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Children’s ability to accurately recognize the external emotional signals produced by those around them
represents a milestone in their socioemotional development and is associated with a number of important
psychosocial outcomes. A plethora of individual studies have examined when, and in which order, children
acquire emotion knowledge over the course of their development. Yet, very few attempts have been made to
summarize this body of work quantitatively. To address this, the present meta-analysis examined the age-related
trajectories of emotion recognition across childhood and the extent to which typically developing children’s
recognition of external emotional cues (in the face, voice, and body) is influenced by a host of participant-, task-,
and stimulus-related factors.We analyzed children’s emotion recognition overall (independent of specific emotion
categories) and for specific basic emotions. In total, k= 129 individual studies, investigating a total ofN= 31,101
2–12-year-old children’s emotion recognition abilities were included in our analyses. Children’s recognition
accuracy across all emotion categories was significantly above chance and improved with age in the samemanner
for all emotions. Emotion recognition accuracy was alsomoderated by region of study and task type. The order in
which children became proficient at identifying specific emotions was consistent with previous qualitative
reviews: Happiness was the easiest emotion to recognize, and disgust and fear were themost difficult to recognize
across age. Task- and stimulus-relatedmoderator variables also influenced specific emotion categories in different
ways.We contextualize these results with regard to children’s socioemotional development more broadly, andwe
discuss how our findings can be used to guide researchers and practitioners interested in children’s social skills.

Public Significance Statement
The accurate recognition of others’ emotions is a fundamental social skill, relevant for navigating the
social world from early childhood. The present meta-analysis demonstrates that children’s emotion
recognition accuracy increases across childhood in the same manner for different emotions (i.e.,
happiness, sadness, fear, anger, surprise, and disgust). In addition, children’s emotion recognition
accuracy was found to depend on tasks that are used to test these abilities. These findings suggest that
child development researchers and practitioners should carefully consider age as well as the tests they
use when assessing emotion recognition in childhood.
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The ability to accurately recognize and interpret the emotional
signals produced by other human beings is a vital social skill that is
gradually honed throughout childhood. Typically, studies in the
field refer to this ability as emotion recognition—the ability to infer
the internal emotional state of an individual based on a series of
external cues (e.g., a configuration of facial muscle movements,
body language, or vocal prosody)—and differentiate this state from
a list of other emotion categories (Ruba & Pollak, 2020). Many
researchers have adopted vastly different approaches and paradigms
to examine how children develop these skills, but only a few
attempts have been made to analyze what is now a wealth of
literature in a systematic way (Herba & Phillips, 2004; Ruba &
Pollak, 2020; Widen, 2013). The current article attempts to address
this problem, providing the first comprehensive meta-analysis that
estimates the extent to which age, task-related properties, and their
interaction, influence typically developing children’s emotion
recognition abilities.
The large size of the literature on children’s emotion recognition

competencies may be ascribed at least partly to the fact that emotion
recognition skills are related to a variety of psychosocial outcomes.
Children who are more proficient in recognizing the emotions of
others perform better in school (Izard et al., 2001; Torres et al., 2015;
Widen, 2019), have higher self-confidence (Widen, 2019), and
increased social adjustment (Goodfellow & Nowicki, 2009).
Conversely, emotion recognition deficits have been related to a
number of disorders present in childhood, including attention deficit
hyperactivity disorder (Da Fonseca et al., 2009), autism (Lozier et
al., 2014), and psychopathic traits (Dawel et al., 2012; for review,
see; Collin et al., 2013). As such, emotion recognition abilities have
been argued to represent an important life skill that is relevant even
in early childhood (Herba & Phillips, 2004).
Children become increasingly better at recognizing external

emotional cues across childhood (Herba & Phillips, 2004).
Still, given the large volume of studies on children’s emotion
recognition abilities, a wide variety of tasks and stimuli have been
used, making it difficult to delineate how this process occurs.
In other words, the extent to which task- and stimulus-related
features, that, along with age, may influence these developmental
trajectories is currently unclear. In this meta-analysis, we attempt to
address this problem. We consider all conceptualizations and
paradigms of emotion recognition in children aged 2 to 12 that use
stimuli of discrete basic emotions (happiness, sadness, fear, anger,
surprise, disgust). In the following sections, we will summarize
the current state of the field, reviewing the myriad of studies
that have examined children’s emotion recognition competencies.
Furthermore, we highlight some of the methodological factors
that, along with age, may influence children’s responses in emo-
tion recognition paradigms. We then perform two separate meta-
analyses: one that tracks the development of emotion recognition
across age more generally (independent of emotion categories),
and another that considers the trajectories of specific basic
emotions separately.
An important caveat, here, is that much of the work in this field

implicitly endorses the “basic emotion theory.” According to this
view, a set of basic emotions—happiness, sadness, anger, fear,
disgust, and surprise—are argued to all have an evolutionarily
rooted, culturally universal facial expression (Ekman, 1970). In the
literature, these categories of expression are typically composed of
rigid and highly intense combinations of external facial cues that are

argued to represent a direct “readout” of one’s internal emotional
state. For example, the facial muscles zygomaticus major and
orbicularis oculi contract in unison (resulting in a smile and the
raising of the cheeks), and this indicates that one feels the emotion
happiness. This view has received criticism (Barrett et al., 2019;
Cowen et al., 2019; Durán & Fernández-Dols, 2021; Russell &
Barrett, 1999). For example, the constructionist approach to
emotions (e.g., Barrett, 2017; Barrett et al., 2019) suggests that
expressions of these emotions may not be as culturally universal as
has been previously claimed and there appears to exist substantial
variation in how individuals display certain emotions, even in
identical contexts.

According to this constructionist approach, which sees cultural
learning and the language acquisition as crucial in emotional
development, children learn to differentiate between discrete emotion
categories within their culture as emotion words and concepts are
acquired throughout infancy and childhood (Shablack & Lindquist,
2019). Thus, infants are not born able to discriminate between discrete
emotion categories but start with experiencing and perceiving general
core affective states, which they start differentiating and refining into
specific emotion categories with the development of the conceptual
knowledge about emotions (Hoemann et al., 2019; Shablack &
Lindquist, 2019). Accordingly, children start recognizing happiness for
pleasant feelings and sadness (or sometimes anger) for unpleasant
feelings at around the age of two. At around this time, they also acquire
these emotion words, and, with age, they expand their vocabularies to
include fear, surprise, and finally disgust (Widen, 2013; Widen &
Russell, 2008a). Contrastingly, although the basic emotion theory
postulates that humans are born prepared to experience and
differentiate between discrete emotions, these theories also assume
that emotion differentiation may increase with age as maturation and
social determinants may influence this ability throughout childhood
(Izard, 1971, 1977). Therefore, according to both theories, emotion
recognition should increase with age in childhood, but both emphasize
different mechanisms.

Although we structure our meta-analysis within the framework of
basic emotion theory, we do not necessarily endorse it. We are not
attempting to solve this theoretical debate (for more detailed
discussions, see; Adolphs et al., 2019; Barrett, 2014; Cowen et al.,
2019); rather, our goal is to attempt to analyze developmental
emotion recognition trajectories within the context of the existing
literature, which largely conforms to this view. In addition, given the
pertinent psychosocial outcomes associated with poor emotion
recognition skills in childhood discussed above (Izard et al., 2001;
Torres et al., 2015; Widen, 2019), such an analysis remains needed
and useful.

Emotion Recognition Across Age

A number of studies, in a body of literature that now spans
roughly half a century, have investigated the precise developmental
trajectory in which infants and children learn to differentiate
particular emotion categories (for reviews, see: Gross & Ballif,
1991; Herba & Phillips, 2004; Ruba & Pollak, 2020; Widen, 2013).
Few have attempted to summarize this wealth of studies in any
systematic way. In one such attempt, Herba and Phillips’ (2004)
review the behavioral and neuroimaging studies concerning
children’s facial emotion recognition abilities. They find a typical
pattern across studies investigating facial expressions, in which
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children begin by being able to recognize expressions of happiness
earliest in childhood, followed by expressions of sadness and anger,
then by fear and surprise, ending in disgust. The authors highlight
that methodological inconsistencies between studies make it
difficult to draw systematic conclusions. This problem has become
no less apparent in recent years, as more and more studies have
attempted to clarify how children make sense of such external
emotional cues (Ruba & Pollak, 2020).
Widen (2013) examined the specific age-related trajectories

associated with children’s freely produced labels of facial
expressions. The author argues that infants first interpret emotional
cues as valence-based categories (e.g., pleasant or unpleasant) and
gradually develop their abilities in order to deduce discrete emotion
categories across childhood. This process has been termed the
“broad-to-differentiated” hypothesis (Widen, 2013; Widen &
Russell, 2008a). In free-label tasks (where children are asked to
produce their own labels for categories of emotional stimuli), a
similar pattern to that suggested by Herba and Phillips (2004) was
found. Happy smiles were the first facial expression of emotion
children consistently identified (from around 24 months of age). As
children hone their expressive language abilities and gain
experience in the social world, they add more emotion terms to
their arsenal. From around 3 years of age, they correctly produce
labels for angry scowls and sad cries. It is not until much later during
middle-childhood (from around 9 years of age) that children
correctly identify disgust nose scrunches in free-labeling tasks
(Widen, 2013) and these are still often confused with angry scowls
(Widen & Russell, 2010b).

Methodological Features of Emotion
Recognition Paradigms

Whereas it is known that the recognition of discrete facial emotion
categories (particularly in free-label type tasks) follows a broadly
consistent trajectory, it is unclear how much such age-related
trajectories are robustly found independently of themethodology used.
For example, some individual studies find inconsistent recognition
trajectories. Contrary to claims made by Widen (2013), Montirosso et
al. (2010), in their study with dynamic expressions, found that angry
and sad faces were the least accurately recognized at low intensity in
their sample of 4–18-year-old children, with recognition rates lower
than that of disgust and fear faces. Moreover, a forced-choice study by
Garcia and Tully (2020) found that recognition rates of photographs
displaying happiness and sadness facial expressions were highly
similar when these emotions were shown at low intensity, with a
difference only becoming apparent with high intensity expressions.
Finally, Gagnon et al. (2010) found that 5- and 6-year-olds were highly
accurate in discriminating fear and disgust facial expressions from
other emotion categories when they were asked to match them based
on perceptual features (rather than based on specific emotion terms).
These inconsistencies highlight the potential interaction between age
and certain methodological properties and how it may influence
children’s responding in emotion recognition tasks.
Other task- and stimulus-related features may also influence

emotion recognition. For example, in early investigations, the
majority of works in the field of emotion recognition focused on
children’s ability to identify static, highly posed, and highly intense
emotional expressions of adult faces. For both practical and
theoretical reasons, studies tended to make use of the same stimulus

databases (e.g., Pictures of Facial Affect; Ekman, 1976). In recent
years, more studies have begun to make use of more naturalistic
(nonposed; e.g., Dawel et al., 2015), subtle (e.g., Gao & Maurer,
2009; Montirosso et al., 2010; Rosenqvist et al., 2014), and dynamic
(e.g., Kessels et al., 2014; Montirosso et al., 2010; Richoz et al.,
2018; Widen & Russell, 2015) stimuli. In addition, researchers
have begun to examine other expression modalities, such as body
posture (e.g., de Gelder et al., 2010; Mondloch et al., 2013) and
vocalizations/emotional speech (e.g., Chronaki et al., 2015; Gil et
al., 2016; Sauter et al., 2013). Finally, more recent studies have used
stimuli derived from children and adolescents (e.g., Theurel et al.,
2016), rather than only those of adults. All of these many stimuli
types may be more representative of the emotional contexts that
children are more likely to encounter in daily life and, thus, more
representative of the trajectory in which these abilities develop
(Vieillard & Guidetti, 2009).

These stimulus-type considerations are not trivial. In their meta-
analysis of older and younger adults’ emotion recognition
competencies, Gonçalves et al. (2018) found that stimulus features
(monochrome vs. color, virtual vs. natural, static vs. dynamic)
moderated disgust recognition in older adults. Similarly, in a meta-
analysis by Hayes et al. (2020), also examining recognition accuracy
differences between older and younger adults, the authors found
strong age-related effects on emotion recognition—but these were
also moderated by stimulus features. Here, older adults performed
significantly better than younger adults in recognizing disgust in
studies using Ekman’s (1976) Pictures of Facial Affect, but this
result did not hold when studies used alternative stimulus sets (with
older adults demonstrating inferior recognition than younger adults).
As such, at least in adults, different stimulus properties appear to
interact with age to produce measurable differences in emotion
recognition competencies.

There have been no similar meta-analyses with a specific focus on
stimulus-related effects on emotion recognition in the child
development literature. Nevertheless, some individual studies point
to some key differences in children’s recognition competencies
between particular stimulus types. For example, Richoz et al. (2018)
examined the recognition of static and dynamic facial expressions
across the lifespan, testing a group in the range of 5–96-years-old.
For the majority of the emotions included in the study, the authors
found a dynamic over static advantage that differed in magnitude
across age. This result demonstrates that stimulus feature considera-
tions may interact with age—potentially providing children at some
ages with a “toe-hold” to better recognition accuracy. Yet, this result
is inconsistent with two other studies (Nelson et al., 2013; Widen &
Russell, 2015), that found that children were no better at identifying
dynamic expressions than they were at identifying static expressions
(albeit in a free-labeling paradigm).

In addition to considerations of dynamic versus static stimuli,
stimulus intensity also appears to be important when considering
how emotion recognition develops. As for dynamic stimuli, some
discrete emotion categories may be better recognized at lower
intensities than others. Indeed, emotions in real life are seldom
experienced at the full, and often exaggerated, intensity used in
many studies (Kret, 2015; Matsumoto & Hwang, 2014). Children
encounter a variety of subtler emotional cues in their social
interactions, and it makes sense that some of these less intense
signals may bemore proficiently recognized than others. This notion
is reflected in the literature. For example, Gao and Maurer (2009)
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examined children’s sensitivity to facial expressions of happiness,
sadness, and fear. To manipulate intensity, the authors used
computer software to morph posed happy, sad, and fearful facial
expressions with a neutral expression—resulting in a series of
images ranging from 5% to 100% emotional intensity. The authors
found that recognition thresholds differed markedly across emotion
categories. Five-year-old children’s recognition abilities of happi-
ness expressions were similar to those of adults, even in cases where
intensity was low. In the case of fear, rather, children’s recognition
competencies were not adultlike until the age of 10. Thus, emotion
category, intensity, and age may interact to produce very different
recognition accuracy outcomes.
As mentioned, while the majority of works in this field have

focused exclusively on children’s recognition of emotional signals
produced on the face, far less work has been conducted on the
recognition of bodily and vocal signals of emotion. In one study of
point-light displays of bodily expressions of emotion, Pollux et al.
(2016) found a pattern of recognition accuracy broadly comparable
to studies of facial expressions. In this study, they found that
children were better at identifying point-light bodily displays of
anger, happiness, fear, and sadness compared to those of disgust and
surprise. In another study, Witkower et al. (2021) examined
children’s recognition of bodily expressions of three negative
emotions: anger, fear, and sadness. The authors found that bodily
expressions of sadness were the first to be recognized above chance
(from approximately 3-years-old), followed by bodily expressions
of fear (from approximately 4–5-years-old), and then by expressions
of anger (from approximately 6–8-years-old).
In terms of studies of vocal emotion, Nelson and Russell (2011a)

found that children’s ability to identify emotional information in
vocal information was less than their ability to identify facial and
bodily expressions. In their sample of 3–5-year-old children, the
authors found that children were most accurate at identifying sadness
and anger intonation in voice clips, and least accurate in identifying
happiness and fear. In further work, Sauter et al. (2013) examined 5–
10-year-old children’s ability to recognize emotional information
contained in nonverbal vocalizations (i.e., grunts, laughs, and sighs)
and emotionally inflected speech (i.e., sentences expressing positive,
neutral, and negative states). The authors used stimuli from a variety
of emotion categories (beyond that of simply basic emotions).
Children were above chance in recognizing the emotions in both
types of vocal signals, and they became more proficient with age. In
terms of the basic emotions included in the study, children were
the least accurate in identifying sad nonverbal vocalizations and
they were most proficient in identifying disgust vocalizations.
Contrastingly, expressions of sadness, anger, and surprise were
easily identified in inflected speech, whereas disgust was not.
Finally, in addition to the aforementioned stimulus considera-

tions, the age of the individuals in the stimulus material may also
influence recognition accuracy. In studies of adults, individuals
appear to be more proficient at processing the faces of in-group
compared to out-group members more generally (Elfenbein &
Ambady, 2002), which may extend to recognition advantages to
those similar to the perceiver (e.g., adults better at recognizing the
emotions of other adults). Results of studies comparing age-
congruency effects are, however, unclear. One study that compared
children’s recognition of other children’s, young adults’, and older
adults’ body expressions from point-light displays found that

children who reported more exposure to older adults were better at
recognizing older actors’ happiness and anger body expressions
(Pollux et al., 2016). However, the authors found no own-age bias in
the categorization of body expressions overall. This result is
supported by work by Griffiths et al. (2015), who similarly, in a
sample of 5–12-year-old children, found that children were no better
at recognizing the emotions of other children than they were of adult
expressions.

Some other works have found age-congruency effects. For
example, in a study using an adult sample that compared young,
middle-aged, and older women,Malatesta et al. (1987) found an own-
age recognition bias, with recognition accuracy varying depending
on the age difference between the viewer and the stimulus. Young
adults, for example, made more errors in identifying the facial
expressions of older adults compared to those of younger adults.
Moreover, when comparing typically developing adolescents to
those with autism spectrum disorder, Hauschild et al. (2020) found
evidence of an own-age emotion recognition bias regardless of
autism status. The extent to which these results hold in the context of
typically developing children’s emotion recognition abilities remains
an unanswered question.

In addition to an over-reliance on the use of static and adult faces
to pry recognition competencies, the types of paradigms used across
studies also appears to be quite homogenous. For example, the
majority of tasks employ a forced-choice method, asking children to
select a stimulus that matches an experimenter-defined label (e.g.,
“pick the face that looks happy”; Nelson & Russell, 2016), or select
an experimenter-defined label from a list that best describes a
stimulus (e.g., “does this person feel happy, sad, or angry?”; Garcia
& Tully, 2020; Verpaalen et al., 2019;Woody et al., 2019). We term
these “forced-choice” tasks. Another common task asks children to
match emotion categories on the basis of perceptual features without
a written or verbal label (e.g., “which two people feel the same?”;
Gao &Maurer, 2009; LoBue et al., 2018). We term these “match-to-
sample” tasks. More uncommon are studies that ask children to sort
stimuli into (experimenter or self-defined) emotion categories
(e.g., “put the faces that feel the same way in the same pile”;
Matthews et al., 2022), or to provide their own emotion labels
(e.g., “how does this person feel?”; Nelson & Russell, 2011a; Wang
et al., 2014; Widen & Russell, 2015). We term these “pile-sorting”
and “free-label” tasks, respectively.

These differences in task type may be highly relevant for the
measurement of the trajectories in which emotion recognition
abilities develop. For example, Matthews et al. (2022) argue that
free-labeling tasks may underestimate children’s competencies, as
they rely on the size of children’s own emotional vocabularies in
order for them to be able to actually produce a label. Despite not
knowing the specific verbal label for said emotion, children may still
understand its features (e.g., its antecedents, appraisals, and
experience) and be able to use this information to make accurate
decisions (e.g., display caution in the face of an adult scowling and
clenching his or her fists). On the other hand, work by Nelson and
Russell (2016) found that children can use a process of elimination
strategy to infer correct emotion categories in forced-choice tasks,
which may actually result in an overestimation of children’s
competencies. Yet, as with properties of stimulus-type, it is currently
unknown how consistent such effects are across paradigm types.
Furthermore, it is known that task variation within individual studies

EMOTION RECOGNITION ACROSS CHILDHOOD 1097



can lead to different recognition accuracies for the same emotional
expression. For example, Vicari et al. (2000) found that children’s
recognition accuracy scores for disgust facial expressions were 40%
lower in a free-labeling compared to a perceptual matching task.
Therefore, it is also important to investigate whether different task
types influence emotion recognition in the same way overall, as well
as for specific emotion categories.

The Present Study

Ultimately, despite the wealth of research on this topic, the only
meta-analysis on typically developing children’s emotion recognition
competencies was performed by McClure (2000). Nevertheless, the
focus of the McClure study was specifically on gender differences in
recognition accuracy and therefore provides only limited insights into
the developmental patterns of emotion recognition abilities across
childhood, as well as the different experimental factors that may
influence children’s emotion recognition accuracy. In addition, as
mentioned, other review articles have attempted to summarize this
literature, but are limited by their qualitative nature (Gross & Ballif,
1991; Herba & Phillips, 2004) and exclusive focus on free-label tasks
(Widen, 2013). Given the aforementioned between-study heteroge-
neity in stimuli and tasks, as well as the lack of understanding of the
developmental patterns of emotion recognition throughout child-
hood, a logical step forward is to attempt to consolidate the literature,
in an integrative way, on the basis of more modern works. To this
end, we use a quantitative meta-analytic approach to chart the age-
related changes in emotion recognition across childhood, and the
factors that may influence children’s emotion recognition accuracy
across age. More specifically, this meta-analysis aims to track the
trajectory of typically developing children’s emotion recognition
competencies, from toddlerhood to the beginning of adolescence
(2-to-12-years-old).
As discussed above, to aid in the interpretation of the findings, we

perform two types of analyses with two separate coding schemes.
First, in what we term the overall analysis, we examine children’s
emotion recognition competencies independent of specific emotion
categories. Second, in what we term the emotion-specific analysis,
we examine children’s recognition of individual emotion categories.
As most of the previous studies investigated basic emotions, we
made the decision to focus exclusively on these studies that include
basic emotions (i.e., happiness, sadness, fear, surprise, disgust,
anger). Basic emotions also constitute the majority of past works on
emotion recognition in children.
In addition, we investigate whether patterns in both overall and

emotion-specific analyses are moderated by participant-, stimulus-,
and task-related considerations. We examine the effects of
participant-related characteristics, including age, sex, and region
of study. Moreover, we assess the impact of various stimulus-related
features (e.g., stimulus dynamicity, age, color, intensity, etc.) and
task-related features (e.g., free-label, forced-choice, perceptual
matching, pile-sorting). All of these potential moderators may
independently influence recognition competencies in general, and
in specific ways for different emotion categories. Finally, all of
these moderators may interact with age. Such an analysis is needed,
considering that this field has grown dramatically over recent years,
but the extent to which developmental trends, design considerations
(or their combination) may moderate recognition abilities is largely
unclear.

Method

Literature Search

Studies that are potentially relevant for our research aims are
many, as such we used APA PsycInfo, Web of Science Core
Collection,1 and Linguistics and Language Behavior Abstracts
databases to search for works related to emotion recognition in
typically developing childhood samples. For example, our APA
PsycInfo search was constructed as follows:

Emotion recognition/OR facial affect recognition/OR (((recogni* OR
perception OR perceive* OR process* OR label* OR identif*) ADJ3
(emotion* OR expression*)) OR affect recognition). (preschool age 2 5 yrs
OR school age 6 12 yrs).ag. OR (toddler* OR preschool* OR child* OR
kid OR kids OR teen* OR girl* OR boy*). (((faces OR face OR facial)
ADJ3 (emot* OR expressi*)) OR photograph OR photographs OR body
posture OR body express* OR body movement* OR body language OR
emot* stimul* OR prosod* OR vocali*tion OR sorting task OR match*

task*ORmatch to sampleORchoice from arrayOR free response).ti,ab,id.

The search was conducted in January 2021 and, after removing
duplicates, resulted in a total of 2,866 abstracts. In line with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines for meta-analysis and systematic review (Page
et al., 2021), the first author screened these abstracts to identify
studies that were clearly ineligible (e.g., because they included
participants of the wrong age, were animal studies, or included the
incorrect emotion categories). The second author also screened 574
(20%) of these original 2,866 abstracts to ensure reliability at this
stage. Reliability was excellent (Cohen’s κ = 0.88). This initial
abstract screening left a total of 455 articles to be assessed at the full-
text stage. The first and second authors worked independently and
screened the full text of the remaining list of studies for inclusion,
achieving excellent reliability in the selection of articles (Cohen’s κ=
0.86). Any potential disagreements were discussed until both
researchers reached consensus. This full-text screening led to a total
of 252 studies that could potentially be included in the analyses.
These works were then coded for all demographic, task-related, and
stimulus-related information (i.e., the moderators), as well as the
relevant effect size(s) by the first author. The first and second authors
double-coded 15% of the 252 included articles to ensure reliability of
the coded moderators and effect sizes, which was good (Cohen’s κ >
0.70 for all moderators). Any coding disagreements were discussed
until consensus was reached between both authors. In addition to this,
the first author also contacted the authors of any works in which
relevant information was missing or incomplete. Authors were
contacted and sent a reminder if the first author received no response
after 2 weeks. Studies inwhich the corresponding author did not reply
after a second reminder email were removed from the inclusion list. In
total, there were N = 129 studies included in the overall analysis, and
a total of N = 83 studies included in the emotion-specific analysis
(more studies reported overall scores without scores for specific
emotions, discussed in detail below). The flow of reports into the
meta-analysis, which highlights the phases of our literature search, is
displayed in Figure 1.

1 Web of Science Core Collection (Web of Science Core Collection
Editions: Science Citation Index Expanded (SCI-EXPANDED), 1975—
present, Social Sciences Citation Index (SSCI), 1975—present, Arts &
Humanities Citation Index (A&HCI), 1975—present, Emerging Sources
Citation Index (ESCI), 2015—present).
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Eligibility Criteria

In order to be included in our analyses, an individual study needed
to (a) examine emotion recognition competencies in 2–12-year-old
children; (b) test the recognition of specific emotion categories (i.e.,
not only valence, arousal, or intensity judgments); (c) use external
cues (visual or auditory) to test competency (this criterion excluded
those studies that used vignettes exclusively, as children may use
other external cues embedded in such stories to make recognition
judgments); (d) include basic emotions (e.g., happiness, sadness,
anger, fear, disgust, surprise)—studies were also still considered
eligible if they included other emotion categories, but we did not
include these in the calculations of effect sizes in both overall and
emotion-specific analyses. Studies that included stimuli involving
morphs of two different emotion categories (e.g., happy and sad
morphed together) were excluded, as there is no “correct” alternative
in this case. Studies that morphed neutral faces with another emotion
category (creating a subtler version of said face) were still included.
Additionally, studies were eligible only if they (e) used a sample
with only typically developing children (as indicated above, we used
this criterion to constrain our search); (f) examined at least two
different emotion categories, e.g., happiness and sadness, but not
happiness and neutral, as one could argue that these tasks represent
an emotion detection (presence/absence) task, rather than one that
explicitly taps into recognition competencies; (g) did not use any

per-participant stair-case or difficulty adjustment procedures (as
accuracy scores are therefore not comparable across participants);
(h) were written in English, or available with an English translation;
and (i) had the relevant statistics required for the calculation of our
effect sizes (see calculation of effect sizes) available in-text or
provided to us upon our request.

Coding of Studies

As previously mentioned, we coded two separate data sets for the
overall and emotion-specific analyses, respectively. We chose to
create two data sets, rather than simply average the effect sizes in the
emotion-specific analyses to derive an overall score, as authors often
reported accuracies collapsed across emotion categories and not for
the individual categories themselves. Despite contacting all authors
who did this to ask for emotion category accuracies, a number of
authors did not reply to our requests (see above). Therefore, rather
than simply removing these studies from our analyses, we included
them in the overall analysis data set (but not in the emotion-specific
data set). As such, our analysis of children’s emotion recognition
skills overall included more studies and had more power. In addition,
this means that the overall analysis is not simply an averaged version
of the emotion-specific analysis. Rather, it is a separate data set
derived to answer a different research question.

Figure 1
Flow of Reports Into the Meta-Analysis
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As a general rule, individual studies could only contribute one
observation (effect size) with one stimulus-type to each data set (the
two exceptions of this rule concerned age-group and intensity,
explained below). Our effect size of interest was participants’
proportion of correctly identified emotions across stimuli (i.e.,
proportion correct), which we later corrected to account for chance
guessing (see below). To constrain the large number of paradigm
types, in the case that an individual article contained multiple
studies, multiple experimental conditions (e.g., a free-label and a
forced-choice task; Vicari et al., 2000), or multiple stimulus types
(e.g., static and dynamic; Richoz et al., 2018), we included and
always coded the first result reported in-text in the results section of
the article. In the case of intervention (e.g., Riquelme & Montero,
2013) or longitudinal (e.g., Cecilione et al., 2017) studies, we coded
the pretest (or time one) scores for the calculation of the effect size.
As previous works found clear age-related effects on emotion
recognition (Widen, 2013), for studies that included multiple age
groups (e.g., Richoz et al., 2018), multiple effect sizes were
calculated, but only if that individual study reported recognition
accuracy means for each age group separately. If this was not the
case, then we coded the mean age of the sample for said study.
Similarly, for studies that included stimuli manipulated by software
to achieve multiple levels of emotional intensity (e.g., through the
use of some sort of mask/degradation technique; Chronaki et al.,
2015), multiple effect sizes were calculated as long as the study
reported accuracies at each intensity.
In addition to the proportion correct score itself, for each study, we

collected the relevant demographic data, including mean age, age
range, region of study, percentage of girls in the sample, and total
number of participants. In addition, we included multiple stimulus-
and task-related sources of information, including: stimulus format
(photo, video, vocalization), stimulus-type (posed or naturalistic;
human or nonhuman [cartoon, robot, emoticon, point-light display];
adult or child; monochrome or color; face, body, both face and body),
intensity (full intensity, not full intensity), method of intensity
degradation (posed as low-intense by actor, morphed with neutral,
masked), number of trials, stimulus presentation time, image set
(derived from a database or author-own), stimulus validation status
(validated, unvalidated, unknown), number of response alternatives
(e.g., number of choice options a participant was given), number of
basic emotions included in the study overall, and task type (free-label,
match-to-sample, pile-sorting [with label], pile-sorting [no label],
forced-choice).

Calculation of Effect Sizes

The majority of included studies used multiple-choice type
questioning, and the number of response alternatives offered to
children differed between studies. As such, it was necessary to first
correct all raw proportion correct scores (P) for chance performance
due to guessing alone. For example, a child’s proportion correct in a
task that includes six equally likely response alternatives per trial
(without correction) is not directly comparable to a task that includes
two equally likely response alternatives per trial. To account for this,
we used Rosenthal and Rubin’s (1989, p.337) corrected proportion
index to adjust all raw proportion correct scores P. The corrected
proportion index is a modification of the standard proportion index
(proposed by the same authors), as this standard index is less
suitable for small sample sizes (i.e., number of trials in a task) and

may lead to problems of nonnormality (in the preliminary analyses
of our data using the standard proportion index we encountered
strong ceiling effects). We therefore adopted the authors’ adjusted
proportion index by first correcting the observed proportion correct
scores for small sample size (trials) and adding half a failure and half
a success to scores, as follows:

~π =
P +

�
1
2n

�

1 + 1
n

, (1)

where P equals the proportion correct, and n refers to the number of
trials. Then, in a second step, this adjusted ~π score is converted to a
logit scale to address issues of nonnormality:

logitðπÞ = logitð ~πÞ − logit

�
1
c

�
, (2)

where c refers to the number of response alternatives in each trial.
This effect size measure, logit(π), was calculated for each study and
used as an outcome measure in our meta-analysis. Accordingly, the
standard error of logit(π) was calculate following formula (3) in
Rosenthal and Rubin (1989, pp. 334). Note that logit(π) is equal to
the log of the odds and varies theoretically between −∞ (when
~π = 0) and +∞ (when ~π = 1). The effect size logit(π) provides a
readily interpretable effect size estimate in which the proportion
correct is scaled to account for differences in response alternatives
between studies. Thus, in the previous example, the (adjusted)
proportion index scales the accuracy in the task with six response
alternatives such that it is equivalent to a task in which there had
been only two.

Importantly, “free-label” and “pile-sorting” tasks present a
problem for the calculation of this effect size. In these tasks, a
child is not constrained by a set of labels and can therefore give a
potentially infinite number of responses. One solution to this problem
is to set the number of response alternatives in such tasks to an
(arbitrarily) higher number. Doing so accounts for the marked
difficulty in responding correctly in such tasks as compared to
multiple-choice tasks and, additionally, would allow their direct
comparison. However, in preliminary analyses, this led to a
systematic overestimation of free-label and pile-sorting task accuracy
across studies because of the exponential rate in which π increases
with single unit increases in c (see Table 1 Rosenthal & Rubin, pp.
333). Because free-label paradigms represent a significant portion of
the literature, we thought it nonetheless important to include them in
our analyses. As such, we performed all analyses on these tasks
separately. Importantly, we therefore did not correct for guessing in
such tasks, and simply use the logit of the proportion correct scores
corrected for small sample size (given in Equation 1 above) as our
effect size in these analyses.

Finally, we note that in some studies authors reported some
already corrected form of accuracy (e.g., Wagner’s unbiased hit rate;
d′ indices from signal detection theory; or Pr from two-high
threshold theory). Such indices are preferable, as variance in
recognition accuracy can be explained by both chance guessing as
well as response bias (Wagner, 1993). That said, the calculation of
such effect sizes requires a complete confusion matrix (indexing
children’s correct and error judgments for each emotion category),
which only few studies reported in full. It was therefore impractical
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to use these indices in our analyses, and we opted for the alternative
logit(π) effect size highlighted above.

Statistical Analysis

Overall Analysis

In the overall analysis, we aimed to track children’s emotion
recognition generally, independent of specific emotion categories.
Because some studies could contribute multiple effect sizes logit(π)
for separate age and/or intensity categories to our analyses, the
assumption of independence between effect sizes necessary for
traditional meta-analysis was not met. As such, we used a multilevel
approach, which accounts for the dependency in effect sizes within
and between individual studies using rma.mv function in the metafor
package (Viechtbauer, 2010) in R Studio, Version 1.2.5 (R Core
Team, 2020). We fitted a three-level random effects model, using
logit(π) as an outcome measure, and considering the following levels
of variance: sampling variance, given by the standard error of logit(π)
per study, effect size variance (referring to the variance in effect sizes
within individual studies), and study variance (referring to the
variance between studies).We assumed a t-distribution, and restricted
maximum-likelihood estimation was used to derive the standard
deviation of the true effect sizes (as recommended by Assink &
Wibbelink, 2016). The overall analysis resulted in a pooled estimate
of logit(π) across studies. In the results, we computed the inverse of
the logit (with the use of the invlogit function in the LaplacesDemon
package in R; Hall et al., 2021) to convert estimates on the logit scale
back to proportions (P) for ease of interpretation and comparison to
previous works.

Emotion-Specific Analysis

In the emotion-specific analysis, we aimed to track children’s
recognition of specific emotion categories. As an individual study
could contribute an effect size for each (basic) emotion included in
the study, the assumption of independence between effect sizes
needed for traditional meta-analysis was similarly not met. As such,
we also used amultilevel approach for our emotion-specific analyses

in the same way as described above. One caveat here is that we could
not include effect sizes for separate age categories, intensities, and
emotions, because proportion correct scores (P) were rarely given
per emotion, per age group, and per intensity in included studies. As
such, in the emotion-specific analyses, if a study included multiple
age categories (or intensities), we used the average age of the
participants within our accepted age range (or intensity) in our
calculations of individual emotion category scores, and hence
calculated our effect sizes logit(π) on the basis of the proportion
scores P averaged across all of these.

Moderator Analysis

We used a hypothesis-driven strategy to examine the effects of
our moderator variables on children’s recognition abilities. We
performed several metaregression analyses using the calculated
effect sizes, logit(π) as an outcome. Given the potential for model
overspecification in the emotion-specific analysis (e.g., a model
including the interaction between six emotion categories and six
countries requires the estimation of 32 coefficients), we adopted
different approaches to moderation analysis for the overall and
emotion-specific analyses. Following the approach of Hox (2010),
in the overall analysis, we tested the effect of each moderating
variable in univariate models (inspecting the omnibus F-test for a
significant moderator effect). After this, we pooled significant
moderator variables in one multiple metaregression to inspect their
unique contribution. This way, we could ensure that the significant
effect of a given moderator was robust and did not disappear when
considering the effects of other significant univariate moderators.

For the emotion-specific analysis we took a two-step approach.
First, we aimed to ascertain the relative “importance” of a moderator.
To do this, we examined the differences in fit between main effects
models (including emotion category and the addition of a given
moderator) compared to interaction models (including emotion
category and its interaction with the same moderator), using likeli-
hood ratio tests. Importantly, as models using restricted maximum-
likelihood estimation cannot be compared using likelihood ratio tests
(Hox, 2010, pp.15), we used maximum-likelihood estimation for
these models. A significant difference between the full (interaction)

Table 1
Descriptive Statistics for Variables in the Overall Analysis

Variable k M (SD) Mdn Mode Range

Sample Size 210 148.10 (567.21) 48.00 24 (k = 14) 8–6,506
Age (years) 213 7.11 (2.47) 7.08 9.50 (k = 8) 2.02–12.00
Percent female 190 51.78 (11.12) 50.00 50 (k = 46) 0–100
Trials 213 28.92 (34.66) 16.00 12 (k = 32) 3–264
Presentation time (ms) 33 4,803 (4769.60) 3,000 2000 (k = 8) 1,000–15,000
Intensity (reduced vs. full) 213 78% full Full (k = 168)
Color (monochrome vs. color) 147 52% monochrome Monochrome (k = 76)
Humanness (human vs. nonhuman) 213 92% human Human (k = 196)
Posed (posed vs. naturalistic) 211 99% posed Posed (k = 209)
Face versus body versus both 174 93% face Face (k = 162)
Child versus adult versus both 196 69% adult Adult (k = 136)
Stimulus format (photo vs. video vs.
vocalization)

211 76% photo Photo (k = 160)

Country 213 30% U.S. U.S. (k = 63)
Stimulus set 212 21% author-own Author-own (k = 45)
Validated (yes vs. no) 178 85% validated Validated (k = 151)
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and reduced (main effects) model on a given moderator indicates
the difference in accuracy between emotions is influenced by said
moderator, and therefore may be important for moderation analysis
for an individual emotion category. In a second step, we tested the
effects of only thosemoderators that produced a significant likelihood
ratio test in a series of models for each emotion category separately.
Because each study could only contribute one emotion type, we used
simpler two-level meta-analytic models using the rma function in the
metafor package (Viechtbauer, 2010). In cases of model nonconver-
gence, we adjusted the Fisher scoring algorithm step length to 0.5 and
increased the max number of iterations to 10,000.
Because the outcome measure for all our moderation analyses

was logit(π), we took the exponent of the model coefficients in order
to interpret significant effects of the moderators at the odds ratio
(OR) level. In this way, we follow the standard interpretation of the
effects of predictor variables in a logistic regression framework.
Odds ratios that are greater than 1 indicate that the chance of a
correct response increases as the predictor increases. Odds ratios that
are less than 1 indicate that the chance of a correct response
decreases as the predictor increases.
Another caveat is that for clarity and ease of communication, we

refer to these predictor variables as “moderators,” although wish to
stress that these are not moderators in the traditional meta-analytic
sense (as our effect sizes are calculated on the basis of a single group,
rather than standardized mean difference or correlation scores
between groups).

Publication Bias

The results of meta-analyses may be compromised by publication
biases of various forms (Nakagawa et al., 2022). In particular, they
may be biased because studies that report small(er) effect sizes and
nonsignificant results have a lower chance of publication (Thornton
& Lee, 2000). To assess this “file-drawer” effect, we used a two-
method approach. First, we inspected the funnel plot of both overall
and emotion-specific data sets, for both multiple-choice and free-
label tasks separately. In addition, we tested for the effect of small
sample size (i.e., trials) using a method suitable for multilevel
analyses (Nakagawa et al., 2022). The authors propose to use the
square root of the effective sample size (i.e., number of trials) in each
study and include this term as a moderator in a multilevel meta-
analysis. A significant negative effect of this moderator indicates,
for our meta-analysis, that studies with a small number of trials bear
undue influence on the recognition accuracy estimate.

Transparency and Openness

We adhered to the Meta-Analysis Reporting Standards guide-
lines for meta-analytic reporting (Appelbaum et al., 2018). All
analytic data, analysis code, and research materials are available
at https://osf.io/68g7z/?view_only=4b5d5b8dec65463fbbe099
ee89e58b37 (Riddell et al., 2024). This review project was not
preregistered.

Results

We begin our results by reporting the study characteristics of the
overall emotion recognition data set both in-text and in Table 1.
Importantly, we do not describe study characteristics for the

emotion-specific data set, as all studies in the emotion-specific data
set are also coded in the overall data set. Then, we proceed with
moderation analysis by examining how age, as well as task-,
participant-, and stimulus-related features impact emotion recogni-
tion overall, as well as for specific emotion categories. We conduct
separate analyses for free-label tasks, given the aforementioned
issues in adjusting for response options in these paradigms. Finally,
we discuss publication bias.

Overall Emotion Recognition Accuracy

In the overall analysis, we examine the developmental trajectory
of children’s emotion recognition competencies independent of
specific emotion categories. We identified a total of 129 unique
studies and 213 effect sizes (k) from a total of 31,101 participants.
The 213 calculated effect sizes, logit(π), ranged from −1.31 to 4.02,
equivalent to accuracy scores between 21.21 and 98.23%.

Study Characteristics and Pooled Model

From the total 213 effect sizes derived for our overall analyses the
majority (k = 160) included static photographs. Videos (k = 29)
were the next most common in our sample, followed by
vocalizations (k = 22). Stimuli of adults (k = 136) were much
more common than children (k = 51), and full intensity stimuli (k =
161) were more popular than reduced intensity stimuli (k = 52). The
mean age of participants was 85.19 months (7.11 years) (SDage =
29.78, range = 31–144 months), and studies included an average of
51.78% of female participants (SDfemale = 11.12, range = 0–100).
Children from the United States (k = 63) and Canada (k = 28) were
the most represented, followed by the United Kingdom (k = 23),
Japan (k = 10), and Australia (k = 8). To allow for moderator
analysis, we recoded individual countries to represent six broader
geographic regions: Australia/New Zealand (k = 10); Europe (k =
81); South America (k = 3); North America (k = 91); Asia (k = 19);
and other (k = 9). A wide variety of stimulus sets were included, but
author-own stimulus sets were the most popular (k= 45). In terms of
established and validated stimulus databases, the majority of effect
sizes (k = 30) came from studies using some iteration of the Ekman
and Friesen (1976) Pictures of Facial Affect, followed by some
iteration of theDiagnostic Analysis of Nonverbal Accuracy (k= 17),
NimStim (k = 14), and Radboud Faces Database (RaFD; k = 8).
Image sets with k = 3 or more observations were included in
moderator analyses, and image sets with less than this amount were
designated as “other.” Additionally, authors who used their own
stimulus sets were designated as “author-own.” Unfortunately, this
resulted in a large number of observations in the “other” and
“author-own” categories, and we therefore excluded these catego-
ries from the stimulus set moderation analyses. A copy of the
summary table of studies for which effect sizes could be calculated is
available in the Supplemental Materials. In addition, estimated
summary statistics for each level of each moderator variable
included in our analyses are available in Supplemental Table S1.

The estimate of the pooled logit(π) across studies (including all
stimulus, task, and participant characteristics, but not including free-
label tasks) indicated that accuracy was significantly different from
chance, logit(π) = 2.01, t(172) = 28.83, p < .0001, 95% CI [1.88,
2.15]. This is equal to a pooled estimated accuracy (P) of 88%.
Pooled heterogeneity (across all three levels of the model) was also
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significant, Q(172) = 437.61, p < .0001. Approximately 33% of the
variance could be attributed to sampling variance (Level 1), less than
1% of the variance could be attributed to within-study variance
(Level 2), and approximately 66% of the variance could be
attributed to between-study variance (Level 3).

Moderator Analysis: Participant-, Task-, and
Stimulus-Related Effects

In our first moderator analysis, we aimed to test participant-related
effects on overall emotion recognition. Four potential moderators
were tested in separate models: region of study, mean-centered age (in
years), number of participants, and the percentage of female
participants in the sample. Omnibus tests revealed significant effects
of both region of study and age on emotion recognition accuracy;
F(5, 167) = 2.38, p = .041, F(1, 171) = 38.76, p < .0001,
respectively. Yet, we found no evidence of a female advantage, nor an
effect of number of participants in the sample; F(1, 150) = 1.36, p =
.246, F(1, 171) = 1.04, p = .310, respectively.
In addition to participant-related features, we were also interested

in examining how stimulus and task-related features influence
emotion recognition competencies. To this end, we derived individual
models for: image set, image intensity (no intensity adjustment vs.
intensity adjustment), naturalness (posed vs. naturalistic), humanness
(human vs. nonhuman), physical modality (body vs. face vs. both),
age (child vs. adult vs. both), stimulus format (video vs. photo vs.
vocalization), task type (match-to-sample, forced-choice, other),
intensity reduction method (mask/blur, morph, posed), color
(monochrome vs. color), validation (validated vs. not validated),
presentation time, and task type (forced-choice, match-to-sample).
Omnibus tests on individual models revealed no effect of image set,
stimulus naturalness, intensity, intensity reduction method, human-
ness, physical modality, stimulus format, age of actor, presentation
time, and color on children’s recognition rates (all ps > .05).
However, results found a significant moderating effect of task type,
F(1, 169) = 6.82, p = .010.
Finally, given the theoretical importance of examining age-

related effects on specific moderators, we derived a series of models
to test the interaction between age and all other moderators. There
was a significant interaction effect between age and stimulus
validation, demonstrating that children’s accuracy on validated
stimulus sets increased more with increased age compared to
unvalidated stimulus sets, OR = 1.11, 95% CI [1.02, 1.21], logit(π)
= 0.11, t(143) = 2.38, p = .019. This indicates that, with a 1-year
increase in age, the odds of a correct response in validated sets are
1.11 times the odds of a correct response in unvalidated stimulus
sets. In addition, there was a significant positive interaction effect
between age and presentation time, although this effect was so small
it prevented its proper interpretation, OR = 1.00, 95% CI [0.00,
0.00], logit(π) = 0.00, t(25) = 2.13, p = .043. Among the remaining
moderators, there were no significant interactions with age (all ps >
.05), indicating that the influence of these remaining moderators on
emotion recognition accuracy was similar across age.

Multiple Metaregression Model

Finally, a multiple metaregression analysis was then conducted in
order to examine whether the results of individual models held when
controlling for the effect of other significant univariate moderators.

To this end, we derived a model with effect sizes as the dependent
variable and included all significant moderators in the above
univariate models (mean participant age, region of study, and task
type) as predictors. The results of the multiple regression model are
reported in Table 2. The omnibus test of moderators was significant,
F(7, 163) = 7.48, p < .0001, indicating that the model (with all
moderators pooled together) explained a significant amount of
variance in the effect sizes. In addition, in line with the individual
models discussed above, and after controlling for potentially
confounding moderators, mean age (in years) was a significant
predictor of recognition accuracy, OR = 1.11, 95% CI [1.07, 1.15],
logit(π) = 0.10, t(163) = 5.53, p < .001. This indicates that with a
1-year increase in age, the odds of a correct response increase with a
factor of 1.11. In addition, the effect of task type also remained
significant, as the odds of a correct response in match-to-sample
tasks decreased with a factor of 0.74 compared to forced-choice
tasks, OR = 0.74, 95% CI [0.56, 0.99], logit(π) = −0.30,
t(163) = −2.04, p = .044. Finally, the model revealed that the
odds of a correct response decreased by a factor of 0.69 for North
American samples compared to European samples,OR= 0.69, 95%
CI [0.52, 0.91], logit(π) = −0.37, t(163) = −2.60, p = .010. After
changing the reference category in the model to account for all
possible contrasts between other countries, no differences between
other regions were established. Ultimately, the results of this
analysis indicated that the effects of participant age, region of study,
and task type remained significant when controlling for the effects of
other significant univariate moderators.

Overall Effects in Free-Label Tasks

As discussed above, free-label and pile-sorting tasks presented a
problem for the calculation of our effect sizes and needed to be
analyzed separately to multiple-choice tasks. No pile-sorting tasks
included the appropriate information to satisfy our inclusion criteria
and were therefore not included in these analyses. From the 129 total
studies in the overall data set, we derived a total of 21 unique free-
label studies and k = 40 effect sizes. The estimate of the pooled

Table 2
Multiple Metaregression Model for Multiple-Choice Tasks

Variable OR 95% CI logit(π)

Intercept 9.66*** [7.78, 12.00] 2.27a

Age (years) 1.11*** [1.07, 1.15] 0.10
Region
Europe 1.00b

Australia/New Zealand 0.99 [0.55, 1.77] −0.01
South America 0.64 [0.31, 1.31] −0.45
North America 0.69* [0.52, 0.91] −0.37
Asia 0.86 [0.51, 1.42] −0.16
Other 0.89 [0.55, 1.42] −0.12

Task type
Forced-choice 1.00b

Match-to-sample 0.74* [0.56, 0.99] −0.30
Other 1.66 [0.52, 5.28] 0.50

Note. An OR greater than 1 (smaller than 1, respectively) indicates that
as the predictor increases the odds of a correct response increase (decrease,
respectively). OR = odds ratio; CI = confidence interval.
a Estimated accuracy = 90.6%. b Intercept represents estimate for
reference categories Europe and forced-choice at mean age.
* p < .05. *** p < .001.
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logit(π) indicated that emotion recognition was better than chance,
logit(π) = 0.41, t(39) = 2.95, p = .005, 95% CI [0.13, 0.70]. This is
equivalent to a recognition accuracy (P) of approximately 60%, lower
than that of multiple-choice tasks indicated in the previous section.
Examination of the variance components also revealed lower levels of
heterogeneity. Approximately 86% of the total variance was
attributable to sampling variance (Level 1), less than 1% at Level
2 (within studies), and 13% at Level 3 (between studies).
Examination of omnibus tests in univariate models revealed

significant effects of age and stimulus humanness; F(1, 38) = 12.49,
p = .001, F(1, 38) = 4.77, p = .035, respectively. No other
moderators influenced recognition accuracy (all ps > .05). After
pooling mean age and stimulus humanness in one multiple
metaregression model, the effect of stimulus humanness became
nonsignificant, OR = 0.49, 95% CI [0.18, 1.34], logit(π) = −0.71,
t(37) = −1.44, p = .159. Age remained a significant moderator of
recognition accuracy in free-label tasks, OR = 1.17, 95% CI [1.06,
1.30], logit(π) = 0.16, t(37) = 3.06, p = .004. This indicates that a 1-
year increase in age predicts a 1.17 factor increase in the odds of a
correct response in free-label paradigms. The results of the
metaregression are presented in Table 3. Ultimately, the results
of this analysis suggest that age is significantly related to children’s
recognition accuracy on free-label tasks. When controlling for the
effects of age, however, stimulus humanness was not found to be
related to children’s recognition accuracy on free-label tasks.

Emotion-Specific Recognition Accuracy

To recap, in the emotion-specific analysis, we attempted to
examine children’s emotion recognition competencies for specific
emotion categories separately. In addition, we aimed to test how the
recognition of these specific emotions may be influenced by our list
of moderating variables. As many studies reported overall scores
(collapsed across all emotion categories), but not scores for
individual emotions, this analysis contained fewer unique studies,
but more effect sizes than the overall analysis. We identified a total
of 102 unique studies and 427 effect sizes (k).
First, we modeled recognition accuracy for specific emotion

categories by deriving a model which included emotion category as
a moderator (six levels: happiness, sadness, fear, surprise, disgust,
and anger). The omnibus test revealed that emotion category was a
highly significant moderator of emotion recognition accuracy,
F(5, 327) = 8.42, p < .0001. Importantly, individual emotion

categories explained a significant amount of variance, and there was
no residual heterogeneity after inclusion of emotion as a moderator,
Q(327) = 326.05, p = .504. The model estimates are presented in
Table 4. For interpretability, summary statistics, including propor-
tion correct scores (with sample size adjustment, but no adjustment
for the number of response alternatives) for each emotion category,
are reported in Table 5.

Happiness was the best recognized emotion across all studies,
Mlogit(π) = 2.43; Maccuracy = 91.90%, followed by anger, Mlogit(π) =
2.04; Maccuracy = 88.49%, surprise, Mlogit(π) = 1.83; Maccuracy =
86.18%, and sadness,Mlogit(π) = 1.82;Maccuracy = 86.06%. Children
were the least accurate at identifying disgust, Mlogit(π) = 1.79;
Maccuracy = 85.69%, and fear, Mlogit(π) = 1.53; 82.20% stimuli. To
identify whether these differences between emotion categories were
significant, we ran models changing the reference category with
each iteration, accounting for all possible pairwise comparisons. We
found that recognition for anger (p = .006), disgust (p = .002), fear
(p < .0001), sadness (p < .0001), and surprise (p = .001) stimuli
was significantly lower than for happiness. Accuracy for fearful
stimuli was significantly worse than both anger (p < .0001) and
sadness (p = .034). No significant accuracy differences were found
for all other emotion category combinations.

Moderator Analysis: Participant-, Task-, and
Stimulus-Related Effects

To examine any potential interaction effects between specific
emotion categories and our list of moderator variables, a series of
moderator analyses were performed. Although the inclusion of
specific emotion categories as a moderator left little heterogeneity in
our model (see above), we decided to nonetheless proceed with our
moderation analyses given the theoretical importance of examining
how various methodological choices impact children’s emotion
recognition accuracy.

Moderator Selection. We began by running likelihood ratio
tests between main effects (emotion category + moderator) and
interaction (Emotion Category × Moderator) models to determine
the relative importance of each moderator. The results of the log-
likelihood test revealed that full models (including interactions with
emotion category) were significantly different from main effects
models for the moderators: stimulus format, χ2(10) = 26.09, p =
.004; stimulus color, χ2(9) = 18.03, p = .003; and stimulus
validation, χ2(9)= 19.34, p= .002. The likelihood ratio tests with all
other potential moderating variables (most notably, including age)
were nonsignificant (all ps > .05). Figure 2 displays the recognition
of each emotion category as a trajectory across age, and visual
inspection of the slopes appears to support a lack of interaction
between emotion category and age. Based on these tests, we selected
stimulus format (photo vs. video vs. vocalization), color (mono-
chrome vs. color), and stimulus validation (validated vs. not
validated) as potential moderators for individual emotion category
analyses.

We found no significant interaction between age and emotion
category. Yet, because tracking the age-related trajectories of
emotion recognition was a specific aim of this meta-analysis, we
estimated the recognition accuracy of each emotion category in
multiple-choice tasks at two age points: 4-years-old (representing
early childhood) and 12-years-old (representing late childhood).
These estimates are presented in Table 6. For example, at 4-years-

Table 3
Multiple Metaregression for Free-Label Tasks

Variable OR 95% CI logit(π)

Intercept 1.60*** [1.25, 2.04] 0.47a

Age (years) 1.17** [1.06, 1.30] 0.16
Stimulus humanness
Human 1.00b

Nonhuman 0.49 [0.18, 1.34] −0.71

Note. An OR greater than 1 (smaller than 1, respectively) indicates that
as the predictor increases the odds of a correct response increase (decrease,
respectively). OR = odds ratio; CI = confidence interval.
a Estimated accuracy = 61.5%. b Intercept represents estimate for
reference category human at mean age.
** p < .01. *** p < .001.

1104 RIDDELL, NIKOLIĆ, DUSSELDORP, AND KRET



old, happiness recognition accuracy was estimated to be 88.20%,
while at 12-years-old, this accuracy estimate increased to 94.97%.
ModerationAnalysisWith Individual EmotionCategories. An

overview of the results of the moderation analysis for each emotion
category is displayed in Tables 7 and 8. Note that in the cases where the
level of a moderator had less than three observations, this level was
excluded from the analysis. Despite demonstrating an increase inmodel
fit in the selection stage, stimulus format had no significant influence on
any of the individual emotion categories (all ps > .05). Similarly,
stimulus color had no effect on recognition accuracy for: anger,Q(1)=
0.91, p= .400; disgust,Q(1)= 0.06, p= .810; happiness,Q(1)= 0.00,
p= .947; sadness,Q(1)= 0.46, p= .497; and surprise,Q(1)= 0.26, p=
.612. Conversely, the effect of stimulus color on the recognition of
fearful stimuli was significant in the omnibus test, Q(1) = 22.14, p <
.0001, with themetaregression revealing that odds of a correct response
for fearful stimuli presented in black and white decreased by a factor of
0.38, OR = 0.38, 95% CI [0.26, 0.57], logit(π) = −0.95, p < .0001.
Finally, stimulus validation had no effect on recognition accuracy for:
anger, Q(1) = 0.36, p = .546; happiness, Q(1) = 0.88, p = .350;
sadness, Q(1) = 0.72, p = .395; and surprise stimuli, Q(1) = 0.15, p =
.701. However, the omnibus test revealed a significant effect of
stimulus validation on the recognition of fearful stimuli, Q(1) = 11.73,
p = .001, and the metaregression indicated that the odds of a correct
response for unvalidated fearful stimuli decreasing by a factor of 0.44
compared to validated stimuli, OR = 0.44, 95% CI [0.28, 0.71],

logit(π) = −0.82, p = .001. Given that there were only two studies
which used unvalidated disgust stimuli, we were unable to test for the
effect of stimulus validation for the emotion disgust.

Overall, the results of the moderation analysis suggest that
stimulus format did not influence the recognition rates of any
specific emotion categories. Moreover, stimulus color and valida-
tion influenced the recognition of fearful stimuli significantly, an
effect that was not seen in other emotion categories.

Emotion-Specific Effects in Free-Label Tasks

Like in the overall analysis, we analyzed free-label tasks
separately to multiple-choice tasks in the emotion-specific analysis.
We identified a total of 19 unique free-label studies and k= 94 effect
sizes. The estimate of the pooled logit(π) indicated that emotion
recognition accuracy was no better than chance, logit(π) = 0.20,
t(93) = 1.60, p = .112, 95% CI [−0.05, 0.45]. This is equivalent to a
recognition accuracy of approximately 55%, lower than that of the
task types tested in the previous section. Yet, examination of the
variance components revealed that, unlike in the overall analysis,
there was zero between- and within-study heterogeneity for free-
label tasks in the emotion-specific data set. This made analysis of
any (potential) moderating effects on emotion recognition in free-
label studies unsuitable and we, therefore, forewent these analyses.
Nonetheless, given the theoretical importance of examining the
developmental trajectory of children’s emotion recognition abilities,
we plot the recognition accuracy for each emotion category in free-
label tasks across age in Figure 3.

Publication Bias

To examine any potential “file-drawer” effects, we used a two-step
method: first by inspecting the funnel plots for each data set, and then
by quantifying publication bias with statistics appropriate for three-
level meta-analytic models. Inspection of the funnel plots in both the
overall and emotion-specific analyses for multiple-choice-type tasks
revealed no significant deviations from symmetry, indicating no
serious publication bias (Supplemental Figures S1 and S2). As per
Nakagawa et al. (2022), we assessed publication bias statistically by
including the inverse square root of the number of trials as a
moderator in each of our models. A significant negative effect of this
moderator indicates, for our meta-analysis, that studies with a small
number of trials bear undue influence on the recognition accuracy
estimate. No significant effects were found for multiple-choice type
tasks in both overall and emotion-specific data sets; t(171) = −1.64,
p = .102, t(331) = −1.21, p = .227, respectively. As such, we can be
confident about the robustness of our estimates in these analyses.

For free-label tasks in the overall analysis, although visual
inspection of the funnel plot (Supplemental Figure S3) revealed no
major deviations from symmetry, examination of the inverse square
root model indicated a significant negative effect of trial number,
logit(π) = −4.99, t(38) = −3.07, p = .004. As such, we can be less
confident about the robustness of our estimates in these analyses, as it
appears that studies with low trial contribute significantly to the
model estimates. For free-label tasks in the emotion-specific analysis,
both visual inspection of the funnel plot (Supplemental Figure S4)
and examination of the inverse square root model revealed no reason
to suggest small-study effects, t(92) = 0.74, p = .463. Finally, to
assess whether the interpretation of our results changed with the

Table 4
Emotion Recognition Accuracy Model Estimates for Specific
Emotion Categories in Multiple-Choice Tasks

Variable k OR 95% CI logit(π)

Intercept 11.40 [9.14, 14.21]*** 2.43
Emotion
Happiness 80 1.00a

Anger 68 0.67 [0.51, 0.89]** −0.39
Surprise 31 0.55 [0.38, 0.79]** −0.61
Sadness 70 0.54 [0.42, 0.71]*** −0.61
Disgust 23 0.53 [0.35, 0.79]** −0.64
Fear 61 0.41 [0.31, 0.54]*** −0.90

Note. An OR greater than 1 (smaller than 1, respectively) indicates that
as the predictor increases the odds of a correct response increase (decrease,
respectively). OR = odds ratio; CI = confidence interval.
a Intercept represents estimate for reference category happiness.
** p < .01. *** p < .001.

Table 5
Summary Statistics for Each Emotion Category in Multiple-Choice
Tasks

Emotion k Mproportion SDproportion

Happiness 80 0.78 0.13
Anger 68 0.67 0.15
Sadness 70 0.66 0.14
Surprise 31 0.62 0.13
Disgust 23 0.59 0.17
Fear 61 0.60 0.15

Note. Mean proportions are adjusted for small sample size (trials)
according to Equation 1 of the article. Scores not adjusted for number of
response alternatives.
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inclusion of unpublished literature, we performed an additional
analysis in which we included this unpublished literature next to
published studies (see SupplementalMaterial 5). The interpretation of
our results remained unchanged when including such literature,
suggesting that our results are not subject to “file-drawer” effects.

Discussion

This meta-analysis sought to summarize the findings on the
developmental trajectories of emotion recognition abilities from early
childhood to adolescence, and to examine how such trajectories may
be modulated by a host of methodological factors. We focused on
more general recognition competencies (independent of specific
emotion categories), as well as the recognition of discrete basic
emotions. We found that children’s emotion recognition accuracy
improved across age, but that there were key differences in the order

in which emotion categories were recognized with proficiency. In
addition, a variety of participant-, stimulus-, and task-related features
influenced children’s recognition accuracy both overall and for
specific emotions.

Our analyses answer two important questions. First, on a more
conceptual level, we can delineate how emotion recognition abilities
improve with age. A number of single studies have investigated this
process, but are limited to the extent that they examine small age
ranges, use single tasks, and stimulus types (among others). Here, we
could use a large sample, and consider a much wider range of
experimental paradigms which ultimately provides a more compre-
hensive account of this conceptual question. Second, we examined
how different methodological considerations (e.g., participant-, task-,
and stimulus-related features) modulate the findings on children’s
developing emotion recognition abilities. Similarly, this question is
difficult to address with single studies, and this meta-analysis,
therefore, represents a crucial first step in analyzing this literature in a
quantitative manner. This is necessary given the large proliferation of
works on emotion recognition in childhood in recent decades and its
importance for children’s social lives.

Main Findings

Overall Analysis

Our main findings in the overall analysis were that, as expected,
children’s emotion recognition competencies appeared to increase
across age. This is in line with two major theories regarding the
nature of emotions—basic emotion and constructivist theories—
which both assume that emotion recognition abilities increase
with age, albeit as a result of different mechanisms (Barrett,
2017; Ekman, 1992; Hoemann et al., 2019; Izard, 1971). Emotion

Figure 2
Recognition Accuracy in Multiple-Choice Tasks, Expressed as Estimated Logit(π), as a Function of Age and
Emotion Category

Note. If estimated logit(π) is greater than 0, proportion correct is greater than 0.5. See the online article for the color version of
this figure.

Table 6
Model-Estimated Recognition Accuracy for 4- and 12-Year-Old
Children Across Emotion Categories Based on Age × Emotion
Category Model

Emotion

4-year-old 12-year-old

logit(π) Accuracy logit(π) Accuracy

Happiness 2.01 88.20 2.94 94.97
Anger 1.49 81.56 2.71 93.77
Sadness 1.37 79.77 2.40 91.69
Surprise 1.24 77.47 2.62 93.23
Disgust 1.35 79.35 2.34 91.21
Fear 1.02 73.51 2.14 89.43

Note. Estimated only from studies that include multiple-choice tasks.
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recognition accuracy in multiple-choice type tasks (collapsed
across all stimuli formats) was, on average, above chance (88%),
suggesting generalized recognition competencies, even in early
childhood. This result broadly reflects previous works which
examined children’s emotion recognition using multiple-choice
tasks, although our estimated accuracy was slightly higher than
some individual studies (e.g., Chronaki et al., 2015; LoBue et al.,
2018; Verpaalen et al., 2019). Although the nature of our analyses
prevented their direct comparison (multiple-choice type tasks could
be corrected for chance guessing, whereas free-label tasks could
not), children’s accuracy in free-label tasks (collapsed across all

stimulus formats) was lower than multiple-choice type tasks (60%),
owing to the likely higher levels of difficulty associated with tasks of
this type. This difference supports a previous study by Vicari et al.
(2000), which found that free-label tasks were generally more
difficult than multiple-choice tasks, although the magnitude of the
difference in our analyses appears smaller.

Some authors have argued that the accuracy difference found
between free-label andmultiple-choice tasks is due to the fact that free-
label paradigms rely on children’s ability to produce emotion labels
(Matthews et al., 2022). Children may, therefore, be unable to respond
“correctly” to a given stimulus, simply because they are unable to

Table 7
Univariate Models for the Effect of Important Moderator Variables on the Recognition of Emotions Anger, Disgust, and Fear in Multiple-
Choice Tasks

Moderator

Anger Disgust Fear

k OR 95% CI logit(π) k OR 95% CI logit(π) k OR 95% CI logit(π)

Format
Intercept 7.00 [5.46, 8.97] 1.95 6.28 [3.97, 9.92] 1.84 5.04 [4.00, 6.35] 1.62
Photo 51 1.00a 17 1.00a 48 1.00a

Video 10 1.24 [−0.72, 2.13] 0.21 5 1.17 [0.66, 2.09] 0.16 8 0.61 [0.36, 1.03] −0.50
Vocal 5 1.64 [0.81, 3.34] 0.50 1b 3 1.43 [0.61, 3.38] 0.36

Color
Intercept 7.38 [5.45, 10.00] 2.00 7.45 [4.29, 12.97] 2.01 6.23 [4.93, 7.87] 1.83
Yes 29 1.00c 11 1.00c 27 1.00c

No 16 1.28 [0.77, 2.11] 0.25 8 0.92 [0.48, 1.76] −0.08 15 0.38 [0.26, 0.57] −0.95
Validated
Intercept 7.72 [5.99, 9.95] 2.04 5.68 [4.54, 7.11] 1.74
Yes 49 1.00d 17 44 1.00d

No 6 0.81 [0.41, 1.61] −0.21 2b 7 0.44 [0.28, 0.71] −0.82

Note. Significant terms are indicated in bold. k = number of observations in the level of moderator. An OR greater than 1 (smaller than 1, respectively)
indicates that as the predictor increases the odds of a correct response increase (decrease, respectively). OR = odd’s ratio; CI = confidence interval.
a Intercept represents estimate for reference category Photo. b Levels with less than three observations are excluded from analyses. c Intercept represents
estimate for reference category color (“Yes”). d Intercept represents estimate for reference category validated (“Yes”).

Table 8
Univariate Models for the Effect of Important Moderator Variables on the Recognition of Emotions Happiness, Sadness, and Surprise in
Multiple-Choice Tasks

Moderator

Happiness Sadness Surprise

k OR 95% CI logit(π) k OR 95% CI logit(π) k OR 95% CI logit(π)

Format
Intercept 12.24 [9.21, 16.26] 2.50 5.84 [4.70, 7.26] 1.76 5.32 [3.74, 7.57] 1.67
Photo 61 1.00a 55 1.00a 24 1.00a

Video 11 1.41 [0.68, 2.92] 0.35 7 1.10 [0.65, 1.87] 0.10 5 1.59 [0.97, 2.63] 0.47
Vocal 6 0.48 [0.22, 1.03] −0.74 6 1.08 [0.52, 2.21] 0.07 1b

Color
Intercept 13.58 [9.15, 20.15] 2.61 6.48 [4.86, 8.63] 1.87 7.40 [4.11, 13.34] 2.00
Yes 35 1.00c 31 1.00c 10 1.00c

No 20 0.98 [0.51, 1.86] −0.02 15 0.84 [0.51, 1.38] −0.17 12 0.83 [0.40, 1.71] −0.19
Validated
Intercept 11.32 [8.46, 15.14] 2.43 5.78 [4.65, 7.20] 1.76 6.56 [4.07, 10.57] 1.88
Yes 58 1.00d 50 1.00d 18 1.00d

No 8 1.52 [0.63, 3.68] 0.42 7 1.28 [0.72, 2.26] 0.25 6 0.87 [0.42, 1.80] −0,14

Note. Significant terms are indicated in bold. k = number of observations in the level of moderator. An OR greater than 1 (smaller than 1, respectively)
indicates that as the predictor increases the odds of a correct response increase (decrease, respectively). OR = odd’s ratio; CI = confidence interval.
a Intercept represents estimate for reference category Photo. b Levels with less than three observations are excluded from analyses. c Intercept represents
estimate for reference category color (“Yes”). d Intercept represents estimate for reference category validated (“Yes”).
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produce an emotion label, despite having conceptual knowledge of
several key factors associated with said emotion (e.g., its antecedents,
consequences, and typically associated behavioral response). It has
therefore been argued that free-label tasks may underestimate
children’s “true” recognition competencies (Matthews et al., 2022).
Given the differences in accuracy between these two task types found
in our analyses, this assessment may have merit, although we could
not test it statistically. On the contrary, Nelson et al. (2018) found
evidence in their work that children can utilize a process of elimination
strategy to infer the correct emotion labels in multiple-choice tasks
with experimenter-defined labels. Therefore, the opposing assertion
may also have merit—children may be able to respond “correctly” in
multiple-choice type tasks without having any conceptual knowledge
of a target emotion, but rather by simply knowing that a given choice
in array is not equivalent to an already acquired emotion label.
Therefore, children’s “true” emotion recognition abilities may lie
somewhere between these two extreme points, which may be an
underestimation or overestimation, respectively.
Focusing on the differences within the multiple-choice type tasks

themselves, our analyses revealed that children performed better in
forced-choice as compared to match-to-sample paradigms. This
result supports recent work on the importance of language as a toe-
hold to emotion recognition, emphasized in constructivist theories
of emotion (Barrett, 2017; Lindquist et al., 2015; Price et al., 2022).
In one study, Price et al. (2022) examined 2- and 3-year-old
children’s performance in a task in which children either heard
emotion labels before sorting faces (e.g., “sad faces go in this pile”)
or heard no labels (e.g., “faces like this go in this pile”). These two
conditions are equivalent to forced-choice and match-to-sample task
types we coded in our analyses. Ultimately, the authors found that
labels improved recognition accuracy for emotion categories
typically learned later in childhood (e.g., disgust, surprise, fear),

but not for those typically learned earlier in childhood (e.g., happy,
sad, angry). In our analyses, we found a forced-choice advantage
overall, but this advantage was not reflected in accuracy differences
for specific emotion categories (discussed in detail below). This
result appears to support Barrett’s (2017) suggestion that a focus on
emotion words may be critical if we are to understand how children
learn emotion concepts in the face of large intraindividual variation.

Our overall analyses also pointed to variation across certain
geographical regions (Table 2). The results of our metaregression
revealed significant accuracy differences betweenNorthAmerican and
European samples, with European children scoring significantly
higher than their NorthAmerican counterparts. This differencewas not
due to the differences in mean age between North American and
European samples, as the effect of study region remained significant in
the metaregression model when age was included as a covariate. No
other differences between geographical regions could be found.
Despite this, previous works have suggested that certain cultural
factors may influence children and adults’ response accuracy in
emotion recognition tasks (Camras et al., 2006; Collins & Nowicki,
2001; Elfenbein & Ambady, 2002; Rosenqvist et al., 2017). In
addition, constructivist theories of emotion emphasize the important
role of culture in acquiring certain emotion knowledge (Shablack &
Lindquist, 2019). A study byRosenqvist et al. (2017) found significant
variation in children’s performance on theAffect Recognition subscale
of the Developmental Neuropsychological Assessment-II between
three countries (United States, Italy, Finland). The authors indicate that
these differences may echo variation in political, educational, and
cultural factors between these countries, and these differences may
have been captured in our data. For example, it is possible that children
who start formal schooling earlier may havemore exposure to emotion
words and, therefore, perform better in tasks that require the use of
these words.

Figure 3
Recognition Accuracy in Free-Label Tasks, Expressed as Estimated Logit(π), as a Function of Age and Emotion
Category

Note. If estimated logit(π) is greater than 0, proportion correct is greater than 0.5. See the online article for the color version of
this figure.
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Critically, we found no differences in emotion recognition
accuracy between boys and girls. This result stands in contrast to a
previous meta-analysis (McClure, 2000), which found a small (but
significant) female advantage in emotion recognition abilities,
beginning from infancy and continuing into adolescence. The most
likely explanation for this discrepancy lies in the models themselves.
In our analyses, we used the percentage of female participants in the
sample as a moderator in our estimation of recognition accuracy. In
McClure’s (2000) work, the author modeled difference scores
between boys and girls directly, using this standardized difference as
an effect size, providing a likely more sensitive measure of
difference. Inspection of the distribution of our percentage female
scores revealed that the majority of studies included around 50%
females, with extreme values rare. This lack of between-study
variance may be a contributing factor to this null effect and should
be examined more carefully in future works.
Finally, of key theoretical interest were any potential interactions

between age and our other moderating variables. That said, we
found no evidence for any participant-, task-, or stimulus-feature
interactions with age, except for stimulus validation status and
presentation time. Thus, emotion recognition accuracy is not
differentially influenced by task- and stimulus-related features
(barring stimulus validation and presentation time) for different
ages. In the case of stimulus validation status, emotion recognition
accuracy increased more across age for validated stimuli compared to
those that were not validated. This result could be because validated
stimuli are independently rated by a (typically) larger cohort and,
therefore, certain stimuli are more likely to reflect “consensus” on
how a certain stimulus best be labeled. Additionally, such stimuli are
likely to be more rigorous and of greater methodological quality, as
they are more likely to control for extraneous low-level features that
may influence emotion recognition abilities. As children age, their
judgments may be more likely to conform to such consensus and this
may explain this interaction. In terms of stimulus presentation time,
while it did interact significantly with age, the magnitude of the effect
was so small that its interpretation was impossible. As such, we can
say very little about the interaction between these two variables and
whether this produces meaningful differences in emotion recognition
accuracy.

Emotion-Specific Analyses

Our emotion-specific analyses also revealed a number of key
findings. In terms of specific emotion categories, estimated accuracy
scores suggest a pattern that is broadly typical of that found in
previous individual studies and reviews of children’s understanding
of emotions (e.g., Herba & Phillips, 2004; Ruba & Pollak, 2020;
Widen, 2013), although we found some noteworthy differences.
When considering all stimulus and task types, happiness was the
most easily recognized emotion category, followed by anger,
surprise, sadness, disgust, and fear. Age did not interact with any
emotion category to produce differences in recognition accuracy.
This finding has an important implication, namely, that recognition
of all basic emotions appears to improve across development in a
similar fashion—such that, for example, basic emotions that are the
worst recognized at 3-years-old, are also the worst recognized at 10-
years-old (see Figure 2). Happiness, for example, was by far the best
recognized emotion across age, supporting previous findings which
indicate that happiness stimuli (including facial, body expressions,

and vocalizations) are consistently recognized and labeled even in
early childhood (e.g., Amorim et al., 2021; Grosbras et al., 2018;
Herba & Phillips, 2004; Widen, 2013; Widen & Russell, 2008a). In
addition, this result supports a previous meta-analysis on an adult
sample which found that happiness facial expressions were the most
easily recognized among all other basic emotions (Elfenbein &
Ambady, 2002).

An important note here is that happiness is the only positively
valanced emotion among the list of Ekman’s (1992) basic emotions
(Sauter, 2010). As it has been argued that emotions are first
recognized based on valence (positive/negative) in young childhood
before each specific emotion can be recognized (broad-to-differenti-
ated hypothesis; Widen, 2017), this may be the reason why happiness
was recognized so consistentlywell. Such a pop out effect is likely not
the only explanation, given the high levels of accuracy found for
happiness stimuli in free-labeling tasks found in our analyses.
Another explanation is that happiness may simply be better
recognized because of its ubiquitousness from birth—children likely
encounter expressions of happiness more than any other emotion in
early childhood (Kotsoni et al., 2001), and this familiarity could also
contribute to its high recognition rates.

Disgust and fear stimuli were consistently the worst recognized
across all ages and stimulus types. This result is interesting
considering evidence for an attentional bias toward fear-inducing
stimuli during infancy (Grossmann & Jessen, 2017). Yet, the low
recognition of disgust stimuli supports previous studies which found
that, at least in the facial expression domain (which accounted for
the largest proportion of studies), children easily confuse disgust
nose scrunches with anger scowls (Widen & Russell, 2010b). In
addition, a previous review found that facial expressions of both
disgust and fear were the last to be acquired emotion categories, with
children reaching chance recognition accuracy only by 9 years of
age (Widen, 2013).

It is important to note that the recognition accuracy of disgust
stimuli was only significantly lower than happy stimuli. This finding
is generally in line with the constructionist perspective that disgust
should have the lowest recognition rate across emotion categories
overall, as the word “disgust” is learned only in later childhood (Price
et al., 2022; Shablack & Lindquist, 2019). However, the fact that the
recognition accuracy of disgust was not significantly lower than the
other emotion categories, such as sad and angry, across all ages,
speaks against constructivist theories of emotion that highlight the
crucial role of language in emotion recognition development (Barrett
et al., 2007; Hoemann et al., 2019). In particular, if language plays
such a critical role in emotion differentiation, we would expect to see
worse recognition of disgust stimuli compared to other emotion
categories, especially at an early age (when children have typically
not yet learned this word). Instead, we found no interaction between
age and any emotion category, suggesting that, as discussed, the
recognition for all emotions follows the same developmental
trajectory (no matter when the words for emotions are learned in
the course of development). This finding may support basic emotion
theories, which, unlike constructivist theories, do not assume sudden
jumps in emotion recognition when emotion words are learned.
Rather, these theories suggest that children are born ready to
differentiate between all emotions and become more proficient in
emotion recognition across age due to maturation and social
determinants (Ekman, 1999; Izard, 1994). This notion, should,
nonetheless, be further clarified in future works, as we note that some
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emotion categories had only a small number of observations at certain
ages, potentially limiting our ability to detect significant interaction
effects.
When considering differences between specific stimulus formats

(vocalizations, photos, and videos) across emotion categories this
pattern was similar—although the nature of our analyses prevented
examination of the interaction between certain emotion types and
stimulus formats statistically. In particular, we did not find any
differences in accuracy for the various stimulus formats within
specific emotion categories. This pattern of results is unexpected,
given previous works which found clear differences in recognition
accuracy between static images and video stimuli of emotional
expressions in both childhood and adulthood (particularly at low
stimulus intensities; Richoz et al., 2018). Some authors have argued
that video stimuli may bolster the recognition of certain emotions as
their dynamicity is more in keeping with the kinds of information
children encounter in their daily lives (Vieillard & Guidetti, 2009).
Moreover, dynamic stimuli convey additionally important visual
information to children that may assist in categorization (e.g., a
stimulus’ temporal properties or intensity; Richoz et al., 2018).
Rather, our results seem to be more in keeping with an alternative set
of studies which find no significant advantages for dynamic over
static stimuli (Nelson & Russell, 2011b; Widen & Russell, 2015). It
is perhaps possible that multiple stimulus features (e.g., stimulus
format and intensity) interact to produce these between-study
differences, although we did not examine these interactions
specifically. We wish to stress that because a number of these
pairwise comparisons included only a small number of observations
(particularly for video stimuli and vocalizations), the results of these
within-emotion category analyses of stimulus format should be
treated cautiously. The overwhelming majority of effect sizes came
from static image stimuli. Therefore, it will be important for future
works to examine whether such stimulus format difference exist
across other format types and, in particular, whether these
differences are similar across emotion categories.
Despite finding no clear differences between stimulus format

types, we found that some other task- and stimulus-related features
moderated children’s recognition accuracy for specific emotions.
This pattern was particularly the case for fearful stimuli, which
appeared to be the most influenced by our included moderators,
beyond those of other emotion categories (Table 7). In particular,
fearful stimuli presented in color were recognized significantly
better than those presented in monochrome. We could identify only
one study which looked specifically at the influence of color on the
perception of facial emotions in adults (Silver & Bilker, 2015). Here,
the authors found a generalized recognition advantage (in terms of
both accuracy and response latency) for emotions presented in color,
although they only included sad, happy, and neutral facial
expressions in their analyses. Interestingly, we only found such
an advantage for fearful stimuli, which may suggest that this
advantage may not extend to children. Finally, unvalidated fearful
stimuli were recognized significantly worse than those that were
validated. Again, validated stimuli are rated independently by a
(typically) larger cohort of individuals and also tend to be controlled
for extraneous low-level features that may influence participants’
responding. As such, it holds that an advantage for validated over
unvalidated stimuli was found. We can only speculate as to why we
found this relationship for fearful stimuli only. In particular, because
fearful facial expressions are encountered much less frequently in

daily life than other basic emotions (Calvo et al., 2014), unvalidated
fearful stimuli may be more sensitive to misattribution errors than
validated stimuli. Indeed, evidence suggests that children often
confuse fearful facial expressions with those of surprise (Roy-
Charland et al., 2015). This problem may be exacerbated in
unvalidated stimulus sets where low-level perceptual features and
potentially confusing facial movements are likely less controlled.

Limitations and Future Directions

Despite its comprehensiveness, there are still several important
noteworthy limitations in our analysis. First, our analysis was
constrained by its exclusive focus on basic emotions. Therefore, our
results cannot be generalized beyond basic emotions. It will be an
important avenue of future research to examine whether our pattern
of results holds for other emotion categories. For example, some
scholars (e.g., Izard, 2007; Lewis et al., 1989) argue that self-
conscious emotions are more cognitively complex than basic
emotions, and it is important to examine whether certain task- or
stimulus-related features aid the recognition of these emotions
above and beyond those included in the present analyses.

Moreover, in a related issue, the majority of our studies focused
on children from the Global North. This problem was particularly
marked given that we had only included manuscripts written in
English (or with an appropriate English translation) in the synthesis
of our evidence. Given the importance of considering cross-cultural
perspectives in studies of emotion (Keltner et al., 2022; Matsumoto
&Wilson, 2022), the plethora of studies from the Global North limit
the generalizability of our findings to other cultural contexts and
represent an important gap in the literature. Future studies should
focus on investigating emotion recognition capacities in non-
Western, educated, industrialized, rich, and democratic societies to
better understand whether current findings hold.

Another critical limitation of our analyses is that we only consider
children’s response accuracy and did not consider any other biases
or misattributions. To consider response bias, we would have
needed response confusion matrices for every coded study, which
presented an issue of feasibility (such matrices are seldom included
in published works). Given this, our analyses are limited in that they
only present one side of the story—namely, children’s correct
judgments. We echo calls from other scholars (e.g., Chronaki et al.,
2015; Widen, 2013) who emphasize that a focus on children’s
misattributions (i.e., incorrect judgments) is critical if we want to
fully understand how emotion recognition competencies develop
across ontogeny. Finally, as discussed above, a further limitation of
our analysis method was that we were unable to appropriately
combine the effect sizes of free-label and multiple-choice tasks in
the one analysis. As such, we were unable to compare these popular
task types directly, limiting the conclusions we can draw regarding
the impact of task type on children’s emotion recognition abilities.

Despite these limitations, our data highlight some further important
considerations for researchers interested in emotion recognition in
childhood. First, given the clear differences in accuracy found
between the various task types analyzed, researchers are advised to
think clearly about low-level task considerations when designing
emotion recognition paradigms for children. For instance, match-to-
sample type tasks may index more general perceptual discrimination
abilities, whereas free-label paradigms are heavily reliant on
children’s lexical knowledge and ability to produce labels ad hoc
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(Matthews et al., 2022). The effects of stimulus-related features,
however, were less clear, and showed clear differences depending on
the emotion category under examination. In terms of practical
recommendations, it may be useful for researchers and clinicians to
ensure that they include more than one style of task in their
assessments of emotion recognition. Critically, other potentially
moderating variables (e.g., emotions used, number of response
alternatives) should be kept consistent across tasks. For comparing
children’s response across multiple-choice tasks with differing
response alternatives, we suggest using the proportion index measure
highlighted above (Rosenthal & Rubin, 1989). Finally, given that
children’s accuracy improved significantly more across age in tasks
using validated stimuli, we suggest using only validated stimuli in
assessments of emotion recognition.
The results of the present work also provide some novel

opportunities for future experimental paradigms. We noticed very
few studies that used naturalistic (nonposed, spontaneous) stimuli to
examine emotion recognition. Previous work in adult samples has
found that the recognition of naturalistic emotional expressions
follows a different pattern to that of the posed stimuli typically
included in emotion recognition paradigms (Krumhuber et al., 2021;
Motley & Camden, 1988). Posed stimuli, which are typically
included in the most popular stimulus sets, often display highly
exaggerated and stereotyped features, which may not be in keeping
with the expressions individuals make in real life (Naab & Russell,
2007). This point also stands for stimuli derived from non-Western
individuals, which were generally poorly represented in our
included studies.We suggest that researchers interested in children’s
emotion recognition test children’s abilities cross culturally, using
stimuli derived in naturalistic settings and from various cultural
groups. In addition to overcoming some of the limitations in
previous works, such studies may also be useful in contributing to
the current theoretical discussions regarding the nature of emotions
(Adolphs et al., 2019; Barrett, 2017; Cowen et al., 2019).

Summary and Conclusions

This meta-analysis provides some important insights into the
various participant-, task-, and stimulus-related features that influence
children’s responding in emotion recognition paradigms. We found
that the methodological quality of studies did not influence our
results. Effect sizes were not typically related to potential markers of
study quality—including sample size and stimulus validation status
(except for the emotion fear). Our results reiterate and strengthen the
conclusions of previous qualitative reviews, which suggest general
increases in emotion recognition capacities across age, but with key
differences between specific emotion categories at certain ages
(Herba & Phillips, 2004; Ruba & Pollak, 2020; Widen, 2013). In
addition, our results support the arguments of Hayes et al. (2020),
who highlight that it is not only the specific emotions, but that a host
of other methodological factors may lead to significant variation in
responding in recognition tasks. This variation may be particularly
marked for children, who are only beginning to acquire knowledge of
certain emotions and have more limited experience interacting in
complex social environments.
To return to our initial aim, the results of this meta-analysis

highlight the complexities associated with delineating exactly how,
and in what order, children’s knowledge of external emotion cues
develops across the lifespan. The responses that children give in

paradigms that aim to test these patterns are likely to depend on a
complex interaction between stimulus, task, and participant. These
interactions should be carefully considered by those interested in
how children’s emotion recognition abilities develop.
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*Lázaro, E., Amayra, I., López-Paz, J. F., Martínez, O., Pérez Alvarez, M.,
Berrocoso, S., Al-Rashaida, M., García, M., Luna, P., Pérez-Núñez, P.,
Rodriguez, A. A., Fernández, P., Parada Fernández, P., & Oliva-Macías, M.
(2020). Using a virtual serious game (Deusto-e-motion1.0) to assess the
theory of mind in primary school children: Observational descriptive study.
JMIR Serious Games, 8(2), Article e12971. https://doi.org/10.2196/12971

*Leime, J. L., Neto, J. R., Alves, S. M., & Torro-Alves, N. (2013).
Recognition of facial expressions in children, young adults and elderly
people. Estudos de Psicologia, 30(2), 161–167. https://doi.org/10.1590/
S0103-166X2013000200002

*Leitzke, B. T., & Pollak, S. D. (2016). Developmental changes in the primacy
of facial cues for emotion recognition. Developmental Psychology, 52(4),
572–581. https://doi.org/10.1037/a0040067

Lewis, M., Sullivan, M. W., Stanger, C., & Weiss, M. (1989). Self
development and self-conscious emotions. Child Development, 60(1),
146–156. https://doi.org/10.2307/1131080

Lindquist, K. A., MacCormack, J. K., & Shablack, H. (2015). The role
of language in emotion: Predictions from psychological constructionism.
Frontiers in Psychology, 6, Article 444. https://doi.org/10.3389/fpsyg.2015
.00444

*LoBue, V., Baker, L., & Thrasher, C. (2018). Through the eyes of a child:
Preschoolers’ identification of emotional expressions from the child
affective facial expression (CAFE) set. Cognition and Emotion, 32(5),
1122–1130. https://doi.org/10.1080/02699931.2017.1365046

Lozier, L. M., Vanmeter, J. W., &Marsh, A. A. (2014). Impairments in facial
affect recognition associated with autism spectrum disorders: A meta-
analysis. Development and Psychopathology, 26(4), 933–945. https://
doi.org/10.1017/S0954579414000479

*Lydon, D. M., & Nixon, E. (2014). Facial mimicry interference affects
reaction time but not accuracy on an emotion recognition task in children,
adolescents and adults. The Irish Journal of Psychology, 35(2–3), 106–
120. https://doi.org/10.1080/03033910.2014.982145

*Maassarani, R., Gosselin, P., Montembeault, P., & Gagnon, M. (2014).
French-speaking children’s freely produced labels for facial expressions.
Frontiers in Psychology, 5, Article 555. https://doi.org/10.3389/fpsyg
.2014.00555

*MacDonald, P. M., Kirkpatrick, S. W., & Sullivan, L. A. (1996). Schematic
drawings of facial expressions for emotion recognition and interpretation
by preschool-aged children. Genetic, Social, and General Psychology
Monographs, 122(4), 373–388. https://europepmc.org/article/med/8976595

Malatesta, C. Z., Izard, C. E., Culver, C., & Nicolich, M. (1987). Emotion
communication skills in young,middle-aged, and older women.Psychology
and Aging, 2(2), 193–203. https://doi.org/10.1037/0882-7974.2.2.193

*Mancini, G., Agnoli, S., Baldaro, B., Bitti, P. E. R., & Surcinelli, P. (2013).
Facial expressions of emotions: Recognition accuracy and affective
reactions during late childhood. The Journal of Psychology, 147(6), 599–
617. https://doi.org/10.1080/00223980.2012.727891

*Mardo, E., Avidan, G., & Hadad, B.-S. (2018). Adults’ markers of face
processing are present at age 6 and are interconnected along development.
Perception, 47(10–11), 1002–1028. https://doi.org/10.1177/030100661
8794943

*Markham, R., & Adams, K. (1992). The effect of type of task on children’s
identification of facial expressions. Journal of Nonverbal Behavior, 16(1),
21–39. https://doi.org/10.1007/BF00986877

Matsumoto, D., & Hwang, H. C. (2014). Judgments of subtle facial
expressions of emotion. Emotion, 14(2), 349–357. https://doi.org/10.1037/
a0035237

Matsumoto, D., &Wilson,M. (2022). A half-century assessment of the study
of culture and emotion. Journal of Cross-Cultural Psychology, 53(7–8),
917–934. https://doi.org/10.1177/00220221221084236

Matthews, C. M., Thierry, S. M., & Mondloch, C. J. (2022). Recognizing,
discriminating, and labeling emotional expressions in a free-sorting task:
A developmental story. Emotion, 22(5), 945–953. https://doi.org/10.1037/
emo0000851

1114 RIDDELL, NIKOLIĆ, DUSSELDORP, AND KRET

https://doi.org/10.1111/j.1469-7610.2007.01835.x
https://doi.org/10.1111/j.1469-7610.2007.01835.x
https://doi.org/10.1111/j.1469-7610.2007.01835.x
https://doi.org/10.1111/j.1469-7610.2007.01835.x
https://doi.org/10.1111/j.1469-7610.2007.01835.x
https://doi.org/10.1111/j.1469-7610.2007.01835.x
https://doi.org/10.1037/dev0000686
https://doi.org/10.1037/dev0000686
https://doi.org/10.1037/dev0000686
https://doi.org/10.1080/13825585.2011.645011
https://doi.org/10.1080/13825585.2011.645011
https://doi.org/10.1080/13825585.2011.645011
https://doi.org/10.1080/13825585.2011.645011
https://doi.org/10.1080/13825585.2011.645011
https://doi.org/10.1044/2018_AJSLP-18-0075
https://doi.org/10.1044/2018_AJSLP-18-0075
https://doi.org/10.1044/2018_AJSLP-18-0075
https://doi.org/10.1044/2014_AJSLP-14-0009
https://doi.org/10.1044/2014_AJSLP-14-0009
https://doi.org/10.1111/1467-9280.00304
https://doi.org/10.1111/1467-9280.00304
https://doi.org/10.1111/1467-9280.00304
https://doi.org/10.1037/0033-2909.115.2.288
https://doi.org/10.1037/0033-2909.115.2.288
https://doi.org/10.1037/0033-2909.115.2.288
https://doi.org/10.1037/0033-2909.115.2.288
https://doi.org/10.1037/0033-2909.115.2.288
https://doi.org/10.1111/j.1745-6916.2007.00044.x
https://doi.org/10.1111/j.1745-6916.2007.00044.x
https://doi.org/10.1111/j.1745-6916.2007.00044.x
https://doi.org/10.1111/j.1745-6916.2007.00044.x
https://doi.org/10.1111/j.1745-6916.2007.00044.x
https://doi.org/10.1111/j.1745-6916.2007.00044.x
https://doi.org/10.1080/02699931.2022.2047009
https://doi.org/10.1080/02699931.2022.2047009
https://doi.org/10.1080/02699931.2022.2047009
https://doi.org/10.1080/02699931.2022.2047009
https://doi.org/10.1111/jnp.12009
https://doi.org/10.1111/jnp.12009
https://doi.org/10.1111/jnp.12009
https://doi.org/10.1111/jnp.12009
https://doi.org/10.1037/0012-1649.28.6.1132
https://doi.org/10.1037/0012-1649.28.6.1132
https://doi.org/10.1037/0012-1649.28.6.1132
https://doi.org/10.1037/0012-1649.28.6.1132
https://doi.org/10.1037/0012-1649.28.6.1132
https://doi.org/10.1068/p3155
https://doi.org/10.1068/p3155
https://doi.org/10.3389/fpsyg.2015.00711
https://doi.org/10.3389/fpsyg.2015.00711
https://doi.org/10.3389/fpsyg.2015.00711
https://doi.org/10.3389/fpsyg.2015.00711
https://doi.org/10.1037/emo0000712
https://doi.org/10.1037/emo0000712
https://doi.org/10.1017/S0954579413000928
https://doi.org/10.1017/S0954579413000928
https://doi.org/10.3389/fpsyg.2015.00761
https://doi.org/10.3389/fpsyg.2015.00761
https://doi.org/10.3389/fpsyg.2015.00761
https://doi.org/10.3389/fpsyg.2015.00761
https://doi.org/10.2196/12971
https://doi.org/10.2196/12971
https://doi.org/10.1590/S0103-166X2013000200002
https://doi.org/10.1590/S0103-166X2013000200002
https://doi.org/10.1590/S0103-166X2013000200002
https://doi.org/10.1037/a0040067
https://doi.org/10.1037/a0040067
https://doi.org/10.2307/1131080
https://doi.org/10.2307/1131080
https://doi.org/10.3389/fpsyg.2015.00444
https://doi.org/10.3389/fpsyg.2015.00444
https://doi.org/10.3389/fpsyg.2015.00444
https://doi.org/10.3389/fpsyg.2015.00444
https://doi.org/10.1080/02699931.2017.1365046
https://doi.org/10.1080/02699931.2017.1365046
https://doi.org/10.1080/02699931.2017.1365046
https://doi.org/10.1080/02699931.2017.1365046
https://doi.org/10.1017/S0954579414000479
https://doi.org/10.1017/S0954579414000479
https://doi.org/10.1017/S0954579414000479
https://doi.org/10.1080/03033910.2014.982145
https://doi.org/10.1080/03033910.2014.982145
https://doi.org/10.1080/03033910.2014.982145
https://doi.org/10.1080/03033910.2014.982145
https://doi.org/10.3389/fpsyg.2014.00555
https://doi.org/10.3389/fpsyg.2014.00555
https://doi.org/10.3389/fpsyg.2014.00555
https://doi.org/10.3389/fpsyg.2014.00555
https://europepmc.org/article/med/8976595
https://europepmc.org/article/med/8976595
https://doi.org/10.1037/0882-7974.2.2.193
https://doi.org/10.1037/0882-7974.2.2.193
https://doi.org/10.1037/0882-7974.2.2.193
https://doi.org/10.1037/0882-7974.2.2.193
https://doi.org/10.1037/0882-7974.2.2.193
https://doi.org/10.1080/00223980.2012.727891
https://doi.org/10.1080/00223980.2012.727891
https://doi.org/10.1080/00223980.2012.727891
https://doi.org/10.1080/00223980.2012.727891
https://doi.org/10.1177/0301006618794943
https://doi.org/10.1177/0301006618794943
https://doi.org/10.1177/0301006618794943
https://doi.org/10.1007/BF00986877
https://doi.org/10.1007/BF00986877
https://doi.org/10.1037/a0035237
https://doi.org/10.1037/a0035237
https://doi.org/10.1037/a0035237
https://doi.org/10.1177/00220221221084236
https://doi.org/10.1177/00220221221084236
https://doi.org/10.1037/emo0000851
https://doi.org/10.1037/emo0000851
https://doi.org/10.1037/emo0000851


McClure, E. B. (2000). A meta-analytic review of sex differences in facial
expression processing and their development in infants, children, and
adolescents. Psychological Bulletin, 126(3), 424–453. https://doi.org/10
.1037/0033-2909.126.3.424

*McClure, E. B., & Nowicki, S., Jr. (2001). Associations between social
anxiety and nonverbal processing skill in preadolescent boys and girls.
Journal of Nonverbal Behavior, 25(1), 3–19. https://doi.org/10.1023/A:
1006753006870

*Mondloch, C. J., Gerada, A., Proietti, V., & Nelson, N. L. (2019). The
influence of subtle facial expressions on children’s first impressions of
trustworthiness and dominance is not adult-like. Journal of Experimental
Child Psychology, 180, 19–38. https://doi.org/10.1016/j.jecp.2018.12.002

*Mondloch, C. J., Horner, M., & Mian, J. (2013). Wide eyes and drooping
arms: Adult-like congruency effects emerge early in the development of
sensitivity to emotional faces and body postures. Journal of Experimental
Child Psychology, 114(2), 203–216. https://doi.org/10.1016/j.jecp.2012
.06.003

Montirosso, R., Peverelli, M., Frigerio, E., Crespi, M., & Borgatti, R. (2010).
The development of dynamic facial expression recognition at different
intensities in 4- to 18-year-olds. Social Development, 19(1), 71–92. https://
doi.org/10.1111/j.1467-9507.2008.00527.x

Motley, M. T., & Camden, C. T. (1988). Facial expression of emotion: A
comparison of posed expressions versus spontaneous expressions in
an interpersonal communication setting. Western Journal of Speech
Communication, 52(1), 1–22. https://doi.org/10.1080/10570318809389622

*Muñoz, L. C. (2009). Callous-unemotional traits are related to combined
deficits in recognizing afraid faces and body poses. Journal of the
American Academy of Child & Adolescent Psychiatry, 48(5), 554–562.
https://doi.org/10.1097/CHI.0b013e31819c2419

Naab, P. J., & Russell, J. A. (2007). Judgments of emotion from spontaneous
facial expressions of New Guineans. Emotion, 7(4), 736–744. https://
doi.org/10.1037/1528-3542.7.4.736

Nakagawa, S., Lagisz, M., Jennions, M. D., Koricheva, J., Noble, D. W. A.,
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