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The purpose of this study was to investigate the influence of background music on 

children’s recognition of emotions depicted in photographs of human faces. In individual 

testing sessions, 30 typically developing children and 20 children with high-functioning 

autism rated the emotions in 30 photographs while listening to background music 

intended to convey happiness and again while listening to background music intended to 

convey sadness. The photographs included 10 examples of happy expressions, 10 

examples of neutral expressions, and 10 examples of sad expressions. The 7-point 

response scale ranged from very sad to very happy. Music listening conditions were 

counterbalanced. Overall, participants in both groups accurately discriminated among the 

three categories of photographs, although the variances among ratings in each category 

were somewhat greater for the participants with autism. A significant two-way interaction 

revealed that participants’ ratings of happy and neutral faces were unaffected by music 

conditions, but the sad faces were perceived to be sadder when participants listened to 

sad music than when they listened to happy music. Across both music conditions, 

typically developing children rated the happy faces as happier and the sad faces as sadder 

than did the participants with autism. Response times of the typically developing children 

were consistently shorter than were the response times of the children with autism, and 
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both groups took longer to rate the sad faces than they took to rate the happy faces. 

Response times of typically developing children were generally unaffected by the music 

condition, but children with autism took longer to respond when listening to sad music 

than when listening to happy music. These results indicate that music may affect 

perceptions of emotion in children with autism, and that perceptions of sad facial 

expressions seem to be more affected by background music than are perceptions of happy 

or neutral faces. 
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Chapter 1: Introduction 

 Social interaction is at the core of human behavior. Ryan and Deci (2000) assert 

that relating to others is one of three basic psychological needs that are essential to 

human well-being (the other two are competence and autonomy). People need to feel that 

they belong to a community and matter to others, goals that require the ability to interact 

positively with others.  

 Social skills affect children’s success in school and throughout their adult years. 

Social skills are associated with academic achievement (Flook, Repetti, & Ullman, 2005; 

Miles & Stipek, 2006) and peer acceptance (Henricsson & Rydell, 2006; Ladd, 2006). 

Children with social deficits are disadvantaged in multiple domains of human endeavor, 

making successful interventions a necessary part of assisting children who have been 

identified as having social needs. 

 A common characteristic among individuals diagnosed as having Autism 

Spectrum Disorders (ASD) is poor social functioning. Among the many social challenges 

for persons with ASD are difficulties in perceiving emotions both visually and auditorily.  

 Interestingly, many individuals with ASD who have problems interpreting the 

emotions of others appear to be able to identify the emotional intent of some music 

(Heaton, Hermelin, & Pring, 1999; Heaton, Allen, Williams, Cummins, & Happé, 2008; 

Quintin, Bhatara, Poissant, Fombonne, & Levitin, 2011). Researchers are just beginning 
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to explore the relationship between perceptions of emotions in music and perceptions of 

emotion in other stimuli (e.g., facial expressions) by individuals with autism.  

Music and Emotion 

Music is universally understood to be an expression of human emotion. People 

may respond to music emotionally in all of the activities associated with music making. 

Emotions are an integral part of the musical experience, and it is important to understand 

the nature of emotional responses to music.  

Defining emotions. Sloboda and Juslin (2010) offered a broad definition of 

emotion based on research in the affective sciences:  

Emotions are relatively brief, intense, and rapidly changing responses to 

potentially important events (subjective challenges or opportunities) in 

the external or internal environment, usually of a social nature, which 

involve a number of subcomponents (cognitive changes, subjective 

feelings, expressive behavior, and action tendencies) that are more or less 

‘synchronized’. (pp. 74) 

Emotion is a multifaceted concept, including both physical and 

cognitive/behavioral elements. A smile, lifted eyebrows, and a high-pitched tone of 

voice, for example, typically characterize happiness. Emotions are also related to internal 

physiological responses like heart rate, respiration rate, and muscle tension. Although 

some emotions can be distinguished by the physiological responses with which they are 

associated, behavioral characteristics such as facial expressions are more reliable 

indicators of emotion than are physiological responses (Larsen, Berntson, Poehlmann, 
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Ito, & Cacioppo, 2008). Although physiological responses are not always consistent 

when individuals experience a given emotion, behavioral characteristics (e.g., a smile 

when happy) are fairly consistent. The cognitive elements of emotions individualize the 

human emotional experience; we experience emotions in relation to our past experiences 

and paired associations.  

Much of the emotion research focuses on so-called basic emotions, which are 

consistently recognized and identified across cultures. For the purposes of this paper, the 

term basic emotions will refer to the six emotions identified by Ekman and colleagues: 

happiness, sadness, surprise, disgust, anger, and fear (Ekman, Friesen, & Ellsworth, 

1972). Ekman’s seminal work was some of the first to demonstrate consistencies in the 

expression and identification of the six basic emotions across cultures. One of his early 

studies showed that people from New Guinea, Borneo, Japan, the United States, and 

Brazil could identify all six emotions from photographs (Ekman, Sorenson, & Friesen, 

1969). Findings from this study contradicted the then-prevailing idea that emotions were 

learned socially and unique to each culture. Sloboda and Juslin (2010) suggest that basic 

emotions:  

(a) have distinct functions that contribute to individual survival, (b) are found in  

all cultures, (c) are experienced as unique feelings, (d) appear early in 

development, (e) involve distinct patterns of physiological changes, (f) can be 

inferred in other primates, and (g) have distinct facial and vocal expressions. (p. 

162) 
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Complex emotions like shame, jealousy, or guilt are more difficult to define than 

Ekman’s six basic emotions, and can be seen as either a combination of several basic 

emotions or as emotions that have unique cultural qualities, and therefore are not 

recognized universally (Peretz, 2001).  

Emotion in music. Basic emotions such as happiness, sadness, and anger are 

easily communicated through music, whereas more complex emotions such as shame or 

jealousy are more difficult to convey. Juslin and Laukka (2003) conducted a meta-

analysis of 41 studies of music emotion perception, and found that participants could 

identify basic emotions in music, with sadness and anger being the easiest to identify. 

Basic emotions can also be identified in music very quickly; adults can distinguish 

between happy and sad emotions in music after hearing only 500 milliseconds of music 

(Peretz, Gagnon, & Bouchard, 1998).  

Music is a rich information source that provides many cues signaling emotional 

intent, including mode, tempo, timbre, articulation, and dynamics. Modality is a clear 

indicator of emotion; people tend to associate the major mode in common practice 

Western music with happy feelings and the minor mode with sadness (Crowder, 1984; 

Hevner, 1935). Kastner and Crowder (1990) found that children as young as 3 years old 

reliably associate positive emotions with major modalities and negative emotions with 

minor modalities, though other research findings indicate that this association may not 

emerge until 7 or 8 years of age (Dalla Bella, Peretz, Rousseau, & Gosselin, 2001; 

Gerardi & Gerken, 1995; Gregory, Worrall, & Sarge, 1996).  
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 Tempo is another indicator of emotional intent. People tend to associate fast 

tempos with happiness and slow tempos with sadness (e.g., Gabrielsson & Juslin, 1996; 

Hevner, 1937; Juslin, 1997). Children identify emotions in music based on tempo around 

age 5 (Dalla Bella et al., 2001). Gagnon and Peretz (2003) found that both tempo and 

mode contribute to emotional perception in music, but that tempo is slightly more salient.  

Modes and tempos (e.g., major mode and fast tempo) tend to convey intended 

emotions clearly. When these two characteristics are in conflict (i.e., music in major 

modes with slow tempos and music in minor modes with fast tempos), participants report 

switching between happy and sad feelings more often than when cues are consistent 

(Hunter, Schellenberg, & Schimmack, 2010; Larsen & Stastny, 2011).  

Although individual musical characteristics can suggest human emotions, actual 

music combines multiple characteristics that together convey a composer’s intent. 

Melodic structure, loudness (dynamics), note durations (articulation), and timbre (tone 

quality) are all elements that influence perceptions of emotion in music. Sadness in 

music, for example, is related to slow tempos, legato articulations, and soft dynamics. 

Angry music is characterized by loud dynamics, fast tempos, syncopated accents, and 

staccato articulations. Happy music shares many of the same characteristics of angry 

music (e.g., fast tempos, loud dynamics), but has bright timbres and lacks the accents on 

unstable (off-) beats (Juslin & Timmers, 2010). Livingstone and Thompson (2006) 

summarized findings from several systematic reviews of musical emotion perception 

(Gabrielsson & Juslin, 1996; Gabrielsson & Lindström, 2010; Schubert, 1999); their 

description of the musical characteristics of emotions in music was congruent with Juslin 
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and Timmers’ (2010) description.  

Crossmodal Music Emotion Perception 

 Humans quite naturally form associations among different sensory experiences, 

and signals obtained from different senses have been shown to influence one another. 

Music that connotes a happy feeling, for example, is thought to be happier if the 

performer looks happy while performing than if the performer displays a different 

emotion or is not visible to the listener (Thompson, Graham, & Russo, 2005; Thompson, 

Russo, & Quinto, 2008).  

 Integrating sensory information across visual and auditory domains is an 

important part of emotion perception. For example, the emotional qualities of speech 

have been shown to influence perception of emotions in photographs of human faces. 

When participants are shown a face and hear the sound of speech, both sources inform 

their judgments about the emotion conveyed (de Gelder & Vroomen, 2000). This is true 

even when the participants are instructed to ignore either the voice or the picture and pay 

attention to the alternative stimulus (e.g., consider only the faces).  

Marin, Gingras, and Bhattacharya (2012) found that participants’ ratings of 

pictures were influenced by background music. Following a musical prime of either 

peaceful or arousing music, participants viewed different affective pictures (e.g., kids, 

sailboat, soldier) that were standardized to be either arousing or peaceful. The pictures 

and audio recordings were either congruent (e.g., peaceful visual with peaceful music) or 

incongruent (e.g., peaceful visual with arousing music). The arousing music heightened 
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responses to the arousing visual pictures; participants rated the arousing visual pictures as 

more arousing. There was no influence of peaceful music on ratings of visual stimuli. 

These findings exemplify the types of effects music can have on emotional processing of 

crossmodal stimuli.  

Music has also been shown to influence perception of emotion in facial 

expressions. Logeswaran and Bhattacharya (2009) presented adults with brief recorded 

excerpts of music intended to convey happy or sad emotions, and then asked the 

participants to rate either happy, sad, or neutral photographs on a scale of 1 (extremely 

sad) to 7 (extremely happy). Results revealed a strong influence of music on facial 

emotion recognition; happy faces were rated as more happy when primed by happy 

music, sad faces were rated as more sad when primed by sad music, and ratings for 

neutral faces tended toward the direction of the musical prime (happy or sad). In a 

separate experiment, Logeswaran and Bhattacharya used electroencephalography (EEG) 

to record brainwave activity as participants listened to the same music and observed the 

same faces, but rather than rating the emotion conveyed in each example, participants in 

this experiment only pressed a single button when they saw a female face. Asking 

participants to identify gender prevented the task from being explicitly directed toward 

emotion; EEG results were related to the implicit effects of the musical prime.  

The EEG results also revealed a priming effect of the music. There were nearly 

significant priming effects of the music when participants viewed happy faces and 

significant priming effects when they viewed sad faces. The authors chose to focus their 

discussion of the EEG results on neutral faces, given the strong effects of the musical 
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prime for neutral faces in the behavioral experiment. The EEG scans revealed clear 

differences in brain activity in the neutral face condition; brain activity was markedly 

different when the faces were primed by happy music as compared to sad music. These 

neurological results are consistent with the behavioral results that showed the strong 

influence of happy and sad music when participants rated neutral faces.  

Emotional music has also been shown to influence how people rate emotional 

videos. Van den Stock, Peretz, Grézes, and de Gelder (2009) presented participants with 

videos of actors performing a task with either a happy or sad emotion (e.g., drinking your 

favorite drink). The faces of the actors were blurred in the videos. The videos were 

presented together with excerpts of classical music (happy or sad) that were either 

congruent or incongruent with the task being performed (e.g., happy music being played 

with the video of an actor pretending to drink their favorite drink). Participants were told 

to focus on the videos and label the emotions portrayed in the videos. Participants labeled 

happy videos significantly more accurately with congruent music than with incongruent 

music or no music at all. Sad videos were also labeled more accurately with congruent 

music than with incongruent music or no music at all, though this difference was 

marginally significant. This study reveals connections between audio and visual emotion 

perception of body movements as well as faces.  

Music, Emotion, and Individuals with Autism 

 Social deficits are the primary requirement for an autism diagnosis (American 

Psychiatric Association, 2000), and emotion perception is one of the common social areas 

in which individuals with autism struggle. Typical children learn at an early age to attend 
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to salient social information (e.g., their name being called), whereas most children with 

autism do not attend to these same social stimuli with any more frequency than other 

stimuli in their environment (e.g., Freeth, Chapman, Ropar, & Mitchell, 2010; Freeth, 

Foulsham, & Chapman, 2010).  

Children with autism have difficulty identifying emotions in faces (Harms, 

Martin, & Wallace, 2010) and in speech, even though they usually have acute auditory 

perception of non-emotional sounds, such as electronically generated pure tones (Haesen, 

Boets, & Wagemans, 2011). Individuals with autism even have different gaze patterns 

than do typical peers when simply viewing emotional faces without being asked to 

actually identify the emotion (e.g., Klin, Jones, Schultz, Volkmar, & Cohen, 2002). 

Individuals with autism often avoid gazing at the eyes and focus less on central facial 

features (i.e., eyes, nose, mouth) than do their typical peers.  

Interestingly, many children with autism can identify the intended emotions in 

musical stimuli. Studies have shown that children with autism can perceive basic 

emotions (i.e., happy and sad) in simple four-measure melodies (Heaton et al., 1999) as 

well as more complex emotions like peaceful and triumphant in orchestral excerpts 

(Heaton, Allen, et al., 2008; Quintin, et al., 2011). 

 If children with autism can perceive emotion from music examples, but have 

difficulty perceiving emotions in social situations, what possible relationships exist 

between the two perception tasks?  
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Music in Therapy 

 Music has been used to help children with autism for decades, and music 

therapists regularly design strategies to connect music and social/emotional situations as 

a way to improve the social functioning of children with autism. Leo Kanner’s early 

descriptions of children with autism documents his observations of several children who 

had an affinity for music (Kanner, 1943). Early pioneers in music therapy, such as Alvin 

(1976) and Nordoff and Robbins (1977), recognized the benefits music therapy in 

developing the social skills of children with autism. Since the work of those early 

pioneers, researchers have continued to examine ways that music and music therapy 

practices may positively affect the lives of children with autism. A review of music 

research with children with disabilities in two decades (1989-1999 and 1999-2009) 

revealed an increase in research overall and a specific increase in the number of studies 

including children with autism as participants (Brown & Jellison, in press).  

 There are several promising research findings regarding music therapy 

interventions for individuals with autism. One of the most studied interventions is the use 

of individualized, structured songs to improve various aspects of social functioning, such 

as perceiving emotion (Katagiri, 2009), peer interactions (Kern & Aldridge, 2006), self-

care tasks (Kern, Wakeford, & Aldridge, 2007), classroom routines (Kern, Wolery, & 

Aldridge, 2007), and expressive communication (Lim, 2010; Lim & Draper, 2011). 

Similarly, music therapists have composed songs to accompany social scripts addressing 

specific social deficits of children with autism. Brownell (2002) and Pasiali (2004) found 

promising results utlizing composed musical social stories to address behaviors such as 
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inappropriate vocalizations and not following directions. Music therapists have also 

found improvisation to improve joint attention (i.e., attending to the same stimuli as 

another person) and engagement (Kim, Wigram, & Gold, 2008, 2009). 

Katagiri (2009) is the only author to date who specifically focused on music 

therapy interventions to improve how children with autism understand emotions. She 

found that instruction with background music was more effective than instruction with 

singing songs, verbal instruction alone, and no intervention. The pre- and post-tests 

required participants to label emotions in faces from photographs, drawings, and 

schematic pictures, and also to express emotions themselves when prompted. Participants 

were divided into four groups (n = 3); each group was assigned a different 

counterbalanced order of treatment conditions within each session. One condition was 

assigned to one of four emotions: happy, sad, angry, and fearful. For example, in one 

group, happy was taught with singing songs, sad was taught with verbal instruction, 

fearful was taught with background music, and angry was not taught. Individual 30-

minute sessions were held twice a week for eight weeks. Post-test results revealed that 

background music was the most successful intervention for improving emotional 

understanding. Parent reports showed that participants enjoyed both the background 

music and singing conditions more than verbal instruction or no instruction.  

Statement of the Problem, Purpose of the Study, Research Questions 

 Children and adults diagnosed as having an autism spectrum disorder experience 

social difficulties as a result of their impaired ability to accurately perceive the feelings of 

others based on typically available visual cues. Given the growing research concerning 
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children with autism in music therapy and human emotion perception, it seems important 

to continue to explore the relationships between the perception of emotion in facial 

expressions and the perception of emotion in music. Research investigating the 

perception of emotion in human faces reveals that children with autism have difficulty 

perceiving emotions from facial photographs and videos, though Quintin et al. (2011) 

found that children with autism could correctly pair the intended emotion in music 

examples with life-like line drawings of faces. To date, no study has assessed the extent 

to which children with autism connect music emotion perception with facial emotion 

perception using photographs of human faces.  

 The purpose of this study was to investigate the influence of music on ratings of 

emotions in photographs of human faces. I was interested in investigating this 

relationship in children with autism and in typical children. I posed the following 

research questions:  

1. To what extent does hearing background music that conveys a happy or sad 

mood affect children’s ratings of the emotions expressed in photographs of 

human faces?  

2. To what extent does hearing background music that conveys a happy or sad 

mood affect children’s response time to rate the emotions expressed in 

photographs of human faces?  

3. Are children with autism and typical children differentially affected by 

background music in their ratings of emotions in human faces?  
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4. Are children with autism and typical children differentially affected by 

background music in their response times when rating emotions in human 

faces?  

Limitations 

Participants in this study were typical children and high functioning children with 

autism, ages 6-13. The task required in this study was thought to be too complex for 

children with marked intellectual impairment. Thus, there were no participants with 

autism and other intellectual impairments in the study, even though individuals diagnosed 

with both autism and intellectual impairments represent the majority of the autism 

population. Conclusions regarding findings must be limited to children with autism 

without intellectual impairments. Additionally, participants were not chosen randomly; 

all available children identified as eligible for participation were included.  

Another limitation of this study was the use of only two music excerpts (i.e., “La 

Primavera (Spring): Allegro” by Vivaldi and “Adagio for Strings” by Barber); findings 

from this study regarding the influence of music on facial emotion recognition are limited 

to those excerpts. Great care was taken in selecting music that the general population 

would associate with happy and sad emotions. Current music emotion research was 

reviewed and pilot procedures were utilized to ensure that the pieces represented the 

intended emotions.  
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Chapter 2: Review of Literature 

 Autism spectrum disorders (ASD) are often topics of interest in the popular media 

and in the academic community. The ongoing study of ASD in neuroscience, medicine, 

and education continues to increase our understanding of the disorder and may lead to 

more effective treatment interventions. The perception and understanding of human 

emotion, in particular, is a potent area of interest, one that affects overall social 

functioning.  

I provide below a description of the emotional functioning of individuals with 

autism and a review of emotion perception research in visual, auditory, and multimodal 

domains.  

Autism Characteristics 

There are many different terms associated with ASD. The term “autism” is 

commonly used to describe a spectrum of behaviors that are classified as autism spectrum 

disorders in the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR; 

American Psychiatric Association, 2000). There are five diagnoses on the autism 

spectrum in the DSM-IV-TR: (a) autistic disorder, (b) Asperger’s disorder, (c) Rett’s 

disorder, (d) childhood disintegrative disorder, and (e) pervasive developmental disorder 

not otherwise specified (PDD-NOS). The term Asperger’s disorder is used in the DSM-

IV, though the term Asperger’s syndome is the more commonly used term in research. 

The term autism is also one of 13 special education categories used in school systems to 
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describe children with disabilities who receive services funded by the Individuals with 

Disabilities Education Act (IDEA; U.S. Department of Education, 2011).  

Autism was designated as a unique category of disability in IDEA 1990, previous 

to which children with autism were assigned to other categories, such as intellectual 

disability. Other disorders on the autism spectrum (e.g., Asperger’s syndrome) are not 

differentiated as separate special education categories but are included under the broad 

heading of autism.  

The signs of ASD that Kanner (1943) identified in his initial case studies of 

individuals with autism remain essential components of current diagnostic criteria. 

According to the DSM-IV-TR (American Psychiatric Association, 2000), individuals with 

autism have marked impairment in social functioning and communication in combination 

with restricted, repetitive, and stereotypic behavior. Impairments may manifest in 

nonverbal behaviors such as maintaining eye contact and demonstrating appropriate 

facial expressions, or in more complex social behavior such as developing and 

maintaining relationships. Individuals with autism may have difficulty with the reciprocal 

aspects of relationships, such as playing games with others or sharing interests. They may 

also have difficulty acknowledging others and others’ feelings or needs.  

The autism spectrum includes people of varying intellectual abilities, but social 

and communication impairments are the most common traits that characterize the 

disorder. Terms used to describe the various subgroups of people on the autism spectrum 

include high functioning autism (HFA) and Asperger’s syndrome. People in both of these 

categories have IQ scores of 70 and above, indicating no intellectual impairment (Tsai, 
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1992). Currently, the only distinguishing characteristic of individuals with HFA from 

individuals with Asperger’s syndrome is that individuals with Asperger’s syndrome do 

not experience language delay prior to age 3 (American Psychiatric Association, 2000).  

Some individuals with autism also have a diagnosis of intellectual disability (ID), 

though prevalence rates are widely varied. Comorbidity rates of ASD and ID as low as 

55.4% (Centers for Disease Control and Prevention, 2007), and as high as 70.4% 

(Fombonne, 2005) have been reported.  

The autism population is intellectually heterogeneous, including both low- and 

high-functioning individuals, and the issue of intelligence plays an important role in 

autism research. Non-verbal IQ is usually the best measurement of intelligence in 

participants with autism, as expressive communication abilities are typically lower than 

receptive cognitive abilities in this population. Some researchers use the terms HFA and 

Asperger’s syndrome interchangeably, although others differentiate between these two 

diagnostic classifications in research that focuses on finding differences between the two 

populations. In this review, I will use the terms used by the authors of each study when 

terms are specified. Many investigations are of individuals diagnosed with HFA or 

Asperger’s syndrome (even when not specifically noted in the report) since these 

individuals function at a level high enough to complete research tasks. It is important to 

note that findings in these investigations are not generalizable across the range of the 

autism spectrum given the heterogeneity of the diagnostic criteria.  
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Autism’s Causes 

As yet there is no clearly defined genetic basis for autism, although the disorder is 

known to have a genetic component. Higher incidences of autism are found in twins 

(Lichtenstein, Carlström, Råstam, Gillberg, & Anckarsäter, 2010) and non-twin siblings 

of children with autism (Constantino, Zhang, Frazier, Abbacchi, & Law, 2010). In 

addition, in families with one child with autism, other family members are likely to 

exhibit traits that are related to those that define the autism spectrum (e.g., language 

disorders).  

Neurological research is beginning to highlight clear differences between 

individuals with autism and typically developing children and adults. Head circumference 

and brain size appear to be larger in children with autism during years 2 through 4, 

although these differences diminish as children age (Redcay & Courchesne, 2005). 

Although overall brain size has been shown to be larger in children with autism, the size 

of the corpus callosum (the bundle of fibers that connect the two hemispheres of the 

brain) is not larger in children with autism and may in fact be smaller than the corpora 

callosa of typical children. In a study of 45 children with autism spectrum disorders, 26 

children who were typically developing, and 14 children diagnosed with developmental 

delays, Boger-Megiddo et al. (2006) found that children with autism spectrum disorders 

had smaller corpora callosa in proportion to their brain size than did other children in the 

study. The size of the corpus callosum was also correlated with symptom severity: 

children with more severe autism had smaller corpora callosa than did those with milder 

symptoms.  
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Interest in ASD has been stimulated by the dramatic increase in its prevalence. 

The most recent large-scale study by the Centers for Disease Control and Prevention 

(CDC) revealed that in 2008, one child in 88 was reported as having autism (CDC, 2012). 

This was an increase from previous reports showing the prevalence of autism was one 

child in 150 in 2002 (CDC, 2007) and one child in 110 in 2006 (CDC, 2009).  

Environmental factors have been suggested as contributors to the increase in 

prevalence of ASD. Much attention was given to a claim, based on what is now known to 

be unreliable data, that the Measles, Mumps, and Rubella (MMR) vaccine may cause 

autism, though that claim has since been disproven. The controversy began when 

Wakefield et al. (1998) first published research linking the chemical thimerosal in the 

MMR vaccine to autism in England. The Institute of Medicine (2004) has repeatedly 

failed to find a link between the MMR vaccine and autism as has research by other labs 

(e.g., DeStefano & Chen, 2001; Madsen et al., 2002; Smeeth et al., 2004). Among the 

evidence is a study showing that even after vaccinations were withdrawn in a population 

cohort in Japan, the diagnosis of autism in children continued to increase (Honda, 

Shimizu, & Rutter, 2005). 

A more likely reason for the increase in the prevalence of autism is increased 

awareness and improved diagnosis (Saracino, Noseworthy, Steiman, Reisinger, & 

Fombonne, 2010). Many public awareness campaigns promote the understanding of 

autism symptoms, which may lead more parents to seek diagnosis earlier, as early 

intervention is one of the best ways to improve autism symptoms (Warren et al., 2011). 

Diagnosis procedures have also improved. Although there is still no clear test for autism, 
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there are well-supported diagnostic procedures, including the Autism Diagnostic 

Observation Schedule (Lord et al., 2000) 

Social Functioning 

At the core of the diagnosis of autism are social and communication deficits 

(American Psychiatric Association, 2000). Every person on the spectrum experiences 

these deficits to some degree, regardless of intellectual ability. Deficits can range from 

not speaking to having difficulty in complex social situations (e.g., understanding 

sarcasm).  

Social impairments are evident early in the development of children with autism. 

Baranek (1999) compared retrospective videos of typically developing children with 

videos of children who were later diagnosed with autism or developmental disabilities. 

Independent observers coded the videos on nine variables (e.g., affective expressions, 

social touch response, motor stereotypies). Results showed that at 9-12 months, children 

with ASD were distinguishable from typical children or children with developmental 

disabilities in the areas of sensory motor functioning and social responsiveness. These 

results illustrate that some observable social differences in children with ASD are present 

long before most children are diagnosed as having the disability.  

Social impairments can have detrimental effects on children’s development, and 

deficits have been shown to affect children’s academic achievement throughout school 

(Flook et al., 2005; Miles & Stipek, 2006). Social skills are necessary for making friends; 

children who rate higher on social skill measures are more accepted by their peers 

(Henricsson & Rydell, 2006; Ladd, 2006). 
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Parents of children with autism classify social skills as important educational 

goals. In a survey of parents of 90 children with autism, Pituch et al. (2011) found that 

making friends was the parents’ highest priority for their children. Other social goals 

were also highly rated, like playing with peers and interacting appropriately with 

strangers. Of the families surveyed, 69% of the children were receiving training in 

playing with peers and 51% were receiving training in making friends. It is not surprising 

that parents rated social skills as a high priority treatment, as many of the other deficits 

(communication and problem behaviors) affect social functioning.  

Social skill training is especially important for children with ASD, because many 

are in inclusive settings for a large portion of their school day. According to the U.S. 

Department of Education (2011), 31% of children with autism spent less than 21% of 

their day outside the regular classroom (in resource or special classrooms). This extended 

time with typical peers can be daunting for children with ASD who need strategies to 

navigate inclusive educational settings and progress academically.  

A basic social skill for all individuals is to attend to important social information 

in the environment. Several studies have examined the variable of attention as it relates to 

social stimuli. Children with autism appear to pay less attention to social information than 

to non-social information. Dawson, Meltzoff, Osterling, Rinaldi, and Brown (1998) 

found that, compared to typical children and children with Down syndrome, children with 

autism pay less attention to all stimuli, but particularly social stimuli (e.g., name being 

called). In a later study, lack of attention to social stimuli was found to most clearly 
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distinguish children with autism from typical children or children with developmental 

delays (Dawson et al., 2004).  

Another important social skill is being able to understand the perspective of 

another person, referred to as Theory of Mind (ToM). Baron-Cohen (1995) suggests that 

individuals with autism have difficulty understanding the perspective of others. They can 

easily understand physical concepts, but not mental states (e.g., what others are thinking). 

Studies have used false belief tests1 to show that children with autism have difficulty 

understanding what others may be thinking (Baron-Cohen, Leslie, & Frith, 1985; 

Yirmiya, Pilowsky, Solomonica-Levi, & Shulman, 1999), yet there are criticisms of the 

idea that ToM deficits are a primary need area for children with autism. Tager-Flusberg 

(2001) noted that children with other disabilities also struggle with false belief tasks, and 

that there are some individuals with ASD who are successful at these tasks. Tager-

Flusberger also noted that ToM skills do not develop in typical children until the age of 3 

or 4, and autism is often diagnosed earlier, meaning that ToM deficits could not be a 

primary impairment in children with autism as those skills would not be evident in most 

children at the time of diagnosis. 

Theories of social attention. Frith and Happe (1994) proposed the Weak Central 

Coherence (WCC) theory of social attention, which suggests that individuals with autism 

have enhanced local processing and impaired global information processing. WCC also 

indicates that lower level processing is not integrated into higher order processing. In 

                                                
1 An example of a false belief test is the Sally-Anne task. A child sees Sally place a marble in a location, 
and leave the room. Anne moves the marble and Sally returns. A typical child assumes Sally thinks her 
marble is where she left it; a child who fails the test thinks Sally will look for her marble where Anne left it.  
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assessing the emotions of others, for example, a person with autism might focus only on 

the mouth and recognize a smile as an indication of happiness, but will not perceive the 

entire face as a whole as do typical individuals without the disorder. Many children with 

autism perform better than do typical children on the Block Design test, a component of 

the Wechsler Intelligence Scale (Wechsler, 1974) that measures spatial ability. This skill 

may be attributed to their exceptional ability to see things in parts instead of as a whole, 

responses which can be interpreted as additional evidence of enhanced local processing.  

An extension of the WCC theory is Enhanced Perceptual Functioning (EPF; 

Mottron & Burack, 2001). Mottron and Burack agree that individuals with autism have 

enhanced local processing, but they contend that global processing is not impaired, and 

that lower level processing simply takes precedence over global processing. The authors 

give the example of a person with autism who notices a spinning fan and fails to attend to 

the surrounding room. According to WCC theory, the individual with autism is unable to 

perceive the surroundings of the entire room, whereas the EPF theory suggests that the 

processing of stimuli related to the whole room is in fact not impaired, but is merely 

superseded by local processing of the fan.  

Emotion 

 Emotional understanding is central to effective social functioning. Children with 

good emotional skills have better interactions with peers, are more liked by them 

(Denham, McKinley, Couchoud, & Holt, 1990), and have more success in school 

(Forget-Dubois et al., 2007).  
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Newborns show signs of imitating emotional expressions shortly after birth 

(Field, Woodson, Greenberg, & Cohen, 1982). Typical children show a preference for 

attending to faces as early as one month, though this preference appears to diminish in the 

first few months of life (Johnson, Dziurawiec, Ellis, & Morton, 1991). Infants respond 

differently to their mother’s happy and sad expressions by 6 months (Cohn, Campbell, 

Matias, & Hopkins, 1990; Kopp & Neufeld, 2003) and begin to change their own 

behavior in response to the expressions of others by 12 months (Klinnert, Emde, 

Butterfield, & Campos, 1986). 

The understanding of self versus other is important to emotional development. 

Children can recognize basic emotions in others during the preschool years (Denham & 

Couchoud, 1990), and as children age they begin to understand more complex emotions 

like embarrassment and pride (Markham & Adams, 1992). By the late preschool years (3-

5), children understand that others may feel differently from themselves (i.e., they 

develop a theory of mind), they begin to use emotional terms to describe themselves, and 

then begin to describe the emotional states of others (Smiley & Huttenlocher, 1989).  

 Although there is a substantial body of research on infants’ emotional behavior, it 

is difficult to study the emotional behaviors of very young children with autism, as 

reliable diagnosis is not usually possible until age 2 (Moore & Goodson, 2003). However, 

retrospective video analysis can reveal characteristics of autism in infants (who were later 

diagnosed), such as looking less at others and not responding to the sound of their name 

(Osterling, Dawson, & Munson, 2002). These differences were not salient enough to 

warrant diagnosis at the time, but in hindsight reveal social differences from typical 



 24 

peers. By identifying differences that emerge early in life, parents of children who may 

be genetically predisposed for autism (e.g., siblings of children with autism) can be 

informed of early cues of autism that may occur in their children (Sigman, Dijamco, 

Gratier, & Rozga, 2004). It is possible that these parents might seek an early diagnosis in 

order to begin early intervention services.  

Emotional deficits become more evident as children with autism mature, and 

these deficits extend across many domains. Examples of social deficits include paying 

less attention than typical peers to people expressing emotions (Sigman, Kasari, Kwon, & 

Yirmiya, 1992), expressing meaningful emotion less often (Kasari, Sigman, Mundy, & 

Yirmiya, 1990), having difficulty comprehending the meaning of emotional terms (Van 

Lancker, Cornelius, & Needleman, 1991), and showing preference for non-emotional 

components of emotional stimuli (Weeks & Hobson, 1987).  

Sensory Perception of Emotion 

Human emotions are perceived through multiple sensory inputs. Because children 

with autism perceive sensory information differently than do typically developing 

children (Talay-Ongan & Wood, 2000), it is helpful to examine each sensory modality 

individually and in combination. 

Visual. Visual stimuli quickly provide a vast amount of information about 

emotions. Clarifying how individuals with autism perceive emotion from faces is an 

important part of increasing our understanding about the overall emotion perception 

abilities of this population. Research has focused on gaze behavior of individuals with 
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autism, behavioral facial emotion recognition (FER) tasks, and neurological activity 

during facial emotion recognition.  

 Gaze behavior. Individuals with ASD look at faces differently than do their 

typical peers. Research in gaze behavior follows orientation patterns of the eyes during 

the viewing of varied stimuli and records where, in a complex array of images and parts 

of images, individuals focus their visual attention. Some studies in gaze behavior research 

involve simply looking at visual stimuli, and others require participants to complete tasks 

while eye gaze is being measured.  

Atypical gaze behavior in children with autism appears early in life. For example, 

toddlers with autism appear to attend less to faces than to other visual stimuli, such as a 

face obscured with a mosaic pattern. Chawarska, Volkmar, & Klin (2010) found that 

toddlers (32 months) with autism attend less to faces than do typical children or children 

with developmental delays, but that attention to non-social pictures is similar in all three 

groups. It is important to note that looking behavior in the toddlers with developmental 

delays (but not autism) was similar to the looking behavior of their typical peers.  

More specifically, toddlers with autism attend less to the eyes of human faces than 

do typical children or children with developmental delays. Jones, Carr, and Klin (2008) 

measured eye gaze while the three groups were presented with videos of an adult playing 

common childhood games like “pattycake.” Results showed that children with autism 

looked less at the adult’s eyes and longer at the mouth than did either the typical group or 

the group with developmental delays. Interestingly, amount of time spent looking at the 

eyes was inversely correlated with the level of social disability in the autism group, 
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indicating that children with autism who have better social skills looked more at the eyes 

of a face.  

Both Chawarska et al. (2010) and Jones et al. (2008) isolated important gaze 

pattern differences in children with autism by including a group of children with 

developmental disabilities in their studies. By doing so, the researchers examined the 

possibility that differences in gaze patterns were attributable to autism, and not to the 

intellectual impairments that often accompany autism.  

 Several studies of adolescents and adults with autism reveal that they look less 

than their typical peers at the eye region of the face when viewing videos (Klin et al., 

2002), and still pictures of faces (Corden, Chilvers, & Skuse, 2008; Pelphrey et al., 2002; 

Spezio, Adolphs, Hurley, & Piven, 2007a, 2007b). Findings from Pelphrey et al. show 

that typical participants look at the faces in a systematic way, focusing quickly on the 

eyes, nose, and mouth. In contrast, participants with autism look at all parts of the face 

equally, and do not focus on the central facial features (eyes, nose and mouth). 

Participants with HFA in Spezio et al. (2007b) also looked more at the mouth region than 

did their typical peers.  

In some studies, gaze behavior was measured while participants were asked to 

identify the emotion in faces (Corden et al., 2008;  Pelphrey et al., 2002; Spezio et al., 

2007a, 2007b). Findings from these studies regarding accuracy of facial emotion 

perception are varied. Participants with autism in Spezio et al. (2007a, 2007b) were as 

accurate as their typical peers in identifying facial emotions. Individuals with autism 

were less accurate than their typical peers at identifying fear in Pelphrey et al., yet were 
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as accurate in identifying happiness, sadness, surprise, anger, and disgust. Participants 

with Asperger’s syndrome in Corden et al. (2008) were less accurate than their typical 

peers in identifying sadness and fear, but were as accurate as were typical participants in 

identifying happiness, anger, surprise, and disgust. In all of these studies, however, there 

was altered gaze behavior in participants with ASD. These findings suggest that even 

when individuals with ASD accurately identify facial emotions, they view faces 

differently than do their typical peers.  

In contrast to other studies, Hernandez et al. (2009) found that adults with autism 

viewed the eye region of the face longer than other regions of the face. In this study, 

adults with autism and typical adults viewed neutral, happy, and sad human faces and 

pictures of avatars. Both typical adults and adults with autism had longer viewing times 

of the eye regions of the face compared to other regions of the face. Although this 

particular finding differs from results described earlier showing that children with autism 

look less than do typical peers at the eye region, other results from Hernandez et al. 

support previous research. Further analysis showed that participants with autism looked 

at the eye region less than half as long as typical participants. Additionally, when viewing 

time of the eyes, nose, and mouth combined were compared with viewing time of the rest 

of the face, findings were similar to Pelphrey et al. (2002). In both studies, participants 

with autism had equal looking time at the eyes, nose, and mouth and other areas of the 

face, whereas the typical control group looked longer at the eyes, nose, and mouth than at 

other areas of the face.  
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  An important finding from eye gaze research is that altered gaze behavior, such as 

avoiding the eye region, appears to be related to impaired social functioning. Klin et al. 

(2002) found that shortened viewing time of the eyes was a strong predictor of autism. 

Like Jones et al. (2008), Klin and colleagues also measured the relationship between gaze 

pattern and social deficits. Longer gaze times at the mouth were associated with better 

social functioning, and longer gaze times at inanimate objects in the video were 

associated with lower social functioning. Corden et al. (2008) found that adults with 

Asperger’s syndrome who looked less at the eyes than other participants were more 

socially anxious.  

Behavioral research. Researchers use simple behavioral tasks such as labeling or 

matching to investigate how individuals with autism perceive emotions portrayed in 

facial expressions. In a recent review of research, Harms, Martin, and Wallace (2010) 

emphasized that there is no general consensus about how well individuals with autism 

perceive human emotion from faces. Of the 68 studies they reviewed, 47 found some 

emotion recognition deficits in participants. The authors noted that behavioral studies use 

a wide variety of tasks, and that the participants’ characteristics vary, making 

comparisons of findings difficult.  

Some research shows that individuals with autism have a clear deficit in 

recognizing facial emotions (Celani, Battacchi, & Arcidiacono, 1999; Gross, 2004; 

Hobson, 1986; Wallace, Coleman, & Bailey, 2008). Both Celani et al. and Hobson 

compared participants with autism, individuals with intellectual disabilities (specifically 

Down syndrome in Celani et al.), and typically developing individuals by asking them to 
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match emotional and non-emotional stimuli. In Hobson, participants matched drawings 

and photographs of facial emotions to videos of a person gesturing the same emotion 

(i.e., anger, unhappiness, happiness, and fear) and matched non-emotional pictures to 

non-emotional videos (i.e., train, dog, bird, and car). In Celani et al., participants matched 

photographs of people displaying happy and sad emotions according to emotion. 

Participants also completed a non-emotional matching task, matching photographs of 

neutral faces to the person in the photograph. In both studies, participants with autism 

were as skilled as participants in the other two groups in matching non-emotional stimuli, 

though they were significantly worse in matching emotional stimuli.  

Findings from Celani et al. (1999) and Hobson (1986) are particularly relevant for 

two reasons. In Celani et al., the comparison of participants with autism to those with 

Down syndrome strengthens the argument that impaired facial emotion recognition is not 

related to intellectual impairments since participants with Down syndrome performed as 

well as did their typically developing peers. Hobson obtained similar findings when 

comparing children with autism to children with intellectual disabilities. Second, the use 

of comparable non-emotional photographs isolates the unique features of facial emotion 

recognition. In both studies, participants with autism performed as well as participants in 

comparison groups when matching non-emotional photographs. Clearly, the emotional 

face is difficult for children with autism to recognize and label reliably.  

Gross (2004) also found that children with autism had deficits in facial emotion 

recognition (FER) when compared to children with other disabilities. This study differs 

from Hobson (1986) and Celani et al. (1999) in that additional control groups were used; 
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Gross compared children with autism to children with language disorders, mental 

retardation, and a control group of children who had mild disabilities but no mental 

retardation. Groups did not differ in age, but differed significantly in IQ. ANCOVA 

analysis was used with intelligence as the covariate to control for differences in IQ. 

Participants were asked to identify one emotion from a selection of five photographs. The 

photographs were pictures of human, canine, and orangutan faces exhibiting the emotions 

happiness, sadness, anger, and surprise. Neutral faces were also included. In all cases, 

participants with autism were significantly less accurate than all other groups in 

identifying emotions.  

Gross continued the experiment by repeating the same protocol with complete and 

isolated portions of faces (mouth and eyes). Again, participants with autism were less 

accurate in emotion identification. Interestingly, the autism group showed no differences 

in accuracy between viewing full or partial faces, whereas other groups performed better 

when viewing full faces. Error analysis revealed that participants with autism performed 

no better than chance in identifying emotions from eyes. This finding suggests that 

children with autism may rely more on the mouth for emotion identification, which is 

consistent with the findings of gaze behavior research (e.g., Jones et al., 2008; Spezio et 

al., 2007b).  

A common finding in FER research is that the ability to recognize emotions in 

faces appears to be strongly related to intelligence in individuals with autism. Wallace, 

Coleman, and Bailey (2008) found that individuals with autism were less accurate than an 

IQ- and age-matched control group of typical peers at identifying emotions in pictures of 
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faces (inverted and upright). In addition, for participants with autism, accuracy of facial 

emotion identification was correlated with language ability; no such correlation was 

found for the control group. Dyck, Piek, Hay, Smith, and Hallmayer (2006) conducted 

several emotion recognition tests with individuals with autism, intellectual disabilities, 

and typical children and found intelligence was more strongly correlated with emotion 

recognition abilities among children with autism than among children in the other groups. 

These findings suggest that individuals with autism may rely more on intelligence for 

emotional tasks than do typical individuals or even individuals with other disabilities who 

may respond automatically to emotional stimuli. Perhaps individuals with autism who are 

intelligent are faster than those with autism who are less intelligent in the use of strategies 

to process information in faces related to emotions—strategies such as looking at all parts 

of the face quickly.  

In contrast to the studies above, there is research that shows no facial emotion 

recognition (FER) deficits in individuals with autism. Buitelaar, Van der Wees, Swabb-

Barneveld, & Van der Gaag (1999) found that intelligence and verbal memory ability 

were the stronger predictors of emotion recognition ability, as compared to the diagnosis 

of the participants. They compared how different groups of children (children with 

autism, PDD-NOS, psychiatric disorders, and typically developing) performed several 

emotional tasks (i.e., matching emotional photographs of faces and choosing a face to 

match a drawing indicating an emotional situation). These tasks were part of a larger 

battery of tests used to investigate overall social functioning. On the emotion tasks, there 

were no differences between the groups in task performance, and both verbal memory 
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and IQ predicted performance in all groups. This finding supports other FER research 

that shows a correlation between intelligence and FER ability, but differs in that no 

specific deficit was shown for individuals with autism. The authors suggest that cognitive 

ability may play a stronger role than diagnosis in the ability to recognize emotions and 

overall level of social functioning.  

Studies that report no FER deficit in individuals with autism reveal other 

interesting differences between groups related to task presentation. Gepner, Deruelle, and 

Grynfeltt (2001) found no differences between children with autism and typical peers in 

accuracy of FER. The researchers noted that typical children were better than children 

with autism at identifying examples when they were presented quickly; perhaps children 

with autism can perceive emotion from faces more accurately when examples are 

presented more slowly. It may be that a slower presentation simply allows more time for 

children with autism to look at parts of the face before reaching a decision about the 

intended emotion.  

Rosset et al. (2008) also found that children with autism and typical peers were 

equally accurate at perceiving emotions in faces, but did find group differences related to 

task presentation. The stimuli in the study were emotional faces depicted in photographs, 

human cartoon drawings, and non-human cartoon drawings (e.g., a dog); each was 

presented upright and inverted. Both children with autism and typical children were 

accurate at perceiving emotion in all three face types; group differences were revealed in 

the orientation of the face. Children with autism were not affected by the inversion of 

facial photographs; they were equally as accurate at perceiving emotion in both inverted 
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and upright photographs. They were, however, less accurate at perceiving emotion when 

both types of cartoon drawings were inverted than when they were upright. Typical 

children were less accurate at identifying all three types of faces when they were 

inverted. The authors suggested that typical individuals use strategies to perceive faces 

that are dependent on the upright presentation of the face. Children with autism do not 

appear to use the same strategies as typical peers for facial photographs, through they 

were affected by the inversion of the drawings. The authors suggested that the 

participants with autism might have had more typical responses to the cartoon drawings 

because the drawings actually contained less social information than the human 

photographs. Perhaps the photographs were more confusing than the drawings to 

participants with autism, and therefore resulted in a different processing strategy during 

viewing.  

  Neurological research. The results of research in gaze behavior and behavioral 

FER show that individuals with autism process faces differently than do their typical 

peers. Neurological studies of how individuals with autism view and identify emotional 

faces provide insight into some of these emotion processing differences. These studies 

use fMRI to measure changes in cerebral blood flow, indicating areas of the brain that are 

more and less active while performing experimental and control tasks. 

Studies investigating neurological components of facial emotion recognition 

typically examine high functioning participants, since participants must sit still or be in a 

small, enclosed space (fMRI scanners) for long periods of time. Recall that individuals 
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with high functioning autism are not representative of the entire ASD population; over 

half of individuals with autism have an intellectual disability.  

For typical individuals, specific areas of the brain are engaged while viewing 

emotional pictures of faces. Haxby, Hoffman, and Gobbini (2000) concluded that there 

were core neurological systems that analyze human faces and extended systems that 

interpret meaning from faces. A diagram describing how these regions work together 

appears in Figure 1.  

Figure 1. A model of the distributed human neural system for face perception.  

The model is divided into a core system, consisting of three regions of occipitotemporal 
visual extrastriate cortex, and an extended system, consisting of regions that are also parts 
of neural systems for other cognitive functions. Changeable and invariant aspects of the 
visual facial configuration have distinct representations in the core system. Interactions 
between these representations in the core system and regions in the extended system 
mediate processing of the spatial focus of another’s attention, speech-related mouth 
movements, facial expression, and identity. (This model and description is taken directly 
from Haxby et al., 2000, p. 230.) 
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As noted in Figure 1, the fusiform gyrus is active in typical individuals when 

viewing faces. Pierce, Müller, Ambrose, Allen, and Courchesne (2001) and Schultz et al. 

(2000) found that when participants with autism viewed neutral faces, they had less 

activity in the fusiform gyrus than did a control group. Schultz et al. (2000) additionally 

found that when participants with autism viewed neutral faces, they showed neural 

activity in areas of the brain that were associated with viewing objects. Schultz et al. 

suggested the participants with autism used a feature-based strategy, treating each part of 

the face as an individual object, rather than processing the face as a whole. Recall that 

much of the eye gaze research shows that individuals with autism look at a face 

differently than do their typical peers, often looking at less informative parts of the face 

as long as they look at the most informative parts: the eyes, nose, and mouth (e.g., Klin et 

al., 2002; Pelphrey et al., 2002; Spezio et al., 2007a). 

It is known that many individuals with autism process neutral faces in unique 

ways; the same may be said for processing emotional faces. Hubl et al. (2003) presented 

participants with autism and an IQ-matched control group with pictures of emotional 

faces (happy, sad, angry, neutral), and asked them to identify when a happy face 

appeared. Participants also completed a visual search task as a control measure (e.g., 

counting the number of blocks in a mosaic picture). The researchers found no behavioral 

differences between groups in the accuracy of tasks, though participants with autism had 

a slower response time when identifying faces than did typical individuals. fMRI results 

indicated that when viewing faces, participants with autism had less activity than typical 

peers in areas that usually activate when viewing faces (e.g., fusiform gyrus), and more 
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activity than typical peers in areas that usually activate when viewing objects (e.g., 

medial occipital gyrus). 

Findings from Hubl et al. (2003), in which participants viewed emotional faces, 

are similar to those of Schultz et al. (2000) in which participants viewed neutral faces; 

individuals with autism analyzed faces used a feature-based strategy instead of a holistic 

approach. This conclusion is further supported by results from the visual search task in 

Hubl et al.’s study. The typical participants had increased activation in brain areas 

associated with visuospatial processing, and participants with autism had increased 

activation in the same areas during face recognition tasks. The researchers further 

concluded that because increased signal strength during fMRI correlates with task 

difficulty, it is safe to state that the participants with autism found the face tasks more 

difficult than the visual search tasks.  

Ashwin, Baron-Cohen, Wheelwright, O’Riordan, and Bullmore (2007) also found 

neurological differences between individuals with HFA and typical peers when viewing 

faces. The researchers presented individuals with HFA and an age- and IQ-matched 

control group with pictures of neutral faces and high and low intensity fearful faces. 

Adults with HFA had less activity than typical peers in the social areas of the brain (e.g., 

occipital frontal cortex). The participants with autism also had abnormal brain activity in 

the amygdala when viewing photographs of fearful faces; signal strength varied with the 

intensity of the fearful expressions in typical individuals and did not vary in participants 

with autism. Similar to Hubl et al. (2000) and Schultz et al. (2003), Ashwin et al. 

suggested that the brain activity of the participants with autism mirrored a featured-based 
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processing instead of the more automatic processing of emotional information seen in 

typical individuals.  

Familiarity may play an important role in the neural processing of faces by 

individuals with autism. Pierce and Redcay (2008) found that children with autism had 

normal activity in the fusiform gyrus when viewing pictures of their mothers’ faces. 

When the same children viewed faces of strangers, brain activity was drastically reduced 

in the fusiform area; children with autism had 25% of the fusiform activity that typical 

children experienced when viewing unfamiliar faces. Recall that the fusiform gyrus 

shows increased activation when typical individuals view both neutral and emotion faces, 

and that individuals with autism often have less activation than typical peers in this area. 

When viewing familiar stimuli, individuals with autism appear to have more typical brain 

activity. Non-emotional familiar stimuli (e.g., mother’s hand) have also been shown to 

elicit typical brain activity in individuals with autism (Oberman, Ramachandran, & 

Pineda, 2008). 

In summary, visual perception of emotions in faces has been investigated using 

behavioral and neurological measures. Behavioral differences are seen when participants 

with ASD simply view faces (no task involved); they appear to use feature-based 

strategies instead of a holistic process (e.g., Hubl et al., 2003) and look less at the eye 

region than do their typical peers (Jones et al., 2008; Pelphrey et al., 2002). Some 

research shows that individuals with autism have a facial emotion recognition (FER) 

deficit (e.g., Celani et al., 1999; Gross, 2004); other research has found no difference in 

FER accuracy, yet reveals other important differences. Individuals with autism have 
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accurate FER when faces are presented slowly (Gepner et al., 2001), and accuracy of 

FER is not affected in individuals with autism when faces are inverted (Rosset et al., 

2008). Also, intelligent individuals with autism are better able to perceive emotions from 

faces than are individuals with both autism and intellectual impairments (Dyck et al., 

2006), and neurological responses to familiar faces tend to be similar in individuals with 

autism and typical peers (Pierce & Redcay, 2008).  

Auditory. Findings of differences in auditory perception abilities between 

individuals with autism and those who are typically developing are more consistent than 

findings from research in visual perception. Whereas many visual perception studies 

report varying findings for children with autism compared to typical peers, a recent 

review of auditory perception abilities of children with autism (Haesen et al., 2011) found 

that a large majority of the studies yielded consistent conclusions showing that 

individuals with autism perceive auditory stimuli differently than do their typical peers.  

Haesen et al. (2011) reviewed research with many types of auditory stimuli, 

including pure tones created by frequency generators, complex tones created by 

instruments or voices, and speech. The review also included studies about intensity and 

duration of auditory stimuli. I review below the behavioral and neurological research of 

pure and complex tone perception, comparisons of music and speech sounds, and studies 

of auditory perception of emotion.  

Pure tone. Pure tones are the simplest of all auditory stimuli, and in most 

investigations are produced using a frequency generator. When compared to typically 

developing peers using both behavioral and neurological measures, many studies reveal 
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that individuals with autism appear to be as accurate or more accurate as are typical peers 

in discriminating changes in pure tones. 

Behavioral research. Bonnel, Mottron, Peretz, Trudel, Gallun, and Bonnel (2003) 

found that adolescents with HFA were more accurate in identifying pitch changes and 

pitch range (high or low) than was an age- and IQ-matched control group. Bonnel et al. 

(2010) further confirmed that individuals with autism identify pure tone pitch changes 

more accurately than do their typical peers. Participants in Bonnel et al. (2010) with 

Asperger’s syndrome, however, did not show enhanced pitch discrimination.  

Larger scale studies have also shown that some individuals with autism have 

enhanced pitch discrimination abilities. Jones et al. (2009) used a large sample (N = 120) 

to study the ability of individuals with autism to discriminate changes in pure tone 

frequency, intensity, and duration. Participants with autism did not differ from the control 

group in their ability to discriminate changes in intensity or duration of pitch. Also, no 

overall difference was found between groups in ability to discriminate changes in pure 

tone pitches. Jones et al. looked carefully at the participants in both groups who had 

exceptionally high perceptual abilities. The autism group included a larger proportion of 

superior performers (19.7%) than did the control group (8.5%).  

Neurological research. Researchers have also studied pure tone pitch 

discrimination with neurological measures like electroencephalogram (EEG). These 

studies often used an oddball paradigm where repeated stimuli are presented together 

with intermittent deviant stimuli. EEG reveals changes in electric signals in response to 

perceived differences in the stimuli, a change called mismatch negativity (MMN). These 
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responses are involuntary and can be elicited even when the participant is not attending to 

the stimuli. EEG research shows that children with autism appear to have similar 

(Čeponienė et al., 2003) or greater (Ferri et al., 2003; Gomot, Giard, Adrien, Barthelemy, 

& Bruneau, 2002) neurological responses to pitch changes than do their typical peers. 

Additional findings from Gomot et al. (2002) showed that children with autism had 

neurological responses to changes in pitch sooner than did typically developing children. 

A heightened sensitivity to changes in pitch also provides a possible explanation for the 

behavioral difficulties exhibited by children with autism when they encounter a number 

of auditory changes in the environment (e.g., loud noises, noises inaudible to the typical 

ear, crowded places); they are possible more sensitive to auditory changes and hear them 

sooner than do their typical peers.  

Not all neurological research supports enhanced pure tone discrimination abilities 

of children with autism. Jansson-Verkasalo et al. (2005) found that children with 

Asperger’s syndrome had neurological reactions to changes in pure tones that were 

slower than those observed in typical peers. When participants with Asperger’s syndrome 

were presented with changes in simple pure tones, brain activity differed from typical 

peers in that neurological reactions (changes in electric signals measured by the EEG) 

were delayed in response to pitch changes. The researchers also measured the 

neurological activity of the parents of participants with autism. Fathers were similar to 

their children in their neurological reactions to changes in pitch (mothers were not). The 

similarities noted by Jansson-Verkasalo et al. (2005) between the responses of children 

with autism and those of their fathers to changes in auditory stimuli adds to the increasing 
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evidence for autism’s genetic basis. Similarities between participants and their fathers are 

interesting given the large proportion of males with ASD.  

Although many studies show that individuals with ASD have similar or greater 

neurological responses to pitch changes as compared to typical peers, Jansson-Verkasalo 

et al. (2005) report that individuals with Asperger’s syndrome have slower neurological 

responses than do typical peers to changes in pitch. In a behavioral study, Bonnel et al. 

(2010) also found no enhanced pitch perception in participants with Asperger’s 

syndrome, although enhanced pitch perception was found in the participants with autism 

(all participants were matched for IQ). One frequently cited reason for variations in 

autism research findings is diversity of IQ within the autism population. Although 

participants with Asperger’s syndrome in Jansson-Verkasolo et al. had normal range IQ 

scores, the researchers did not report matching the control group based on IQ. Research 

consistently shows the importance of appropriately matched control groups when 

studying individuals on the autism spectrum and typical peers.  

Complex sounds. Pure-tone research provides insight into the auditory perception 

abilities of individuals with autism. Research with complex sounds reveals more about 

the processing of music and speech.  

Behavioral research. One approach to investigating perception of musical sounds 

involves simple pitch discrimination tasks. Heaton (2005) found that children with autism 

were more accurate in discriminating small intervals (minor second-major third) than 

were their typically developing peers, but they showed no advantage in identifying 

altered pitches in the context of whole melodies. These findings indicate that the auditory 
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skills of children with autism for these types of tasks are equal or superior to the skills of 

their typical peers.  

In an earlier study by Heaton (2003), children with autism were again found to be 

more accurate than their typical peers in labeling individual pitches and pitches missing 

from chords. The researchers used an interesting protocol to assess pitch perception; 

individual pitches repeatedly paired with pictures of animals. For example, a D might be 

represented by a mouse, an F# by an owl, and an A by a rabbit. Participants were asked 

which animal matched a sounded pitch. Additionally they were presented with the 

pictures while a chord with one missing note was played, and then asked to pick the 

picture that represented the missing note. Children with autism were more accurate than 

typical peers on both tasks. When pitches were presented without being paired with 

pictures, children with autism labeled pitches missing from chords with the same 

accuracy as their typical peers.  

There may be differences in pitch perception ability across the autism spectrum. 

Altgassen, Kliegel, and Williams (2005) used a protocol similar to Heaton’s (2003) to 

test auditory memory of pitches in two groups— participants with Asperger’s syndrome 

and autism compared to typical peers. As in Heaton’s study, participants were asked to 

label single pitches as well as pitches missing from chords using the visual pictures 

associated with the pitches. The researchers also asked participants to identify missing 

pitches from pitch clusters that did not form a consonant chord. There were no 

differences in accuracy of perception between participants with autism and typical 
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participants, but participants with Asperger’s syndrome were more accurate than the 

typical peers.  

Similarly, Heaton, Williams, Cummins and Happe (2008) found that only a 

portion of the participants with autism in their study were more accurate at perceiving 

pitch than typical peers. The researchers presented the participants with a graphic 

depicting a scene with a boy on steps, with each of the steps representing a pitch. 

Participants heard the pitch representing the bottom or top step, and then an ascending or 

descending pitch. They were asked to point to the step that matched the second pitch. A 

second experiment used the same protocol (pictures of steps) without sounding the first 

pitch, requiring participants to recall what was learned in the first experiment. Findings 

showed that individuals with autism and typical peers did not differ significantly in 

identifying pitches, though a portion of the group with ASD was more accurate than 

typical peers, similar to the findings of Jones et al. (2009).  

Researchers are also interested in how children with autism perceive pitch in 

larger musical contexts (melodies) in addition to decontextualized individual pitch 

perception. In these studies, simple melodies are compared with altered versions that 

include individual pitch changes that follow or violate the melodic contour of the original 

melodies. Some research shows that children with autism are able to identify altered 

versions of the melodies as well as or better than matched controls without ASD (Heaton, 

2005; Mottron, Peretz, & Ménard, 2000). Heaton found that groups were similar in 

identifying changes in melodies (both that maintained and violated contour), and Mottron 

et al. found that participants with autism were more accurate than typical peers in 
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identifying changes when melodies maintained contour and were not transposed (a task 

Mottron et al. identified as a local processing task); both groups performed similarly on 

tasks where melodies were transposed and violated contour (identified as a global task in 

this study). Mottron et al. suggested that the participants with autism might be using 

absolute pitch as a clue to identifying changes in melodic contour.  

Both Heaton (2005) and Mottron et al. (2000) referenced the theory of Enhanced 

Perceptual Functioning (EPF), suggesting that individual pitch perception is a local 

processing skill and the recognition of melodic contour represents a global processing 

skill. Recall that EPF suggests that local processing is enhanced in individuals with 

autism (as compared to their typical peers), and global processing is not impaired. 

According to Mottron et al., if participants with autism can identify changes in melodic 

contour as well as typical peers, global perception is not impaired. Studies demonstrating 

that individuals with autism are more accurate than typical peers at perceiving small 

changes in pitch in small musical segments (i.e., perception of two pitches) also support 

the EPF theory by demonstrating enhanced local processing.  

Foxton et al. (2003) disagreed with both Heaton (2005) and Mottron et al. (2000) 

about what music skills are local and global. Foxton et al. suggested that perceiving 

melodic contour is a local skill, and that investigating contour perception under changes 

of both pitch and timing would reveal whether there are global deficits in auditory 

perception. In Foxton et al., participants were asked to identify whether melodies were 

the same or different under several different conditions. In the first condition (no 

interference), the researchers defined melodies as the same when no pitches were altered 
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and different when there was an altered pitch (key remained the same). In the second 

(local pitch interference condition), the researchers defined a melody as the same when it 

was simply transposed and different if the melody changed entirely. In the local pitch and 

timing interference condition, the researchers considered the melodies the same if they 

changed pitches in the same direction (even though pitches and timing were different) 

and different if they changed pitches in a different direction. Typical participants showed 

decreased accuracy in identifying changes in melodic contour when both pitches and 

timing were altered. Participants with autism did not show a decrease. The researchers 

argued that these findings support the EPF theory in that the participants did not show a 

global impairment in pitch perception (their definition of a global task being identifying 

melodies that changed in both pitch and timing).  

Neurological research. Neurological measures show that children with autism 

have intact or enhanced perception of complex sounds like music and speech/language. 

These studies use EEG to measure neurological responses to changes in complex sounds; 

recall that any responses are involuntary and do not represent conscious perception.  

As reported earlier, Čeponienė et al. (2003) found that children with autism have 

intact pitch perception of pure tones. The study also compared complex tones and spoken 

vowels along with pure tones, and found the children with autism had neurological 

responses (MMN) similar to those of their typical peers in all three conditions. The 

researchers also compared the P3a responses of both groups. P3a responses are 

indications of the brain’s perception of a change in stimulus. Interestingly, even though 

participants with autism and typical peers had similar MMN responses when vowels were 
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altered, results showed that participants with autism did not have significant P3a 

responses during this condition (typical participants did). Participants with autism did 

have P3a responses to changes in simple tones and changes in complex tones. This 

finding is yet another example of the difficulty children with autism have with speech 

processing and adds to the research that suggests that speech information is not as salient 

as pitch information for children with autism. 

Lepistö, Kujala, Vanhala, Alku, Huotilainen, and Näätänen (2005) found that 

children with autism had enhanced MMN responses as compared to typical peers when 

listening to pitch changes in speech and music examples. Consistent with the participants 

studied by Čeponienė et al. (2003), participants in Lepistö et al. (2005) also had smaller 

P3a responses to the deviant stimuli in the speech examples than did typical peers. 

Lepistö, Silokallio, Nieminen-von Wendt, Alku, Näätänen, and Kujala (2006) conducted 

a study with an identical protocol to Lepistö et al. (2005) with children with Asperger’s 

syndrome. Lepistö et al. (2006) found that participants with Asperger’s syndrome had 

enhanced MMN responses as compared to typical peers during changes in pitch in speech 

examples and also had smaller P3a responses than did typical peers to changes in vowels. 

The previous studies of complex pitch perception used an oddball paradigm, in 

which stimuli are repeated and neurological responses are measured during the 

presentation of a deviant stimulus (Čeponienė et al., 2003, Lepistö et al., 2005; Lepistö et 

al., 2006). Lepistö et al. (2008) used this paradigm and found children with autism had 

more enhanced neurological responses than did typical peers while listening to auditory 

stimuli that changed in pitch. They also used an additional procedure, called a varying 
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oddball paradigm: stimuli that vary in one dimension are presented repeatedly and then a 

deviant stimulus is presented that varies in another dimension (see Figure 2). For 

example, in the deviant pitch condition in Lepistö et al. (2008), different vowels were 

presented on the same pitch, and the deviant was a vowel on a different pitch. In the 

phoneme deviant condition, the same vowel was presented on different pitches, and the 

deviant was a different vowel also on a different pitch. The participants with autism had 

enhanced MMN responses (as compared to typical peers) in the pitch deviant condition, 

but not in the phoneme deviant condition. Thus, the participants with autism responded 

more to the changing pitches in the phoneme deviant condition, but did not respond to 

changes in phonemes as much as their typical peers did. This finding demonstrates how 

children with autism attend closely to the pitch components of speech.  

 

Figure 2. Conditions in Lepistö et al. (2008). 

Comparisons between music and speech/language. Children with autism appear 

to be more accurate than typically developing children in interpreting the pitch contour of 

speech. In Järvinen-Pasley, Pasley, & Heaton (2008) and Järvinen-Pasley, Wallace, 
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Ramus, Happé, & Heaton (2008), children with autism and typical children were asked to 

identify both the contour and meaning of  spoken sentences by choosing a drawing that 

matched either the contour of the pitch or the event described in the sentence (linguistic 

response). In Järvinen-Pasley, Wallace, et al., participants were asked to identify the 

contour of music examples. In both studies, participants with autism were more accurate 

than typical participants at identifying the contour of the pitch of all examples. In 

Järvinen-Pasley, Pasley, et al., participants were free to answer with either linguistic or 

contour choices. Both groups chose linguistic responses more often than contour 

responses, although children with autism chose contour responses more often than did the 

typical children.  

Järvinen-Pasley, Pasley, et al. (2008) and Järvinen-Pasley, Wallace, et al. (2008) 

also found similarities in participants’ identification of the linguistic meaning of the 

spoken sentences. Although in both studies, typical children were more accurate than 

participants with autism in identification of meaning, in Järvinen-Pasley, Pasley, et al., 

within-group comparisons showed that typical children were significantly better at 

interpreting the linguistic meaning than they were at selecting the correct contour, and 

that children with autism were equally accurate in identifying meaning and contour. 

Recall that Järvinen-Pasley, Wallace, et al. had contour perception tasks of music and 

speech samples, as well linguistic perception tasks of speech samples. The participants 

with autism performed similarly on the different experimental tasks: they were as 

accurate in perceiving contour in speech and music as they were in perceiving meaning in 

sentences. There were within-group differences for typical participants: they were 
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significantly better in the linguistic task than in either contour perception task but 

performed similarly when identifying contours in music and speech.  

Individuals with autism are equally or more accurate than typical peers at 

perceiving changes in pitch from music and speech examples. Both Heaton, Hudry, 

Ludlow, and Hill (2008) and Järvinen-Pasley and Heaton (2007) presented children with 

autism and typical children with pairs of music and speech stimuli and asked participants 

to identify if the pairs were the same or different. In Järvinen-Pasley and Heaton, the 

stimuli were four-note music sequences and four-word speech examples. Stimuli were 

presented in pairs (music-music, speech-speech, or speech-music); some pairs were 

consistent in pitch (regardless of stimuli type) and others had altered pitches. In Heaton et 

al., participants listened to pairs of words, nonsense syllables, or pure tones. Similar to 

Järvinen-Pasley and Heaton, pairs were either identical in pitch or altered. In both of 

these studies, children with autism were more accurate than typical peers in perceiving 

similarities and differences in pitch from speech examples. In Heaton et al., participants 

with autism were also more accurate than typical peers at perceiving similarities and 

differences in the pure tone examples. In Järvinen-Pasley and Heaton, there were no 

significant differences between groups in accuracy of pitch discrimination in the music-

music condition, though participants with autism were significantly more accurate at 

pitch discrimination in the speech-music and speech-speech conditions.  

Findings from Järvinen-Pasley and Heaton (2007) and Heaton et al. (2008) differ, 

however, with regard to within group differences. In Järvinen-Pasley and Heaton, 

participants with autism had similar scores on all conditions, whereas the control group 
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had more difficulty perceiving pitch in the speech-speech and speech-music conditions 

than in the music-music condition. In Heaton et al., both typical children and children 

with autism were more accurate at pitch discrimination in the pure tone trials than in the 

word and nonsense word pairs. The addition of speech to pitches appears to inhibit the 

pitch perception abilities of typical children, and in some cases children with autism 

(results from Heaton et al., but not Järvinen-Pasley and Heaton). In all cases, children 

with autism perceive pitch in music and speech examples as accurately or more 

accurately than do typical peers.  

Auditory perception of emotion. The majority of studies of the auditory emotion 

perception abilities of children with autism compare emotion perception when auditory 

and visual modalities are combined. These studies will be reviewed later in this review. 

There are, however, a few studies that examine how individuals with autism perceive 

emotion from auditory stimuli only, and several studies employ music stimuli.  

In an early pilot study, Heaton, Hermelin, and Pring (1999) found that children 

with autism could perceive simple emotions (happiness and sadness) from four-measure 

melodies (major or minor) played on a keyboard. The children with autism performed as 

well as typical peers on the task, indicating intact emotion perception for the emotions 

happy and sad as they relate to major and minor modes. This pilot study was one of the 

first to examine how children with autism perceive emotion in music.  

Children with autism also appear to be able to perceive emotion from longer, 

intact music recordings, such as excerpts from large orchestral works. Heaton, Allen, 

Williams, Cummins, and Happé (2008) asked typical children, children with autism, and 
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children with Down syndrome to match music examples with line drawings of feeling 

states (e.g., love, triumph, fear, and anger) or pictures of movement states (e.g., running, 

walking, and climbing). Identification of feeling states was more accurate than movement 

states for all groups in the study. For the two groups of children with disabilities, accurate 

performance was more dependent on verbal mental age than on disability diagnosis. The 

researchers found that children with autism and typically developing children categorized 

the emotional implications of music using pictures similarly, suggesting that impairment 

in socioemotional cues may not transfer to the music domain.  

Similar to the findings of Heaton et al. (2008), Quintin, Bhatara, Poissant, 

Fombonne, and Levitin (2011) found that verbal intelligence was related to success 

identifying the emotional intent of music. The researchers presented examples of music 

intended to convey happy, sad, scared, and peaceful emotions to typical children and 

children with autism and asked them to identify the example by pointing to a line 

drawing of a facial expression. There was an initial difference between the children with 

autism and typical children, although when data were analyzed with verbal intelligence as 

a covariate, there were no significant differences between the two groups. Once again, as 

seen in previous research, intelligence plays an important role in how individuals with 

autism process faces; this finding suggests that intelligence could also play a role in 

processing of emotions in music.  

To date, only one study has examined neurological responses to emotional music 

with individuals with autism. Caria, Venuti, and de Falco (2011) used fMRI to scan 

adults with Asperger’s syndrome and typical adults while they listened to happy or sad 
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classical music excerpts. In one condition, participants simply listened to happy and sad 

music. In the other condition, participants selected their favorite happy and sad examples 

from several choices provided by the researchers, and were then scanned while listening 

to those examples. Participants also rated the examples for emotional valance (extremely 

negative to extremely positive) and arousal (calm to exciting) in a task separate from the 

fMRI scans. Participants with Asperger’s syndrome and their typical peers rated the 

music similarly. In both groups, preferred music examples were more highly rated in 

terms of both valence and arousal than were other music examples. The results suggest 

that music emotion perception is intact in individuals with Asperger’s syndrome. The 

fMRI results revealed that participants with Asperger’s syndrome had brain activity in 

regions associated with emotion processing during the listening tasks (typical participants 

had similar brain activity), suggesting that emotion perception deficits do not generalize 

to the music domain in individuals with Asperger’s syndrome.  

Tasks involving spoken emotional stimuli provide another means of assessing 

auditory emotion perception abilities. Van Lanker, Cornelius, and Kreiman (1989) 

conducted one of the earliest studies of spoken emotion perception with children with 

autism. The researchers compared the children with autism with groups of children with 

schizophrenia and typically developing children in their ability to perceive linguistic and 

emotional meaning from sentences read by an actress. The participants selected pictures 

that depicted what was read in each sentence, and selected different pictures that 

represented the emotion of the voice. Children in all groups identified the linguistic 
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content of the sentences, but children with autism were significantly worse than the other 

participants in identifying the emotion conveyed by the voice.  

Impaired spoken emotion recognition ability has also been found in adults with 

ASD. Rutherford, Baron-Cohen, and Wheelwright (2002) compared adults with 

Asperger’s syndrome and HFA to two control groups: adults attending and not attending 

college. Participants were presented with brief recordings of audio books embodying 

different emotions, and identified either the emotion conveyed in each example or the age 

of the speaker. The age-identification task allowed the comparison of emotional and non-

emotional tasks. Participants in the ASD group performed significantly worse than the 

other adults on the emotion identification tasks. Both of the control groups (adults 

attending and not attending college) performed equally well on the emotion and age 

identification tasks. In all groups, performance was not correlated with IQ scores.  

Children with Asperger’s syndrome appear to have atypical brain activity when 

listening to emotional speech samples. Korpilahti et al. (2007) used EEG measures to 

investigate the neurological responses of children with Asperger’s syndrome and an age-

matched control group while listening to spoken auditory stimuli. The stimuli consisted 

of repeated presentations of a one-word utterance and a deviant stimulus of the same 

word spoken with angry intent. MMN responses revealed that participants with 

Asperger’s syndrome had different neurological responses than did typical peers to the 

changes in emotional intent of the spoken stimuli. Additionally, typical participants had 

mostly left hemisphere activation and participants with Asperger’s syndrome had mostly 

right hemisphere activation during these changes. Korpilahti et al. suggested that the 
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neurological responses of the participants with Asperger’s syndrome indicate a focus on 

the acoustic features of the spoken sounds rather than the emotional intent.  

Not all studies of spoken emotion perception ability in individuals with autism 

report a deficit. Baker, Montgomery, and Abramson (2010) compared the emotion 

perception ability of individuals with HFA and emotion perception ability in an age-, 

gender-, and IQ-matched control group. Participants listened to spoken nonsense 

passages with happy, sad, angry, and neutral prosody. The stimuli were presented using a 

dichotic listening task where participants heard two examples, one in each ear, and were 

asked to identify the emotion in both examples. There was no difference between the 

groups in auditory perception of emotion. One reason for the lack of difference between 

groups may be the high IQ level of participants with autism. Again, as much of the visual 

and auditory perception research shows, IQ is a strong predictor of emotion perception 

ability.  

 When listening to non-emotional auditory stimuli, individuals with autism appear 

to have pitch perception that is similar to or more accurate than that of their typical peers. 

In particular, individuals with autism appear to excel at perceiving small changes in both 

spoken and musical pitch, melodic contour in music, and contour in speech (e.g., Bonnel 

et al., 2003; Gomot et al., 2002; Heaton, 2005; Järvinen-Pasley, Wallace, et al., 2008; 

Mottron et al., 2000). Auditory perception research suggests that individuals with autism 

have enhanced perception of small details, or local features of auditory stimuli, but may 

not be able to perceive linguistic meaning (Järvinen-Pasley, Pasley, et al., 2008) or 

emotional intent in speech (Rutherford et al., 2002). Although individuals with autism 
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have some difficulty perceiving emotion from spoken auditory stimuli, they appear to be 

able to perceive emotion from music when asked to match music excerpts to pictures of 

emotional faces (Heaton et al., 2008; Quintin et al., 2011). In addition, neurological 

measures reveal intact music emotion perception abilities (Caria et al., 2011) but atypical 

perception of emotional speech (Korpilahti et al., 2007).  

 Multimodal. Research in both auditory and visual domains shows differences in 

emotion perception ability between individuals with and without autism. In everyday life, 

however, humans rarely perceive emotion from only one sensory stimulus. Unless a 

person has a visual or hearing impairment, humans simultaneously interpret emotions 

from both visual and auditory stimuli (de Gelder & Vroomen, 2000; Vroomen & Gelder, 

2000).  

Multimodal emotion research reveals some emotion recognition deficits in 

children with autism. Just as in visual processing research, however, there are 

discrepancies, particularly related to IQ of participants and differences in perception 

accuracy depending on the emotion conveyed.  

 Behavioral research. Some research indicates that children with autism have 

difficulty matching auditory and visual stimuli that portray the same emotion. Hall, 

Szechtman, and Nahmias (2003) found that eight men with autism performed 

significantly worse on a multimodal task than did a control group of typical peers 

matched for non-verbal IQ scores. The participants were asked to match the emotion 

quality of an audio recording of happy, sad, surprised, or angry speech to a photograph of 

a face. As a control measure, participants were asked to match the audio recording to a 
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facial photograph representing the speaker’s gender. Participants were scanned using 

fMRI during both tasks. There were no differences in accuracy between groups on the 

gender identification task, though the participants with autism performed significantly 

less accurately than the other participants on the emotion task. Results regarding brain 

functioning were consistent with the results of many other studies (e.g., Ashwin et al. 

2007; Hubl et al., 2003; Schultz, 2005) in that participants with autism showed 

activations in areas associated with cognitive processing rather than in areas associated 

with automatic processing of emotion, suggesting that they processed the facial images as 

objects.  

  Much like the correlations found between visual and auditory emotion perception 

and social skill impairment, deficits in emotion recognition from multimodal sources may 

also be related to social skills functioning. Philip et al. (2010) compared adults with 

autism to an age- and gender-matched control group of typical peers using several 

emotion recognition tasks. The tasks included labeling and matching facial expressions, 

identifying intended emotions of body movements (no face present), and labeling 

emotions of audio recordings. Participants also completed a social judgment task in 

which they labeled photographs of faces based on the qualities of age, trustworthiness, 

intelligence, attractiveness, approachability, and distinctiveness. Participants with autism 

were significantly less accurate than their typical peers on all tasks, and performance on 

the social judgment task was correlated with performance on the emotion recognition 

task. It is especially interesting that individuals with autism had difficulty labeling the 

pictures of body movements—pictures where no face was present. These findings add to 
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the growing body of research that shows a correlation between emotion recognition and 

social functioning.  

Differences in multimodal emotion perception have also been observed in 

children with Asperger’s syndrome. Lindner and Rosen (2006) compared separate 

modalities as well as combined modalities. Children with Asperger’s and a nonverbal IQ-

matched control group were asked to label the emotions in static pictures of facial 

expressions, dynamic videos of facial expressions, audio clips with neutral verbal content 

and emotional inflection, audio clips with emotionally laden verbal content, and 

combined stimuli with dynamic facial expressions, prosody, and verbal content. 

Participants with Asperger’s syndrome were worse than their typical peers in identifying 

the emotion in the static pictures, dynamic pictures, and the recordings of neutral 

verbalizations. There were no group differences for the other stimuli used in the study. 

The researchers concluded that participants with Asperger’s needed verbal cues such as 

emotional words, rather than prosodic cues to help interpret emotions. The use of verbal 

cues is an important factor in how individuals with Asperger’s syndrome and HFA 

process emotion. Since individuals with Asperger’s syndrome have no language delays, it 

may be easier for them to use verbal cues to inform decisions about emotions.  

Other minor differences in multimodal emotion perception have been observed 

between groups of individuals with Asperger’s syndrome and HFA. Masefsky and 

Oswald (2007) examined the performance of participants with HFA and with Asperger’s 

syndrome on the Diagnostic Analysis System of Nonverbal Accuracy Scale-2 (DANVA), 

a standardized test that includes assessments of facial expression recognition and emotion 
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interpretation of both low and high intensity audio speech recordings. Compared to the 

standardized results of the test for typical individuals, scores for the Asperger’s syndrome 

group were not significantly different, although scores for the HFA group were 

significantly lower. There were no differences between groups for perception of high 

intensity voices, but participants with Asperger’s syndrome were significantly more 

accurate than participants with HFA at perceiving low intensity voices. Participants with 

HFA had difficulty with emotion perception without the presence of salient cues (e.g., 

high intensity voices).  

Several studies cited earlier have found that children with autism have visual 

emotion perception deficits when compared to typical children and children with other 

disabilities; it appears the same is true for multimodal emotion perception. When taking 

into account IQ and verbal mental age, Loveland, Tunali-Kotoski, Chen, and Brelsford 

(1995) found that children with autism were worse than children with Down syndrome at 

matching audio recordings of emotions to one of two videos of facial expressions. In the 

experimental task, the audio recordings were desynchronized with the video in order to 

isolate affective content of the speech. In one of two control conditions, the audio 

recordings were resynchronized with the video, resulting in improvement in the 

performance of both groups, although more so in the group with Down syndrome than in 

the group with autism. The second control task used inanimate events; there were no 

group differences for this task.  

Intelligence has been shown to be a strong predictor of the ability of individuals 

with autism to recognize emotion in visual and auditory stimuli. Not surprisingly perhaps, 
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similar results have been obtained with regard to multimodal stimuli. Jones et al. (2011) 

found that when individuals with autism, but with no intellectual impairment, labeled 

emotions in facial pictures, nonverbal auditory stimuli, and verbal auditory stimuli, they 

showed no deficits in emotion perception (except for the recognition of surprise), 

compared to IQ-matched peers with and without other disabilities. The researchers also 

analyzed results with respect to IQ; participants were divided into groups by IQ (low and 

high) regardless of diagnosis. Participants in the Low IQ group were significantly less 

accurate than the High IQ group at labeling emotions. The authors concluded that IQ was 

a stronger predictor of emotion recognition deficits than diagnosis, a finding that 

replicates previous visual emotion perception research (e.g., Buitelaar et al., 1999).  

Loveland et al. (1997) also found IQ to be a stronger predictor of multimodal 

emotion perception abilities than is disability diagnosis. Low- and high-functioning 

participants with autism were compared to low- and high-functioning participants without 

autism. Emotion recognition tasks included labeling emotions in videos of happy, sad, 

angry, and surprised facial and vocal expressions that were either animated (clearly 

conveying intended emotion) or flat (neutral face and voice, less intense). The word 

content of the vocal expressions was explicit (e.g., stated the emotion in the sentence), 

implicit, or neutral. Loveland et al. found no group difference based on autism diagnosis, 

yet a clear difference based on functioning level. All groups performed better when there 

was more information (i.e., explicit words and animated voices and faces). The low-

functioning groups (with and without autism) were less accurate than high-functioning 

participants at interpreting implicit verbal examples about emotion. Interestingly, in 
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Linder and Rosen (2006), participants with Asperger’s syndrome (who are high 

functioning by definition) also needed more explicit information to accurately interpret 

emotions. Even the most intelligent individuals with autism and Asperger’s syndrome 

still require explicit information for optimal emotion perception.  

Magnée, de Gelder, van Engeland, and Kemner (2007) found that individuals with 

autism viewing multimodal emotional stimuli have involuntary muscle responses that are 

similar to those of their typical peers. The researchers showed high functioning males 

with autism and an IQ-matched control group photographs of happy and fearful emotions 

that were paired with audio recordings of emotional speech that was congruent or 

incongruent with the photographs. The participants were asked to tell the sex of the 

person in the picture. Researchers took electromyograph (EMG) measurements during 

the presentation of the stimuli. Findings show that both groups had more muscle response 

to pictures of fear than to pictures of happiness, and to pictures that were presented with 

congruent audio recordings than to images presented with incongruent audio recordings. 

This is one of the few studies to show that unconscious motor behavior is activated in 

individuals with ASD in response to emotional stimuli 

Because so many children with autism have difficulty with communication and 

possess limited verbal ability, several researchers have used a protocol that uses looking 

(gaze) as a way to determine how individuals interpret audio and visual emotional 

stimuli. In this protocol, two visual stimuli are presented side by side while one auditory 

stimulus is played. Looking time of the participants is measured while the visual and 

auditory stimuli are presented. This protocol is commonly used in infant research, and 
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was first adapted for children with autism in a study testing ability to match sounds to 

inanimate events (Walker-Andrews, Haviland, Huffman, & Toci, 1994). The benefit of 

measuring looking behavior as a means of discrimination ability is that the protocol does 

not require the participant to label the stimulus in any way, therefore accommodating 

individuals who are nonverbal.  

 Haviland, Walker-Andrews, Huffman, and Toci (1996) used measurement of 

looking behavior to study how children with autism and typical children attend to 

pictures of faces paired with congruent or incongruent audio recordings. This study 

included individuals with mild to severe autism, as indicated by the Childhood Autism 

Rating Scale. The visual stimuli were videos of actresses portraying angry, sad, happy, 

and fearful emotions, and the audio stimuli were recordings of actresses saying, “I am 

(emotion)” in German. Each participant was presented with two video stimuli and an 

audio recording that matched only one of the videos. Findings revealed children with 

autism looked less at the pictures overall compared to the typical children, results that are 

consistent with research showing that children with autism do not attend to social 

information in the same way as do their typical peers (e.g., Dawson et al., 1998). There 

were no differences between groups in the percentage of overall looking time for each 

emotion. Both groups looked longer at the fearful videos than at the happy, angry, or sad 

videos, whether or not the audio recording was congruent with the video. Participants 

with autism did look longer at sad visual stimuli paired with a congruent auditory 

stimulus, compared to happy, angry and fearful stimuli. This was the only intermodal 

matching effect found in the study.  
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The looking behavior protocol has also been used to study how familiarity 

contributes to intermodal emotion matching in children with autism. Kahana-Kalman and 

Goldman (2008) used video and audio recordings of participants’ mothers and unfamiliar 

women as the stimuli to investigate looking behavior of children with autism and an age-

matched control group. The participants were presented with two screens showing videos 

of one person portraying two different emotions and an audio recording of an emotion 

congruent with one of the videos (the audio track was delayed to avoid lip reading). 

Emotions included happiness, sadness, and anger; videos and audio recordings of 

inanimate events (e.g., dropping marbles in a jar) were presented to the participants as a 

control measure. Just as in Haviland et al.’s (1996) study, participants with autism looked 

less at the emotion videos than did the typical children. Children with autism looked 

longer than did typical children at sound-matched expressions from their mother, but did 

not look longer at sound-matched expressions from unfamiliar women. They did, 

however, show a preference for sound-matched inanimate events. The authors concluded 

that children with autism may be able to match auditory and visual recordings of 

emotions, but that the ability may be limited to familiar stimuli. These findings add to 

growing evidence that individuals with autism process familiar emotional stimuli more 

typically than they process unfamiliar emotional stimuli.  

Neurological research. Studies measuring neurological responses during 

multimodal presentations of emotional stimuli consistently show that individuals with 

autism process emotion stimuli differently than do typical peers. Magnée, de Gelder, van 

Engeland, and Kemner (2008) asked participants with autism and an IQ-matched control 
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group to identify the sex of the person in pictures of happy and fearful faces accompanied 

by either congruent or incongruent auditory speech recordings. EEG measures were used 

in this study. The presentation of the audio recordings were delayed after the presentation 

of the faces so that information could be gathered separately about faces alone and the 

combined stimuli.  

Results revealed that the two groups had similar neurological responses when 

viewing happy and fearful faces, with stronger neurological responses occurring during 

the presentation of fearful faces. Similarly, both groups had more activity in the auditory 

areas of the brain during the presentation of fearful audio recordings than during the 

presentation of happy recordings. There were some differences when considering the 

interaction of the visual and audio recordings; participants with autism had decreased 

brain activity compared to typical peers when fearful faces were presented with 

congruent audio recordings. This finding corroborates visual emotion perception research 

that shows individuals with autism respond differently than typical peers to pictures of 

fearful faces (Ashwin et al., 2007).  

Similar findings are shown in fMRI research with multimodal stimuli. Children 

with autism appear to have different neurological responses than typically developing 

participants when viewing pictures of faces with congruent audio recordings. Loveland, 

Steinberg, Pearson, Mansour, and Reddoch (2008) compared the two groups using the 

Emotion Congruent Task that required participants to determine whether the emotion of 

an audio recording matched a picture of a face. As a control measure, participants 

determined whether the sex of the face and the sex of the speaker were congruent. The 
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researchers found that both groups had longer reaction times for incongruent pictures and 

audio recordings. There were clear neurological differences when fMRI scans were 

reviewed; participants with autism had similar neurological responses when viewing 

congruent stimuli in the emotion condition and in the sex condition. In contrast, typical 

peers had greater activation in the brain areas associated with crossmodal emotion 

processing (e.g., orbitofrontal cortex, superior temporal regions) during the congruent 

emotion conditions than the incongruent conditions.  

In summary, many studies using multiple modalities to present emotion reveal 

that adults and children with autism and Asperger’s syndrome have an emotion 

processing deficit (Hall et al., 2003; Lindner & Rosén, 2006; Loveland et al., 2008, 1995; 

Philip et al., 2010). Other studies reveal emotion perception deficits only for certain 

emotions, such as surprise (Jones et al., 2011) and fear (Magnée et al., 2008). Familiarity 

with the stimuli (e.g., pictures of self or family members) may also play a role in how 

well individuals with autism can perceive emotions from multimodal stimuli (Kahana-

Kalman & Goldman, 2008), and IQ may be a stronger predictor of the ability to perceive 

emotions from multimodal stimuli than diagnosis (Jones et al., 2011; Loveland et al., 

1997). 

Teaching Emotion 

 As research in auditory, visual, and multimodal emotion perception shows, 

children with autism process emotion differently than do children who are typically 

developing. If children with autism do not hear emotional intentions in speech or look at 

faces and see emotions in the same way as their typical peers, then emotion perception 
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must be taught. But how? Several approaches are prominent topics of research: applied 

behavior analysis (ABA) methods; technology such as video modeling and computer 

programs; and comprehensive training curricula. 

 ABA has been used extensively with individuals with autism. The approach helps 

children with autism learn through structure, repetition, and reward systems. Steege, 

Mace, Perry, and Longenecker (2007) identified the following uses for ABA with 

individuals with autism: (a) to teach new skills, (b) to reinforce and maintain previously 

acquired skills, (c) to generalize behavior, (d) to restrict or narrow conditions where 

interfering behaviors occur, and (e) to reduce interfering behaviors by eliminating their 

reinforcement and teaching replacement behaviors (pp. 92-93). Assessing behaviors and 

their consequences is an essential part of ABA philosophy.  

A common technique in ABA is discrete-trial teaching, during which a child 

works on a desired skill or behavior one-on-one in a structured manner with a 

practitioner. The instructor provides the child with repeated opportunities to learn the 

task, such as making a choice between items or identifying an object. The child is 

rewarded when she provides the correct response. The reward must be motivating and 

specific to the child (Duker, Didden, & Sigafoos, 2004). The instructor controls the 

learning environment by managing what happens before, during, and after the instruction 

(Ghezzi, 2007).  

  ABA techniques have been used to teach many skills to children with autism, 

including emotional understanding. Grindle and Remington (2005) used discrete-trial 

teaching with three children with autism to teach identification of facial expressions from 
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photographs. The researchers also assessed whether cueing the participants before (e.g., 

“touch the card”) or after (e.g., “Look!”) stimulus presentation improved the speed of 

learning. After discrete-trial teaching, participants were able to accurately point to the 

requested emotions. The children learned the emotions more quickly in both of the cued 

conditions than in the conditions with no cue.  

 In Grindle and Remington’s (2005) study, the participants pointed to requested 

photographs of emotions, which is fairly simple to teach using discrete-trial training. 

However, transfer and generalization of such skills can be very difficult for children with 

autism. Practitioners need effective strategies to teach the transfer of simpler tasks into 

real-world experiences and to teach complex emotional tasks such as reading facial cues 

or demonstrating appropriate affect.  

ABA techniques have been used to teach more complex emotional skills to 

children with autism, such as demonstrating appropriate affect in social situations (Gena, 

Krantz, McClannahan, & Poulson, 1996). Children with ASD were selected to participate 

in this study based on their flat or inappropriate facial affect. Treatment consisted of 

modeling, prompting and reinforcement in order to train participants to demonstrate the 

appropriate affective response in several different categories (i.e., talking about favorite 

things, laughing about absurdities, showing sympathy, showing appreciation, or 

indicating dislike). Each participant was taught appropriate responses to three or four of 

the categories. A trained practitioner modeled the appropriate verbal and facial response 

for each category. Participants were rewarded for demonstrating appropriate affect and 
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verbal responses. Throughout the study there were also probe trials with no 

reinforcement, novel therapists, and novel settings. 

 All the participants in Gena et al. (1996) were able to demonstrate appropriate 

affective responses to the categories, as well as with new therapists and in new settings. 

The authors noted that training in one category did not transfer to other categories; 

changes in affective responses only occurred when training was implemented for each 

category. Thus, even though participants could generalize using the appropriate affective 

response to new settings and therapists, they could not generalize to new categories prior 

to the specific training in that category.  

 The teaching of very specific responses may be the starting point at which many 

children with autism learn appropriate emotional responses. Recall that familiarity is a 

factor that has been shown to positively influence identification of emotions depicted in 

human faces (e.g., Dapretto et al., 2006; Kahana-Kalman & Goldman, 2008; Oberman et 

al., 2008; Pierce & Redcay, 2008), suggesting that familiar stimuli may be the most 

efficacious way to begin teaching emotions. Over time, new settings and stimuli can be 

used to expand the repertoire of appropriate emotional responses.  

 Results from Gena et al. (1996) show that both discrete-trial training and live 

modeling with reinforcement procedures are effective methods for teaching emotions, but 

these methods are expensive in terms of time and money. Live modeling is especially 

expensive, since each child requires an individual practitioner. Because teachers need 

efficient, effective, and consistent methodologies to address emotional processing in 
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children with autism, some researchers argue that technology can be employed in ways 

that enhance the teaching of social skills, including emotional understanding.  

Video modeling is one example of technology in therapeutic interventions. 

Recorded models portraying target skills may be adults, peers, siblings, parents, or even 

the child. In a recent meta-analysis of video modeling with children with autism, Bellini 

and Akullian (2007) made the following observations about video modeling: a video 

model is an interesting and captivating way to address deficit areas in children with 

autism; visual stimuli allow the target skill to be isolated without the child having to 

determine the relevant details; the child can be used as the visual model; and finally, 

using the closest model to the child (i.e., self or siblings) allows for quicker learning, as 

the child does not have to generalize from other people to themselves.  

Is video modeling as effective as live modeling when teaching emotions? Gena, 

Couloura, and Kymissis (2005) sought to compare the two procedures using a protocol 

similar to Gena et al. (1996). Participants in the study were reinforced for demonstrating 

appropriate verbal and physical affective responses to scenarios read aloud. In the 2005 

study, the emotions studied were sympathy, appreciation, and disapproval. Participants 

were preschoolers who could label emotions in pictures and live models, but could not 

demonstrate the emotions themselves.  

Gena et al. (2005) used a multiple baseline design to compare live and video 

modeling. Gender- and age-matched peers were the models in the video condition. Probe 

data were taken using new scenarios, and new scenario readers (novel therapist and each 

participant’s mother) were used to measure generalization. Results for each participant 
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showed that live and video modeling were equally effective in teaching appropriate 

affective responses to all participants and that behaviors generalized to new scenarios and 

people; generalization was maintained at a three-month follow up.  

According to the authors’ anecdotal evidence, the participants in Gena et al. 

(2005) acquired appropriate verbal responses faster than they acquired the appropriate 

facial responses (e.g., forming a frown). Even with two types of visual models (video and 

live), children with autism had difficulty with facial emotional expression. This finding is 

understandable given the research showing the difficulty children have understanding 

faces (Harms et al., 2010). The fact that the positive results were found with very young 

participants (3-5 years) suggests that affective training can take place as part of an early 

intervention program.  

An intervention is particularly efficient if multiple target behaviors can be learned 

together. Charlop, Dennis, Carpenter, and Greenburg (2010) presented video models to 

three boys with autism (ages 7-11) and measured improvements in their verbal responses, 

facial expressions, gestures, and intonation of speech in social scenarios. The participants 

viewed three videos of two familiar adults in a social scenario, such as playing with a ball 

or scoring a basketball goal. An adult modeled the appropriate response with exaggerated 

gestures while facing the camera. Following the video, participants went to a play session 

where an adult presented the children with the same scenarios from the video. Novel 

settings, stimuli, and peers were used for generalization measures. A multiple baseline 

across children was used for each of the four target behaviors. All three participants 

mastered appropriate responses for all four target behaviors, and behaviors generalized to 
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new settings, stimuli, and peers. Similar to findings from Gena et al. (2005), some 

participants mastered verbal components faster than nonverbal components. It is 

important to note that participants in Charlop et al. (2010) were older, and were 

developmentally prepared to learn multiple social behaviors at the same time.  

Computer programs have also been used to teach emotion recognition skills to 

individuals with autism. Similar to video modeling, computer programs allow for 

consistency and clarity of information presentation and instant and clear feedback. One 

program that has been studied with both adults and children with autism is entitled Mind 

Reading: The Interactive Guide to Emotions (Baron-Cohen, Golan, & Hill, 2004). The 

program is based on the idea that individuals with autism have deficits in Theory of Mind 

(ToM). As mentioned earlier, ToM involves being able to take the perspective of another 

person. 

The Mind Reading program uses videos, voice recordings, and written scenarios 

to teach emotions, has six levels of increasing difficulty, and is designed for ages 4 

through adulthood. Some pilot studies show that the Mind Reading program is more 

effective than a no-contact control group in improving emotion recognition in adults with 

autism (Golan & Baron-Cohen, 2006) and children with autism (LaCava, Golan, Baron-

Cohen, & Myles, 2007). Of course, these findings should be cautiously considered, as 

most treatments will appear more successful than no treatment at all.  

In a second experiment, Golan and Baron-Cohen (2006) compared two groups: 

adults with autism using the software and participating in a weekly support group 

focusing on tasks in the software, and adults with autism participating in a 10-week social 
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skills course (without software use). Users of the software improved significantly 

compared to students in the social skills course on tasks of emotion recognition, such as 

identifying emotion in faces and voices. However, adults who used the software program 

did not perform more accurately than the course participants on measures of 

generalization (i.e., identifying emotions from novel voices and faces and from movie 

excerpts). It is important to note that research has not yet demonstrated the effectiveness 

of the Mind Reading program in improving emotional responses in live situations. It is 

likely that transferring skills learned with a consistent and reliable computer program to 

more variable live situations is particularly difficult for children with autism.  

Most studies examining technology for emotion training have used behavioral 

measures to show improvement in emotion processing. Bölte, Hubl, Feineis-Matthews, 

Prvulovic, Dierks, and Poustka (2006) used both behavioral and neurological measures. 

These researchers evaluated the effectiveness of an emotion training computer program 

entitled Frankfurt Test and Training of Facial Affect Recognition (FEFA) with adults 

with autism. The FEFA includes tasks focusing on the whole face and the eyes 

separately. The tasks are based on the early work of Ekman, Friesen, and Ellsworth 

(1972), who developed pictures of emotional faces that are now widely used in emotion 

research across disciplines.  

After the FEFA program was found to be effective in a pilot study of emotion 

recognition (Bölte et al., 2002), the program was implemented with adults with autism 

ages 25 to 29 (Bölte et al., 2006). The researchers used the tests embedded in the FEFA 

program as well as fMRI to report data before and after FEFA training. Behavioral results 
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indicated that the group in FEFA training improved significantly more than a no-contact 

control group of adults with autism on tasks using entire faces and only the eyes. The 

authors hypothesized there would be increased activation in the fusiform gyrus when 

viewing faces; however, neurological results revealed no difference in fusiform gyrus 

activity between the control and experimental groups. Recall that the fusiform gyrus is an 

area of the brain that is activated in typical individuals when viewing faces (Haxby et al., 

2000). The FEFA appeared to have significant behavioral results, but resulted in no 

discernible change in fusiform gyrus activity.  

Neurological differences between groups were revealed in other areas of the 

brain, however. Following FEFA training, participants in the experimental group showed 

greater activation in the superior parietal lobe than did participants in the control group. 

(The superior parietal lobe is associated with visuospatial processing.) Bölte et al. (2006) 

suggested the increased activity in the superior parietal lobe in the experimental group 

may point to participants’ use of a compensation strategy for viewing faces. This finding 

is consistent with other research in face processing (e.g., Dapretto et al., 2006; Hubl et al., 

2003), which suggests individuals with autism may compensate for their deficits in facial 

emotion recognition by processing faces as objects. Overall, however, results of Bölte et 

al.’s (2006) study indicate that computer programs can be used to teach emotion 

recognition to adults with autism.  

ABA techniques and technology have been successful in teaching several types of 

skills relevant to emotional processing (e.g., facial emotion recognition and showing 

appropriate affect). Many of these studies isolate one or two behaviors. Realistically, 
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practitioners and teachers try to address multiple issues at once through comprehensive 

programs or curricula. These types of programs often combine a variety of techniques 

such as direct teaching, modeling, role-playing, and problem solving. Additionally, 

parents are often involved in these programs, increasing the likelihood of support at 

home.  

Bauminger (2002) implemented a curriculum based on principles of cognitive 

behavioral therapy (social-interpersonal problem solving and affect education) with 

adolescents with HFA for 3 hours each week for 7 months. As measured through direct 

observations and extant measures of social and emotional functioning and problem 

solving skills, findings showed that participants improved problem solving skills and 

their understanding of basic and complex emotions. In a subsequent study, Bauminger 

(2007) added measurements of emotion recognition, self-perception, and loneliness and 

found that participants improved in both emotional knowledge and emotion recognition.  

Some curricula draw from a particular theoretical background, whereas others use 

a wide variety of interventions to improve social and emotional functioning in children 

with autism. Lopata et al. (2010) implemented a social skills curriculum (weekdays for 5 

weeks) that included several emotional components with 36 participants with HFA (ages 

7-12) and a wait-list control group. In addition to the techniques mentioned above, this 

curriculum also included homework, behavioral rewards, and training for parents. 

Compared to the control group, the experimental group improved significantly on 5 of 7 

measures of social skills, emotion recognition, IQ, verbal and nonverbal language ability, 

and social validity.  
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Solomon, Goodlin-Jones, and Anders (2004) also studied a comprehensive social 

skills curriculum. The researchers used a randomized wait-list control design with 18 

boys with HFA. The curriculum used techniques similar to those in Bauminger (2002) 

and Lopata et al. (2010), and was implemented in 1.5 hour weekly sessions for 20 weeks. 

Parents participated in training groups that focused on supporting treatment and 

improving behavior management techniques. Compared to the control group, the 

experimental group improved significantly on tests of emotion recognition (labeling 

photographs) and executive functioning (answering questions about situations portrayed 

in pictures).  

One reason that comprehensive curricula are often effective is the inclusion of a 

wide range of activities to teach social and emotional skills. Bauminger (2002), Lopata et 

al. (2010), and Solomon et al. (2004) studied curricula that used both direct teaching and 

active practice. Comprehensive curricula are also implemented for an extended period of 

time. Although this long intervention period may appear to be difficult to put into 

practice, social and emotional deficits are at the forefront of the needs of children with 

autism, and an extended, intense intervention may be the most effective means to 

improve social skills. Finally, parent involvement appears to be an important component 

of a comprehensive curriculum. By keeping parents informed of intervention techniques, 

practitioners help to ensure consistency between interventions used in school and in the 

child’s home.  

In summary, there are several effective methods for teaching emotions to children 

with autism. ABA techniques, (e.g., discrete trial training and reinforcement procedures), 
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technology, and comprehensive curricula all have positive benefits. ABA techniques 

appear to be highly effective for teaching specific emotions (Gena et al., 1996; Grindle & 

Remington, 2005). Technological approaches provide an efficient and cost effective way 

to teach emotion recognition and also provide models for appropriate affective responses 

(Bölte et al., 2006; Charlop et al., 2010; Gena, Couloura, & Kymissis, 2005; Golan & 

Baron-Cohen, 2006). Comprehensive curricula include a variety of instructional methods 

that have proven effective in teaching skills that are essential to the successful socio-

emotional functioning of children with autism (Bauminger, 2002, 2007; Lopata et al., 

2010; Solomon et al., 2004). Individuals with autism can generalize newly learned 

emotional skills to new settings and people (Charlop et al., 2010; Gena et al., 2005, 1996; 

Lopata et al., 2010), though this may be limited to specifically trained skills (Gena et al., 

1996).  

Conclusions 

Emotion recognition is clearly an important component of the healthy social 

functioning of all children, including children with autism. Many individuals with autism 

have difficulty perceiving emotions from visual, auditory, and multimodal sources. 

Although some individuals with autism seem to have little difficulty perceiving emotion, 

behavioral and neurological research indicates that strategies of emotion perception are 

often less accurate in individuals with autism than in individuals who are typically 

developing. Many individuals with autism do, however, appear to be able to perceive 

emotion from music. Importantly, through comprehensive training programs, many 
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individuals with autism have shown improvements in their ability to perceive emotion in 

others.  
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Chapter 3: Method 

Overview 

 The purpose of this study was to investigate the influence of background music on 

children’s recognition of emotions depicted in human faces. Typical children and 

children with high-functioning autism rated the emotions in 30 photographs while 

listening to background music intended to convey happiness and again while listening to 

background music intended to convey sadness. Participants rated the photographs using a 

7-point scale that ranged from very sad to very happy.  I compared the two participant 

groups in terms of their ratings of the photographs and the latencies of their responses. 

The protocol in this study was approved by the Institutional Review Board at The 

University of Texas at Austin. Parent consent was obtained for all participants.  

Participants 

 Participants were 20 children with autism and 30 typical children, all between the 

ages of 6-13 years old. Children with autism were recruited from several schools in 

Austin, Texas, and Gastonia, North Carolina, and typical children were recruited from an 

afterschool program at an elementary school in Austin, Texas and from a middle school 

in Gastonia, North Carolina.  

I selected the children with autism in consultation with their teachers, based on 

the children’s ability to complete the tasks required for the study. With permission, 

participants’ Individual Education Plans (IEPs) were reviewed to ensure that participants 

were receiving special education services for ASD. Information from the IEPs showed 
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that participants with autism varied in the extent of their school participation. Some 

participated in classes separate from typical children for the majority of the school day, 

and others attended regular classes for the majority of the school day and went to separate 

social support classes for only a part of the day. Typical children were recommended for 

participation by after school and classroom teachers based on their age. Several typical 

children received special education services such as speech therapy, but none had 

intellectual disabilities or autism.  

Consent forms were distributed to parents of participants by classroom and 

afterschool teachers. Demographic data for both the children with autism and typical 

children are presented in Table 1. The difference between the groups in the proportion of 

males to females was to be expected, given the higher incidence of autism in males than 

in females.  

Table 1 

Participant Demographics 

  
Group Mean Age (SD)  n Number of Males (Females)  

 
ASD 9.10 (1.82)  20  18 (2)   
 
TD 9.63 (1.73) 30 18 (12)    
  

Note. ASD = Participants with autism; TD = Typical participants. 

 In order to participate in the study, children in both groups had to (1) successfully 

complete the training procedure, (2) attend to the task for the majority of the procedure, 
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and (3) demonstrate that they could discriminate between happy and sad faces. 

Participants who did not meet all three inclusion criteria were not included in the sample. 

There were four participants (all with autism) who did not meet the three criteria. 

Materials  

 NimStim Set of Facial Expressions. The photographs used in this study were 

from a collection of photos entitled the NimStim set (Tottenham et al., 2009). The set 

contains photographs of African-American, European-American, Latino-American, and 

Asian-American adult actors showing happy, sad, disgusted, fearful, angry, surprised, 

neutral, and calm faces. The NimStim photographs were originally validated by 81 

adults, who labeled each photograph from a choice of six emotion words. Tottenham et 

al., report the percentages of adults who labeled each photograph with a given emotion.  

The 30 photographs (10 each of happy, neutral, and sad) in this study were taken 

from the 657 photographs in the NimStim set. To select these 30, I first selected all of the 

photographs depicting happy, sad, and neutral expressions that had been identified 

correctly by a majority of the adults in the validation study (Tottenham et al., 2009).  I 

then identified photographs with moderate accuracy ratings (between 60% and 80%) 

because more ambiguous visual stimuli have been shown to be influenced by auditory 

stimuli (Massaro & Egan, 1996). I arrived at a subset of 70 photographs.  

From this subset of 70 photographs with moderate consensus scores, I randomly 

ordered the photographs representing each of the three emotions, and then chose the first 

five photographs of males and the first five photographs of females in each order with the 

restriction that no actor would appear in more than one test photograph. The 10 
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photographs of faces in each of the three emotion categories were of actors of various 

ethnic backgrounds. I avoided using photographs that appeared startling. Several 

photographs with rating scores outside the moderate range had to be included so that 

actors were not repeated and an equal proportion of each gender was maintained in each 

set. A list of the photographs used in this study appears in Table 2.  

The mean accuracy percentage for the 10 happy photographs was 0.812 (SD = 

0.117). The happy photographs have higher mean accuracies than either the sad or neutral 

photos, since happy appears to be a more easily recognized emotion (Elfenbein & 

Ambady, 2002). Happy ratings in other photo sets also have higher accuracy ratings than 

the other emotions such as disgust or sadness (Ekman & Friesen, 1975). The mean 

accuracy percentage for the 10 sad photographs was 0.772 (SD = 0.122), and the mean 

accuracy percentage for the 10 neutral photographs was 0.691 (SD = 0.046).  

Stimulus Presentation. The experimental stimuli were presented using 

SuperLab® software (Abboud, Heller, Matsak, Schultz, & Zeitlin, 2012), a RB-730 

Response Pad, a MacBook Pro laptop, and an iPod fitted with external speakers. The 

software presented the photographs and recorded each participant’s response and 

response latency. The response pad had seven keys (without numbers) and was outfitted 

with an icon indicating the continuum of very happy to very sad faces (see Figure 3). The 

iPod was used to play the music during the experiment.  

Video recordings. Participants were recorded using a Flip HD camera and the 

laptop camera on the Macbook Pro. The Flip camera was set up with the computer and 
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response pad in view, and the laptop camera was focused with each participant’s face in 

view.  

Table 2 

Photograph Consensus Ratings 

Face # Emotion NimStim Number Consensus Rating 
 

 1 Happy 43mhac 0.91 
 2 Happy 41mhax 0.68 
 3 Happy 39mhac 0.70 
 4 Happy 31mhac 0.66 
 5 Happy 29mhac 0.74 
 6 Happy 18fhax 0.83 
 7 Happy 14fhac 0.96 
 8 Happy 09fhac 0.94 
 9 Happy 03fhac 0.94 
 10 Happy 01fhax 0.77 
 11 Neutral 40mnec 0.77 
 12 Neutral 27mnec 0.72 
 13 Neutral 24mneo 0.64 
 14 Neutral 22mneo 0.70 
 15 Neutral 20mnec 0.72 
 16 Neutral 19fneo 0.70 
 17 Neutral 10fneo 0.62 
 18 Neutral 07fnec 0.70 
 19 Neutral 05fneo 0.70 
 20 Neutral 02fnec 0.64 
 21 Sad 38msac 0.94 
 22 Sad 37msac 0.87 
 23 Sad 34msao 0.74 
 24 Sad 32msac 0.79 
 25 Sad 21msac 0.57 
 26 Sad 17fsac 0.77 
 27 Sad 16fsao 0.76 
 28 Sad 15fsac 0.94 
 29 Sad 12fsao 0.74 
 30 Sad 08fsac 0.62 
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Figure 3. Response pad icon.  

Independent Variables 

Music conditions. Several studies were consulted for music recording sources 

(Logeswaran & Bhattacharya, 2009; Mitterschiffthaler, Fu, Dalton, Andrew, & Williams, 

2007). The recordings in Logeswaran and Bhattacharya were originally used in a study 

examining positve and negative feelings (Altenmüller, Schürmann, Lim, & Parlitz, 2002), 

although Logeswaran and Bhattacharya used them as stimuli for happy and sad feelings. I 

compared recordings from Mitterschiffthaler et al. with recommendations I received from 

music professors. Seven selections were chosen and played for college students (non-

music majors) who labeled four emotions for each recording. Four recordings were 

consistently labeled as happy or sad. 

These four music selections were then played for six typical children (ages 6-13) 

who were asked to think of a happy and sad story, and then select a happy and sad piece 

of music to go with that story. The two selections most often chosen by the children to 

represent happy and sad were “La Primavera (Spring): Allegro by Vivaldi” (Salzburg 
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Based on research demonstrating age differences in chil-
dren’s self-reports of pain (Fradet et al., 1990; Lander and
Fowler-Kerry, 1991; Goodenough et al., 1997), it was
expected that younger children would report that the situa-
tions described in the vignettes would be more painful than
older children. In addition, it was expected, based on
research showing a developmental progression in children’s
abilities to recognize simultaneous emotions, that the
hypothesized group differences described above would be
more marked among younger children (i.e. 5- to 6-year-
olds, and 7- to 8-year-olds) than older children (i.e. 9- to
12-year-olds) who, due to their increased cognitive abilities,
would be less susceptible to biases introduced by the scale
with the smiling face as the ‘no pain’ anchor.

2. Subjects and methods

2.1. Participants

Participants were 5- to 12-year-old children recruited
from child care centres in Vancouver, BC. The children
(49 male, 51 female) were stratified into three age cate-
gories: 5–6 years, n = 32 (13 male, 19 female); 7–8
years, n = 34 (18 male, 16 female); 9–12 years, n = 34
(18 male, 16 female). These age categories are consistent
with a developmental progression in children’s understand-
ing of pain (McGrath and McAlpine, 1993). The children
were randomly assigned to one of three groups: (1) neutral
scale/sensory instructions, n = 34 (15 male, 19 female); (2)
smiling scale/sensory instructions, n = 32 (14 male, 18
female); (3) smiling scale/affective instructions, n = 34
(20 male, 14 female). This study was approved by the Uni-
versity of British Columbia Behavioural Research Ethics
Committee and the directors of the participating child care
centres. Written informed consent was obtained from par-
ents and written assent was obtained from children. Based

on the locations of the various centres and discussions with
the day care directors, children came from a variety of
socioeconomic backgrounds.

2.2. Procedure

Letters describing the study were sent home with children
to their parents. Parents were asked to complete and return
the letter within a week indicating whether they were inter-
ested in allowing their child to participate in the study. To
maximize the return of signed consent forms, children
received a colourful pencil simply for bringing back the
form, regardless of whether their parent allowed them to
take part in the study or not. Of the 193 children whose
parents were sent home a letter about the study, 129 letters
were returned. Of the 129 letters that were returned, 20
parents declined to allow their child to take part, six children
whose parents had consented were unavailable for testing
(e.g. due to illness, doctors appointments), and three chil-
dren were excluded from the study as they did not speak
English sufficiently well to participate. Thus, 100 children
participated in the study. Children were tested individually
in a quiet area of their day care centre, and were shown a
series of twelve hypothetical cartoon vignettes in a random
order (described below). For each vignette, children were
asked to rate pain, using a faces pain scale, a visual analogue
scale, and emotion ratings. The order in which the pain and
emotion measures were presented was randomized within
each vignette. The testing situation took approximately 15
min per child.

2.3. Measures

2.3.1. Faces pain scales
Children completed one of two, five-point, faces pain

scales created for use in this study (Fig. 1). The scales ran-
ged from either a neutral or a smiling face as the ‘no pain’

Fig. 1. Faces scales used in this study.
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Chamber Orchestra, 1991) and “Adagio for Strings” by Barber (New York Philharmonic, 

2004). Both recordings were looped to play on the iPod continuously for approximately 

10 minutes. Only the first 5 minutes of the “Adagio for Strings” was looped because the 

second half of the piece abruptly changes emotional intent (e.g., tempo and modality 

changes). The decision to use only the first 5 minutes was confirmed in consultation with 

two music professors and a group of five graduate music students.  

Dependent Variables 

 There are two dependent variables in this study: ratings of facial photographs and 

latency of rating responses. Ratings corresponded with the 7-key Response Pad and 

latency was measured in milliseconds from the onset of the photograph on the computer 

screen to the participants’ key press.  

Data Collection 

 Both responses for ratings and response latencies were collected using the 

SuperLab® software. Participants’ comments and verbalizations that were relevant to the 

study were recorded using paper and pencil.  

Procedures 

 Each participant was tested individually. Following the return of consent forms 

and the Parent Questionnaires, I reviewed each Individual Education Plan for participants 

with autism and scheduled a meeting time for the experimental sessions. The experiment 

took place at the schools of the participants in a quiet, isolated room with a table, two 

chairs, and the experimental equipment placed as shown in Figure 4. The procedure was 
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similar for both typical children and children with autism; any deviations are noted in the 

following paragraphs.  

 

Figure 4. Equipment set-up.  

Prior to beginning the training procedures, I engaged each participant in 

conversation in order to make him or her as comfortable as possible. I avoided any 

conversation topics that could possibly arouse intense emotion (e.g., testing at school). 

Conversations focused on questions about siblings, the age of the child, or favorite 

hobbies.  

The participants were seated in front of the laptop computer with the response pad 

placed in front of the laptop keyboard. The speakers were placed on either side of the 

computer, and I was seated to the right of the participant. The iPod was placed in front of 
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me. The volume of the music was set at a listening level that appeared comfortable for 

the participant. If the participant exhibited any signs of discomfort or spoke about the 

volume level when the music began playing, I adjusted it to his or her comfort level. 

 Response pad training. I told each participant that he or she was going to hear 

some music, see some pictures of faces, and decide how happy or sad the faces were. The 

participants were then introduced to the 7-key response pad labeled with the continuum 

of very sad to very happy. I demonstrated pressing the extreme buttons (very happy and 

very sad) for each participant, and asked him or her to touch a button for a “very happy” 

and “very sad” face. I then demonstrated the buttons on the response pad that represented 

less happy and less sad faces, and asked participants to touch a button for a face that was 

happy, but not as happy as the “very happy” face. There were two buttons that could be 

considered correct for this task, so following the response of the participant, I asked them 

to press another button for a more or less happy face, depending on the participant’s 

previous response. The same procedure was repeated for the sad buttons. After 

establishing that participants understood the buttons for happy and sad faces, I told them 

that some faces would be neither happy nor sad, and showed the middle button to 

represent those faces. Thus, participants practiced pushing buttons for faces that were 

very happy or sad, somewhat happy or sad, and those that were neither happy nor sad 

prior to the start of the stimulus presentation. As necessary, I varied the instructions 

(repetition or complexity of language) for participants with autism as needed.  

Practice trials. Practice trials of 4 faces (2 males and 2 females; 2 happy and 2 

sad) were presented using the SuperLab® software. Participants were asked to decide how 
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happy or sad the faces were by pressing the appropriate key on the response pad. If 

participants appropriately utilized the different keys on the response pad, the procedure 

continued. If the participants used only the extreme keys (very happy and very sad), they 

were asked to repeat the practice experiment and see if they could use some of the other 

buttons to decide how happy or sad the faces were. The four participants who did not 

appear to understand how to use the scale to rate the faces after practicing the procedure 

twice did not complete the remainder of the experiment.  

 Experimental trials. Following the practice procedure, I told participants that 

they were going to hear some music and then decide how happy or sad some faces were, 

just as they did when they were practicing. Participants heard 1 minute of either the 

happy or sad music while viewing an icon that prompted “listen” (see Figure 5) on the 

computer screen. Whether each participant heard the happy or sad music first was 

randomly determined. 

After 1 minute of listening, the music continued, the screen cleared, and the 30 

faces selected from the NimStim set began to appear in random order. Following each 

response, a blank screen appeared for 4 seconds. Participants had a total of 12 seconds to 

respond to each face, but the photographs advanced to the next blank screen as soon as a 

response was made. If participants did not make a response within 7 seconds, I prompted 

them to “make your best guess.” If participants still did not respond, they were prompted 

once more at the 10-second mark. If participants still did not respond, the photograph 

automatically advanced, and no data was recorded. The music was stopped after the 30 

faces were presented.  
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Figure 5. Listen icon.  

Participants then took a 3-minute break during which I gave them a choice of 

coloring a picture, completing a word search game, or doing nothing. I did not talk to the 

participants during the break unless they initiated a conversation. No questions about the 

study or procedures were answered during the break and emotional discussion topics 

were again avoided. I gave participants a warning when there was 1 minute left in the 

break and let them know they could take their activity home if they desired.  

 After the break, I prompted the participants that they were going to hear some 

more music and continue to decide how happy or sad the faces were. The same “listen” 

icon appeared on the screen, and the next music (either happy or sad) was played for 1 

minute. I then reminded participants that the faces would soon appear and that they 

should decide how happy or sad the faces were. The same 30 faces were then presented 

(with a blank screen in between for 4 seconds) in a new random order. The same 

prompting procedures were used as in the first music condition.  

Additional Information 

 Following the experiment, I asked the participants to answer the following four 

questions: 
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1. Did you find this activity easy or hard?  

2. Did the music help you decide if the faces were happy or sad?  

3. What kind of music makes you happy? Sad? 

4. I’m going to play some short music recordings. Using a feeling word, tell me 

how the music makes you feel? (I played portions of the happy and sad music 

from the study).  

I read the questions to the participants and I recorded their responses using paper 

and pencil. Video recordings were also reviewed for any pertinent information during the 

questionnaire portion of the experiment. Also, participants’ parents answered questions 

about their children’s social skills, academic skills, music experiences, and music 

abilities. The questionnaire appears in the Appendix.  
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Chapter 4: Results 

 The purpose of this study was to investigate the influence of background music on 

facial emotion recognition in children with autism and in typical children. Children with 

autism and typical children rated facial photographs on a 7-point scale of from very sad 

to very happy while listening to two pieces of orchestral music, one of which was 

intended to convey happiness and the other, sadness. The research questions were as 

follows:  

1. To what extent does hearing background music that conveys a happy or sad 

mood affect children’s ratings of the emotions expressed in photographs of 

human faces?  

2. To what extent does hearing background music that conveys a happy or sad 

mood affect children’s response time to rate the emotions expressed in 

photographs of human faces?  

3. Are children with autism and typical children differentially affected by 

background music in their ratings of emotions in human faces?  

4. Are children with autism and typical children differentially affected by 

background music in their response times when rating emotions in human 

faces?  
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Ratings  

Prior to investigating the influence of music on facial emotion perception, I first 

determined whether participants assigned appropriate labels to the three face types 

(happy, neutral, sad).  

Group means and standard deviations for response ratings 1 through 7 are 

reported in Table 3. There were 3 missing responses (across 3 subjects) for the group of 

participants with autism and 1 missing response for the group of typical participants. I 

replaced missing data points with the averages of each participant’s ratings under the 

same condition (e.g., happy face ratings while listening to happy music). All missing data 

reports are a result of a participant not responding to a face after repeated prompting.  

Table 3 

Participant Rating Means (with Standard Deviations in Parentheses)  

  TD (n = 30) ASD (n = 20)  
 
Face Type Happy Music Sad Music  Happy Music Sad Music  

   Happy  6.06  6.06  6.07  6.10  
  (0.95) (1.05) (1.21) (1.26) 
 
   Neutral  3.76 3.73 3.54 3.62 
  (0.66) (0.58) (1.19) (1.16) 
 
   Sad 2.32 2.19 2.36 2.09  
  (1.02) (0.96) (1.33) (1.25) 

Note. ASD = Participants with autism; TD = typical participants.  
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The means in Table 3 show that participants in both groups generally used the 

scale of 1-7 correctly, although the responses by the participants with autism were more 

varied than were those of the typical participants, particularly for neutral faces.  

Even though participants understood the definitions in the rating scale, a given 

rating may mean different things to different raters. Prior to performing the remaining 

analyses, I converted individual participants’ raw scores to standard scores by subtracting 

the grand mean for each participant’s 60 ratings (30 faces rated during happy and sad 

music conditions) from each individual score and then dividing by the standard deviation 

of the scores for that participant. Standardized scores represent each participant’s 

comparative ratings among the 60 presentations. Mean standard scores are presented in 

Table 4.  

Table 4 

Mean Participant Rating Standard Scores (with Standard Deviations in Parentheses)  

  TD (n = 30) ASD (n = 20)  
 
Face Type Happy Music Sad Music  Happy Music Sad Music  

   Happy  1.13  1.15  1.05  1.07 
  (0.39) (0.39) (0.28) (0.29) 
 
   Neutral -0.15 -0.16 -0.19 -0.16 
  (0.07) (0.08) (0.10) (0.12) 
 
   Sad -0.94 -1.03 -0.81 -0.95  
  (0.29) (0.28) (0.43) (0.33)  

Note. ASD = Participants with autism; TD = typical participants. 
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Influence of Music on Ratings of Emotion 

I conducted a three-way mixed analysis of variance (ANOVA) with repeated 

measures. For the analysis I defined the 30 photographs as “subjects” (10 happy faces, 10 

neutral faces, and 10 sad faces). I calculated means of the standard scores of the 

participant ratings for each photograph under the two music conditions, resulting in a 

total of 120 data points (30 faces rated under happy and sad music by two groups of 

participants). In the three-way ANOVA, face type (happy, neutral, and sad) was the 

between factor and music type (happy and sad) and group (TD and ASD) were the within 

factors.  

The analysis revealed a significant main effect for face type, F(2,27) = 148.76, p 

< .0001, ηp
2 = .92. Post hoc analysis (Scheffé's method) revealed that ratings of all three 

face types were significantly different from one another (p < .0001). Ratings for happy 

faces were significantly higher than ratings for neutral faces, which were significantly 

higher than ratings for sad faces, showing that, overall, participants rated the faces with 

the intended emotion of the NimStim set. There was also a significant main effect for 

music type, F(1,27) = 4.60, p = .04, ηp
2  = .15. Faces (all three types combined) were 

rated significantly lower during the sad music condition than they were rated during the 

happy music condition, though the size of this effect was quite small.  

There was also a significant interaction between face type and music condition, 

F(2,27) = 10.15, p = .001, ηp
2 = .43, indicating that the influence of the two music 

conditions on standard scores was not consistent across face types (see Figure 6). The 

ratings of the happy and neutral faces were generally unaffected by the music conditions. 
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Both happy and neutral faces were rated slightly higher (happier) during the sad music 

condition as compared to the happy music condition. In both groups, sad faces were rated 

as more sad under the sad music condition as compared to the happy music condition.  

 

Figure 6. Emotion ratings: Music by face type interaction.  

Of course, there was no significant main effect for group because standardized 

scores were used; all group means were zero. There was a significant group by face type 

interaction, F(2,27) = 4.11, p <. 03, ηp
2 = .23. The two groups rated the face types 

differently. Typical participants rated happy and neutral faces higher (happier) than did 

participants with autism, and typical participants rated the sad faces lower (sadder) than 

did participants with autism (see Figure 7). There was no interaction between music and 

group, F(1,27) = 0.002, p >. 05, ηp
2 < .001, and there was no significant three-way 

interaction between music condition, group, and face type, F(2,27) = 0.76, p >. 05, ηp
2 = 

.05.  
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Figure 7. Emotion ratings: Group by face type interaction.  

Response Latency 

 Means and standard deviations for response latencies (in milliseconds) appear in 

Table 5. There were 3 missing responses (across 3 participants) for the group of 

participants with autism and 1 missing response for the group of typical participants. 

Here, too, I replaced missing data points with the averages for each participant for each 

condition.  

I performed a repeated measures ANOVA to analyze differences in response 

latencies, again treating individual photographs as subjects, and using the mean response 

latencies for each photograph under each condition as each photograph’s score. Face type 

(happy, neutral, or sad) was the between factor, and music type (happy or sad) and group 

(ASD or TD) were the within factors in the analysis.  
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Results revealed a main effect for face type, F(2,27) = 4.34, p < .03, ηp
2  = .24. 

Participants took longer to rate sad faces than to rate either happy or neutral faces. Post 

hoc analysis (Scheffé's method) revealed that response times for neutral faces were not 

significantly different than the response times for either the happy faces or the sad faces, 

though the response times for the happy faces were significantly shorter than were the 

response times for sad faces (p = .03). There was also a main effect for music condition, 

F(1,27) = 10.85, p = .003, ηp
2 = .29. Participants took longer to respond under the sad 

music condition than they took under the happy music condition. There was no 

significant music by face type interaction, F(2,27) = .16, p > .05, ηp
2 = .01, indicating that 

the music and face type factors were independent.  

Table 5 

Mean Participant Response Times in Milliseconds (with Standard Deviations in 
Parentheses)  

  TD (n = 30) ASD (n = 20)  
 
Face Type Happy Music Sad Music  Happy Music Sad Music  

 Happy  2159.78  2201.63  2594.41  2820.83  
  (312.89) (345.37) (386.18) (418.99) 
 
Neutral 2294.60 2286.17 2993.11 3251.06 
  (212.61) (238.47) (369.97) (360.21) 
 
Sad 2463.12 2561.22 3036.70 3113.92  
 (212.54) (197.63) (329.73) (467.00)  

Note. ASD = Participants with autism; TD = typical participants.  

There was also a main effect for group, F(1,27) = 187.80, p < .0001, ηp
2 = .87. 

Participants with autism had significantly longer response latencies than did typical 
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participants. There was also a significant group by face type interaction, F(2,27) = 4.23, p 

< .03, ηp
2 = .24. Participants with autism rated happy faces the fastest, followed by sad 

faces and then neutral faces. Typical participants rated happy faces the fastest, followed 

by neutral faces and then sad faces (see Figure 8). There was also a significant group by 

music interaction, F(1,27) = 4.66, p = .04, ηp
2 = .15. The music had a greater effect on the 

response latencies of the participants with autism than it did on the typical participants 

(see Figure 9). Participants with autism took an average of 187 milliseconds longer to 

rate faces while listening to sad music than while listening to happy music, and typical 

participants took an average of 43 milliseconds longer to rate faces while listening to sad 

music than while listening to happy music. There was no significant three-way 

interaction between music, group, and face type, F(2,27) = 1.66, p > .05, ηp
2 = .11.  

 

Figure 8. Response latency: Group by face type interaction.  
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Figure 9. Response latency: Group by music interaction. 

Conclusions 

 These results show rather convincingly that background music influences ratings 

of sad faces, both in children with autism and in typical children. Response times of 

typically developing children are generally unaffected by the background music, but 

children with autism appear to take longer to respond when listening to sad music than 

when listening to happy music.  
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Chapter 5: Discussion  

 Emotion recognition is an important component of successful social functioning. 

Because so many individuals with autism experience difficulty perceiving the emotions 

of others accurately, understanding the nature of their impairments and finding ways to 

ameliorate them seem essential to improving their social skills. Several studies show that 

many individuals with autism can identify intended emotions from music examples 

(Heaton et al., 1999; Quintin et al., 2011), but many struggle with identifying emotion in 

faces (Harms et al., 2010).  

 Music has been shown to influence typical adults’ perceptions of realistic facial 

photographs (Logeswaran & Bhattacharya, 2009), yet there is little information about 

music’s influence among children or adults with autism engaged in this same task. The 

present study sought to examine the influence of music intended to convey emotion or 

mood (happiness or sadness) on children’s recognition of emotion in facial photographs 

meant to depict happy, neutral, and sad emotions. I compared the responses of typical 

children to those of children with autism. 

My results show that both typical children and children with autism are generally 

able to rate the emotions in happy, neutral, and sad faces, and that there is some influence 

of music on facial emotion recognition in both groups. Sad faces seem to appear sadder 

when children hear sad music playing than when children hear happy music. In addition, 

both groups combined take longer to rate sad faces than either happy or neutral faces, 



 99 

irrespective of the type of music that is heard in the background. Both groups combined 

are slower to rate faces when listening to sad music than when listening to happy music. 

Children with autism are slower than typical children to respond to all face types, and 

their response times are slightly more influenced by the music than those of typical 

children.  

Overall Emotion Recognition   

Group means revealed that both groups of participants, overall, rated the 30 faces 

appropriately into three emotional categories (labeled happy, neutral, and sad in the 

NimStim set). All of the participants with autism in the present investigation were high 

functioning, so it is perhaps not surprising that their ratings were similar to those of their 

typical peers. Many children with autism struggle with facial emotion recognition, but 

higher functioning children often have more typical responses to emotion (Harms et al., 

2010). In fact, intelligence and emotional functioning are more strongly correlated for 

children with autism than for typical children (Dyck et al., 2006). Typical individuals 

often have automatic neurological responses to emotions, whereas individuals with 

autism often process emotional faces as if they were objects. Often the object-like 

processing of faces by individuals with autism can result in accurate emotion recognition.  

Although typical participants and participants with autism appropriately identified 

faces in three emotion categories, participants with autism had greater variation in their 

ratings than did the typical group as evidenced by larger standard deviations (see Table 

3). In particular, participants with autism had more variance in the ratings of neutral faces 

than did typical participants. Compared to standard deviations of the ratings of typical 
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participants, the standard deviation for ratings of neutral faces for the ASD group was .53 

larger under the happy music condition and twice as large under the sad music condition. 

The increased variance in responses could be explained by a true misunderstanding of the 

faces, influence of the music, or simply a lack of focus. Even though participants with 

autism were high functioning, video recordings during the sessions revealed that several 

had small lapses in attention (e.g., looking away and requiring a prompt to focus). 

Typical participants required almost no prompts to remain focused; several participants 

with autism required repeated prompting to stay on task.  

Influence of Music on Facial Ratings 

Results revealed that both typical participants and participants with autism were 

influenced by listening to music when rating sad faces; ratings for sad faces were lower 

in the sad music condition compared to the happy music condition. There was little 

influence of the music (happy or sad) on ratings of happy or neutral faces. In fact, both 

groups rated the happy and neutral faces as slightly happier during the sad music 

condition than during the happy music condition, though these differences were small 

and nonsignificant.  

The fact that the two pieces of music influenced both the typical participants’ and 

participants with autism’s ratings of emotional faces provides additional evidence that 

children with autism and typical children respond similarly to emotion in music. There is 

recent evidence (using music other than the two pieces used in this study) that individuals 

with autism and typical peers show similar brain activity when listening to emotional 

music (Caria et al., 2011), and that both groups can accurately label emotional intent of 
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music excerpts by pointing to facial drawings (Heaton et al., 1999; Heaton, Allen, et al., 

2008; Quintin et al., 2011).  

Responses were similar for the two groups, but why were only the sad faces 

influenced by the music? One possibility is that happy facial expressions are more easily 

recognized than are neutral and sad expressions, and thus may be less influenced by 

music. Recall that in the NimStim photograph set, the original validation procedures 

showed that there was a greater consensus for identifying the happy photographs as 

happy as compared to the consensus ratings for other emotions (Tottenham et al., 2009). 

Not surprisingly, then, the happy faces chosen from the set for the current study also had 

greater consensus ratings than had either the sad or neutral faces: the mean rating for 

happy faces was 0.812 (SD = 0.117), the mean rating for sad faces was 0.772 (SD = 

0.122), and the mean rating for neutral faces was 0.691 (SD = 0.046). Happy faces in 

other photograph sets used for emotion recognition also have higher accuracy ratings than 

do photographs of other types of emotional faces (Ekman & Friesen, 1975).  

Children with autism rate happy faces more accurately than they rate faces 

depicting other emotions. Castelli (2005) found that in an array of angry, sad, fearful, 

disgusted, and surprised faces, children with autism rated happy faces most accurately; 

the experiment was run with both very intense and moderately intense portrayals of each 

emotion. Katagiri (2009) found that children with autism showed little improvement in 

the recognition of happy faces after participating in music sessions focused on emotion 

recognition training; the children performed well on pre-test measures for identifying 

happiness at the start of the study and there was little room for improvement. There was 
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improvement, however, from pre-test to post-test on tasks for identifying anger, sadness, 

and fear. For individuals with autism, the emotion happy appears to be more easily 

identified than other emotions.  

Elfenbein and Ambady (2002) found happiness to be the most accurately 

recognized emotion in their meta-analysis of emotion recognition in and across cultures. 

The meta-analysis also found that happiness was the easiest emotion to recognize from 

faces and the hardest to recognize from voices. In contrast, sad emotions were some of 

the easiest emotions to recognize from voices, yet more difficult to recognize from faces. 

Perhaps the emotion sadness is more saliently conveyed through auditory forms rather 

than visual forms. If there is less consensus about what constitutes a sad face than a 

happy face, perhaps sad faces may be more readily influenced by other stimuli, such as 

the music in this study, particularly if that stimuli clearly conveys a sad emotion through 

an auditory source.  

Sadness appears to be one the clearest emotions that can be conveyed in music. 

Juslin and Laukka (2003) conducted an empirical review of emotion research in music 

and speech. They found that consensus of emotion identification was similar for both 

speech and music, and that sadness and anger were the two emotions most clearly 

conveyed through these auditory sources, as compared to fear, happiness, and tenderness. 

Although the authors reported that emotion was equally conveyed through both music 

and speech, it is important to recall that some individuals with autism have difficulty 

perceiving emotion from speech samples (Rutherford et al., 2002).  
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A surprising finding from the current study is the apparent lack of influence by 

the music on ratings of the neutral photographs. Previous research shows ratings of 

neutral faces are more influenced by background music than are happy and sad faces 

(Logeswaran & Bhattacharya, 2009). The music selections in the current study were 

different than those used in Logeswaran and Bhattacharya, and although the photograph 

set was the same, I was unable to determine the exact photographs used by Logeswaran 

and Bhattacharya. It is possible that differences in stimulus materials explain the 

differences in results. The music excerpts used in Logeswaran and Bhattacharya were 

drawn from a study investigating positive and negative valence (Altenmüller et al., 2002), 

not happy and sad emotions. The excerpts that they labeled as positive and negative were 

not representative of happiness and sadness necessarily. Additionally, the participants in 

Logeswaran and Bhattacharya were adults who may be more influenced by contextual 

cues like music when evaluating the emotional expressions in faces.  

Response Latency  

Mean response times across all photographs were longer for the children with 

autism than for the typical children, and mean response times across combined groups 

showed that participants took longer to rate sad faces than they took to rate happy or 

neutral faces. Response times were longer during the sad music than during the happy 

music; this effect was more pronounced in participants with autism than typical 

participants. There were differences between the two groups in response times for each 

face type. Out of happy, neutral, and sad faces, participants with autism took longest to 

rate neutral faces whereas typical participants took longest to rate sad faces. 
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Several studies of typical children and high functioning children with autism 

show that groups may appear similar on emotion recognition behavioral tasks, but slight 

differences have been found in neural activity (e.g., Hubl et al., 2003), eye gaze (Pelphrey 

et al., 2002), or time to complete a task (Gepner et al., 2001). Slower response times in 

the current study may be evidence that participants with autism need slightly more time 

to reach a decision compared to typical participants. If individuals with autism are using 

cognitive strategies instead of a more automatic neurological process to assess faces, 

perhaps even the slightest increase in viewing time helps them to perceive the facial 

emotion more accurately. It is important to remember, however, that the differences in 

response times were shorter than one second.  

As noted earlier, there is a strong consensus about what constitutes a happy face, 

as evidenced by the high proportions of adults who identified the happy faces in the 

NimStim set and other photograph arrays (Ekman & Friesen, 1975). It is possible that 

because happiness is an easily recognized emotion, responses in both groups were 

quicker for those faces than those for either sad or neutral faces.  

The response latencies of the typical participants and the participants with autism 

were influenced by the music; both groups combined were slower to rate faces when 

listening to sad music than when listening to happy music. This difference, however, was 

very small. Mean response times for both groups combined were 115 milliseconds slower 

while listening to sad music than while listening to happy music.  

The response time group by face type interaction revealed that out of the three 

face types, participants with autism took longest to rate neutral faces and typical 
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participants took longest to rate sad faces. Perhaps the increased response times by 

children with autism for neutral faces shows that children with autism are less clear about 

what constitutes a neutral face. Happiness and sadness are clear opposites, whereas 

neutral is a more ambiguous concept. Additionally, happiness and sadness are likely the 

first emotions to be taught to children, therefore they are more familiar with the concepts.  

Recall that there was no interaction between group and music type for the mean 

ratings of emotion. For latency, however, a significant interaction was found for group 

and music type. The difference between the response latencies of the two groups was 

smaller under the happy music condition (569 milliseconds) than under the sad music 

condition (712 milliseconds). While listening to sad music, participants with autism were 

slower at rating faces than were typical participants. It is possible to speculate that the 

response times of the participants with autism were more affected by the music than the 

response times of typical participants. Again, however, it is important to remember that 

the differences were very small.  

Additional Information 

Participant questions. Participants in both groups were willing to answer the 

four questions asked at the conclusion of the session. For the question “Did you find this 

activity easy or hard?” over half of the typical participants (63%) and participants with 

autism (55%) said that they found the task easy.  

The second question asked participants, “Did the music help you decide if the 

faces were happy or sad?” Over half of the typical participants (60%) responded 

positively although fewer participants with autism (45%) felt that the music helped them 
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make decisions about the faces. Some typical participants further commented about this 

question. One said that the sad music made the sad faces appear sadder, one commented 

that the happy music made the happy faces appear happier, and four participants 

commented that the music examples (both happy and sad) helped them decide the 

emotion of the faces. Three participants with autism commented about this question. One 

said that he knew how to rate the faces based on the music, one said the sad faces were 

more happy with the happy music and sad faces more sad with the sad music, and finally 

one commented about faces that contrasted with the music examples (e.g., “happy faces 

look weird with sad music”). Although comments made by children in both groups 

regarding the influence of the music on ratings of facial expressions were similar, more 

typical children stated that they perceived an influence of music on facial ratings than did 

children with autism. This question was fairly abstract, and may have been difficult for 

participants with autism to answer.  

The third question asked “What kind of music makes you happy? Sad?” As 

expected, there was a wide variety of responses. Results are reported in Table 6. Many 

(50%) typical children responded with answers related to musical styles, artists, or songs 

when asked what kind of music makes them happy; 20% of participants with autism 

responded with answers related to musical styles, artists, or songs for this question. 

Typical children have more social involvement with music (e.g., listening to music with 

friends), and may be able to recall musical styles and artists better than are children with 

autism. Children with autism often have narrow ranges of interests (e.g., listening to the 
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music from one specific movie), and are not as likely as their typical peers to be aware of 

socially popular musical artists and styles.  

Table 6 

Participant Responses to Question 4: What type of music makes you happy? Sad? 

  TD (n = 30) ASD (n = 20)  
 
Category Happy Sad  Happy  Sad  

Musical Styles/Artists/Songs 50% 10% 20% 5%  

Musical Elements 17% 23% 5% 0%  

Emotional References 10% 10% 5% 25%  

References To Study Music   0%  13%  5%  5%   

Specific Instruments   7%  10% 10% 5%  

Child Sang Examples  0%  0% 10% 10% 

Not Sure/None  17% 27% 15% 35%  

Did Not Answer   0%  0% 10% 10%  

Other  0%  7% 20% 5%  

Note. ASD = Participants with autism; TD = typical participants. 

More children in both groups (27% TD and 35% ASD) answered “not sure/none” 

to the question of what music makes them sad than answered “not sure/none” to the 

question of what music makes them happy. Perhaps the musical characteristics that depict 

sadness are harder for children to verbalize. Many typical participants (23%) gave 

responses about sad music focusing on music elements; most referenced slow tempos. 

This finding is interesting, given the salience of tempo in depicting musical emotions 

(Gagnon & Peretz, 2003). One participant with autism elaborated about the importance of 
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tempo in conveying emotion, stating, “mainly the tempo tells you if music is happy or 

sad.”  

Interestingly, two participants with autism sang to illustrate music that makes 

them happy or sad. Although I could not determine the specific pieces they were singing, 

they did have an appropriate tempo and style for music that most individuals would 

identify as happy or sad. These two participants were unable to respond with verbal 

answers, but yet had a clear idea of different types of emotions in music. One participant 

with autism referenced the titles of the music on the iPod when asked what music makes 

her happy and sad. I had labeled the two stimulus recordings “Looped Spring” and 

“Looped Adagio,” labels that were visible on the screen of the iPod, and she used these 

exact words to answer my question. Evidently, she was able to see these titles while the 

music was playing, and although she could not verbally describe characteristics of happy 

and sad music, she could reference the recordings from the study accurately.  

The final question asked participants to listen to brief excerpts of the music 

recordings used in the study, and “Using a feeling word, tell me how the music makes 

you feel.” Each participant listened to a music example from the study and then 

responded. The question was repeated with the second example (order was 

counterbalanced). Typical participants were fairly accurate in verbally describing how the 

happy and sad music examples made them feel (83% responded with answers that were 

congruent with the intended emotion of both music examples). The responses of 

participants with autism were more varied; 72% described the happy excerpt as happy, 

and 61% described the sad excerpt as sad. Percentages for participants with autism show 
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a moderate understanding of the mood of the music examples; it is possible the 

differences between groups were a result of the task. Studies showing that children with 

autism can perceive emotion in music often offer labels or line drawings as prompts for 

possible answers (e.g., Heaton et al., 1999; Heaton, Allen, et al., 2008; Quintin et al., 

2011).  

Parent questionnaires. Few conclusions can be made from the parent 

questionnaires since the return was quite low (6 out of 30 for typical participants and 7 

out of 20 for participants with autism). Although I followed up consistently with all 

teachers about collecting parent forms, some teachers were more successful than others in 

getting the forms returned. However, a few interesting commonalities can be seen across 

the parents who did respond in the two groups.  

Even though the seven parents of children with autism who responded said that 

their children had an understanding of basic emotions, they also said that their children 

had difficulty making friends. Of the seven, six commented that their children were 

pleasant and actually had good verbal skills, yet struggled with knowing appropriate 

social guidelines (e.g., the appropriate time to comment on a subject) and initiating 

interactions. One of those parents also commented that her child desperately desired 

friends, but struggled to use the skills needed to maintain a friendship. These responses 

reflect research showing that children with autism can learn basic emotional skills (e.g., 

Gena et al., 1996; Grindle & Remington, 2005), but that these skills often do not 

generalize to related areas of social functioning and to building and maintaining 

friendships.  
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There were several similarities across the two groups of parents who responded to 

the questionnaire. Both groups of parents wanted musical lives for their children, 

including private music lessons and participate in community groups. These responses 

suggest that treatment teams developing Individual Education Plans (IEPs) for children 

with autism should consider discussions with music teachers about ways for children to 

participate in music activities during and after school.   

Parents of participants with autism that responded also commented on their 

children’s specific music abilities, such as exceptional pitch perception. These parents’ 

comments are consistent with research reporting that a sub-group of individuals with 

autism have exceptional music abilities (e.g., Bonnel et al., 2010; Heaton, 2003; Heaton, 

2005).  

Anecdotal data. Throughout this study, I observed many interesting children with 

autism who brought with them an array of different types of problems associated with 

their disability and yet displayed many positive characteristics, including intelligence, 

curiosity, and an affinity for music. From my notes at the sessions and observations of the 

participants’ videotapes, I found several interesting points to relate in this section. 

 The number of spontaneous comments from the participants with autism was 

surprising. Far more participants with autism (50%) than typical participants (10%) 

spontaneously commented about the music examples. Perhaps these comments from the 

children with autism are a result of their lack of social inhibition, but it may also be due 

to an interest in the music. Comments from the participants with autism were very 

specific; some referred to specific movies or even personal experiences with the pieces 
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(two participants identified the piece and/or composer of the happy music). All comments 

from typical participants related to the emotional intent of the music (e.g., “This is 

depressing”). 

Two participants with autism made spontaneous comments about study 

procedures, such as inquiring about how the faces advanced in the software or asking 

questions about the purpose and findings of the study. Gepner et al. (2001) reported a 

similar anecdotal finding; participants with autism in that study were also interested in 

study procedures. Again, this is probably due to a lack of social inhibition. No typical 

participants asked questions about the study procedures and may have felt that they 

should not comment on the music or procedures.  

Three participants with autism made spontaneous comments regarding the faces 

used in the study (no typical participants did). Of particular interest is one participant’s 

comment about a face having red cheeks. That particular participant seemed very 

confused about how to rate that face. Following the procedure, he made several 

comments about not understanding what the red cheeks meant (if the person in the 

photograph was happy or sad). In reality, of course, the red cheeks could have nothing to 

do with being either happy or sad. For the participant, however, the red cheeks presented 

yet one more characteristic to analyze and categorize. His comments are reflective of the 

research that suggests that individuals with autism process faces just as they process 

objects (e.g., Hubl et al., 2003). A typical child could likely decipher that the red cheeks 

are not an important component in categorizing emotional faces, whereas this particular 

participant treated the red cheeks with the same importance as the other facial features. 
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The behaviors of this particular participant demonstrate how some children with autism 

cannot distinguish important information from less important information when 

processing social information. Research shows that most individuals focus on the areas of 

interest in the face when deciphering emotions (eyes, nose, mouth), whereas individuals 

with autism focus equally on the eyes, nose, and mouth and on other areas of the face 

(Hernandez et al., 2009).  

It is not surprising that some participants with autism required adjusted volume 

levels throughout the procedure. Many children with autism experience sound sensitivity; 

some researchers suggest enhanced auditory perception may be one reason children with 

autism are so sensitive to auditory changes in the environment (Gomot et al., 2002). Of 

the eight participants with autism who requested that I change the volume, seven wanted 

the volume turned down (five for the happy example, one for the sad, and one for both) 

and one wanted the volume turned up (for the sad example). When any participant 

requested a change upon first hearing the music, I slowly adjusted the volume in small 

increments until the participant was satisfied with the volume level. Adjustments took 

only a few seconds. It is interesting to note that participants had acute discrimination of 

different levels of volume; the change in volume (to my ear) from an uncomfortable to a 

comfortable level (for the participants) was very small. All of the participants in this 

study who demonstrated sound sensitivity were comfortable completing the procedure 

following a volume adjustment. The participants appeared to need to be able to have 

some control over the volume; once they were comfortable, they relaxed and easily 

completed the procedure.  
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Future Research and Implications for Teaching Emotions  

To my knowledge, this study is the first to establish the influence of music on 

facial emotion recognition in children with autism. Findings from this study contribute to 

a growing body of music research with children with autism as participants. For example, 

music has been shown to be an effective therapeutic intervention for individuals with 

autism (e.g.,Whipple, 2004), and individuals with autism have been shown to perceive 

emotion from music (Heaton et al., 1999; Heaton, Allen, et al., 2008; Quintin et al., 

2011). Music research with children with autism is also increasing (Brown & Jellison, in 

press). The relationship between how individuals with autism perceive emotions in music 

and from social stimuli can be explored further in stringently designed experimental 

studies.  

 Future research. Some of the most fascinating research questions that come from 

findings in this study have to do with results showing the influence of music on ratings of 

sad faces. The analysis showed that sad faces were rated as more sad during sad music 

than during happy music, and that there was little influence of the music on either happy 

or neutral faces. This finding is in contrast with research that shows that happy, sad, and 

neutral faces are influenced by music in adults, with neutral faces being the most highly 

influenced (Logeswaran & Bhattacharya, 2009). Future research is needed to explore 

exactly why sad faces were rated sadder during sad music than happy music, yet other 

faces were rated fairly consistently across music conditions.  

There are clear findings about what music elements convey emotion to typical 

individuals. Are these elements the same as those that convey emotion to children with 
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autism? To date, only mode has been isolated in music emotion perception research with 

individuals with autism. Heaton et al. (1999) presented musical examples at a consistent 

tempo and randomized keys in order to determine whether children with autism could 

associate happiness or sadness with major and minor modes. Tempo, especially, would 

be interesting to explore given that typical children can identify emotion in music based 

on tempo at an earlier age than they can music based on mode (Dalla Bella et al., 2001). 

Tempo has been determined to be slightly more salient than mode in conveying emotion 

in music (Gagnon & Peretz, 2003). Studies further isolating music elements could 

provide specific information on the ways children with autism perceive emotion in music, 

and what elements are most salient to convey emotion to this population.  

Much of the emotion perception research investigates the basic emotions of happy 

and sad. The current study investigated the influence of happy and sad music, although it 

would be interesting to investigate the influence of music conveying other emotions. 

Similar to sadness, anger has been shown to be an emotion that is easily recognized in 

voices (Elfenbein & Ambday, 2002) and in music (Juslin & Laukka, 2003); anger may be 

worthy of study. Additionally, many individuals with autism have trouble identifying fear 

in faces and have atypical neurological responses to fearful stimuli (e.g., Ashwin et al., 

2007; Corden et al., 2008; Magnée et al., 2008; Pelphrey et al., 2002). Would these 

individuals respond similarly to music identified as scary and would we observe an 

influence on facial ratings?  

The question of familiarity with the stimuli is yet another interesting factor for 

investigation; more familiar stimuli may allow for more typical neurological responses as 
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well as more accurate emotion identification (Kahana-Kalman & Goldman, 2008; 

Oberman et al., 2008; Pierce & Redcay, 2008). The music selections used in this study 

were likely unfamiliar to most of the participants; only two participants with autism (no 

typical participants) said they heard the pieces before. Is there more of an influence of 

familiar music than unfamiliar music on face recognition? Similarly, are familiar faces 

more influenced than unfamiliar faces by moods in music?  

All of the participants (including children with autism) in this study were high 

functioning. Anywhere from 50% to 70% of individuals with autism in the general 

population also have an intellectual disability (Fombonne, 2005). How would these 

individuals respond in emotion perception research? Most likely, the task would need to 

be altered. For example, studies investigating multimodal emotion perception have used 

looking behavior as a measure for lower functioning and nonverbal participants with 

autism (e.g., Kahana-Kalman & Goldman, 2008). A similar protocol could easily be used 

to investigate the looking behavior of individuals with autism when presented with 

congruent and incongruent pairs of emotional faces and emotional music.  

Implications for education and therapy. The findings from this study, along 

with other studies showing that individuals with autism can successfully identify 

emotions in music intended to convey a basic emotion (Heaton et al., 1999; Quintin et al., 

2011) support the idea of music as a possible tool for teaching emotions to individuals 

with autism.  

Research in the use of music to teach emotions to children with autism is in its 

infancy, yet preliminary recommendations can still be made. As discussed earlier, 
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Katagiri (1999) is the only author to date who has specifically investigated the use of 

music to teach emotions to children with autism. She found that background music was 

more effective than singing or verbal instruction in improving emotional understanding 

of four emotions (happiness, sadness, anger, and fear). It should be noted, however, that 

Katagiri’s study had a small sample size in each group (n = 3), and exact music 

interventions were unclear as was the functioning level of the participants. Katagiri did 

note the diverse age ranges and ability levels of the participants as a limitation of the 

study. Although Katagiri’s work provides interesting findings on the use of music to 

teach emotions, stringent research is needed to gain a greater understanding about ways 

music can be structured to teach emotions to children with autism.  

Emotion recognition is a difficult skill to teach to children with autism. The most 

successful interventions are long-term and involve curricula that use a wide range of 

teaching and practice methods (Bauminger, 2002; Lopata et al., 2010; Solomon et al., 

2004). Since findings from the present study provide some evidence that music can 

influence facial emotion recognition (at least for sad faces), future research could explore 

the use of music interventions as one component of a social skills curricula addressing 

emotion perception. Music listening paired with social skills training, combined with 

active music making in specifically designed learning environments, may contribute to 

children’s learning to accurately recognize emotions in others.   

Music listening is traditionally a part of the music education curricula, and is 

listed as a standard in the national curricula published by the National Association for 

Music Education (2011). Many children with autism are most likely included in regular 



 117 

music classrooms, since 32% spend 80% or more of their day in regular classroom 

settings (U.S. Department of Education, 2011). Is there a way to use these music 

education experiences to improve the emotional understanding of children with autism?  

Typically, discussions in music classrooms about a music selection involve 

emotions—emotions related by the piece and emotional responses of the listener to the 

piece. Music listening activities may provide opportunities for children with autism to 

experience an emotional response in common with their typically developing classmates. 

Teachers can possibly incorporate facial photographs into discussions about emotions in 

music in order to provide a connection between emotion felt in music and emotions 

perceived in others. Although communication skills may be lacking for children with 

autism, they may be able to benefit from discussions with peers and teachers regarding 

the emotional content of music. Recall that children with autism in the present study 

spontaneously made comments about the music. With guidance from teachers and peers, 

music may prompt more communication and social interactions with classmates.  

Active music making may be another effective tool for improving emotional 

understanding. Children with autism can explore appropriate emotional expression and 

the different extremes of each emotion by making music. Again, active music making can 

occur with typical peers, allowing children with autism the opportunity to develop 

appropriate social skills and practice emotion recognition in realistic situations. Music 

therapists have had success in social skill development with active techniques such as 

singing, songwriting, and improvisation (e.g., Katagiri, 2009; Kern, Wakeford, & 

Aldridge, 2007; Kern & Aldridge, 2006; Kim, Wigram, & Gold, 2008, 2009).  
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Music activities provide the opportunity to minimize verbal instruction, an 

important consideration given that many children with autism struggle with verbal skills. 

Techniques that minimize verbal instruction, such as video modeling, have been very 

successful in improving social skills of children with autism (Bellini & Akullian, 2007). 

Music may provide yet another strategy to teach emotions without relying only on verbal 

communication. Recall that some participants in this study could not actually describe 

what music made them happy or sad, but instead sang original music that was 

characteristic of happy and sad emotions. Then again, others offered spontaneous 

comments about the music and other aspects of the research session. Perhaps music can 

serve as a bridge between feeling emotions and being able to verbally describe them, and 

may even prompt other types of verbalizations.  

Conclusions  

 This study provides preliminary evidence that music may affect facial emotion 

recognition in children with autism. Sad faces are perceived to be sadder when 

participants are listening to sad music than when they are listening to happy music. 

Response times of children with autism are longer than those of typical children, and the 

response times of children with autism are more affected by the music than are the 

response times of typical children. This preliminary evidence is important to consider in 

future research about ways children with autism perceive emotions as well as for the 

future development of effective music treatment interventions.  
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Appendix: Parent Questionnaire 

Thanks for allowing your child to participate in our study about music and emotion. To 
help us know more about your child’s social and musical development, we would 
appreciate your answers to a few questions that will take about 5 minutes of your time. 
Again, thanks. 
 
1. Does your child receive any Special Education Services?  
 
 If so, which ones?  
 
2. Overall, how well is your child doing academically in school?  
 

       
 
Below               Above 
grade level          grade level 
 
3. What are your child’s academic strengths?  
 

Needs?  
 
4. What are your child’s social strengths?  
 

Needs?  
 
5. How easily does your child make and keep friends?  
 

       
 
Not easily         Very easily  
 
6. Does your child have a basic understanding of emotions such as happiness or sadness?    
 

       
 
Not at all         Very much so 
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7. Does your child make music (e.g., play instruments, sing)?  
 

       
 
Not at all         Very often 
 
8. How would you rate your child’s interest in music?  
 

       
 
Not at all interested           Very interested  
        
9. To what degree does your child participate in music at school? 
 

       
 
Not at all         Very often 
       
10. To what degree does your child participate in music in your home? 
 

       
 
Not at all         Very often 
  
11. To what degree does your child participate in music in your community? 
 

       
 
Not at all         Very often 
  
12. Please describe the types of music activities your child may have at school, in your 
home, or community. 
 
14. What kind of music experiences would you like your child to have and continue to 
have as an adult in the future?  
 
15. Is there anything else you want to tell me about your child’s interest in music or your 
child’s music abilities? 
 
16. Is there anything else you think we should know about your child?  
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