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Abstract
Individuals diagnosed with autism spectrum disorder (ASD) have difficulty perceiving and expressing emotions. Since prosodic
changes in speech (i.e. changes in intonation, stress, rhythm, etc.) are crucial for extracting information about the emotional state
of a speaker, an inability to perceive and interpret these prosodic changes may be related to impairments in social communication.
This study used non-verbal emotional voice-clips to examine the ability of autistic and typically-developing children (7–13 years
old) to extract affect from changes in prosody. This research also explored whether difficulty extracting affective intent from
changes in prosody may be related to social competence. Autistic (n = 26) and typically-developing (n = 26) children accurately
matched emotional voice-clips to emotion words, suggesting autistic children can accurately extract the affective meaning
conveyed by changes in prosody. Autistic children were less accurate at matching the voice-clips to emotional faces, suggesting
that autistic children may struggle to make use of prosodic information in a social context. Across both autistic and typically-
developing children, prosody-face matching accuracy was found to predict overall social competence, as well as social
inferencing abilities, suggesting that the inability to utilize affective information derived from a speaker’s voice may interfere
with effective social communication.
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Introduction

Many children diagnosed with autism spectrum disorder
(ASD) have persistent deficits in prosody production and per-
ception that interfere with their ability to communicate and
interact in social settings (Paul et al. 2005). Prosody has been
defined as the supra-segmental characteristics of speech cre-
ated by changes in the duration, intensity (amplitude), and
fundamental frequency of speech sounds over time (Peppé
et al. 2007; Stephens et al. 1983). Prosodic changes in speech
play an important role in social communication as they

express information about the emotionality, excitability, and
intent of the speaker (Gebauer et al. 2014; McCann and Peppé
2003). For example, changes in a speaker’s prosody can com-
municate whether the speaker is happy or upset, or whether
the speaker is asking a question or making a statement. The
ability to clearly communicate your thoughts, ideas, and emo-
tions, and interpret the same in others, is essential for social
development (Durkin and Conti-Ramsden 2007; Foxe et al.
2013), thus, prosodic difficulties may contribute to the social
challenges experienced by autistic individuals.1

As early as infancy, prosodic features of speech play an
important role in communication. For example, caregivers
communicate with infants using infant directed speech
(IDS). IDS is characterized by exaggerated prosodic features
including long pauses, a slow tempo, more prosodic repeti-

1 While person-first language such as “individuals with autism” is often the
preference of researchers and clinicians, autistic individuals have indicated a
preference for identity-first language, as it incorporates autism as a component
of their identity over person-first language (61% versus 28%) (Kenny et al.
2016). A similar preference has also been expressed by parents of autistic
children (51% versus 22%) (Kenny et al. 2016) and self-advocates (Sinclair
2013). As such, we will respect this preference and use identity-first language
throughout this manuscript.
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tions, a higher mean fundamental frequency (F0), and a wider
F0 range (Cooper and Aslin 1994; Fernald 1993; Kuhl 1994;
Saint-Georges et al. 2013). These prosodic features vary ac-
cording to the caregivers’ intentions, and provide an effective
way to communicate affect with pre-linguistic children
(Fernald 1993; Saint-Georges et al. 2013). Autistic children
attend to IDS less than typically developing (TD) children
(Klin 1991; Kuhl et al. 2005; Paul et al. 2005). It is possible
that this lack of attention to IDS by autistic children may be an
indication that they have difficulty perceiving the prosodic
changes in IDS and, thus, are missing out on this rich source
of affective information.

Difficulties with expressive and receptive prosody, or the
ability to produce and perceive changes in prosody, respec-
tively, are commonly reported in both autistic children and
adults (Peppé et al. 2007). For example, McCann et al.
(2007) used the Profiling Elements of Prosodic Systems-
Children (PEPS-C) to assess prosodic functioning in 31 autis-
tic children and found that every child showed an impairment
in at least one area of prosodic functioning. Receptive proso-
dy, or the ability to infer meaning from the changes in other
speaker’s prosody, has frequently been shown to be impaired
in autistic individuals (e.g., Boucher et al. 2000; Peppé et al.
2007; Stewart et al. 2013). In another study, autistic children
between the ages of 6 and 10 had more difficulty matching
vocally expressed emotions to facial expressions than their TD
peers, but did not differ in their ability to name the vocally
expressed emotions (Boucher et al. 2000). Similarly, autistic
adults have difficulty identifying emotion from voice clips,
particularly when the clips do not contain semantic informa-
tion (Stewart et al. 2013).

While difficulties extracting the affective content of speech
are frequently reported for both autistic children (Boucher
et al. 1998; Heaton et al. 2012; Loveland et al. 1995; Paul
et al. 2005; Peppé et al. 2007) and adults (Golan et al. 2006;
Hobson et al. 1988; Rosenblau et al. 2017; Rutherford et al.
2002), other studies have reported that the ability to extract
emotion from prosody is intact in autistic individuals
(Brennand et al. 2011; Chevallier et al. 2011; Le Sourn-
Bissaoui et al. 2013; Loveland et al. 1997). Many of the stud-
ies investigating the ability to identify the affective intentions
conveyed by changes in speech prosody in autistic individuals
(Boucher et al. 2000; Paul et al. 2005; Peppé et al. 2007) have
been complicated by the fact that experimental stimuli can
carry affective value in both their prosodic and their semantic
content, which makes it difficult to separate the ability to
identify affective prosody from the influence of the semantic
content (Belin et al. 2008; Brennand et al. 2011). Given the
inconsistencies in findings to date, as well as the variability in
emotions, stimuli, ages, and diagnostic criteria used across
these studies, the current study aimed to compare the ability
to extract basic emotions, happiness, sadness, anger, disgust,
fear, and surprise, from non-verbal emotional voice-clips, in

school-aged children formally diagnosed with ASD and those
without a diagnosis of ASD. During a social interaction, a
listener derives rich social cues from both changes in the
speaker’s prosody and expressions on the speaker’s face.
Thus, we asked the children to match the non-verbal emotion-
al voice-clips to both emotional faces and emotion words. If
previously reported difficulties identifying vocally expressed
emotions reflect a purely prosodic deficit in autistic children,
we would expect these children to show impairments on both
face and word matching conditions. However, if autistic chil-
dren are selectively impaired on the face-matching, but not
word-matching, condition, it may suggest that their difficulties
are influenced by task demands, or are face specific, in nature.

Given the important role prosody plays in facilitating
social communication, we were particularly interested in
whether difficulty extracting affective intent from changes
in prosody was related to the child’s social competence.
The Multidimensional Social Competence Scale (MSCS;
Yager and Iarocci 2013), is a parent-report designed to
assess social competence in autistic and TD children and
adolescents. This scale is unique in that it identifies social
strengths and challenges across 7 distinct domains of
social development including social motivation, social
inferencing, demonstrating empathetic concern, social
knowledge, verbal conversation skills, nonverbal sending
skills, and emotion regulation. In this context, the social
inferencing subscale is particularly relevant as it assesses
one’s ability to detect and interpret social cues (Yager and
Iarocci 2013), which are often conveyed through changes
in prosody. Thus, the MSCS provides a means for investi-
gating the relation between social competence and the abil-
ity to extract emotional information from prosody. Given
the important role that prosodic changes play in social
communication, it was expected that poorer performance
on the matching task would be associated with lower social
competence, particularly on the social inferencing subscale
of the MSCS. In addition, given social difficulties are char-
acteristic of autistic individuals, it was expected that higher
autistic traits (Autism-spectrum Quotient scores), would be
related to lower social competence (MSCS scores).

Methods

Participants

Sixty autistic and TD participants between the ages of 6 and
13 years were recruited to participate in this research. Each
participant’s IQ was estimated using the Vocabulary and
Matrix Reasoning subtests of the Wechsler Abbreviated
Scale of Intelligence Second Edition (WASI-II; Wechsler
2011). Eight participants were later excluded as their IQ
was either below 70 (n = 3; all ASD), or above 130 (n =
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5; 1 ASD, 4 TD). When excluding children our goal was
not to confound autism with other factors that may contrib-
ute to atypical development. Thus, children below 70 IQ
were excluded since we did not want to confound the ef-
fects of autism with intellectual disability. Those children
who had an IQ of 2 standard deviations above the mean
(n = 5) were also excluded because these children may be
considered atypical with regard to their cognitive develop-
ment. The remaining sample was comprised of 26 TD chil-
dren and 26 autistic children who were similar in age,
t(50) = 1.276, p = .208, d = 0.35, and IQ, t(38.778) =
1.642, p = .109, d = 0.46 (see Table 1 for detailed
participant information). We are missing IQ information
from 4 TD and 1 ASD participants. These children were
not available for IQ testing, as they arrived late or left the
camp before the data was collected, but we received reports
from their parents that they attend a regular mainstream
classroom and do not have an intellectual disability.
Given that part of the task included reading English words,
we also asked parents to report the child’s primary language
at home. For the TD children, 20 were primarily English
speaking, while 3 were primarily Korean speaking, 2 were
Cantonese speaking, and 1 primarily spoke Urdu. For the
autistic children, 17 were primarily English speaking, while
4 were primarily Mandarin speaking, 3 were Cantonese
speaking, 1 was Spanish speaking, and another was
Japanese speaking. The number of individuals speaking
English as their primary language did not differ across di-
agnostic groups (χ2(51) = .843, p = .358, φ = .127). In ad-
dition, parents were asked to report any medical conditions,
including any hearing difficulties. No hearing impairments
were reported. Participants received free admission to the
Autism and Developmental Disorders Lab Social Science
Camp, as well as a free t-shirt as compensation for partic-
ipation in this study. Informed consent was obtained from a
parent or guardian and assent from the children, in accor-
dance with the Code of Ethics of the World Medical
Association (Declaration of Helsinki). All procedures were

approved by the Simon Fraser University Research Ethics
Board.

Measures

Diagnosis for all autistic participants was confirmed by a
British Columbia (BC) clinical diagnostic report along with
the Ministry of Child and Family Development ASD funding
eligibility report. In BC, substantial government funding is
allocated to children with an ASD diagnosis, thus, there are
standardized diagnostic practices in place. This includes diag-
nosis by a trained clinician who uses an Autism Diagnostic
Observation Schedule (ADOS), the Autism Diagnostic
Interview-Revised (ADI-R), and their clinical judgment to
determine the diagnosis. To assess the current level of ASD
symptoms, parents completed the Autism-spectrum Quotient
(AQ) parent-report questionnaire (Auyeung et al. 2008;
Baron-Cohen et al. 2006). As expected, AQ scores for autistic
participants were significantly higher than those for the par-
ticipants in the TD group (t(46) = 7.044, p < .001, d = 2.03).
Parents also completed the MSCS (Yager and Iarocci 2013),
which was created to measure the heterogeneity in social com-
petence in autistic and TD individuals. The MSCS differenti-
ates various components of social competence into seven dis-
tinct domains. Social motivation, assessing one’s interest in,
and tendency to, engage in social overtures. Social
inferencing, which assesses an individual’s ability to interpret
social cues such as picking up on indirect requests or correctly
interpreting sarcasm. Demonstrating empathic concern,
which is an individual’s ability to recognize when others are
upset and respond appropriately. Social knowledge, which as-
sesses one’s knowledge of the procedural rules or norms that
govern social interactions, such as appropriately altering one’s
tone of voice or behaviours when interacting with peers op-
posed to authority figures. Verbal conversation skills, which
assesses the components of reciprocal conversation such as
the ability to start, maintain, and end conversations, including
shifting topics and taking turns. Nonverbal sending skills,

Table 1 Participant Characteristics

Group Age Sex IQ AQ MSCS

TD
(n = 26)

6.68–11.59
M = 9.432 SD= 1.54

18 Males
8 Females

93–126
M= 110.86 SD= 8.00

4–32
M= 16.77
SD = 7.64

194–354
M= 292.36
SD= 48.97

ASD
(n = 26)

7.01–12.96
M = 10.02 SD= 1.79

17 Males
9 Females

82–129
M= 105.44 SD= 14.14

17–45
M= 31.69
SD = 7.024

144–253
M= 211.39
SD= 24.65

p = .208 p = .768 p = .109 p < .001 p < .001

Note: IQ was measured by theWechsler Abbreviated Scale of Intelligence Second Edition (WASI-II; Wechsler, 1999); AQ=Autism Quotient, MSCS =
Multidimensional Social Competence Scale, The p-values were obtained from independent samples t-tests conducted to compare the age, IQ, AQ, and
MSCS scores, and a chi-square test to compare gender distribution, across TD and ASD participants
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which assess an individual’s proficiency in using nonverbal
social communication cues such as gestures, eye contact, fa-
cial expressions, and tone of voice. Emotional regulation,
assessing the modulation of negative emotions and acting-
out behaviours. TheMSCS has been shown to be both reliable
and valid, with good internal consistency (αs > 0.84), strong
convergent validity with other measures of social competence
(social responsiveness scale, r = −0.89, p = .001), and good
discriminant validity between cognitive skills and social com-
petence (Yager and Iarocci 2013; Johnston and Iarocci 2017).
The MSCS has been used with children as young as 7 years
old and, there is preliminary evidence for the validation of the
tool for this age group with formal validation currently in
progress. In our sample, TD participants were rated signifi-
cantly higher in social competence by their parents
(t(35.122) = 7.414, p < .001, d = 2.09), relative to autistic par-
ticipants (see Table 1).

Apparatus and Materials

Participants completed a matching task programmed using
Qualtrics Software (Qualtrics, Provo, UT). This experiment
presented participants with a pair of visual stimuli, either

two emotion words or two emotional faces, matched with an
auditory stimulus. For the visual stimuli, happiness-sadness,
anger-disgust, and fear-surprise were always paired. These
emotions were selected as they are all basic emotions that
are universally recognized (Ekman 1992). The auditory stim-
ulus that was matched with the visual stimuli was always one
of the two emotions depicted by visual stimuli. On each trial,
“Press play to listen to the sound” appeared followed by a play
button. This was followed by “Now Listen Again” and a sec-
ond play button. Below this, either the two emotional faces, or
the two emotion words appeared side-by-side (see Fig. 1 for a
depiction of the experimental stimuli).

This experiment utilized 24 auditory stimuli which were
brief (M = 1110.79 ms, range 329–2605 ms) non-verbal vocal-
izations, acquired from the Montreal Affective Voices (MAV)
database, corresponding to the emotions of happiness, sadness,
anger, disgust, fear, and surprise (Belin et al. 2008). Each of the
vocalizations were created by actors who produced short emo-
tional interjections using the vowel /ɑ/, pronounced as you
would the ‘a’ in the English word apple (Belin et al. 2008).
These auditory stimuli have been validated, with emotion rec-
ognition accuracy during the validation procedure reported as a
mean of 68.2%, when the chance level was 12.5% (see Belin

Fig. 1 On each trial the participant was instructed to listen to an emotional voice-clip and match it to one of two emotional faces (A) or emotion words
(B). Panel C includes additional examples of the experimental stimuli for the anger-disgust, happy-sad, and surprise-fear pairings
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et al. 2008). Half of the stimuli selected from this database were
recorded by male voice actors, while the other half were re-
corded by female voice actors. Four pairs of auditory stimuli,
two male and two female, were created to match with the hap-
piness-sadness, anger-disgust, and fear-surprise visual stimulus
pairs. Both vocalizations in each auditory stimuli pair were
created by the same voice actor. Each auditory stimulus was
paired once with each type of visual stimulus.

The experiment utilized two types of visual stimuli, emo-
tional faces, and emotion words (see Fig. 1). The emotional
faces were acquired from the Karolinska Directed Emotional
Faces (KDEF) database (Lundqvist et al. 1998), which is a
validated set of human affective facial pictures (Goeleven
et al. 2008). For each pair of emotions presented in this study,
happiness-sadness, anger-disgust, and fear-surprise, the faces of
two female and two male actors were used as stimuli. Each pair
was always made up of the same actor expressing both emo-
tions. The emotional words, ‘Happy-Sad’, ‘Anger-Disgust’,
and ‘Fear-Surprise’, were written in 48-point Arial font.

Stimuli were presented to participants on a desktop com-
puter with a 17″ monitor running google chrome. Participants
listened to the auditory stimuli through Vortex Stereo
Headphones (Electra, China). The volume was pre-set to a
loud, but comfortable volume, and was not altered between
or within experimental sessions to ensure all participants
heard the stimuli at the same level.

Procedure

Children participated in this experiment in small groups. The
study was conducted in a computer lab where each child was
assigned a computer workstation that was occluded from the
view of other children. The experimenter then read a script to
the children that said: “An emotion is something we feel. For
example, whenwe get to play a really fun gamewe feel happy.
Or later when we have to stop playing that game we feel sad.
When we feel different emotions, we show these emotions to
other people in different ways. For example, when we feel
happy we often smile a lot and our voice sounds very cheerful.
Whereas when we feel sad, we often frown a lot and our voice
sounds gloomy. [When talking about how the voice sounds,
the experimenter imitated a cheerful or a gloomy voice].”

The children were then told that the game involved
matching the emotion of someone’s voice to a picture of an
emotional face or an emotion word. The experimenter then
guided the children through two practice trials. These practice
trials were projected on a screen for all of the children to see,
and they were encouraged to follow along on their own com-
puters. For the practice trials, the experimenter showed the
child how to click the sound button to play the sound. They
were told that on each trial they must listen to the sound twice
(andwere instructed to use the second sound button to hear the
sound again). The children were then instructed that once they

had listened to both sounds they needed to click on either the
face or the word that best matched with the sound they had
heard. The practice trials were set up similarly to the experi-
mental trials, but instead presented animal stimuli. For the first
practice trial, the audio clip was a horse neighing. Belowwas a
picture of a horse and a picture of a cow. For the second
practice trial, the audio clip was a cow mooing. Below were
the words “Horse” and “Cow.”After the experimenter walked
the children through the practice trials, they were told “Now
instead of matching farm animals we are going to start the real
game where we will match human voices to pictures of faces
and words. It is important to remember that the faces are just
pictures, so they will not actually be making the sound – but
you should try your best to pick the picture or word that best
matches the sound you hear.”

In total, each child completed a set of 48 trials, 24 where
they matched a vocalization to an emotional face, and 24
where they matched a vocalization to an emotion word. For
each condition (face, word) there were 8 trials for each emo-
tion pairing (e.g. Happy-Sad). Within these 8 trials, 4 trials
were congruent for the first emotion in the pair (e.g. a happy
was correctly matched with a happy face/word), while the
other 4 were congruent for the second emotion in the pairing
(e.g. a sad emotional voice was matched with a sad
face/word). Trials were counterbalanced so that an equal num-
ber of correct responses appeared on the left and right hand
side of the screen. Stimulus type (face, word) was randomized
throughout the experiment. Responses were not timed; in-
stead, the children were instructed to click on the appropriate
face or word as soon as they were sure about their decision.

Statistical Analyses

Mean accuracy values were calculated for each participant for
both the face and word conditions. To investigate the effect of
stimulus type and diagnostic status on prosody-emotion
matching, SPSS (version 20) was used to conduct a 3 emotion
pair (anger-disgust, happy-sad, surprise-fear) by 2 stimulus
type (face, word) by 2 diagnosis status (TD, ASD) mixed
model analysis of variance (MM-ANOVA) on mean accuracy
values. Follow-up MM-ANOVAs and t-tests were conducted
to further investigate significant interactions. Two-way bivar-
iate Pearson’s correlational analyses were conducted to inves-
tigate the relationship between all variables of interest.
Hierarchical linear regressions were also conducted to exam-
ine the relationship between mean accuracy values and the
age, IQ, and social competence of the participants.

Results

A three-way MM-ANOVA was conducted to investigate the
influence of emotion, stimulus type, and diagnostic status on
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mean accuracy values. There was a significant main effect of
stimulus type, F(1, 50) = 73.642, p < .001, np

2 = .596, as ac-
curacy was higher when the children were matching the non-
verbal affective voice-clips to emotion words (M = 84.856,
SE = 1.302), relative to emotional faces (M = 72.997, SE =
1.309). The stimulus by group interaction was also significant,
F(1, 50) = 5.379, p = .025, np

2 = .097, as both TD children
(M = 84.936, SE = 1.842) and autistic children (M = 84.776,

SE = 1.842), showed similar accuracy when matching the
non-verbal affective voice-clips to words, t(50) = .062,
p = .951, d = .02, but TD children (M = 76.282, SE = 1.695),
performed better than autistic children (M = 69.711, SE =
2.000), when matching the non-verbal affective voice-clips
to faces, t(50) = 2.510, p = .015, d = .65 (see Fig. 2). We also
conducted paired samples t-tests that indicated that for both
TD children, t(25) = 5.586, p < .001, d = 1.097, and children
with ASD, t(25) = 6.581, p < .001, d = 1.256, accuracy was
higher when matching the non-verbal affective voice-clips to
words, relative to faces. The main effect of emotion pair was
also significant, F(2, 50) = 69.076, p < .001, np

2 = .580, as was
the stimulus type by emotion pair interaction, F(1.781,
89.061) = 8.467, p = .001, np

2 = .145, see Fig. 3. However,
the main effect of group, F(1, 50) = 2.306, p = .135, n-

p
2 = .044, the emotion pair by group interaction, F(2,
100) = .867, p = .423, np

2 = .017, and the stimulus type by
emotion pair by group interaction, F(2, 100) = 2.966,
p = .056, np

2 = .056, were all non-significant.
Correlational analyses were conducted to investigate the

relationship between social competence (MSCS), ASD diag-
nosis, autism characteristics (AQ), and task accuracy. The re-
sults indicated that overall social competence was related to

Fig. 3 Accuracy (mean and
standard error) for both TD and
ASD participants across the face
and word matching conditions for
each emotion pair

Fig. 2 Accuracy (mean and standard error) for both TD and ASD
participants across the face and word matching conditions
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diagnostic group, prosody-face matching accuracy, and all
subscales of the AQ except attention to details. Specifically,
the social inferencing subscale of the MSCS was related to
diagnostic group, prosody-face matching accuracy, and all
subscales of the AQ except for social skills, which was ap-
proaching significance, and attention to detail (see Table 2).

In order to examine whether task accuracy was associated
with social competence, two hierarchical linear regressions
were conducted that looked at the relationship between age,
IQ, prosody-emotion matching accuracy, and social compe-
tence (as measured by the MSCS). This analysis was conduct-
ed separately for face and word matching accuracy. A two-
step procedure was used, where the first step contained age
and IQ, while the second step contained prosody-emotion
matching accuracy, in an attempt to predict parent-rated social
competence (total MSCS scores).

The first step was identical for the face and word-matching
accuracy models. The first step of the models indicated that
age and IQ alone could not significantly account for variance
in social competence (as measured by the MSCS; R2 = .114,
F(2, 46) = 2.837, p = .069). The relation between prosody
matching and MSCS scores was then modelled separately
for face and word matching accuracy. When prosody-face
matching accuracy was added to the second step of the model,
an additional 11.4% of the variance in MSCS scores was
accounted for, which was a significant change in the model
(R2 = .229, F(1, 43) = 6.382, p = .015). However, when
prosody-word matching accuracy was added to the second

step of the model, an additional 2.3% of the variance in
MSCS scores was accounted for, which was a non-
significant change in the model (R2 = .137, F(1, 43) = 1.144,
p = .291, see Table 3).

Changes in prosody aid in social communication by
allowing others to infer the emotionality, excitability, and
intent of the speaker (McCann and Peppé 2003; Gebauer

Table 3 Note: This data is mandatory. Please provide MSCS Total
Score Hierarchical Regression

MSCS – Total Score

Model 1 & 2: Step 1 Model 1: Step 2 Model 2: Step 2

Variable B Beta B Beta B Beta

Constant 223.504 – 165.559 – 179.840 –

Age −9.423 −.298 −11.742 −.371 −11.414 4.947

IQ 1.061 .233 .357 .078 .888 .680

Accuracy – – 2.140 .385 .968 .906

R2 .114 .229 .137

F 2.837 4.250** 2.279

Change R2 – .114 .023

Change F – 6.382* 1.144

*p < .05, **p ≤ .01,
Results of the hierarchical regressions investigating the ability of IQ, age,
as well as prosody matching accuracy (model 1: face matching accuracy
and model 2: word matching accuracy) to predict parent-reported social
competence (MSCS ratings)

Table 2 Correlation Matrix

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1. MSCS – Total Score –

2. MSCS – Social Inferencing .902** –

3. Diagnostic Group −.731** −.703** –

4. Age −.161 −.075 .178 –

5. IQ .172 .249 −.230 .206 –

6. Sex .154 .172 .041 .073 .102 –

7. Prosody-Face Matching
Accuracy

.358** .418** −.315** .322* .440** .039 –

8. Prosody-Word Matching
Accuracy

.127 .261 −.009 .419** .298* .144 .420** –

9. AQ – Total Score −.736** −.659** .720*** .263 −.299* −.004 −.366* −.043 –

10. AQ – Social Skills −.452** −.265 .544** .284* −.291* .126 −.189 .186 .820** –

11. AQ – Attention
Switching/ Tolerance of
Change

−.736** −.706** .729** .137 −.165 −.025 −.408** −.123 .890** .444** –

12. AQ – Attention to Details −.083 −.057 .031 −.118 .059 −.214 −.051 −.196 .249 −.170 .184 –

13. AQ – Communication
Skills

−.732** −.653** .617** .197 −.362* −.003 −.443** −.107 .876** .689** .700** −.029 –

14. AQ – Imagination −.583** −.588** .621** .249 −.308* −.213 −.227 −.110 .809** .415** .708** .184 .653** –

Note: *p ≤ .05, **p ≤ .001
Multidimensional Social Competence Scale; Diagnostic Group: 1 = TD, 2 =Autistic; IQ, intelligence quotient; AQ, Autism Quotient;
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et al. 2014), thus, deficits in prosody perception would most
likely be related to the social inferencing subscale of the
MSCS. We also conducted a hierarchical linear regression
to investigate the relations between age, IQ, prosody-
emotion matching accuracy, and social inferencing abilities
(as measured by the MSCS). A two-step procedure was
utilized, where the first step contained age and IQ, while
the second step contained the prosody-emotion matching
accuracy, in attempt to predict parent-rated social
inferencing scores. This analysis was once again conducted
separately for face and word matching accuracy.

The first step of the model was identical for face and word-
matching accuracy. The first step of the models indicated that
age and IQ could not significantly predict parent-rated social
inferencing skills (R2 = .117, F(2, 46) = 2.902, p = .065). The
relations between prosody-matching and social inferencing
ratings were modelled separately for face and word matching
accuracy. When prosody-face matching accuracy was added
to the second step of the model, an additional 13.8% of the
variance in social inferencing ratings was accounted for,
which was a significant change in the model (R2 = .255,
F(1, 43) = 7.985, p = .007). When prosody-word matching
accuracy was added to the second step of the model, an addi-
tional 7.3% of the variance in social inferencing ratings was
accounted for, which was a marginally significant change in
the model (R2 = .189, F(1, 43) = 3.855, p = .056, see Table 4).

Discussion

The aim of this study was to investigate whether autistic chil-
dren have difficulty extracting affect from prosody, and

whether this difficulty might be related to social competence.
Autistic and TD children were very accurate at matching emo-
tional voice-clips to emotion words, suggesting in some con-
texts autistic children can accurately extract the affective
meaning conveyed by changes in prosody. Both autistic and
TD children were less accurate when matching emotional
voice-clips to emotional faces. However, the autistic children
showed a larger decline in performance in this condition. This
suggests that autistic children may struggle to make use of
prosodic information presented in a social context. Prosody-
face matching accuracy accounted for significant variance in
overall parent-rated social competence, as well as social
inferencing skills (with prosody-word matching accuracy also
trending towards a significant relationship with social
inferencing). These results suggest that the ability to extract
affective information from a speaker’s voice in certain con-
texts may be associated with effective social communication.

Whereas there is evidence that autistic children have diffi-
culty extracting the affective content from changes in prosody
(Boucher et al. 1998; Paul et al. 2005; Peppé et al. 2007), there
is also evidence to suggest that the ability to extract affective
meaning from prosodic changes is intact (Prior et al. 1990).
One strength of the current study is that we used non-verbal
emotional voice-clips, which permitted the examination of
children’s ability to extract meaning from prosodic changes
without the confounding effects of the valence of the semantic
information. This is important because previous research has
found that when autistic adults were asked to identify the
vocal emotion from sentences where the valence of the seman-
tic content was either congruent, incongruent, or neutral with
regard to the vocal emotion, the autistic adults demonstrated
impaired performance on both the neutral and incongruent
sentence conditions (Stewart et al. 2013). This suggests that
these adults relied more on the verbal semantics of the
sentences than the prosodic changes. These results argue for
the importance of controlling for semantic valence when in-
vestigating the ability to extract emotion from prosody.

The autistic children in this study were able to match the
vocally expressed emotions to emotion words with a high
level of accuracy, but were impaired in the face-matching
condition. These results suggest that autistic children do not
have a purely prosodic deficit, but rather their difficulties are
likely related to the complexity of the task, or face specific in
nature. Similar to the current findings, previous work has
shown that autistic individuals perform better when asked to
match sounds with inanimate objects, relative to when they
are asked to match voices with facial expressions (Hobson
et al. 1988). Given there is a wealth of existing literature
reporting face processing deficits in autistic individuals (c.f.
Balconi and Carrera 2007; Boucher and Lewis 1992; Tanaka
and Sung 2016), it is possible that the decline in performance
in the face-matching condition may simply reflect an inability
to perceive and understand the emotions being expressed by

Table 4 MSCS Social Inferencing Subscale Hierarchical Regression

MSCS – Social Inferencing

Model 1 & 2: Step 1 Model 1: Step 2 Model 2: Step 2

Variable B Beta B Beta B Beta

Constant 21.162 – 11.300 – 9.133 –

Age −1.170 −.239 −1.565 −.319 −1.718 −.351
IQ .210 −.298 .090 .128 .162 .230

Accuracy – – .364 .423 .267 .305

R2 .117 .255 .189

F 2.902 4.903** 3.345*

Change R2 – .138 .073

Change F – 7.985** 3.855

*p < .05, **p ≤ .01,
Results of the hierarchical regressions investigating the ability of IQ, age,
as well as prosody matching accuracy (model 1: face matching accuracy
and model 2: word matching accuracy) to predict parent-reported social
inferencing skills
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the faces. However, there is evidence that autistic individuals
do not benefit from (Loveland and Landry 1986), and may
actually be impaired by (Charbonneau et al. 2013; West et al.
2018), emotional information coming from multiple modali-
ties. Mirroring the current results showing a group difference
in matching of prosody to emotional faces specifically,
autistic individuals have previously been shown to exhibit
deficits in their abilities to bind non-affective information
across audition and vision when the visual stimulus includes
a face, but not when the visual stimulus is a non-face (Bebko
et al. 2006; de Boer-Schellekens et al. 2013; Stevenson et al.
2014, 2018). This suggests that the deficit may not be specif-
ically related to the perception of the prosodic changes, or the
facial expressions, but rather the ability to simultaneously pro-
cess and integrate these types of stimuli. In future research, we
plan to tease apart these explanations, and identify whether the
decline in performance observed in this study is face specific
or related to the complexity of the stimuli.

Prosody-face matching was found to account for a
significant amount of variance in parent-rated social com-
petence overall, as well as social inferencing, while
prosody-word matching accuracy was found to account
for variance in parent-rated social inferencing skills (mar-
ginally significant), over and above age and IQ. The social
inferencing subscale of the MSCS aims to quantify the
ability to detect and interpret social cues in order to infer
the mental states of others (Yager and Iarocci 2013). The
relationship between affect-matching accuracy and parent-
rated social inferencing suggests that the paradigm used to
assess the ability to extract the affective meaning from
prosodic changes can provide valuable insight into chil-
dren’s real life social inferencing skills. When interacting
with others, picking up on the prosodic changes that are
indicative of the speaker’s emotional state and intent are
crucial for a smooth interaction. An inability to understand
the emotion the speaker is expressing, whether the speaker
is being serious or sarcastic, or making a statement versus
asking a question, amongst other important cues derived
from prosodic changes, can lead to confusing and awkward
social encounters. The inability to infer the intended mean-
ing of others’ speech accurately would certainly create a
barrier to effective social communication and, in turn, so-
cial interaction. Social deficits are the most defining im-
pairment of ASD (Pennington and Ozonoff 1991; Shanker
2004; Volkmar and Klin 2005). Identifying if, and under
what conditions, there is a breakdown in the perception of
the prosodic changes in speech, and how this breakdown
may manifest in social communication deficits, would help
identify targets for future behavioural intervention in
autistic children . Perhaps if autistic children can be taught
to more accurately identify changes in prosody during so-
cial encounters, it may have a positive effect on their social
competence, and thus overall social functioning.

Limitations

There are a few limitations in the present study to consider.
Given that the experimental design is correlational, the find-
ings of an association between processing of prosodic cues
and social competence do not imply causality. It is possible
that difficulties in social inferencing may interfere with the
ability to develop the skills necessary to recognize prosodic
cues, rather than the alternative. It is also possible that diffi-
culties in social inferencing impact the development of pros-
ody processing skills, and vice versa, resulting in a cyclical
dampening of ability in both areas. Given that we used parent-
report measures of social competence, these ratings may not
be as robust as direct measures of social communication (e.g.
observational measures). Additionally, the experimental de-
sign and task requirements necessitated the selection of sub-
jects with higher verbal and cognitive abilities. Thus, the find-
ings of this study may not be generalizable to the ASD popu-
lation as a whole. For some of the emotions, particularly hap-
piness, performance was near ceiling, which may have inter-
fered with our ability to detect a difference between autistic
and TD children. Finally, the static faces chosen for our stim-
uli are less complex than more dynamic stimuli like videos of
actors expressing prosody and, therefore, less ecologically
valid. Future studies will address these limitations by altering
the experiment task requirements to be more appropriate for
individuals with lower verbal and cognitive abilities and by
using more difficult, dynamic stimuli.

Conclusion

Autistic and TD children accurately matched affective voice-
clips to emotion words, suggesting that in some contexts chil-
dren with ASD can accurately extract the affective meaning
conveyed by changes in prosody. Autistic children were less
accurate at matching the voice-clips to the emotional faces,
suggesting that autistic children struggle to make use of this
information in a social context. Given matching accuracy was
related to parent-rated social competence, the inability to in-
tegrate social information derived from a speaker’s voice and
face may interfere with effective social communication.
Future research will explore whether this difficulty reflects a
difficulty in extracting the affective meaning from faces, or
whether it may represent a difficulty integrating emotional
information from multiple modalities.

Acknowledgements We would like to acknowledge and thank the fam-
ilies who participated in this research, as well as the research assistants in
the Autism and Developmental Disorders Lab who helped collect and
analyze this data, in particular Hannah Visser and Troy Boucher. This
work was supported by a grant from the Natural Science and Engineering
Research Council of Canada (NSERC) awarded to Grace Iarocci and a
NSERC Post-doctoral award to Nichole Scheerer. Nichole Scheerer is

J Abnorm Child Psychol



also the recipient of a BrainsCAN Postdoctoral Fellowship at Western
University, funded by the Canada First Research Excellence Fund
(CFREF). Ryan Stevenson is funded by an NSERC Discovery Grant
(RGPIN2017-04656), a SSHRC Insight Grant (435-2017-0936), the
University of Western Ontario Faculty DevelopmentResearch Fund, and
the John R. Evans Leaders Fund from the Canadian Foundation for
Innovation (Project#37497)

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

Auyeung, B., Baron-Cohen, S., Wheelwright, S., & Allison, C. (2008).
The autism spectrum quotient: Children’s version (AQ-Child).
Journal of Autism and Developmental Disorders, 38(7), 1230–
1240.

Balconi, M., & Carrera, A. (2007). Emotional representation in facial
expression and script: A comparison between normal and autistic
children. Research in Developmental Disabilities, 28(4), 409–422.

Baron-Cohen, S., Hoekstra, R. A., Knickmeyer, R., & Wheelwright, S.
(2006). The autism-spectrum quotient (AQ)—adolescent version.
Journal of Autism and Developmental Disorders, 36(3), 343.

Bebko, J. M., Weiss, J. A., Demark, J. L., & Gomez, P. (2006).
Discrimination of temporal synchrony in intermodal events by chil-
dren with autism and children with developmental disabilities with-
out autism. Journal of Child Psychology and Psychiatry, 47(1), 88–
98.

Belin, P., Fillion-Bilodeau, S., & Gosselin, F. (2008). The Montreal
Affective Voices: a validated set of nonverbal affect bursts for re-
search on auditory affective processing. Behavior Research
Methods, 40(2), 531–539.

Boucher, J., & Lewis, V. (1992). Unfamiliar face recognition in relatively
able autistic children. Journal of Child Psychology and Psychiatry,
33(5), 843–859.

Boucher, J., Lewis, V., & Collis, G. (1998). Familiar face and voice
matching and recognition in children with autism. The Journal of
Child Psychology and Psychiatry and Allied Disciplines, 39(2),
171–181.

Boucher, J., Lewis, V., & Collis, G. M. (2000). Voice processing abilities
in children with autism, children with specific language impair-
ments, and young typically developing children. The Journal of
Child Psychology and Psychiatry and Allied Disciplines, 41(7),
847–857.

Brennand, R., Schepman, A., & Rodway, P. (2011). Vocal emotion per-
ception in pseudo-sentences by secondary-school children with au-
tism spectrum disorder. Research in Autism Spectrum Disorders,
5(4), 1567–1573.

Charbonneau, G., Bertone, A., Lepore, F., Nassim, M., Lassonde, M.,
Mottron, L., & Collignon, O. (2013). Multilevel alterations in the
processing of audio–visual emotion expressions in autism spectrum
disorders. Neuropsychologia, 51(5), 1002–1010.

Chevallier, C., Noveck, I., Happé, F., & Wilson, D. (2011). What’s in a
voice? Prosody as a test case for the Theory of Mind account of
autism. Neuropsychologia, 49(3), 507–517.

Cooper, R. P., & Aslin, R. N. (1994). Developmental differences in infant
attention to the spectral properties of infant-directed speech. Child
Development, 65(6), 1663–1677.

de Boer-Schellekens, L., Keetels, M., Eussen, M., & Vroomen, J. (2013).
No evidence for impaired multisensory integration of low-level

audiovisual stimuli in adolescents and young adults with autism
spectrum disorders. Neuropsychologia, 51(14), 3004–3013.

Durkin, K., & Conti-Ramsden, G. (2007). Language, social behavior, and
the quality of friendships in adolescents with and without a history
of specific language impairment. Child Development, 78(5), 1441–
1457.

Ekman, P. (1992). An argument for basic emotions. Cognition &
Emotion, 6(3–4), 169–200.

Fernald, A. (1993). Approval and disapproval: Infant responsiveness to
vocal affect in familiar and unfamiliar languages. Child
Development, 64(3), 657–674.

Foxe, J. J., Molholm, S., Del Bene, V. A., Frey, H. P., Russo, N. N.,
Blanco, D., et al. (2013). Severe multisensory speech integration
deficits in high-functioning school-aged children with autism spec-
trum disorder (ASD) and their resolution during early adolescence.
Cerebral Cortex, 25(2), 298–312.

Gebauer, L., Skewes, J., Hørlyck, L., & Vuust, P. (2014). Atypical per-
ception of affective prosody in Autism Spectrum Disorder.
NeuroImage: Clinical, 6, 370–378.

Goeleven, E., De Raedt, R., Leyman, L., & Verschuere, B. (2008). The
Karolinska directed emotional faces: a validation study. Cognition
and Emotion, 22(6), 1094–1118.

Golan, O., Baron-Cohen, S., & Hill, J. (2006). The Cambridge
mindreading (CAM) face-voice battery: Testing complex emotion
recognition in adults with and without Asperger syndrome. Journal
of Autism and Developmental Disorders, 36(2), 169–183.

Heaton, P., Reichenbacher, L., Sauter, D., Allen, R., Scott, S., & Hill, E.
(2012). Measuring the effects of alexithymia on perception of emo-
tional vocalizations in autistic spectrum disorder and typical devel-
opment. Psychological Medicine, 42(11), 2453–2459.

Hobson, R. P., Ouston, J., & Lee, A. (1988). Emotion recognition in
autism: Coordinating faces and voices. Psychological Medicine,
18(4), 911–923.

Johnston, K. H. S., & Iarocci, G. (2017). Are generalized anxiety and
depression symptoms associated with social competence in children
with and without autism spectrum disorder? Journal of Autism and
Developmental Disorders, 47(12), 3778–3788.

Kenny, L., Hattersley, C., Molins, B., Buckley, C., Povey, C., &
Pellicano, E. (2016). Which terms should be used to describe au-
tism? Perspectives from the UK autism community. Autism, 20(4),
442–462.

Klin, A. (1991). Young autistic children's listening preferences in regard
to speech: a possible characterization of the symptom of social with-
drawal. Journal of Autism and Developmental Disorders, 21(1), 29–
42.

Kuhl, P. K. (1994). Learning and representation in speech and language.
Current Opinion in Neurobiology, 4(6), 812–822.

Kuhl, P. K., Coffey-Corina, S., Padden, D., & Dawson, G. (2005). Links
between social and linguistic processing of speech in preschool chil-
dren with autism: behavioral and electrophysiological measures.
Developmental Science, 8(1), F1–F12.

Le Sourn-Bissaoui, S., Aguert, M., Girard, P., Chevreuil, C., & Laval, V.
(2013). Emotional speech comprehension in children and adoles-
cents with autism spectrum disorders. Journal of Communication
Disorders, 46(4), 309–320.

Loveland, K. A., & Landry, S. H. (1986). Joint attention and language in
autism and developmental language delay. Journal of Autism and
Developmental Disorders, 16(3), 335–349.

Loveland, K. A., Tunali-Kotoski, B., Chen, R., Brelsford, K. A., Ortegon,
J., & Pearson, D. A. (1995). Intermodal perception of affect in per-
sons with autism or Down syndrome. Development and
Psychopathology, 7(3), 409–418.

Loveland, K. A., Belgin Tunali-Kotoski, Y., Chen, R., Ortegon, J.,
Pearson, D. A., Brelsford, K. A., & Gibbs, M. C. (1997). Emotion
recognition in autism: Verbal and nonverbal information.
Development and Psychopathology, 9(3), 579–593.

J Abnorm Child Psychol



Lundqvist, D., Flykt, A., & Öhman, A. (1998). The Karolinska directed
emotional faces (KDEF). CD ROM from Department of Clinical
Neuroscience, Psychology section, Karolinska Institutet, 91, 630.

McCann, J., & Peppé, S. (2003). Prosody in autism spectrum disorders: a
crit ical review. International Journal of Language &
Communication Disorders, 38(4), 325–350.

McCann, J., Peppé, S., Gibbon, F. E., O'Hare, A., & Rutherford, M.
(2007). Prosody and its relationship to language in school-aged chil-
dren with high-functioning autism. International Journal of
Language & Communication Disorders, 42(6), 682–702.

Paul, R., Augustyn, A., Klin, A., & Volkmar, F. R. (2005). Perception and
production of prosody by speakers with autism spectrum disorders.
Journal of Autism and Developmental Disorders, 35(2), 205–220.

Pennington, B. F., & Ozonoff, S. (1991). A neuroscientific perspec- tive
on continuity and discontinuity in developmental psychopathology.
In D. Cicchetti & S. L. Toth (Eds.), Rochester symposium on devel-
opmental psychopathology: Models and integrations (pp. 117–159).
Rochester, NY: University of Rochester Press.

Peppé, S., McCann, J., Gibbon, F., O’Hare, A., & Rutherford, M. (2007).
Receptive and expressive prosodic ability in children with high-
functioning autism. Journal of Speech, Language, and Hearing
Research, 50(4), 1015–1028.

Prior, M., Dahlstrom, B., & Squires, T. L. (1990). Autistic children's
knowledge of thinking and feeling states in other people. Journal
of Child Psychology and Psychiatry, 31(4), 587–601.

Rosenblau, G., Kliemann, D., Dziobek, I., & Heekeren, H. R. (2017).
Emotional prosody processing in autism spectrum disorder. Social
Cognitive and Affective Neuroscience, 12(2), 224–239.

Rutherford, M. D., Baron-Cohen, S., &Wheelwright, S. (2002). Reading
the mind in the voice: A study with normal adults and adults with
Asperger syndrome and high functioning autism. Journal of Autism
and Developmental Disorders, 32(3), 189–194.

Saint-Georges, C., Chetouani, M., Cassel, R., Apicella, F., Mahdhaoui,
A., Muratori, F., et al. (2013). Motherese in interaction: at the cross-
road of emotion and cognition? (A systematic review). PLoS One,
8(10), e78103.

Shanker, S. (2004). Autism and the dynamic developmental model of
emotions. Philosophy, Psychiatry, & Psychology, 11(3), 219–233.

Sinclair, J. (2013). Why I dislike “person first” language. Autonomy, the
Critical Journal of Interdisciplinary Autism Studies, 1(2).

Stephens, K., Nickerson, R., & Rollins, A. (1983). Suprasegmental and
postural aspects of speech production and their effect on articulatory
skills and intelligibility. In I. Hochberg, H. Levitt, & M. Osberger
(Eds.), Speech of the hearing impaired: Research, training and per-
sonnel preparation (pp. 35–51). Baltimore: University Park Press.

Stevenson, R. A., Siemann, J. K., Schneider, B. C., Eberly, H. E.,
Woynaroski, T. G., Camarata, S. M., & Wallace, M. T. (2014).
Multisensory temporal integration in autism spectrum disorders.
Journal of Neuroscience, 34(3), 691–697.

Stevenson, R. A., Segers, M., Ncube, B. L., Black, K. R., Bebko, J. M.,
Ferber, S., & Barense, M. D. (2018). The cascading influence of
multisensory processing on speech perception in autism. Autism,
22(5), 609–624.

Stewart, M. E., McAdam, C., Ota, M., Peppé, S., & Cleland, J. (2013).
Emotional recognition in autism spectrum conditions from voices
and faces. Autism, 17(1), 6–14.

Tanaka, J. W., & Sung, A. (2016). The “eye avoidance” hypothesis of
autism face processing. Journal of Autism and Developmental
Disorders, 46(5), 1538–1552.

Volkmar, F. R., & Klin, A. (2005). Issues in the classification of autism
and related conditions. In F. R. Volkmar, R. Paul, A. Klin, & D.
Cohen (Eds.), Handbook of autism and developmental disorders
(3rd ed., pp. 5–41). Hoboken, NJ: John Wiley & Sons, Inc..

Wechsler, D. (2011).WASI-II: Wechsler abbreviated scale of intelligence.
PsychCorp.

West, M. J., Copland, D. A., Arnott, W. L., Nelson, N. L., & Angwin, A.
J. (2018). Effects of prosodic and semantic cues on facial emotion
recognition in relation to autism-like traits. Journal of Autism and
Developmental Disorders, 48(8), 2611–2618.

Yager, J., & Iarocci, G. (2013). The development of the multidimensional
social competence scale: A standardized measure of social compe-
tence in autism spectrum disorders. Autism Research, 6(6), 631–
641.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

J Abnorm Child Psychol


	Affective Prosody Perception and the Relation to Social Competence in Autistic and Typically Developing&newnbsp;Children 
	Abstract
	Introduction
	Methods
	Participants
	Measures
	Apparatus and Materials
	Procedure
	Statistical Analyses

	Results
	Discussion
	Limitations

	Conclusion
	References


