UvA-DARE (Digital Academic Repository)

Children's recognition of emotions from vocal cues
Sauter, D.A.; Panattoni, C.; Happé, F.
Published in:
British Journal of Developmental Psychology
DOI:
10.1111/j.2044-835X.2012.02081.x
Link to publication

Citation for published version (APA):
Sauter, D. A., Panattoni, C., & Happé, F. (2013). Children's recognition of emotions from vocal cues. British
Journal of Developmental Psychology, 31(1), 97-113. https://doi.org/10.1111/j.2044-835X.2012.02081.x

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s) and/or copyright holder(s),
other than for strictly personal, individual use, unless the work is under an open content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please let the Library know, stating
your reasons. In case of a legitimate complaint, the Library will make the material inaccessible and/or remove it from the website. Please Ask
the Library: http://uba.uva.nl/en/contact, or a letter to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam,
The Netherlands. You will be contacted as soon as possible.

UvA-DARE is a service provided by the library of the University of Amsterdam (http://dare.uva.nl)

Download date: 19 Apr 2019

1

British Journal of Developmental Psychology (2012)

C 2012 The British Psychological Society

The
British
Psychological
Society
www.wileyonlinelibrary.com

Children’s recognition of emotions from vocal
cues
∗

Disa A. Sauter1 , Charlotte Panattoni2 and Francesca Happé2
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Emotional cues contain important information about the intentions and feelings of
others. Despite a wealth of research into children’s understanding of facial signals of
emotions, little research has investigated the developmental trajectory of interpreting
affective cues in the voice. In this study, 48 children ranging between 5 and 10 years
were tested using forced-choice tasks with non-verbal vocalizations and emotionally
inflected speech expressing different positive, neutral and negative states. Children as
young as 5 years were proficient in interpreting a range of emotional cues from vocal
signals. Consistent with previous work, performance was found to improve with age.
Furthermore, the two tasks, examining recognition of non-verbal vocalizations and
emotionally inflected speech, respectively, were sensitive to individual differences, with
high correspondence of performance across the tasks. From this demonstration of
children’s ability to recognize emotions from vocal stimuli, we also conclude that this
auditory emotion recognition task is suitable for a wide age range of children, providing
a novel, empirical way to investigate children’s affect recognition skills.

In their interactions with others, children, just like adults, need to interpret a wide range
of social signals to understand the intentions and feelings of others. In order for the child
to respond appropriately, several layers of functioning must be in place. The ability to
discriminate between social signals is thought to develop very early, with 5-month-old
infants responding differentially to infant-directed approvals and prohibitions, even in an
unfamiliar language (Fernald, 1993). These discriminations can be made on the basis of
low-level differences between stimulus classes, such as pitch, whereas connecting social
cues with environmental events or verbal labels requires more sophisticated cognitive
capacities (Walker-Andrews, 1997). Most research investigating the development of
emotion recognition has focused on children of preschool age upwards (but see Denham
& Couchoud, 1990b; Widen & Russell, 2003, 2008, for studies of younger children), and
research into children’s (and, indeed, adults’) understanding of affective cues has largely
focused on the recognition of facial expressions.
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Children’s recognition of emotional facial expressions
Despite considerable differences in the paradigms, age groups, and emotional states
that have been examined, studies have consistently found that children from the age
of 3–4 years can reliably match facial expressions to verbal labels for emotions such
as anger, sadness, happiness, and surprise (Bullock & Russell, 1984; 1985; Harrigan,
1984; Reichenbach & Masters, 1983; Russell & Widen, 2002; Wellman, Phillips, &
Rodriguez, 2000). The ability to associate emotional facial expressions with external
causes appears to develop around 5 years (Hughes & Dunn, 1997; Pons, Harris, & de
Rosnay, 2004), although 2- to 3-year olds can already perform better than chance in a
two-way forced-choice task with one positive and one negative option (Wellman et al.,
2000). However, young children’s recognition performance is substantially less accurate
than adults’ (Felleman, Barden, Carlson, Rosenberg, & Masters, 1983; Field & Walden,
1982), and the understanding of emotional signals improves considerably with age
throughout childhood (Denham & Couchoud, 1990b; Harrigan, 1984; Pons et al., 2004;
Thomas, De Bellis, Graham, & LaBar, 2007). The type of task used has been shown to
affect performance significantly: Children do better when choosing between labels than
between facial expressions (Camras & Allison, 1985; Russell & Widen, 2002), and with
forced-choice recognition compared to free labelling tasks (Harrigan, 1984; Markham
& Adams, 1992). Recognition accuracy has also been found to vary by emotion, with
happiness typically being the most easily identified facial expression (Camras & Allison,
1985; Denham & Couchoud, 1990a), and children finding emotions such as surprise,
shame, and contempt more difficult to decode (Wiggers & van Lieshout, 1985). In sum,
young children can typically reliably infer at least some emotional states from facial
expressions and it is clear that performance is affected by the children’s age, the task
employed, and the specific emotions investigated.

Emotional cues in the voice
In contrast to the wealth of research into children’s understanding of facial expressions
of emotions, ’How the processing of emotional prosody develops during ontogeny is
only poorly understood’ (Grossmann & Johnson, 2007, p. 912). Research into early
development has shown that the valence of vocal cues can affect infants’ attention to
objects and exploration behaviour (Moses, Baldwin, Rosicky, & Tidball, 2001; Mumme,
Fernald, & Herrera, 1996; Parise, Cleveland, Costabile, & Striano, 2007; Vaish & Striano,
2004), and some studies with children have found that young children can accurately
classify prosody as joy or sadness in a two-way forced-choice task (Morton & Trehub,
2001; see also Rosenthal, Hall, DiMatteo, Rogers, & Archer, 1979). However, this does not
address the issue of whether children can meaningfully interpret specific vocal-affective
cues beyond broad valence-based judgements.
Only a handful of studies of emotion recognition in children to date have included
vocal stimuli from several emotions. In an early study, children’s accuracy in recognizing
nine emotions from semantically neutral speech was found to improve steadily with age
(Gates, 1927). Another early study found that children as young as five performed above
chance levels when asked to select a stick-figure drawing to match an emotional speech
segment expressing one of four emotions, although performance improved considerably
with age (Dimitrovsky, 1964). The age-related improvement has also been replicated in
a study comparing the perception and production of emotional prosody in children
between 6 and 10 years (Nowicki & Duke, 1994). In addition, children were found to be
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better at perception than production, although performance on the two sub-tasks was
unrelated.
Several studies that have explicitly compared the presentation of affective information
from facial and auditory cues have suggested that the auditory modality may be especially
important for the communication of emotions to younger children (see also Akhtar &
Gernsbacher, 2008; Baldwin & Moses, 1996). Children between the ages of 5 and 18 years
were exposed to either auditory-only, visual-only, or audio-visual natural parent–child
interactions (Bugental, Kaswan, Love, & Fox, 1970). For younger children (up to 8 years),
the auditory channel was found to be more important, in that the visual component of
a message was of less importance than the inflection of the speech and the verbal
contents. In contrast, older children relied more on the visual cues (see also Stifter &
Fox, 1987). A study including consistent facial and vocal cues found that children as
young as 3 years perform considerably better than would be expected by chance when
asked to pair one of four drawn facial expressions with a target emotion (Denham &
Couchoud, 1990a). The target was presented in an ambiguous story, accompanied by
facial cues and vocalizations consistent with one of the interpretations. Unfortunately,
this design did not allow for the contributions of auditory and visual information to
children’s interpretations to be distinguished, since these cues were always congruent.

Sex differences
Sex differences have been reported in children’s emotion recognition from facial cues,
with females typically at an advantage (see McClure, 2000 for a meta-analysis). In addition,
Baron-Cohen’s ‘empathizing-systemizing’ theory argues that better emotion recognition
should be associated with the female ‘brain type’ (Baron-Cohen, 2002; Goldenfeld, BaronCohen, & Wheelwright, 2006).

The current study
The current study aimed to investigate recognition of a wide range of vocally expressed
emotions across early and middle childhood to provide empirical data on the developmental trajectory of emotion recognition from non-verbal vocalizations as well as speech
prosody in typically developing children. Children ranging from 5 to 10 years were asked
to select the one of four picture stimuli that best matched the emotion communicated
in an auditory stimulus.
We also aimed to address a limitation in current research on emotion processing
based on face stimuli. The emotions typically assessed with face stimuli are biased
towards negative emotions, with most of the emotions reliably recognized from the
face being negative (angry, sad, disgust, and fear), while only one positive emotion is
commonly included (happiness; see Sauter, 2010 for a discussion). In the voice, however,
positive as well as negative emotions can be reliably distinguished by adult listeners (e.g.,
Sauter & Scott, 2007; Sauter, Calder, Eisner, & Scott, 2010). The use of vocal emotion
stimuli, therefore, allows for a test of whether, for example, happiness has been easy for
children to identify from facial expressions in previous studies because it has been the
only positive emotion included.
The study aimed to test two main hypotheses. Children were expected to perform at
better-than-chance levels in the recognition of emotions from vocal cues. This prediction
for vocal cues was based on the fact that children from 5 years have a good understanding
of causes of emotions as well as visual-affective cues (Hughes & Dunn, 1997; Pons et al.,
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2004). This pattern was expected to extend to the auditory domain in terms of both nonverbal vocalizations and speech prosody, particularly given earlier findings, showing that
even younger children could identify happiness and several negative expressions from
vocal signals, although no study to date has yet examined a wide range of positive and
negative emotional vocal cues. Second, we hypothesized that recognition performance
would improve with age, given findings from studies of facial expression recognition
(Harrigan, 1984; Pons et al., 2004) as well as emotional speech (e.g., Gates, 1927).
Based on the work by Pons et al. (2004), Hughes and Dunn (1997), and others, we set
the lower age range for our study at 5 years, and included children up to the age of 10.
Although younger children than this have been found to identify emotions accurately
in some studies (e.g., Wellman et al., 2000), our design involved a wider range of more
subtle emotions, and a forced choice from four options, including foils of the same
valence as the target. We therefore set the lower age to 5 years.
In addition, two exploratory hypotheses were considered. Girls were expected to
perform better than boys, given results from studies of emotion recognition from facial
expressions (McClure, 2000). Finally, it was expected that performance on the two
auditory emotion tasks would be related, reflecting individual differences in underlying
affect recognition, and maybe wider socio-affective skills.

Methods
Participants
The sample consisted of 48 children (25 boys) between the ages of 5 and 10 years
(mean age 7 years 8 months, standard deviation 1 year 7 months). The participants
were divided into two groups, according to age: 24 younger children (13 boys, mean
age 6 years 3 months, range 5 years 1 month to 7 years 5 months), and 24 older
children (12 boys, mean age 9 years 2 months, range 8 years 3 months to 10 years
3 months). Participants were recruited from a mainstream primary school in London,
with a catchment area of mixed socio-economic status. No history of auditory, visual,
or behavioural problems was reported for any participant. The project was reviewed
and approved by the King’s College London Psychiatry, Nursing & Midwifery Research
Ethics Sub-Committee (PNM/07/08–9), and informed consent was collected from the
participants and their parents.

Stimuli
The vocal stimuli were taken from previously validated affective non-verbal vocalizations
and inflected speech stimuli (Sauter, 2006; Sauter et al., 2010), and expressions were
produced by two male and two female adult British English speakers. These stimuli
are well recognized by adult listeners (Sauter, 2006; Sauter et al., 2010; Sauter & Scott,
2007). The vocalizations were sounds such as laughs, sighs, and grunts. The verbal sounds
consisted of affectively inflected speech in the form of spoken three-digit numbers. The
mean duration of the non-verbal stimuli was 0.97 s, and for the speech stimuli 1.87 s. Each
set was scaled for maximum amplitude. Ten categories of verbal and non-verbal stimuli
were used, consisting of positive (Amusement, Contentment, Relief, and Achievement),
negative (Anger, Disgust, Fear, and Sadness), and neutral (Surprise and Neutral) sounds.
The response picture stimuli were photos of people against a neutral background,
with one picture used for each emotion category throughout the tasks. The pictures were

Emotions in the voice

5

pilot tested with eight adults, using a forced-choice task with a larger set of candidate
pictures. All adult pilot participants (100%) accurately labelled all of the pictures included
in the final set. The pictures were arranged in sets of four for presentation. Of the four
images, one picture matched the category of the sound, and constituted the target.
The other images were from one positive, one negative, and one neutral category. The
constellation of the distractor categories was varied across trials of each category within
each task, with each picture being presented an approximately equal number of times.
The position of the target picture on the page was counterbalanced. Under each picture
was the corresponding emotion label and a letter used for participants’ responses (A, B,
C, or D).

Procedure
Testing was done individually in a quiet room on the school campus. Before commencing
the experiment, the researcher gave a brief, standardized definition, and scenario
explaining each emotion label. The child was then asked to give another example of
when someone might feel each of these emotions, and asked to produce a corresponding
sound. If an example or a sound was incorrect, they were not given feedback, but
a second standardized scenario explaining the emotion was given. At that point, the
participant was again asked to give another example and corresponding sound. All
participants were able to give adequate responses following this process.
Following this procedure, each child performed the two emotion recognition tasks.
Consistent with most of the previous literature, the current study employed a forcedchoice paradigm (e.g., Camras & Allison, 1985; Denham & Couchoud, 1990a; Russell &
Widen, 2002; Thomas et al., 2007). As auditory stimuli have to be presented sequentially,
the vocal cue was always the target, and the response alternatives were labels, illustrated
with facial cues. In each task, the participants heard 50 sounds per task (five exemplars
from each of the 10 emotion categories, with half of the stimuli produced by male
and female speakers, respectively), and a total of 100 trials. The order of tasks was
counterbalanced between participants. The stimuli were presented in a pseudo-random
order (examples of a same emotion category had to be separated by at least three other
emotion sounds) within each task, consistent across participants.
On each trial, participants were asked to choose which of the four emotion labels
best matched the emotional sound. Responses were given either by saying the letter
underneath the picture, or pointing to indicate the selected response, resulting in
a dependent measure of the child’s selected category for a given stimulus. No time
limitation was used, and participants were allowed to hear a stimulus more than once. All
children gave a response on all trials. The sounds were presented via standard speakers
on a Hewlett Packard Pavilion dv1000 laptop (Palo Alto, CA, USA) and the pictures
were presented on printed sheets. Sessions lasted approximately 20 min per child. After
completion of the experiment, the child was told that they had done well, and was given
a sticker to thank them for their participation.

Statistical analyses
In order to test the primary hypothesis that children perform better than chance in the
recognition of emotions from vocal cues, performance for each age group was calculated
for each emotion. In forced-choice tasks, performance for a particular category can be
artificially inflated by the disproportionate use of that response. Unbiased hit rates,
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Hu scores, control for this bias. For Hu scores, a score of zero denotes no correct
responses, and one is perfect performance (Wagner, 1993). Chance scores can also
be calculated separately for each condition using this method (see Wagner, 1993). Hu
scores are proportional and are arcsine-transformed before use in statistical tests. Thus,
to test whether the children in each age group performed better than chance for each
stimulus type, arcsine-transformed Hu scores and chance scores were compared using
paired-sample t-tests.
Our second hypothesis proposed that recognition performance improves with age.
In order to test this relationship, linear regressions were performed with the children’s
age in months as the independent measure, and the total number of correct responses as
the dependent measure, with non-verbal vocalizations and speech analysed separately.
In order to examine whether performance improved with age for individual emotions,
separate linear regressions were run for each emotion using the total number of correct
responses for that emotion category, separately for the non-verbal vocalization and
speech tasks.
In order to test our exploratory hypothesis of a sex difference in the recognition of
emotion from vocal cues, a repeated-measures ANOVA was performed, using the average
Hu scores on each task, minus chance, as an unbiased measure of performance.
Finally, to investigate whether children’s comprehension of non-verbal vocalizations
and the inflected speech were related, a correlation was performed, using each
participant’s average Hu score, less chance for each task. Since regression analyses
showed that the performance on both tasks was to some extent related to the children’s
age, a partial correlation was performed, controlling for the effect of age.

Results
Do children recognize emotions in the voice?
Non-verbal vocalizations
The children overall identified the emotional sounds with an average accuracy of 78.1%
for the younger children and 83.9% for the older children (see Figure 1). This level of
performance is much higher than would be expected by chance in a four-way forcedchoice task (approximately 25%; note that Hu-score-calculated chance levels were used
in the statistical tests). The full confusion matrices are shown in Appendix A.
The children in each age group performed better than chance for each category of
non-verbal emotional vocalizations, corrected for multiple comparisons (see Appendix
B), demonstrating that children as young as 5 years can reliably infer emotions from
non-verbal vocal cues.

Inflected speech
The children overall identified the emotion from inflected speech with an average
accuracy of 52.9% for the younger children and 72.3% for the older children (see
Figure 2 for performance and Appendix A for confusion matrices). In both age groups,
performance was better than chance for each emotion in the emotionally inflected
speech task (see Appendix B), showing that children as young as 5 years can infer
emotional states from emotionally inflected speech.
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Figure 1. Percent correct in a four-way forced-choice task of 10 categories with non-verbal emotional
vocalization stimuli, by younger (5- to 7-year old) and older (8- to 10-year old) children. Note. Chance
is approximately 25% (statistical tests used Hu-score-calculated chance levels that take into account
participant-level response biases, see analysis for details), error bars denote standard errors.

Does emotion recognition from vocal cues improve with age?
Non-verbal vocalizations
Age significantly predicted the children’s recognition of emotions from non-verbal
vocalizations (see Figure 3), accounting for just under a quarter of the variance in
scores (r2 = .23, p < .001). Examining individual emotions, age was found to predict the

Figure 2. Percent correct in a four-way forced-choice task of 10 categories with emotionally inflected
speech stimuli, by younger (5–7 years) and older (8–10 years) children. Note. Chance is approximately
25% (statistical tests used Hu-score-calculated chance levels that take into account participant-level
response biases, see analysis for details), error bars denote standard errors.
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Figure 3. The relationship between children’s recognition of non-verbal vocalizations and age.

children’s performance significantly for surprise sounds (r2 = .17 p < .05, Bonferroni
corrected), but not for any other emotion category (all r2 < .10). This indicates that,
with the exception of surprise, children’s recognition of emotions from non-verbal
vocalizations does not improve significantly with age. This likely reflects the relatively
proficient performance by even the younger children (see Figure 3), leaving little room
for age-related improvement.
Inflected speech
For speech stimuli, age significantly predicted the children’s overall performance,
accounting for almost half of the variance in scores (r2 = .48, p < .001; see Figure 4). Age
predicted the children’s performance for most of the emotion categories (achievement
r2 = .18, anger r2 = .26, contentment r2 = .28, disgust r2 = .12, neutral r2 = .19,
sad r2 = .31, and surprise r2 = .36, all p < .05, Bonferroni corrected), but not for
recognition of speech inflected with amusement, fear, or relief (all r2 < .15). This
indicates that the comprehension of many emotions from inflected speech continues to
improve throughout childhood.
Is there a gender effect in children’s recognition of emotion in the voice?
There was no main effect of gender (F < 1), and no interaction between task and gender
(F < 1), suggesting that boys and girls did not differ systematically in their recognition
of emotions from vocal cues, and that gender did not affect the relative difficulty of the
tasks (average arcsine-transformed Hu scores for non-verbal vocalizations for boys: 1.02,
and for girls: 1.07; for inflected speech for boys: 0.71, and for girls: 0.74).
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Figure 4. The relationship between children’s recognition of emotionally inflected speech and age.

Are the abilities to recognize emotion in non-verbal vocalizations and inflected
speech related?
The children’s recognition of the two types of affective stimuli was highly correlated
(r = .53, p < .0001), indicating that, even partialling out the effects of age, children who
were better at recognizing emotions from non-verbal sounds also performed better in
the recognition of emotions from speech stimuli.

Discussion
Children from 5 years of age are proficient in interpreting emotional information
from vocal signals. Performance was better than would be expected by chance for
all emotions, for both non-verbal vocalizations and emotionally inflected speech stimuli,
demonstrating that children are sensitive to affective cues in several types of vocal signals
across a range of negative, neutral, and positive states.
The confusion patterns were consistent across younger and older children and
common errors included both within- and across-valence classifications (see Appendix
A). For both non-verbal vocalizations and speech stimuli, performance improved with
age, and compared to adult listeners’ recognition of the same stimuli (e.g., Sauter &
Scott, 2007) children’s recognition levels appear high. However, as accuracy is affected
by the number and type of response alternatives given to participants, caution should
be employed in comparing across studies.
The effect of age differed both by specific emotions and stimulus type. For nonverbal vocalizations, age was found to predict performance only for the recognition of
surprise sounds. In contrast, for inflected speech, age predicted performance for most
of the emotion categories. This difference between the stimulus types may partly be
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due to the greater difficulty of the interpretation of certain emotions from speech (e.g.,
Hawk, van Kleef, Fischer, & Schalk, 2009). However, the categories that became easier
to recognize with age did not simply correspond to the most difficult ones (see Figure 1).
Previous work has shown that young children perform better with ’simple’ emotions, as
proposed by Wiggers and van Lieshout (1985). Might more ’complex’ categories be better
recognized with age? In the current study, emotions such as fear and amusement could
be considered relatively simple, whereas surprise and contentment could be considered
more complex. Complexity could potentially explain why surprise sounds were the
only category of non-verbal vocalizations to improve with age, since surprise may be
considered a relatively complex emotion (Wiggers & van Lieshout, 1985). However,
this argument does not explain the results in the speech task in the current study,
where age predicted the children’s performance for several simple emotions, such as
anger and sadness. Some of the emotions that improved with age were among the
best-recognized categories, while others were among those that children found most
difficult. Nevertheless, the only category that saw an improvement with age across both
tasks was surprise, consistent with Wiggers and van Lieshout’s results (1985), perhaps
indicating a role for emotion complexity, as understanding surprise likely involves ‘theory
of mind’, the awareness of one’s prior mistaken belief or ignorance. Surprise may also
be particularly difficult for children as it is ambiguous, and can signal both a positive or
negative state.

Individual differences
Our hypothesis that recognition of the two classes of stimuli would be related was confirmed by the results. This may imply that the tasks employed are tapping the underlying
socio-affective skill of the children. Previous studies have found an association between
children’s social skills and their performance on emotion tasks: Boyatzis and Satyaprasad
(1994) found that 4- to 5-year olds’ non-verbal skills were correlated with peer popularity
from teacher ratings. Other studies have found similar relationships, in 3- to 5-year olds,
between emotion understanding and teacher ratings of social skills (Cassidy, Werner,
Rourke, Zubernis, & Balaraman, 2003), and popularity (Denham, McKinley, Couchoud,
& Holt, 1990), and between emotion recognition and interactions with other children
or with adults (Nowicki & Mitchell, 1998). One possible mechanism for this link may
be parental socialization skills, which have been shown to relate to children’s emotion
knowledge (Perlman, Camras, & Pelphrey, 2008). Direct investigation of these issues
was beyond the scope of the current study, but our tasks nevertheless show sensitivity
to individual differences, likely reflecting underlying socio-affective skills of the child.
Future work should examine the relationship between children’s productive and
receptive emotion abilities; some work has indicated that these may tap independent
mechanisms in children (Nowicki & Duke, 1994). Unfortunately it was not possible to
test for such a relationship in the current study, as no recordings were made of the
vocalizations that the children produced.
Notably, we found no sex differences in auditory emotion recognition. This is counter
to the predictions of, for example, Baron-Cohen’s ‘male brain’ theory, which predicts
better ‘empathizing’ as one marker of the female ‘brain type’ (Baron-Cohen, 2002;
Goldenfeld et al., 2006). Our study suggests that, at least between the ages of 5 and 10
years, sex differences in recognizing emotions from the voice are negligible. Although
the lack of a sex difference in the task with non-verbal stimuli could possibly be due to
the very high overall performance, we also found no interaction between sex and task.
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Performance with the speech stimuli was more moderate and varied, but nevertheless
no difference was found between boys and girls.
The recognition of affect from different auditory cues
Our developmental results are consistent with previous studies in adults (e.g., Hawk
et al., 2009) in showing that recognition of emotions from non-verbal vocalizations is
easier than identifying emotions from inflected speech. This may reflect the fact that
emotions overlaid on the speech signal are constrained by prosodic cues engaged in
the communication of linguistic information, resulting in a limited range of acoustic
variability (Scott, Sauter, & McGettigan, 2009). Previous research has found that when
linguistic and paralinguistic cues in speech conflict, children rely more on content,
whereas adults rely on inflection (Morton & Trehub, 2001), suggesting that children’s
understanding of the communicative functions of paralinguistic information are limited
compared to their linguistic comprehension.
The current study is the first to show a developmental trajectory for the difference
between non-verbal vocalizations and inflected speech. There was an especially marked
effect for the younger children, with an average accuracy of 78% for non-verbal
vocalizations, compared to 53% for inflected speech. The difference for the older children
was less pronounced, with a mean of 84% for the non-verbal vocalizations, and 72% for
the speech sounds. It would be of interest to see whether this difference would be further
accentuated in even younger children, and although the number of stimuli and trials make
the task used in the current study less suited to younger children, children between 2 and
3 years have verbal labels for a range of feeling states (e.g., Dunn, Bretherton, & Munn,
1987; Wellman et al., 2000), and may already associate vocal signals with these labels.
Specific emotions
A number of studies investigating children’s recognition of facial expressions of emotions
have reported that children find happiness easiest to recognize in facial emotion tasks
(see Camras & Allison, 1985; Widen & Russell, 2003). However, previous studies have
typically included only one category of positive emotion, and thus have not addressed
whether happiness was an easy emotion to identify because it was the only positive
emotion examined, or whether expressions of happiness really were easier. In the
domain of vocal-emotional signals, we were able to test several distinct positive emotions
(achievement, amusement, contentment, and relief). The current study showed that the
relative ease of recognition for particular emotion categories differs by stimulus type:
For non-verbal vocalizations, children found amusement, relief, and disgust easiest, and
neutral and sad vocalizations hardest. For speech sounds, sadness and anger were the
easiest, and contentment and disgust the hardest. Widen and Russell (2003) have argued
for a particular order of acquisition of emotion categories on the basis of tasks using
facial expressions of emotions. According to their model, children first learn to identify
happiness, then anger, then sadness, and finally fear, surprise, and disgust. That order
is not reflected in the relative difficulty of categories in the current study. However,
this difference could be due to a difference in methodology. Harrigan (1984) found that
children recognized facial expressions of disgust well in a forced-choice task (similar to
that employed in the current study), but did poorly with disgust faces in a free labelling
task (also used in Widen and Russell’s study). Further studies providing more direct comparisons may be informative for understanding to what extent children’s development
of different emotion categories is consistent across modalities and task. Acquisition may
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also differ between modalities, as suggested by a recent study by Nelson and Russell
(2011). Children between 3 and 5 years provided free responses to facial, vocal, and
bodily signals. For the vocal stimuli, happy speech was recognized significantly less well
than angry and sad speech, whereas for visual stimuli, no such difference was found.
Future considerations
Our data show that the auditory emotion recognition tasks employed in the current
study are suitable for a wide age range, and can capture individual differences within
typically developing children. This demonstrates that children as young as 5 years are able
to make fine distinctions between vocal-emotional signals, including between emotion
categories of the same valence. In addition, we hope that these tasks may be useful tools
for exploration of clinical groups in future studies.
There is abundant evidence for impairments of emotion recognition in several groups
of children. Reduced sensitivity to facial expressions of some emotions has been found
in children from disrupted families (Reichenbach & Masters, 1983), children with
psychopathic traits (Stevens, Charman, & Blair, 2001), and abused children (Pollak &
Sinha, 2002; but see Smith & Walden, 1999). Furthermore, many studies have found
impairments in the recognition of emotional facial expressions in children with autism
(Wallace, Coleman, & Bailey, 2008; Wright et al., 2008), although group differences may
not be apparent when comparison groups are matched on verbal ability (e.g., Castelli,
2005; Grossman, Klin, Carter, & Volkmar, 2000).
Although there is evidence that difficulty identifying vocal emotions is associated
with social avoidance and distress in healthy children (McClure & Nowicki, 2001),
few studies of atypically developing children have included vocal-affective stimuli (but
see Stevens et al., 2001). Although five studies have investigated emotion recognition
from vocal cues in children with autism spectrum disorder (ASD), the work to date
has yielded equivocal findings. While some studies have found evidence for a deficit in
high-functioning children with ASD (Lindner & Rosen, 2006; Mazefsky & Oswald, 2007),
others have found no impairment (Jones et al., 2011; Loveland et al., 1997; O’Connor,
2007). Hopefully, future studies that include a wider range of emotional states will shed
light on this issue.
In sum, we have shown that children as young as 5 years of age are proficient in
interpreting a range of negative and positive emotional cues from vocal signals, consisting
of both non-verbal vocalizations and inflected speech. Performance improves with age,
and performance on the two tasks is related beyond the effect of age. We conclude
that this auditory emotion recognition task is suitable for a wide age range of children,
providing a novel, empirical way to investigate children’s affective recognition skills in
the auditory modality.
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Appendix A
Table A1. Confusion matrices (%) for younger children’s categorizations of non-verbal
vocalizations (A) and inflected speech stimuli (B), and older children’s categorizations
for non-verbal vocalizations (C) and inflected speech stimuli (D)
Response

Emotion category
Younger children
Achievement Amusement Contentment Relief Neutral Surprise Anger Disgust

(A)
Achieve
Amuse
Content
Relief
Neutral
Surprise
Anger
Disgust
Fear
Sadness
(B)
Achieve
Amuse
Content
Relief
Neutral
Surprise
Anger
Disgust
Fear
Sadness
(C)
Achieve
Amuse
Content
Relief
Neutral
Surprise
Anger
Disgust
Fear
Sadness
(D)
Achieve
Amuse
Content
Relief
Neutral
Surprise
Anger
Disgust
Fear
Sadness

80.83
1.67
1.67
0.00
0.83
7.50
8.33
0.00
2.50
0.83

1.67
97.50
0.00
0.00
0.83
0.83
0.00
0.00
1.67
1.67

3.33
0.00
68.33
0.83
11.67
1.67
0.00
0.00
0.83
15.00

62.50
7.50
6.67
4.17
3.33
15.83
3.33
5.83
5.00
0.83

15.83
61.67
0.83
4.17
1.67
1.67
2.50
3.33
8.33
0.00

2.50
5.83
32.50
6.67
6.67
8.33
4.17
0.00
2.50
8.33

89.17
0.00
0.00
0.00
0.00
2.50
8.33
0.00
0.00
0.00

0.83
100.00
0.00
0.00
0.00
0.00
0.00
0.00
1.67
0.00

0.00
0.00
80.00
0.83
21.67
0.83
0.00
0.00
0.00
14.17

75.00
1.67
0.00
0.00
0.83
5.83
1.67
2.50
0.00
0.00

13.33
69.17
0.83
2.50
2.50
0.83
0.00
2.50
3.33
0.00

1.67
5.83
52.50
6.67
2.50
2.50
0.00
0.00
1.67
1.67

Non-verbal vocalizations
0.00
0.83
0.83
0.00
0.00
0.00
4.17
13.33
4.17
94.17 2.50
2.50
0.83 59.17
8.33
3.33
10.83
63.33
0.00
0.00
0.00
0.00
0.00
0.00
2.50
0.00
3.33
1.67
5.00
1.67
Inflected speech
0.83
0.00
3.33
2.50
9.17
6.67
9.17
28.33
8.33
54.17 13.33
2.50
9.17 52.50
6.67
10.83 15.00
34.17
5.83
1.67
3.33
5.00
8.33
0.00
0.00
0.83
1.67
0.83
5.00
0.00
Older children
Non-verbal vocalizations
0.00
0.00
5.00
0.00
0.00
0.00
0.83
5.83
6.67
98.33 0.83
0.00
0.83 60.83
6.67
0.00
8.33
81.67
0.00
0.83
0.00
0.00
0.00
0.00
0.83
0.00
0.00
0.83
3.33
0.00
Inflected speech
0.00
0.00
2.50
2.50
10.83
5.00
5.83
35.00
2.50
75.83 10.00
0.00
5.83 75.00
5.00
5.00
3.33
74.17
4.17
0.00
0.00
3.33
5.00
0.00
1.67
0.00
1.67
0.00
0.83
0.83

Fear

Sadness

1.67
0.00 10.83
0.00
0.00
0.00
3.33
0.00
0.83
0.00
0.00
0.00
1.67
3.33
4.17
1.67
0.00
8.33
80.00 8.33
0.83
0.83 99.17 0.00
0.00
8.33 77.50
2.50 10.00 0.83

0.00
0.83
4.17
0.00
9.17
2.50
2.50
0.00
3.33
60.83

0.83
0.83 12.50
0.00
2.50
2.50
5.83
2.50
1.67
5.83
0.00
1.67
8.33
5.00
2.50
0.00
3.33
9.17
57.50 7.50
3.33
18.33 40.00 1.67
0.00
5.00 65.83
4.17
5.00
7.50

0.83
1.67
4.17
7.50
4.17
1.67
10.83
17.50
10.83
68.33

1.67
0.00
3.33
0.00
0.00
0.00
2.50
0.00
1.67
0.00
0.00
0.00
2.50
2.50
0.00
0.83
0.83
2.50
77.50 9.17
2.50
1.67 97.50 0.83
0.00
9.17 85.83
1.67
9.17
2.50

0.00
0.00
2.50
0.00
5.00
2.50
1.67
0.00
2.50
68.33

1.67
0.00
5.83
0.00
1.67
3.33
0.83
0.83
0.00
1.67
0.00
0.00
5.00
0.83
2.50
1.67
0.83
5.00
83.33 1.67
3.33
13.33 55.00 0.00
0.00
2.50 73.33
1.67
0.83
5.00

0.00
0.00
1.67
3.33
0.00
0.83
5.83
18.33
15.83
89.17

Note. All horizontal lines add to 100. Achieve, achievement; amuse, amusement; content, contentment. Correct
classifications are in bold.
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Appendix B
Table B1. t-Values for tests of performance against chance for younger and older children
for each emotion category of non-verbal vocalizations (A), and inflected speech (B)
Age

Emotion category
Achievement Amusement Contentment Relief Neutral Surprise Anger Disgust Fear Sadness

(A)
Young
Old
(B)
Young
Old

Non-verbal vocalizations
14.2
25.9
19.1
47.7
Inflected speech
9.7
10.0
14.1
15.7

13.8
19.3

18.5 10.6
33.2 10.6

11.3
14.9

14.9
15.6

19.7
16.0

16.7 12.0
17.8 16.2

4.5
14.2

9.4 8.5
12.6 15.0

5.7
9.0

7.4
14.3

8.9
12.8

13.5 11.5
15.9 24.2

Note. All results were better than chance at p ⬍ .05, Bonferroni corrected, with one degree of freedom.

