 1 (0.6) Native Hawaiian or Pacific Islander 0 (0)
White 76 (46.9) White 48 (49.0)
Other 10 (6.2) Other 5 (5.1)
Multiracial 42 (25.9) Multiracial 29 (29.6)
Missing 7 (4.3) Missing 3 (3.1)

Ethnicity Ethnicity
Hispanic/Latinx 25 (15.4) Hispanic/Latinx 12 (12.2)
Other 128 (79.0) Other 82 (83.7)
Missing 9 (5.6) Missing 4 (4.1)

Caregiver variable
Age Age
M (SD) 40.1 (4.73) M (SD) 40.2 (4.62)

Gender Gender
Woman 122 (75.3) Woman 73 (74.5)
Man 30 (18.5) Man 17 (17.3)
Other 1 (0.6) Other 1 (1.0)
Missing 9 (5.6) Missing 7 (7.1)

Race Race
Asian American 42 (25.9) Asian American 24 (24.5)
Black/African American 9 (5.6) Black/African American 6 (6.1)
Native Hawaiian or Pacific Islander 1 (0.6) Native Hawaiian or Pacific Islander 0 (0)
White 62 (38.3) White 43 (43.9)
Other 10 (6.2) Other 5 (5.1)
Multiracial 21 (13.0) Multiracial 12 (12.2)
Missing 17 (10.5) Missing 8 (8.2)

Highest degree earned Highest degree earned
High school diploma or equivalent 10 (6.2) High school diploma or equivalent 4 (4.1)
Associate degree (junior college) 12 (7.4) Associate degree ( junior college) 2 (2.0)
Bachelor’s degree 64 (39.5) Bachelor’s degree 42 (42.9)
Master’s degree 44 (27.2) Master’s degree 27 (27.6)
Doctorate 16 (9.9) Doctorate 13 (13.3)
Professional (MD, JD, DDS, etc.) 10 (6.2) Professional (MD, JD, DDS, etc.) 7 (7.1)
Missing 6 (3.7) Missing 3 (3.1)

Household income Household income
$5,000 through $11,999 2 (1.2) $5,000 through $11,999 1 (1.0)
$12,000 through $24,999 1 (0.6) $12,000 through $24,999 0 (0)
$25,000 through $34,999 5 (3.1) $25,000 through $34,999 1 (1.0)
$35,000 through $49,999 6 (3.7) $35,000 through $49,999 2 (2.0)
$50,000 through $74,999 14 (8.6) $50,000 through $74,999 8 (8.2)
$75,000 through $99,999 16 (9.9) $75,000 through $99,999 6 (6.1)
$100,000 and greater 99 (61.1) $100,000 and greater 68 (69.4)
Missing 19 (11.7) Missing 12 (12.2)

Note. T = time.
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therefore guided by the availability of our resources for the study
and the sample sizes published in developmental journals (including
Developmental Psychology; Ball et al., 2017; Bayet et al., 2018;
Simmering & Wood, 2017). Around the time we started data col-
lection (2018), typical sample sizes ranged anywhere from 77 to 208
participants (Bayet et al., 2018; Xiao et al., 2017). Using this as a
rule of thumb, we aimed to recruit 20 boys and 20 girls for each age
group. This approach ensured equal gender representation within
each age category, resulting in a total sample size of 160. We
initially oversampled in anticipation of attrition. Data collection
for Time 1 occurred between January 2018 and January 2020 (just
before the declaration of the global pandemic), forcing us to cease
the data collection before we were able to reach our targeted sample
size for girls at age 8.

Procedure

All procedures were approved by the institutional review board.
The laboratory session lasted approximately 60–90 min, and chil-
dren were compensated with a small toy for their participation. Upon
arrival in the laboratory, an experimenter obtained consent and
parental permission from the accompanying caregiver and informed
assent from the child. Children were then taken to a separate
procedure room and completed a series of questionnaires and
behavioral measures, including the recognition of emotions in the
vocal burst task. Meanwhile, caregivers stayed with a second
experimenter in the control room and completed the caregiver
survey. Measures relevant to the current assessment are described
below with all additional measures outlined in the Supplemental
Materials.
Approximately 2.5–3 years later (M = 2.9 years, SD = .37), all

caregivers who participated in the initial laboratory session were
sent personalized links to a second survey via Qualtrics as part of a
larger follow-up study (Time 2). Of the 162 caregivers included in
the final analysis at Time 1, a total of 98 completed the Time 2
survey. The attrition rate was 39.5%, likely because the follow-up
took place in the middle of the COVID-19 pandemic.
Nevertheless, the Time 2 sample was not significantly different

from the Time 1 sample in terms of caregivers’ age, Mdiff = 0.49,
t(124.6) = 0.61, p = .53; gender, χ2(2) = 0.78, p = .68; or race/
ethnicity, χ2(6) = 4.51, p = .60. Similarly, there were no differ-
ences in child participants’ age at Time 1,Mdiff = 0.02, t(205) = 0.11,
p = .91; gender, χ2(1) = 0.05, p = .81; race, χ2(5) = 5.60, p = .34; or
performance on the vocal burst recognition task, Mdiff = −0.03,
t(134.77) = −1.43, p = .15. However, the Time 2 sample was
significantly higher in income than the Time 1 sample,Mdiff = 0.64,
t(91.50) = 2.63, p = .01.

Measures and Materials

Emotion Recognition From the Vocal Burst Task

Children completed a forced-choice categorization task con-
sisting of 24 emotional sounds presented on an IBM tablet
(Sauter, 2007; Sauter et al., 2010). Child participants were in-
structed to select the emoji that best corresponded to the emotion
conveyed in the vocal bursts. The stimuli were a shortened
subset of affective, nonverbal vocalizations validated with both
adult and child encoders, including laughs, sighs, and grunts

(Sauter et al., 2010, 2013). Four vocalizations (two boys, two girls)
were presented for each of the following distinct emotions: anger
(irrgghh), surprise (woo), happy (laugh), sad (whine), fear (scream),
and disgust (eww).

The task followed a previously validated procedure (Sauter et
al., 2013). For each burst, children were shown four emojis as
response options chosen from a larger pool of six, each corre-
sponding to one of the distinct emotions listed above. Prior to
starting the task, the experimenter trained children on all six emojis
to ensure they knew which emotion each emoji represented. Of the
four emojis presented as response options, one matched the category
of the vocal burst presented. The remaining three emoji options were
randomized and counterbalanced to ensure that all emotions had
equal representation.

Children’s response to each vocal burst was coded as correct (1)
or incorrect (0). Recognition accuracy was computed as the percent
of correct answers. If a child did not respond to at least 50% of trials,
their data were not included in the analysis (n = 2). Otherwise, trials
that were skipped (1.6% of all trials) were treated as incorrect. We
removed one observation as an outlier because it was more than
3.5 SD above the mean.

Socioemotional Functioning at Times 1 and 2

To assess children’s socioemotional functioning both at Times 1
and 2, caregivers completed the Strengths and Difficulties
Questionnaire (Goodman, 2001). The original measure includes five
subscales, each consisting of five items that assess (a) emotional
symptoms (e.g., “has many fears, easily scared”), (b) conduct problems
(e.g., “often fights with other children”), (c) hyperactivity/inattention
(e.g., “restless, overactive”), (d) peer problems (e.g., “has been picked
on or bullied by other children”), and (e) prosocial behavior (e.g.,
“shares readily with other children”). Caregivers rated their agreement
with each item on a scale of 1 (strongly disagree) to 5 (strongly agree).
As part of our team’s effort to reduce the length of the caregiver survey,
we omitted one item from the emotional symptoms subscale (often
complains of headaches) given that we deemed its relevance to the
respective subscale ambiguous. Caregivers’ ratings were averaged to
create a summary score for each subscale. The peer problems subscale,
consisting of four items, had low reliability at Time 1 (α = .29) and at
Time 2 (α = .50); therefore, it was dropped from our analyses.

Transparency and Openness

All statistical analyses were performed using RStudio (R Core
Team, 2021) in the R programming environment. We reported how
we determined our sample size, all data exclusions, and all measures
used in the study.We also followed Journal Article Reporting Standards
(Appelbaum et al., 2018). All data, research materials, and analysis
code for review purposes are publicly available on the Open Science
Framework at https://osf.io/qgy92/?view_only=8d69bb661904490
999165453cb3f55ef. The study reported in this article was not
preregistered.

Data Analytic Plan

Descriptive statistics for all the variables are displayed in
Table 2, and their intercorrelations are displayed in Supplemental
Tables S2 and S3. We first compared the recognition accuracy of
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emotions conveyed through vocal bursts across distinct emo-
tions and then examined how overall recognition accuracy and
recognition accuracy for distinct emotions changed with age.
This was followed by an analysis of the interaction between
age and gender on overall recognition accuracy and recognition
accuracy for distinct emotions. Finally, we explored the re-
lationships between recognition accuracy and the various do-
mains of socioemotional functioning.

Results

Recognition Accuracy

Overall recognition accuracy (percentage of correct responses
collapsed across distinct emotions) in the sample was 82.3%,
which is significantly above chance (see Table 3). Accuracy
rates for all six distinct emotions were also above chance (>25%
correct for all emotions), with children showing the highest
accuracy for happiness, followed by anger and disgust, and
then by surprise and sadness. Accuracy was the lowest for fear
(see Figure 1).
Holm p value pairwise comparisons showed that accuracy for

happiness (highest) and fear (lowest) were significantly different
than accuracy for all other emotions. Anger and disgust did
not differ significantly from one another nor did surprise and
sadness.

Recognition Accuracy Across Age

We first regressed overall recognition accuracy on age (in
months). Then, we repeated this analysis separately for each distinct
emotion. Age had a significant positive effect on all accuracy indices
aside from happiness, which was positively associated with age at a
marginal level (see Table 4 and Figure 2).

Visual inspection of these trajectories suggested that there might
be a nonlinear association between age and recognition accuracy for
some emotions (e.g., disgust, sadness), which we explored in two
ways. First, we tested the significance of the change in accuracy
from ages 5 to 6. This did not reveal a consistent pattern across
emotions, with growth significant for disgust, β = .56, 95% CI
[0.14, 0.99], t(155) = 2.63, p = .009, and sadness, β = .48, 95%
CI [0.06, 0.89], t(155) = 2.28, p = .024, but not for happy,
surprise, anger, or fear: jtjs < 1.78. Second, we fit a curvilinear
effect of age in the regression analyses reported above. The
quadratic term was not statistically significant for any of the
emotions, jtjs < 0.97. Taken together, these analyses indicated
that the effect of age on recognition accuracy was best captured
by the linear term.T

hi
s
do
cu
m
en
t
is
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al

A
ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le

is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al

us
e
of

th
e
in
di
vi
du
al

us
er

an
d
is
no
t
to

be
di
ss
em

in
at
ed

br
oa
dl
y.

Table 2
Descriptive Statistics

Variable

Time 1 Time 2

M SD α M SD α

Emotion accuracy 0.82 0.11
Emotional symptoms 2.18 0.88 .71 2.35 0.88 .79
Conduct problems 1.74 0.65 .70 1.70 0.57 .76
Hyperactivity 2.74 0.86 .76 2.58 0.77 .78
Prosocial behavior 4.09 0.69 .82 4.03 0.62 .80

Note. Emotion accuracy scores ranged from 0 to 1, while socioemotional
scores ranged from 1 to 5. α represents estimates of reliability.

Table 3
Recognition Accuracy Against Chance

Emotion

Accuracy by emotion

% correct t p

Total 82.3 64.87 <.001
Happy 97.2a 93.47 <.001
Anger 88.4b 43.95 <.001
Disgust 87.7b 43.99 <.001
Surprise 79.6c 32.16 <.001
Sad 78.5c 25.77 <.001
Fear 62.6d 17.77 <.001

Note. Percentage correct was tested against chance (25%). Different
subscripts for distinct emotions indicate that accuracy rates are significantly
different from each other at Holm-adjusted p < .05.

Figure 1
Recognition Accuracy Across Distinct Emotions

Note. Recognition accuracy is operationalized as the percentage of trials
correct for each distinct emotion. Figure included 95% confidence intervals.

Table 4
Age Regressed on Recognition Accuracy

Emotion B [95% CI] Std. β [std. 95% CI] t df p

Overall 0.03 [0.02, 0.05] 0.34 [0.19, 0.49] 4.50 157 <.001
Anger 0.03 [0.00, 0.05] 0.16 [0.00, 0.31] 1.99 157 .048
Disgust 0.03 [0.01, 0.06] 0.20 [0.04, 0.35] 2.51 157 .013
Fear 0.04 [0.01, 0.08] 0.18 [0.03, 0.34] 2.31 157 .022
Happy 0.01 [−0.00, 0.03] 0.15 [−0.01, 0.30] 1.86 157 .065
Sad 0.06 [0.02, 0.10] 0.25 [0.10, 0.40] 3.23 157 .001
Surprise 0.03 [0.00, 0.06] 0.16 [0.00, 0.31] 2.02 157 .045

Note. Age was scored in months. CI = confidence interval; Std. =
standardized.

6 UGURLU, LUERSSEN, OCAMPO, JOHN, AND AYDUK

A
ll 

rig
ht

s, 
in

cl
ud

in
g 

fo
r t

ex
t a

nd
 d

at
a 

m
in

in
g,

 A
I t

ra
in

in
g,

 a
nd

 si
m

ila
r t

ec
hn

ol
og

ie
s, 

ar
e 

re
se

rv
ed

.



Age × Gender Interactions in Recognition Accuracy

To examine whether gender moderated the effect of age, we
regressed overall recognition accuracy on age (months; group mean
centered), gender (boy = −1; girl = 1), and the interaction between
age and gender. There was amain effect of age, β= .34, t(155)= 4.66,
95% CI [0.19, 0.48], p < .001, and a main effect of gender, β = .23,
t(155) = 3.28, 95% CI [0.09, 0.38], p = .001. However, these main
effects were qualified by a significant Age × Gender interaction,
β = −.19, t(155) = −2.61, 95% CI [−0.33, −0.05], p = .010.
As illustrated in Figure 3, simple slopes analysis (Aiken et al.,

1991) showed that for boys, recognition accuracy improved sig-
nificantly from ages 5 to 8, β = .52, t(155) = 5.25, p < .001. By
contrast, for girls, recognition accuracy did not change across the

same developmental period, β = .15, t(155) = 1.42, p = .158.
Furthermore, at age 5, girls were better at recognizing emotions than
boys, β = 1.10, t(155) = 3.88, p = .001, but this difference was no
longer significant at age 8, β = .08, t(155) = 0.41, p = .686.

Using the same approach outlined above, next we examined
Age × Gender interactions in predicting recognition accuracy at
the level of distinct emotions. The interaction term was only
significant for sadness, β = −0.17, t(155) = −2.26, p = .025, and
anger, β = −0.16, t(155) = −2.06, p = .041 (p > .099 for all other
emotions; see Figure 4). Simple slopes analysis showed that
for boys, recognition accuracy for sadness improved significantly,
β = .42, t(155) = 4.00, p < .001. By contrast, for girls, recognition
accuracy for sadness did not change across the same develop-
mental period, β = .08, t(155) = 0.70, p = .484. In terms of anger,
boys’ recognition accuracy again improved significantly, β = .31,
t(155) = 2.93, p = .004, but girls’ did not, β = −0.01, t(155)= −0.05,
p = .963. Full results for all distinct emotions can be found in
Supplemental Table S1.

Recognition Accuracy Predicting Socioemotional
Functioning

In our final analyses, we explored the association between emotion
recognition accuracy in vocal bursts and children’s socioemotional
functioning as reported by their caregivers. We predicted ratings on
each socioemotional subscale (emotional symptoms, conduct pro-
blems, hyperactivity/inattention, prosocial behavior) from overall
recognition accuracy, as we did not have specific hypotheses about
recognition ability at the level of distinct emotions and aimed to avoid
inflating Type 1 error due to multiple comparisons when predicting
five socioemotional domains at the distinct emotion level (see
Supplemental Table S4 for this analysis).
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Figure 2
Age Regressed on Recognition Accuracy for Each Distinct Emotion
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Figure 3
Age × Gender Interaction in Overall Recognition Accuracy

Note. See the online article for the color version of this figure.

Figure 4
Age ×Gender Interactions in Recognition Accuracy Across Distinct
Emotions

Note. Girls and boys are plotted at the same age, but for better visual
presentation, their means and confidence intervals are slightly offset on the
x-axis. See the online article for the color version of this figure.
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Results at Time 1 showed that recognition accuracy positively
predicted child prosociality, β = .28, t(151) = 3.60, p < .001, and
negatively predicted conduct problems, β = −.20, t(151) = −2.56,
p < .01. Associations with the other subscales were nonsignificant
(jtjs < 1.36). A second step in the regression controlled for the
child’s age and gender. The effect of recognition accuracy on
prosociality remained significant, β = .25, t(149) = 3.02, p < .001,
while the effect on conduct problems became marginal, β = −.17,
t(149) = −1.95, p = .05. Once again, no other effects were sig-
nificant (jtjs < 1.02; see Table 5).
For Time 2 outcomes, recognition accuracy (from Time 1)

positively and prospectively predicted child prosociality, β = .19,
t(94) = 1.91, p = .05, and negatively predicted hyperactivity,
β = −.21, t(94) = −2.11, p = .03. Associations with emotional
symptoms and conduct problems were not significant (jtjs < 0.38). A
second step in the regression controlled for the child’s age, gender,
and time lag between Time 1 and Time 2 assessments (see Table 6).1

These analyses showed that the effect for prosociality, β = .26,
t(91) = 2.33, p = .02, and hyperactivity, β = −.24, t(94) = −2.06,
p = .04, remained significant. Associations with emotional symp-
toms and conduct problems were not significant (jtjs< 0.98). As a
third step, we controlled for Time 1 assessments of each sub-
domain of socioemotional functioning. When accounting for
socioemotional functioning at Time 1, our results showed that the
effects of prosociality, β = .17, t(88) = 1.76, p = .08, and
hyperactivity, β = −.17, t(88) = −1.86, p = .06, became marginal
(see Table 6). Associations with emotional symptoms and con-
duct problems were not significant (jtjs < 0.24).

Discussion

The ability to recognize expressions of emotion, an aspect
of emotion reasoning (Ruba & Pollak, 2020), is one linchpin of
effective social interactions (Denham, 2007; Denham et al., 2003;
Keltner & Haidt, 1999; Keltner & Kring, 1998; van Kleef & Côté,
2022) and is predictive of socioemotional functioning in childhood
(Parker & Gottman, 1989). Although extensive research has explored
changes in emotion recognition over the course of development in
boys and girls (Kok et al., 2014;Williams et al., 2009), the majority of
this research has primarily focused on facial cues (Denham et al.,
2003; Widen & Russell, 2008). This raises the question of when

children are able to recognize emotions in other modalities, such as
those conveyed via vocal bursts, and whether this ability is also
connected to socioemotional functioning (for review, Kilford et al.,
2016). To address this gap, we assessed (a) the developmental
trajectories of the ability to recognize emotions in vocal bursts (overall
and by distinct emotion) among children aged 5–8 years, (b) the role
of gender in moderating these developmental trajectories, and (c) the
socioemotional correlates of this emotion recognition ability.

Our results showed that all of the distinct emotions were rec-
ognized above the chance level in this age range. These findings
align with prior research on emotion recognition from vocal cues
(Cordaro et al., 2016; Sauter et al., 2013; Simon-Thomas et al., 2009).
Happiness was the most accurately recognized emotion. This is also
consistent with prior research, which has shown that happiness in
facial expressions tends to be recognized earlier in development
than distinct negative emotions (Boyatzis et al., 1993; Camras &
Allison, 1985; Gosselin & Larocque, 2000; Herba et al., 2008;
Maassarani et al., 2014; Montirosso et al., 2010; Widen & Russell,
2003). After happiness, recognition accuracy was the highest for
anger and disgust, which were recognized equally well. Accuracy
for surprise and sadness came next. Finally, among the well-studied
emotions in this study, fear was the least well recognized. One
possible explanation for this finding is that the relatively privileged
children in our sample may have had more limited exposure to
emotive screams in everyday life, at least in comparison to other
emotion vocalizations such as ewws and laughs. The finding that
recognition accuracy was lower for fear aligns with some studies on
facial cues (Boyatzis et al., 1993; Camras &Allison, 1985; Gosselin&
Larocque, 2000), but not others (Maassarani et al., 2014;Montirosso et
al., 2010). Given these mixed findings, more research is needed to
determine whether this effect is indeed unique to the emotion con-
veyed in the vocal domain.

Next, we investigated the developmental trajectories of emotion
recognition in vocal bursts. Consistent with previous findings
(Chronaki et al., 2015; Grosbras et al., 2018; Sauter et al., 2013)
and our hypotheses (Hypothesis 1), we found that recognition
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Table 5
Recognition Accuracy Predicting Socioemotional Functioning at Time 1

Predictor

Socioemotional functioning at Time 1

Emotional symptom Conduct problem Hyperactivity Prosociality

β (std. SE) β (std. SE) β (std. SE) β (std. SE)

Step 1
Recognition accuracy −0.01 (.08) −0.20 (.08)* −0.11 (.08) 0.28 (.08)**

Step 2
Recognition accuracy −0.09 (.09) −0.17 (.09)† −0.09 (.09) 0.25 (.08)**
Gender 0.06 (.08) −0.14 (.08) −0.18 (.08)* 0.22 (.08)**
Age 0.20 (.09)* −0.01 (.09) 0.04 (.09) −0.06 (.08)

Note. Separate regressions were run for emotion accuracy as a predictor; for gender, boy = −1, girl = 1. Std. = standardized;
SE = standard error.
* p < .05. ** p < .01. † p < .10.

1 We opted to control for the latter because the lag between Time 1 and
Time 2 assessments varied substantially (range = 2.4–4.05 years),
potentially impacting the child’s age and subsequently the key outcomes
we measured.
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accuracy improved overall between the ages of 5 and 8 and for
all distinct emotions except happiness. Recognition for happiness
was trending in the expected direction but remained marginal, likely
due to a ceiling effect. A more granular analysis revealed that the
largest improvement in accuracy tended to occur between the ages
of 5 and 6 and then slowed thereafter. This might be related to the
onset of schooling, including more exposure to others’ emotions or
even lessons about emotion in the kindergarten curriculum.
Consequently, ages 5–6 might be a pivotal period for caregivers and
educators to directly engage children in discussions about emotions,
using playbooks or games as tools. Unfortunately, our data do not
provide a timeframe to pinpoint when the development of emotion
recognition in vocal bursts starts to plateau or reach adult-level
proficiency. We did find that among our oldest participants,
accuracy was relatively high for happiness, anger, and disgust
(around 85%–95%), indicating that children might be nearly pro-
ficient at recognizing these emotions by age 8. By contrast, accuracy
for surprise, sadness, and particularly fear remained lower (around
60%–80%), suggesting the possibility of more protracted devel-
opment. Future (particularly longitudinal) research should include
an older sample to more fully explore this question.
Next, we investigated the moderating role of gender in recog-

nition accuracy. Consistent with some research on vocal bursts
(Allgood & Heaton, 2015; Chronaki et al., 2015; Grosbras et al.,
2018), we hypothesized that girls would be more accurate than boys
overall (Hypothesis 2), which was supported albeit in a nuanced
way. That is, although girls were better than boys at recognizing
emotions in vocal bursts at the age of 5 (consistent with Hypothesis
2), this difference disappeared by age 8. Moreover, for girls,
accuracy did not change significantly across this developmental
period, suggesting that this skill may be honed early on. By contrast,
boys showed marked improvement across this developmental
period and finally caught up with their female peers. This same pattern
was observed for sadness and anger at the level of distinct emotions.
These findings are consistent with a small body of research

demonstrating that girls tend to be more proficient than boys at
recognizing both sadness (Mancini et al., 2018) and anger
(Lawrence et al., 2015; Montirosso et al., 2010) in facial expressions.
Taken together, the overall gender effects reported in our study are
consistent with the continuing presence of gender norms surrounding
the experience and understanding of emotions. This aligns with
findings from the meta-analysis by McClure (2000), which showed
that girls develop emotion recognition abilities earlier than boys. In
line with socialization processes, caregivers may provide more
emotion-related feedback to girls at early ages (Aznar &
Tenenbaum, 2015; Fivush et al., 2000), fostering an environment
where they have greater exposure to emotional cues and thus more
opportunities to practice interpreting them. This exposure may facilitate
the recognition of emotional expressions, as individuals tend to more
accurately recognize emotions they frequently encounter in social in-
teractions due to familiarity (Calvo et al., 2014). Additionally, the early
maturation of facial expression processing networks in girls, combined
with the suppressive effect of androgens on amygdala function in boys,
may help explain these early disparities (McClure, 2000).

Finally, we examined the socioemotional correlates of recognition
of vocal bursts cross-sectionally and longitudinally and generally
expected positive associations (Hypothesis 3). Our results from cross-
sectional analyses suggested that the capacity to recognize emotions
in vocal bursts did not correlate with caregivers’ perceptions of
children’s emotional symptoms (e.g., often worried, depressed,
nervous, having fears) or hyperactivity. However, those children
who were better at recognizing emotions in vocal bursts were less
susceptible to conduct problems (e.g., fighting with other chil-
dren, lying, cheating, losing temper) and more likely to exhibit
prosocial behavior (e.g., considering others’ feelings, assisting
those experiencing distress, consistently displaying kindness),
with the latter effect staying significant even when controlling for
age and gender.

Emotion recognition ability at Time 1 also predicted less hyper-
activity and more prosociality at Time 2, though these relationships
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Table 6
Recognition Accuracy Predicting Socioemotional Functioning at Time 2

Predictor

Socioemotional functioning at T2

Emotional symptom Conduct problem Hyperactivity Prosociality

β (std. SE) β (std. SE) β (std. SE) β (std. SE)

Step 1
Recognition accuracy (T1) 0.04 (.10) 0.00 (.10) −0.21 (.10)* 0.19 (.10)*

Step 2
Recognition accuracy (T1) −0.00 (.12) −0.11 (.11) −0.24 (.11)* 0.26 (.11)*
Age (T1) 0.15 (.11) 0.21 (.11)† 0.13 (.11) −0.18 (.11)
Gender −0.09 (.11) 0.07 (.11) −0.09 (.11) 0.06 (.10)
Time lag between T1 and T2 assessments −0.06 (.11) −0.21 (.10)† 0.00 (.10) 0.24 (.10)*

Step 3
Recognition accuracy (T1) 0.02 (.10) 0.02 (.10) −0.17 (.09)† 0.17 (.10)†

Age (T1) 0.06 (.10) 0.19 (.10)* 0.05 (.09) −0.21 (.09)*
Gender −0.05 (.09) 0.12 (.09) 0.02 (.09) −0.07 (.09)
Time lag between T1 and T2 assessments 0.11 (.10) −0.17 (.09) 0.03 (.08) 0.18 (.09)
Socioemotional functioning (T1) 0.53 (.10)** 0.54 (.09)** 0.62 (.08)** 0.56 (.09)**

Note. Separate regressions were run for recognition accuracy as a predictor; for gender boy = −1, girl = 1. Std = standardized; SE = standard error;
T = time.
* p < .05. ** p < .01. † p < .10.
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became statistically marginal when Time 1 levels and other relevant
covariates were also included as predictors. We note, however, that
the effect sizes for emotion recognition at Time 2 were similar with
(.17) and without covariates (.19) in the model. Therefore, we believe
that the reduction in statistical significance may in part be due to low
power (i.e., losing degrees of freedom).
Taken together, our results were broadly consistent with

Hypothesis 3. They also aligned well with previous research
demonstrating that reliable emotion recognition promotes appro-
priate social responses, underscoring the robust association between
emotion recognition in vocal bursts and prosociality. For instance,
individuals, including children, adept at discerning emotions from
affective cues in others are more likely to recognize sadness in
a peer, understand their needs, and respond with comforting
behaviors (Eisenberg & Fabes, 1995; Izard, 2002). Therefore,
reliable emotion recognition facilitates the appropriate utilization
of emotions, fostering prosocial behaviors such as sharing and
helping, all aimed at benefiting others (de Waal, 2008; Dovidio,
2001; Izard et al., 2000; Penner et al., 2005). Relatedly, these
findings support previous evidence showing that the ability to
recognize emotions in others strongly correlates with the capacity
for empathy (Mayer et al., 1990), which in turn plays a crucial
affiliative role in social interactions, aiding in the formation and
maintenance of healthy relationships (Anderson & Keltner, 2002;
Ringwald & Wright, 2021).

Limitations and Future Directions

Although the current research enriches our understanding of
emotion recognition in childhood, there are several limitations.
First, although our stimuli derive from well-studied emotions
(Ekman, 1992), recent research suggests that people experience
and express a much broader range of emotions (Cordaro et al., 2016;
Cowen et al., 2019). Therefore, future research should explore
when, how, and by whom other distinct emotions are recognized in
vocal bursts. Second, although contextual information is instru-
mental in identifying emotions in natural settings (Barrett et al.,
2011), our stimuli were presented in isolation. On the other hand,
identifying emotions in vocal bursts without broader context might
be a more challenging task for young children and may thus be more
diagnostic of their skills and more predictive of socioemotional
outcomes. Nevertheless, future research should compare and con-
trast emotion recognition accuracy in vocal bursts presented with
contextual information versus without it.
The demographic characteristics, specifically parental education

(>40% held graduate degrees) and household income (>60% reported
annual incomes exceeding $100,000), of our sample warrant caution
when considering the generalizability of our results to less educated
and less wealthy populations. Because socioeconomic status shapes
children’s developmental trajectories quite powerfully (Neuman &
Moland, 2019; Reiss, 2013), the question of whether we would see
stronger or weaker relationships between recognition ability in vocal
bursts and socioemotional functioning necessitates attention in future
research. Age-related changes seen in vocal emotion recognition
ability may also be different depending on family socioeconomic
status as prolonged exposure to poverty, and therefore chaos in the
household, might delay the development of children’s emotion
recognition abilities (Raver et al., 2015). On the other hand,
households with lower socioeconomic status may place greater

emphasis on social connectedness (Kraus et al., 2009, 2012) andmight
therefore expose children to richer affective experiences, facilitating
the development of emotion recognition. Future research should
examine these possibilities and assess the generalizability of the
findings presented here in a more socioeconomically diverse sample.

Finally, our data do not directly compare emotion recognition
accuracy in faces versus voices to determine whether one is a
stronger predictor of socioemotional competencies than the other.
Future studies should directly compare these modalities in young
children and evaluate their relative associations with children’s
socioemotional outcomes.

Conclusion

These limitations aside, the current research contributes to the
broader emotion reasoning literature by examining the develop-
mental trajectories, gender interactions, and socioemotional corre-
lates of an understudied aspect of emotion recognition in vocal
bursts. The insights gained from this research have the potential to
facilitate the identification of critical periods for targeted inter-
ventions, educational strategies, and caregiver practices aimed at
fostering emotional literacy and socioemotional competence in
children.
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