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Résumé 
 
 

Les personnes ayant un trouble du spectre autistique (TSA) présentent souvent une 

perception auditive atypique. Plusieurs études ont déjà mis en évidence une capacité hors 

norme, par exemple lorsqu’il s’agissait de discrimination élémentaire de stimuli auditifs 

(bas niveau) mais aussi à discerner la structure locale dans une tâche mélodique de niveau 

plus complexe (haut-niveau). Tout de même il n’est pas encore clarifié de quelle manière 

les niveaux hauts et bas de la perception auditive seraient liés, aussi bien en TSA qu’en 

développement typique (DT), ni si ce lien change avec l’âge et avec la rapidité de la 

présentation du stimulus. Dans l’étude présente 17 enfants avec TSA et 19 enfants DT 

appariés selon leur âge réel ont été testés avec une tâche auditive à bas-niveau et une tâche 

auditive mélodique à haut-niveau. Les deux groupes ont montré une performance similaire 

sur les deux tâches auditives. La performance sur la tâche à bas-niveau prédit par ailleurs 

fortement la performance sur la tâche à haut-niveau, et cet effet est plus prononcé dans le 

groupe TSA. Il n’y a pas eu d’effet principal d’âge sur la performance sur les deux tâches 

indépendantes, ni sur la relation entre la performance sur les deux tâches. Après avoir pris 

en compte la performance sur la tâche à bas-niveau, on distingue cependant un effet d’âge 

plus marqué dans le groupe DT que dans le groupe TSA concernant la tâche à haut-niveau. 

Finalement la rapidité de la présentation n’a pas d’effet sur la relation entre les 

performances sur les deux tâches dans les deux groupes. Ces résultats fournissent une 

meilleure compréhension de la façon dont les différents niveaux de la perception auditive 

sont associés chez les enfants DT comme chez les enfants affectés d’un TSA. Ils nous 

permettent par ailleurs de mieux appréhender les différences individuelles en perception 

auditive et d’affiner les phénotypes des TSA. Mots-clés: Autisme, auditif, intervalle de 

son, temps, musique, global, local, âge, enfants, développement typique
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Abstract 

 
Individuals with Autism Spectrum Disorders (ASD) often present atypical auditory 

perception. Previous work has reported both enhanced low-level pitch discrimination and 

superior abilities to detect local pitch structure on high-level melodic tasks in ASD.  

However, it is unclear how low and high levels of auditory perception are related in ASD 

or typical development (TD), or how this relationship might change with development and 

rate of stimulus presentation. To these aims, in the present study, children with ASD and 

TD children matched in age were tested on a low-level pitch direction (PD) task and a 

high-level melodic task. Groups performed similarly on both pitch tasks. Moreover, low-

level pitch direction ability predicted performance in high-level global-local (GL) pitch 

perception, but this relationship was stronger in ASD. Age did not affect the relationship 

between low-level and high-level pitch performance in either ASD or TD. However, there 

was a more positive effect of age on GL task performance in TD than ASD after 

accounting for the effect of low-level PD performance. Finally, there was no effect of 

stimulus rate upon the relationship between low-level and high-level pitch performance in 

either group. The present findings provide a better understanding of how perception is 

associated across levels in ASD versus TD. This work is key to better understanding 

individual differences in auditory perception and to refine ASD phenotypes. 

 

Key words: Autism, Auditory, Pitch, Time, Music, Global, Local, Age, Children, Typical 

Development
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Introduction 
 

An overview of Autism Spectrum Disorder (ASD) 

The first descriptions of autism-spectrum like symptomatology emerged in the 

early 1940’s. Leo Kanner (1943) described eleven children who showed impaired social 

responsiveness and “obsessive desire for the preservation of sameness” as having “inborn 

autistic disturbances in affective contact.” Shortly after, Hans Asperger (1944) referred to 

several children showing social withdrawal and obsessive interests as autistic psychopaths. 

In the 1980’s, the DSM-IIIR finally developed a checklist of diagnostic criteria for autism.  

However, it is important to note that the symptomatology and severity of ASD varies 

strongly among individuals due to large heterogeneity at both the phenotypic and genetic 

level (Rommelse, Geurts, Franke, Buitelaar, & Hartman, 2011). Currently, ASD is defined 

as a neurodevelopmental disorder characterized by persistent deficits in social 

communication and social interaction, as well as restricted, repetitive patterns of behaviors, 

interests or activities (American Psychiatric Association, 2013). In contrast to the 

diagnostic criteria featured in the DSM-IV, the new DSM-V also includes sensory hyper- 

or hyporeactivity to the environment, such as unusual interests in sound, light or spinning 

of objects, as well as language impairment as associated features of autism. The study of 

these perceptual differences in ASD serves as a complementary lens to studies based on 

primary symptoms. The vast majority of sensory processing-related research in ASD has 

focused on the visual modality, with relatively less work done in the auditory domain. 

Accordingly, the main goal of the present study was to examine auditory perception in 

ASD versus typical development (TD) and in particular the relationship between different 

levels of perceptual processing (i.e., low versus higher level processing) over the course of 

development. 
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Auditory processing in ASD versus TD 

In the auditory domain, ASD individuals can have diminished, intact or enhanced 

processing (see Kellerman, Fan, & Gorman, 2005; O’Connor, 2012 and Ouimet, Foster, & 

Hyde, 2012 for reviews). For example, individuals with ASD have shown diminished 

perception of complex auditory material with large spectro-temporal variations, such as 

speech in noise that contains temporal dips (Alcántara, Weisblatt, Moore, & Bolton, 2004; 

Groen et al., 2009). However, ASD individuals tend to have intact or enhanced processing 

in the context of simple auditory material (e.g. pure tones composed of a single frequency) 

and “low-level” processing tasks that involve the early stages of information processing 

upon entry into the perceptual system. For example, individuals with ASD appear to have 

enhanced abilities to extract low-level physical dimensions of auditory stimuli, which 

results in superior pitch discrimination abilities relative to TD (Bonnel et al., 2003, 2010; 

Heaton, Hudry, Ludlow, & Hill, 2008; Jones et al., 2009). Moreover, several case studies 

of autistic savants have reported exceptional abilities on different pitch processing tasks, as 

well as increased incidence of absolute or “perfect” pitch, despite the presence of various 

language and cognitive impairments (Kanner, 1943; Miller, 1989; Mottron, Peretz, 

Belleville, & Rouleau, 1999; Young & Nettelbeck, 1995).  

Higher-level auditory processing involving the integration of low-level signals and 

grouping processes (e.g., pattern recognition and manipulation) is also different in ASD. 

For example, while TD individuals tend to process global elements before local elements 

(“global precedence effect”), individuals with ASD have been shown to process auditory 

local features faster and more accurately than global ones (e.g., Bouvet, Simard-Meilleur, 

Paignon, Mottron, & Donnadieu, 2014; Mottron, Peretz, & Ménard, 2000). Using melodic 

auditory stimuli, Heaton and colleagues found that ASD children performed more 
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accurately than TD children at identifying pitch changes in transposed melodies that either 

preserved or changed the melodic contour. Recognition of changes in contour or 

transposition, on the other hand, did not differ significantly between groups (Heaton, 2005; 

Heaton, Pring, & Hermelin, 1999).  In a similar study conducted by Mottron, Peretz and 

Ménard (Mottron et al., 2000), the ASD group performed better than TD controls the 

comparison group in detecting local pitch of changes in non-transposed, contour-preserved 

melodies. However, not all studies have found this local advantage in ASD. Foxton and 

colleagues (Foxton et al., 2003) found a reduced global interference effect in ASD vs. TD, 

but no local advantage using melodic auditory stimuli. Using a similar high-level auditory 

pitch processing task, Heaton and colleagues also did not find any group differences in 

performance (Heaton, 2005). Most recently, our research group tested children with ASD 

and TD children on their ability to detect global and local pitch structure in nine-tone 

melodies (Foster et al., 2016). Both groups showed a similar global precedence effect, but 

children with ASD were less sensitive to global interference than TD children and this 

effect was most marked at younger ages. Thus, overall results on auditory global-local 

perception are mixed and appear to depend on the stimuli used as well as sample 

characteristics such as age. 

In sum, individuals with ASD have shown diminished processing of complex 

auditory information such as speech in noise, but preserved or enhanced processing of low-

level and local-based pitch information.  These findings are consistent with the Enhanced 

Perceptual Functioning model of ASD that emphasizes that superior low-level perception 

leads to enhanced local-based processing, but does not necessarily impact global 

processing (Mottron, Dawson, Soulières, Hubert, & Burack, 2006).  
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The Enhanced Perceptual Functioning model  

The Enhanced Perceptual Functioning (EPF) model brings together work from both 

the visual and auditory domains to explain how patterns of perceptual performance in ASD 

may relate to stimulus structure, task requirements, and underlying cortical processing. The 

main principles of the EPF model include enhanced low-level perceptual processing, 

enhanced processing of local information within a stimulus, and more “optional” 

processing of global sensory information in ASD (Mottron et al., 2006). The EPF model 

supports the neural complexity hypothesis, wherein performance on low-level tasks 

depends on the extent of neural circuitry required to process the stimuli, such that enhanced 

performance may be observed in ASD for tasks with simple neural demands, and deficits 

may be observed when more complex neural circuitry must be recruited for the task 

completion (Bertone, Mottron, Jelenic, & Faubert, 2005; Samson, Mottron, Jemel, Belin, 

& Ciocca, 2006). Individuals with ASD perform at a superior level than their typically 

developing comparison groups when the global structure of the task conflicts with the local 

structure. In contrast, in the absence of global conflict, individuals with ASD have a level 

of performance equivalent to that of typical individuals. According to the EPF model, this 

indicates that individuals with ASD, unlike TD individuals, are not obliged to use a global 

strategy if it is detrimental to performance. Furthermore, the EPF model suggests that ASD 

may rely on fewer dimensions to categorize stimuli, since their performance is more 

independent of higher-order processes. 

The EPF model attributes atypical perception in ASD to enhanced functioning of 

primary perceptual brain regions. Bringing together results of multiple studies that 

investigated both low-level and high-level perception separately, the EPF model suggests 

that both superior low-level perception and enhanced local-based processing in ASD may 

be linked (Mottron et al., 2006). In the auditory modality, it has been hypothesized that the 



 5 

over-involvement of primary regions of the auditory cortex, dedicated to “simple” 

perceptual operations in auditory tasks (Samson et al., 2011), results in a greater 

orientation towards the local perceptual information in speech (e.g. pitch) in ASD (Heaton 

et al., 2008; Järvinen-Pasley, Wallace, Ramus, Happé, & Heaton, 2008). According to the 

EPF model, this bias toward lower-level perceptual mechanisms leads to the enhanced 

extraction of elementary perceptual information in the context of high-level tasks. 

 

Low-level versus high-level pitch perception in ASD versus TD 

Most studies of auditory sensory processing have examined either low or high-level 

processing in isolation. However, some work has shown that low-level auditory perception 

can predict higher-level processing in various populations. For example, studies of 

individuals with cochlear implants (CI) found performance on a low-level pitch perception 

task to be predictive of higher-level melody recognition (Kang et al., 2009; Nimmons et 

al., 2008). Participants that acquired a pitch threshold greater than 1 semitone at any base 

frequency performed poorly in melody recognition (Nimmons et al., 2008), and 

participants who performed well in melody recognition performed also well on a pitch test 

(Kang et al., 2009). Looi and colleagues (Looi, McDermott, McKay, & Hickson, 2004) 

found that the ability to rank pitches correlated with the ability to recognize melodies in CI 

users. These results indicate that pitch perception is among the factors necessary for 

melody recognition. Nevertheless, it remains to be confirmed how these results can be 

generalized to people with normal hearing abilities. Analogous to the CI studies, studies on 

the lifelong musical disorder of congenital amusia have suggested a link between poor 

music perception and poor pitch perception. Since music relies on smaller pitch intervals 

than speech, a degraded pitch perception system could compromise music perception but 

leave perception of speech prosody unaffected (Ayotte, Peretz, & Hyde, 2002; Peretz et al., 
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2002). These findings indicate that fine grained pitch perception may be essential for the 

normal development of musical abilities (Peretz & Hyde, 2003).  

In ASD, studies that examine perception across levels of processing are critical to 

assess whether atypical perception results from a factor specific to ASD such as altered 

low-level processing.  However, very few studies have taken this approach. In the visual 

domain,  Geisler and Chou (1995) found that low-level perception plays a major role in 

determining visual search performance. They used a low-level discrimination task and a 

high-level search task. In both tasks, four different combinations of different targets and 

background-textures were presented. In the discrimination task, the participants saw two 

backgrounds and had to indicate in which of the two conditions a target was present. In the 

high-level search task, participants saw the same background and had to determine as 

quickly as possible if a target was present or not. Difficulty was manipulated by varying 

the distance between the target and a fixation point. The variation in search time across 

these different target-background combinations was predicted by the discrimination 

accuracy. This finding suggests a relationship between performance in low-level and high-

level perception tasks and motivates an investigation of this relationship in auditory tasks. 

Nevertheless, Geisler and Chou’s study used only 3 participants, so it is unclear how well 

these results would generalize to a broader population.    

Another study suggesting a relationship between performance in low-level and 

higher-level perceptions tasks investigated low-level multisensory temporal processing and 

perceptual binding of audiovisual speech (Stevenson et al., 2014). Stevenson and 

colleagues (Stevenson et al., 2014) found that the ability to perceptually bind audiovisual 

speech in children with ASD is strongly related to their low-level multisensory temporal 

processing abilities. Participants completed a low-level audiovisual simultaneity judgment 

task to test for multisensory temporal acuity, as well as a McGurk task to assess 
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audiovisual speech binding. The ASD group showed decreased multisensory temporal 

acuity compared to TD participants for speech stimuli. Furthermore, significant 

correlations were found between the strength of the McGurk effect and multisensory 

temporal acuity, where the strength of the correlation increased systematically from simple 

non-speech to complex speech stimuli.  

Meilleur et al., (2014) examined the relationship between perception across levels 

of processing and modalities (audition and vision). Results showed that individuals with 

ASD show exceptional performance in some perceptual tasks, but the apparent between-

group differences in performance depended on which measure was used to control for 

general intelligence. Furthermore, results indicated that several perceptual abilities may be 

influenced by a specific plurimodal perceptual aptitude factor in ASD.   

However, importantly, these above studies did not examine the effect of 

development on performance profiles across processing levels.  To our knowledge, the 

present research is the first to investigate the relationship between performance on a low-

level pitch discrimination task and a high-level global-local task, as well as the effects of 

age and stimulus rate on this relationship.  

 

The effect of age on auditory perception in ASD versus TD 

Little is known about the development of perceptual processing in ASD versus TD. 

Studies of high-level visual global-local processing in TD have shown local-oriented 

processing in childhood that then shifts toward more global-based processing in 

adolescence and adulthood (Burack, Enns, Iarocci, & Randolph, 2000; Kuschner, Bodner, 

& Minshew, 2009; but see Mondloch, Geldart, Maurer, & de Schonen, 2003; Poirel, 

Mellet, Houdé, & Pineau, 2008; Porporino, Shore, Iarocci, & Burack, 2004; K. S. Scherf, 

Behrmann, Kimchi, & Luna, 2009; S. Scherf, Luna, Kimchi, Minshew, & Marlene, 2008). 
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In contrast, some evidence indicates that individuals with ASD tend to develop a more 

local-based style of visual processing with age (Kuschner et al., 2009; but see Scherf et al., 

2008).   

In terms of low-level auditory processing, Mayer et al. (2014) examined pitch 

discrimination and language abilities in ASD relative to TD controls in both children and 

adults. Results showed markedly different pitch discrimination trajectories and language 

correlates between the ASD and TD groups. In TD, pitch discrimination ability increased 

with age and correlated with receptive vocabulary, whereas in ASD, pitch discrimination 

was enhanced in childhood but then remained stable across development. 

In terms of higher-level auditory processing, a previous study from our laboratory 

found a positive effect of age on performance on a melodic global-local pitch task in both 

TD and ASD (Foster et al., 2016). In particular, younger children with ASD showed 

greater resilience to conflicting information while judging local pitch structure compared to 

TD peers. Moreover, while auditory echoic memory in TD continues to develop into 

adulthood, in ASD this development stops prematurely (Erviti et al., 2015). At a neural 

level, brain imaging studies have found age-related brain structural and functional 

differences between ASD and TD in auditory and language-based areas (Floris et al., 2016; 

Groen, Buitelaar, van der Gaag, & Zwiers, 2011; Keller, Kana, & Just, 2007; Lange et al., 

2015; Lee et al., 2007; Wan, Marchina, Norton, & Schlaug, 2012). Thus, age appears to 

affect auditory perception in TD and ASD differently, particularly for pitch processing, but 

further study is required across a range of auditory tasks and at different levels of 

processing to better understand these developmental differences. 
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The effect of stimulus speed on auditory perception in ASD versus TD 

In addition to developmental differences, another important question is how 

stimulus speed affects perception in ASD. Faster perceptual processing has been found in 

ASD in low-level tasks compared to TD as well as controls matched in intellectual ability. 

A study of visual size judgment reported faster responses at a given level of accuracy in 

children with ASD than in individuals without ASD but with similarly impaired IQ 

(Scheuffgen, Happé, Anderson, & Frith, 2000). This faster processing may confer greater 

accuracy when stimuli are brief or rapid. For example, children with ASD performed more 

accurately than TD children at faster temporal rates during a low-level visual search task 

(Hagmann et al., 2016). Evidence for faster processing of early auditory input in ASD has 

been shown in a study of event-related auditory potentials. While listening to auditory 

stimuli, a shorter N1 latency was found in ASD compared to TD (Ferri et al., 2003). 

Together, these findings suggest that early visual and auditory processing is 

accelerated in ASD, resulting in greater accuracy or faster responses in low-level 

perceptual tasks. This raises the question of whether any differences in coupling between 

low-level and high-level perceptual processing in ASD would be more pronounced with 

rapid stimuli, where performance is more dependent on rapid perceptual processing. 

 

Aims and Hypotheses 

The main objective of the present study was to examine the relationship between low-level 

pitch direction ability and high-level global-local pitch processing in children with ASD 

versus TD children and across development. The first specific aim was to test the 

hypothesis that ASD would show enhanced performance on a pitch direction task as well 

as intact or enhanced processing of local pitch structure on a global-local pitch task.  The 
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second aim was to test the hypothesis that pitch direction ability would predict melodic 

global-local pitch processing more strongly in ASD than TD.  The third aim was to test the 

hypotheses that age would affect performance on low and high-level pitch processing tasks 

differently in ASD and TD, and would affect the strength of the relationship between these 

tasks.  The final aim was to test the hypothesis that faster rate of stimulus presentation 

would increase the dependence of high-level auditory processing on low-level pitch 

accuracy in ASD versus TD.  
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Abstract 
 

Atypical auditory perception is a common feature of Autism Spectrum Disorders 

(ASD), but it is unclear how low and high levels of auditory perception are related in ASD.  

Here, ASD and typically-developing (TD) children were tested on a low- and a higher-

level pitch task.  Low-level pitch direction ability predicted high-level pitch accuracy in 

both groups, but most markedly in ASD.  There was also a more positive effect of age on 

the high-level task performance in TD than ASD after accounting for the effect of low-

level task performance.  These findings contribute to a better understanding of perception 

across different levels of processing in ASD vs TD.  In turn, this work helps to better 

define ASD phenotypes. 
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Pitch direction ability predicts melodic perception in autism 

 
Introduction 
 

Autism Spectrum Disorder (ASD) is a pervasive neurodevelopmental disorder 

characterized by impairments in social interaction, cognition and communication as well as 

repetitive, stereotyped behaviors, activities and interests (American Psychiatric 

Association, 2013). Most individuals with ASD have atypical sensory perception, 

particularly in the auditory domain. The study of perception in ASD serves as a 

complementary lens to symptom-based studies. However, little is known about auditory 

sensory processing in ASD. Accordingly, the main goal of the present study was to 

examine auditory perception in ASD versus typical development (TD) and in particular the 

relationship between different levels of perceptual processing (i.e., low versus higher level 

processing) over the course of development.  

 

Auditory processing in ASD versus TD 

In the auditory domain, individuals with ASD can have diminished, intact or 

enhanced processing (see Kellerman, Fan, & Gorman, 2005; O’Connor, 2012 and Ouimet, 

Foster, & Hyde, 2012 for reviews). For example, individuals with ASD have shown 

diminished perception of complex auditory material having large spectro-temporal 

variations, such as speech in noise that contains temporal dips (Alcántara et al., 2004; 

Groen et al., 2009). However, individuals with ASD tend to have intact or enhanced 

processing for simple auditory material (e.g. pure tones composed of a single frequency) 

and ‘low-level’ processing tasks that involve the early stages of information processing 

upon entry into the perceptual system. For example, individuals with ASD often exhibit 

enhanced abilities to extract low-level physical dimensions of auditory stimuli, resulting in 
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superior pitch discrimination abilities relative to TD (Bonnel et al., 2003, 2010; Heaton et 

al., 2008; Jones et al., 2009). 

Higher-level auditory processing involves the integration of low-level signals and 

grouping processes (e.g., pattern recognition and manipulation), and is also different in 

individuals with ASD. For example, while TD individuals tend to process global elements 

before local elements (‘global precedence effect’), individuals with ASD have been shown 

to process auditory local features faster and more accurately than global ones (e.g., Bouvet, 

Meilleur, Paignon, Mottron, & Donnadieu, 2014; Mottron, Peretz, & Ménard, 2000). 

However, not all studies have found this local advantage in ASD (Foxton et al., 2003; 

Heaton, 2005). Most recently, our research group tested children with ASD and TD 

children on their ability to detect global and local pitch structure in nine-tone melodies 

(Foster et al., 2016). Both groups showed a similar global precedence effect, but children 

with ASD were less sensitive to global interference than TD children and this effect was 

most marked at younger ages. Taken together, results on auditory global-local perception 

are mixed and appear to depend on the stimuli used as well as sample characteristics such 

as age. 

In sum, individuals with ASD have shown diminished processing of complex 

auditory information such as speech in noise, but preserved or enhanced processing of low-

level and local-based pitch information. These findings are consistent with the Enhanced 

Perceptual Functioning model of ASD that emphasizes that superior low-level perception 

leads to enhanced local-based processing, but does not necessarily impact global 

processing (Mottron et al., 2006). This model also predicts a strong relationship between 

low and higher-level perception in ASD. The main goal of the present research was to 

examine auditory pitch processing across low and higher-levels of processing. 
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Low-level versus high-level pitch perception in ASD versus TD 

Most studies of auditory sensory processing have examined either low or high-level 

processing in isolation. However, some work has shown that low-level auditory perception 

can predict higher-level processing in various populations. For example, studies of 

individuals with cochlear implants found performance on a low-level pitch perception task 

to be predictive of higher-level melody recognition (Kang et al., 2009; Nimmons et al., 

2008). These results fit well with findings of a low-level pitch deficit in individuals with a 

congenital lifelong musical disorder (congenital amusia) indicating that fine-grained pitch 

perception may be essential for normal development of musical abilities (e.g., Peretz & 

Hyde, 2003).  

In ASD, studies that examine perception across levels of processing are critical to 

assess whether atypical perception results from a factor specific to ASD. However, very 

few studies have taken this approach in the auditory domain. Meilleur et al., (2014) 

examined the relationship between perception across levels of processing and modalities 

(audition and vision). Results showed that individuals with ASD show exceptional 

performance in some perceptual tasks, but that between-group differences in performance 

depend on the measure used to control for general intelligence. Furthermore, results 

indicated that several perceptual abilities may be influenced by a specific plurimodal 

perceptual aptitude factor other than intelligence in ASD. In another study, Stevenson and 

colleagues (2014) found a strong relationship between low-level multisensory temporal 

processing and higher-level perceptual binding of audiovisual speech in ASD. However, 

importantly, these studies did not examine the effect of age on performance across 

processing levels. 
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The effect of age on auditory perception in ASD versus TD 

Little is known about the development of auditory processing in ASD versus TD. In 

terms of low-level auditory processing, Mayer et al. (2014) examined pitch discrimination 

and language abilities in adults versus children with ASD relative to TD controls. Results 

showed markedly different pitch discrimination trajectories and language correlates across 

the ASD and TD groups. In TD, pitch discrimination ability increased with age and 

correlated with receptive vocabulary, whereas in ASD, pitch discrimination was enhanced 

in childhood but stable across development. 

In terms of higher-level auditory processing, a previous study from our laboratory 

found a positive effect of age on performance on a melodic global-local pitch task in both 

TD and ASD (Foster et al., 2016). In particular, younger children with ASD showed 

greater resilience to conflicting information while judging local pitch structure compared to 

TD peers. Moreover, while auditory echoic memory in TD continues to develop into 

adulthood, in ASD this development stops prematurely (Erviti et al., 2015). At a neural 

level, brain imaging studies have found age-related brain structural and functional 

differences between ASD and TD in auditory and language-based areas (Floris et al., 2016; 

Groen et al., 2011; Keller et al., 2007; Lange et al., 2015; Lee et al., 2007; Wan et al., 

2012). Thus, age appears to affect auditory perception in TD and ASD differently, 

particularly for pitch processing, but further study is required across a range of auditory 

tasks and at different levels of processing to better understand these developmental 

differences. 
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The effect of stimulus rate on auditory perception in ASD versus TD 

In addition to developmental differences, another important question is how 

stimulus presentation rate affects perception in ASD. Faster perceptual processing has been 

found in ASD in low-level tasks compared to TD, as well as to controls matched in 

intellectual ability which could confer greater accuracy in ASD using rapidly presented 

stimuli. A study of visual size judgment reported faster responses at a given level of 

accuracy in children with ASD than in individuals without ASD but with similarly 

impaired IQ (Scheuffgen et al., 2000). In addition, children with ASD performed more 

accurately than TD children at faster temporal rates during a low-level visual search task 

(Hagmann et al., 2016). Evidence for faster processing of early auditory input in ASD has 

also been shown in a study of event-related auditory potentials. While listening to auditory 

stimuli, a shorter N1 latency was found in ASD compared to TD (Ferri et al., 2003).  

Together, these findings suggest that early visual and auditory processing may be 

accelerated in ASD, resulting in greater accuracy or faster responses in low-level 

perceptual tasks. This raises the question of whether any differences in coupling between 

low-level and high-level perceptual processing in ASD would be more evident with rapid 

stimuli, where performance is more dependent on rapid perceptual processing. 

 

Aims and Hypotheses 

The main objective of the present study was to examine the relationship between 

low-level pitch direction ability and high-level global-local pitch processing in children 

with ASD versus TD children at different ages. The first specific aim was to test the 

hypothesis that individuals with ASD would show enhanced performance on a pitch 

direction task as well as intact or enhanced processing of local pitch structure on a global-
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local pitch task compared with the TD group. The second aim was to test the hypothesis 

that pitch direction ability would predict melodic global-local pitch processing more 

strongly in ASD than TD. The third aim was to test the hypotheses that age would affect 

performance on low and high-level pitch processing tasks differently in ASD and TD, and 

would affect the strength of the relationship between these tasks. The final aim was to test 

the hypothesis that faster rate of stimulus presentation would increase the dependence of 

high-level auditory processing on low-level pitch accuracy in ASD and not TD. 
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Methods 

 

Participants 

 Two groups of children participated in the present study: 1) 17 children with ASD 

and 2) 19 TD children (see Table 1 for participant characteristics). Participants were 

recruited as part of the NeuroDevNet ASD Demonstration Project, a multi-site initiative 

with the objective of examining the development of brain structure and behaviour in 

children with ASD (Zwaigenbaum et al., 2011). All children were recruited and tested at 

two sites 1) at the Montreal Neurological Institute (Montreal, Canada) and 2) at the 

Holland Bloorview Kids Rehabilitation Hospital (Toronto, Canada). Individuals with ASD 

were diagnosed by expert opinion and diagnoses were supported by standard diagnostic 

measures (DSM-IV-TR, American Psychiatric Association, 2000; Autism Diagnostic 

Observation Schedule, ADOS, Lord et al., 1989; Autism Diagnostic Interview-Revised, 

Lord, Rutter, & Couteur, 1994). The ADOS was administered using modules 3 and 4 of the 

ADOS / ADOS-2. IQ was assessed using the full-scale score on the Wechsler Abbreviated 

Scale of Intelligence (WASI) or WASI-II (Wechsler, 1999; Wechsler & Hsiao-pin, 2011). 

Exclusion criteria included IQ less than 70, a gestational age of 35 weeks or less, and a 

medical history of neurological disease. Additional exclusion criteria for the TD group 

included a history of neurological or psychiatric illness and a family history of ASD. The 

present study was approved by local ethics committees at each site. All guardians provided 

written informed consent and participants above the age of 14 provided assent. All 

participants were compensated for their time. 

  



 19 

Table 1 Participant characteristics 

 

SD = standard deviation 

* Since no sex-related performance differences were found in the TD group, both males 

and females were included in the current TD sample. 

a.   WASI: Wechsler’s Abbreviated Scale of Intelligence 

b.   IQ: Intelligence Quotient 

c.   ADOS: Autism Diagnostic Observation Schedule (ADOS Composite Score: Social 

Reciprocity + Communication)  

 

General Procedure 

 All participants were tested on a low-level pitch direction (PD) task and a high-

level auditory global-local (GL) task. Both tasks were presented using Presentation 

software (Neurobehavioral Systems, Albany, CA, http://www.neurobs.com). The order of 

the tasks was counterbalanced across subjects. The experiment was administered on a 

laptop computer. The stimuli were presented binaurally through Sennheiser HD 25-1 II 

headphones at a comfortable volume. Participant responses were made by clicking the left 

              Group    

 ASD (N = 17, 0 F*)  TD (N = 19, 11 F*)  

 Mean   SD    Range  Mean SD Range  p-
value 

Age (in years)  13.7   2.3 9.3 - 17.9    12.9 2.3 9.1 - 16.2  0.27 
WASI a  
Full-Scale IQ b  

 110.8 18.3  78 - 146  115.8 8.1  96 - 127  0.32 

WASI 
Non-Verbal IQ 

 112.4 18.7  84 - 136  115.5 12.6  89 - 137  0.58 

WASI 
Verbal IQ 

 106.7 18.6  76 - 146  113.2 10.3  93 - 131  0.23 

ADOS   
composite score c 

     9.4   4.5    2 - 19  - -        -     - 
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or right button of a computer mouse. Correct/incorrect responses were recorded by the 

Presentation software. 

Low-level pitch direction (PD) task 

Stimuli 

Low-level auditory perception was measured using a PD task previously used in 

blind adults (Gougoux et al., 2004). Stimuli consisted of pairs of tones that differed in pitch 

and were presented at various temporal rates. Pitch distances and temporal rates were 

parametrically manipulated and varied by trial, such that a smaller pitch distance or a faster 

temporal rate between the presented tones increased the trial difficulty.  In the reference 

condition, the pitch difference was 150 cents (1.5 semitones) and the duration of each tone 

was 333 milliseconds. Eight additional conditions were created by parametrically 

manipulating the temporal and spectral domains: either by successively dividing tone 

duration by two (resulting in durations of 167, 83, 42, or 21 ms) or by dividing the 

frequency spacing between the tones by two (resulting in pitch differences of 75, 38, 19, or 

9 cents). The tone durations included 10 ms amplitude ramps at the start and end of each 

tone without silence between the two tones. Eight different tone pairs (one rising and one 

falling, at each of four different frequencies; frequency range 500–1,000 Hertz) were used 

for each difficulty condition. Additionally, tone pairs could have a simple (pure sine tones) 

or complex (3 harmonics) degree of harmonic complexity.  
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Figure 1. Schematic of low-level PD stimuli. Examples of tone pairs varying in duration 

and pitch difference are shown. 

Procedure 

In each trial, participants heard pairs of tones that differed in pitch and decided whether the 

second tone had a lower or higher pitch compared to the first one (Figure 1). The task was 

presented in 4 blocks, in which 2 blocks used the simple level of harmonic complexity 

(pure sine tones) and 2 blocks used the complex level (3 harmonics). The order of blocks 

was counterbalanced across participants. Within each block, there were 9 levels of 

pitch/temporal difficulty, each having 8 stimuli, for a total of 72 trials. The order of stimuli 

was randomized within each block. Prior to testing, participants performed 18 practice 

trials to ensure their understanding of the task. Participants were instructed to respond with 

their dominant hand and to press one button of a computer mouse if they heard the pattern 

going up, and another button if they heard the pattern going down. Participants were asked 

to respond as quickly and accurately as they could. Button-finger assignment was 

counterbalanced across participants. The task lasted about 30 minutes and breaks were 

taken when required. 

 

High-level global-local (GL) task 

Stimuli 

High-level auditory perception was measured using an auditory global-local (GL) 

task previously used by our research group in a sample of TD adults (Ouimet et al., 2012), 

and in a partially overlapping sample of children with ASD (Foster et al., 2016). The 

stimuli and procedure have been previously described in detail in Foster et al. (2016). In 

this task, participants heard three-tone triplet sequences combined to form sequences of 
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nine harmonic tones. The local level was defined as the pattern within a triplet, and the 

global level was defined as the pattern of the first tone of each triplet pattern (Figure 2). 

Tones in every sequence were separated by 147 cents to avoid bias for standard Western 

musical intervals, as this is not an interval commonly used in Western music.   

Each of the local and global levels was presented in three different types of sound 

patterns: “up”, “down”, and “neutral”. The sound patterns were manipulated to form three 

different stimulus “congruence” conditions. In the congruent stimulus condition, the same 

pattern type was presented at both the global and local levels such that the entire sequence 

of nine harmonic tones either ascends or descends. In the incongruent-neutral condition, 

either the global or local level remains neutral while the other ascends or descends. In the 

incongruent-opposite condition, opposite pattern types are presented at the local and global 

levels. Crossing the above conditions and pattern directions resulted in eight different 

sound patterns (Figure 2).  

To mitigate potential floor or ceiling effects in performance, the tones were 

presented at three different temporal rates wherein the tone duration was 50 ms, 100 ms, or 

200 ms; these durations included 10 ms amplitude ramps at the start and end of each tone. 

There was no silence between tones. 
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Figure 2. Schematic of global–local stimuli. The global level was defined as the first tone 

of each triplet pattern (solid circle), and the local level was defined as the triplet pattern 

(dashed circle). The notes in each stimulus were drawn from 9 consecutive pitches from a 

novel 14-note scale. The letters A–H indicate the 8 individual stimulus patterns (see 

Procedure text). Adapted from Ouimet et al., 2012. 

 

Procedure 

In the GL task, participants were tested on two different conditions: directed and 

divided attention. In the directed attention condition, participants listened to each nine-tone 

stimulus and had to judge whether a particular level of the pattern went up or down. 

Participants completed one block in which they were instructed to direct their attention to 

the global level, and another block in which they were instructed to direct their attention to 

the local level. Similar to the PD task, participants performed 21 practice trials before each 

block. The specific stimuli used in each block, were directed-global: A B E F G H; 

directed-local: A B C D G H (using the codes shown in Fig. 1). Thus, for the global and 
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local blocks, six auditory stimuli (comprising 2 congruent, 2 incongruent-neutral and 2 

incongruent-opposite stimuli) were each presented 12 times for a total of 72 trials per 

block. This included three “up” stimuli and 3 “down” stimuli (with respect to the target 

global or local level), so that performance at chance would be 50%.  

In the divided attention condition, participants judged whether the target pattern (up 

or down) was present or absent at a specific level (local or global). Within the divided 

attention condition, participants had to answer one block in which the pattern was “up” and 

another block in which the sound pattern was “down”. The target pattern could appear at 

the global level only, the local level only, or both levels simultaneously. The specific 

stimuli, using the codes shown in Fig. 1, were divided-up: A B D F G H; divided-down: A 

B C E G H. Thus, similar for the divided up or down blocks, similar to the procedure for 

the directed attention condition, six auditory stimuli were each presented 12 times for a 

total of 72 trials per block. The order of trials was randomized in each block. 

In both attention conditions, the target feature (local/global level or up/down 

pattern) was counterbalanced by block, and the order of stimulus types (congruent, 

incongruent-neutral, incongruent-opposite) and the temporal rates were randomized within 

blocks. Participants were instructed to respond using their dominant hand as quickly and 

accurately as they could, and to press one button if the target pattern was present and 

another button if the target pattern was not present. Button-finger assignment was 

counterbalanced. The task lasted about 30 minutes and breaks were taken when required. 

 

Data Analyses 

Mean accuracy in terms of percent correct scores were computed for the PD and 

GL tasks for ASD and TD.  For all analyses and figures except the rapid stimuli analysis 

(below), performance on the PD task was calculated based on the 167 ms condition, and 
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performance on the GL task was calculated based on the directed local condition at 200 

ms. These conditions were selected in order to compare across tasks using similar time 

scales and pitch intervals, and also because these conditions avoided any decrease in 

sensitivity across the performance range due to chance or ceiling performance. All 

continuous parameters (age and accuracy) were mean-centered prior to the analyses. 

Statistical analyses were conducted using IBM SPSS Statistics, Version 22.0 (IBM 

Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM 

Corp.). Results are reported at a significance level of p < .05. Initial analyses showed that 

performance did not differ depending on testing site (across all subjects), and did not differ 

depending on participants’ gender (in the TD group). Consequently, these variables were 

not included in the models detailed below.  

To test for group differences and age effects on performance within each task, two 

linear fixed effects models were tested in which the dependent variable was mean percent 

accuracy on the task (PD or GL), and the independent variables were group, participant 

age, and the interaction of age by group (Equation 1). 

 

Equation 1: Task Performance = b0 + b1*Group + b2*Age + b3*(Group×Age) + Ɛ 

 

To examine the performance relationship between tasks, a linear fixed effects 

model was tested in which the dependent variable was performance on the directed local 

condition of the GL task and the independent variables were performance on the PD task, 

group, age, and the 2- and 3-way interactions among these variables (Equation 2). 

 

Equation 2: GL = b0 + b1*Group + b2*PD + b3*Age + b4*(Group×PD) + 

b5*(Group×Age) + b6*(PD×Age) + b7*(Group×PD×Age) + Ɛ 
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To investigate the relationship between low-level and high-level pitch performance 

on rapidly presented stimuli compared to slowly presented stimuli, the 42 ms and 167 ms 

levels were selected from the PD task (both having a pitch difference of 150 cents), and the 

50 ms and 200 ms stimulus levels were selected from the GL directed local task. These 

stimuli were the fastest and slowest stimuli (respectively) in each task that did not exhibit 

chance- or ceiling-level performance, and each pair of stimuli was similar in the rate of 

tone presentation. A repeated-measures linear fixed effects model was tested in which the 

dependent variable was accuracy on the GL task’s directed local condition, and the 

independent variables were accuracy on the PD task, group, rate (within-subjects) and the 

2- and 3-way interactions among these parameters (Equation 3). A compound symmetry 

covariance structure was used in the model. 

 

Equation 3: GL = b0 + b1*PD + b2*Group + b3*Rate + b4*(PD×Group) + 

b5*(PD×Rate) + b6*(Group×Rate) + b7*(PD×Group×Rate) + Ɛ 
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Results 

 

Performance on PD and GL tasks by group (Figure 3) 

There were no group differences in performance on either the PD (F(1,32)= 0.02, p = 

.90) or the GL task (F(1,32)= 0.03, p = .87). 

 

Figure 3. Performance on PD and GL tasks by group. Boxes indicate mean value +/- 1 

standard deviation. 

Relationship between PD and GL task performance (Figure 4) 

Performance on the PD task predicted performance on the GL task across both groups 

(F(1,28)= 9.80, p = .01). There was no significant main effect of group (F(1,28)= .54, p = .47) 

or age (F(1,28)= .12, p = .74). An interaction between group and PD performance (F(1,28)= 

5.42, p = .03) reflected a more positive relationship between performance on both tasks in 

ASD compared to TD. Moreover, a significant interaction between group and age (F(1,28)= 

4.55, p = .04) indicated a more positive relationship between age and GL performance in 

TD compared to ASD. There was no interaction between PD performance and age (F(1,28)= 

.02, p = .89) and no three-way interaction between PD performance, group and age (F(1,28)= 

.01, p = .96). 
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Figure 4. Relationship between PD and GL task performance. 

 

Effect of age on PD and GL tasks (Figure 5) 

There was no main effect of age for either the PD (F(1,32) = 2.39, p = .13) or GL 

(F(1,32) = 1.60, p = .22) task, and there was no interaction between group and age for either 

the PD (F(1,32) = .41, p = .53) or GL (F(1,32) = 1.21, p = .28) task. However, as described in 

the above analysis, when variation related to PD task performance was included in the 

model, there was a group by age interaction for GL task scores (Figure 5). 
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 Figure 5. Effect of age on GL task performance. 

 

Effect of stimulus rate on the relationship between PD and GL task performance (Figure 6) 

Stimulus rate did not modulate the relationship between PD and GL task 

performance (interaction between rate and PD: F(1,31.2) = .24, p = .63), and there was no 

further group interaction (interaction between group, rate and PD: F(1,31.2)= 1.18, p = .29). 

There was a main effect of stimulus rate (F(1,38.4)= 17.43, p < .001) on GL task performance 

where accuracy was higher for the slower stimuli. A trend for an interaction between group 

and rate (F(1,38.4)= 4.06, p = .051) reflected a slightly greater effect of rate upon GL task 

performance in the TD group.  

As found in the main analysis of PD vs GL task performance, there was a 

significant main effect of PD task performance (F(1,57)= 11.22, p < .001), no main effect of 

group (F(1,31.7)= .12, p = .73), and an interaction between group and PD performance 

(F(1,57)= 5.09, p = .03). 
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Figure 6. Effects of stimulus rate on the relationship between accuracy on the PD and the 

GL task in each group. 
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Discussion 

 
The overall objective of this study was to better understand auditory perception 

across different levels of perceptual processing and development in ASD versus TD. Two 

different auditory tasks were used to examine this relationship and to test possible age 

effects: a low-level pitch direction (PD) task and a high-level global-local (GL) melodic 

task. No differences in performance were found between the ASD and TD groups on either 

the PD or GL tasks when considered alone. However, there was a positive relationship 

between PD and GL task performance for both groups, and this relationship was stronger 

in ASD. Age did not affect the relationship between low-level and high-level pitch 

performance in either ASD or TD. However, there was a more positive effect of age on GL 

task performance in TD than ASD after accounting for the effect of low-level PD 

performance. Finally, there was no effect of stimulus rate upon the relationship between 

low-level and high-level pitch performance in either group. The present findings provide a 

better understanding of how perception is associated across low and higher-levels of 

processing in ASD versus TD across development.  

 

Low-level and high-level pitch perception are intact in ASD 

The first aim of this research was to test the hypothesis that ASD would show 

enhanced PD and intact or enhanced GL task performance. ASD showed intact but not 

enhanced performance on both tasks. The current GL task results support previous findings 

of intact local processing in ASD (Foxton et al., 2003; Heaton, 2005). However, the 

present results are inconsistent with previous findings of enhanced PD performance in 

ASD (Bonnel et al., 2003, 2010; Heaton, 2005; Jones et al., 2009). The lack of enhanced 

performance on the PD task used here may be explained by differences in the tasks used 
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and in the age of the participants across studies. For example, while in the present study 

child participants were tested on a pitch direction task at fixed levels of pitch change, 

previous work tested adults (Bonnel et al., 2010; Mayer et al., 2014) and used a pitch 

discrimination threshold task (Bonnel et al., 2010; Jones et al., 2009). Thus, enhanced pitch 

discrimination may be more marked in adult participants with ASD and be best captured 

using a pitch threshold approach. 

  

Pitch direction perception predicts global-local pitch processing 

The second aim was to test the hypothesis that pitch direction ability would predict 

melodic global-local pitch processing overall, and most strongly in ASD. As expected, a 

positive relationship was found between performance on the pitch direction and global-

local tasks in both groups, but most markedly in ASD. These results are consistent with 

previous findings of a positive relationship between low and high-level pitch perception in 

cochlear implant users (Kang et al., 2009; Nimmons et al., 2008) and congenital amusia 

(Peretz & Hyde, 2003). The present finding of a tighter coupling between performance on 

both tasks in ASD compared to TD is consistent with the Enhanced Perceptual Functioning 

model, which predicts a strong relationship between low and high levels of perception in 

ASD (Mottron et al., 2006). These findings are also consistent with previous work showing 

a positive correlation between low and higher-level auditory and visual processing in ASD 

(Meilleur et al., 2014; Stevenson et al., 2014). Thus, low-level pitch direction ability 

predicts melodic global-local pitch processing in general, but in ASD this relationship is 

more tightly coupled. As others have suggested, increased coupling may reflect a bottom-

up cascading of low-level strength or impairment that influences performance at later 

stages of sensory processing (Bertone, Hanck, Kogan, Chaudhuri, & Cornish, 2010; 

Stevenson et al., 2014); conversely, the lesser degree of coupling in TD may reflect greater 
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influence of top-down processes (e.g. attention) on perceptual performance compared to 

ASD (Maekawa et al., 2011).   

 

Age affects global-local pitch perception in ASD 

Another aim of the present study was to test the hypothesis that age would affect 

performance on low and high-level pitch processing tasks differently in ASD and TD. Age 

did not affect performance on either the PD or GL tasks alone in either group. However, 

when the contribution of PD accuracy was accounted for in the GL analysis, a group 

interaction with age was found, where the TD group had a stronger positive relationship 

between GL score and age compared to the ASD group. These results are consistent with 

findings from Foster and colleagues (2016) who found similar differences in the age 

trajectories of global and local interference between ASD and TD in an overlapping sample 

with the present study where ASD showed a diminished effect of global interference on 

accuracy at younger ages and an overall diminished age modulation of global interference 

compared to TD.   

Based on the age range used in previous studies, age-related differences in the PD 

task may arise between adolescence and adulthood, rather than between younger and older 

childhood. The present study included children and adolescents ranging in age from nine to 

seventeen years. Mayer and colleagues (2014) included adult participants in addition to 

children in their study and found significant age related differences using a low-level 

auditory task. This result could be due to the larger age range in their study compared to 

the present study.    

In sum, these results suggest that age effects may be more marked on higher-level 

auditory perceptual tasks in ASD versus TD, and more importantly, occur at younger ages. 
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Stimulus rate does not affect the relationship between pitch direction and global-local pitch 

processing 

The final aim of the present study was to test the hypothesis that faster rate of 

stimulus presentation would increase the dependence of high-level auditory processing on 

low-level pitch accuracy in ASD versus TD. A main effect of stimulus rate on high-level 

GL task was found. These results are consistent with previous findings of performance 

differences related to stimulus rate in ASD (Ferri et al., 2003; Hagmann et al., 2016; 

Scheuffgen et al., 2000). However, in the present study, stimulus rate did not affect the 

relationship between PD and GL task performance in either group. These results suggest 

that at least on the temporal scale of the stimuli used (42 to 200 ms), high-level pitch 

judgments remain strongly related to low-level pitch performance. Further study with a 

range of even faster stimuli could help determine whether pitch accuracy diminishes in the 

same manner for both high- and low-level judgments at the limit of perception, and 

whether this limit varies between ASD and TD. 

 

Future directions and implications 

The present findings help to better understand auditory perceptual differences 

across levels of processing and specifically in school-age children with ASD with average 

IQ. In order to see if these results generalize to a larger ASD spectrum, future studies could 

test a larger and broader sample including lower-functioning ASD cases. To further 

investigate developmental differences in performance, future studies could include both 

children and adults and use a longitudinal design to examine changes within the same 

individuals across time. The present findings also motivate future study on the neural 

correlates of auditory pitch perception in ASD. While previous work has found brain 

differences related to pitch perception in ASD (for reviews see Kellerman et al., 2005; 
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O’Connor, 2012 and Ouimet et al., 2012), no one has specifically examined the connection 

between low and high-level pitch perception in ASD at a neural level. This type of research 

can potentially guide more targeted interventions in ASD, and help achieve earlier 

diagnoses. Finally, the finding of a positive relationship between low-level and high-level 

auditory perception encourages further investigation on the effects of training on low-level 

auditory tasks and its corresponding effect upon accuracy in higher-level auditory tasks, 

which could complement existing therapies like music therapy in ASD.   

 

Conclusions 

The main goal of this study was to examine pitch perception across different levels 

of cognitive processing and development in ASD versus TD. Performance on low and 

higher-level pitch perception tasks was intact in ASD. Moreover, low-level pitch direction 

ability predicted higher-level melodic perception in both groups, but as expected, this 

relationship was stronger in ASD. Age did not affect the relationship between low-level 

and high-level pitch performance in either ASD or TD. However, there was a more 

positive effect of age on GL task performance in TD than ASD after accounting for the 

effect of low-level PD performance. These results suggest that age effects may be more 

marked on higher-level auditory perceptual tasks in ASD versus TD and occur more 

importantly at younger ages.  Stimulus rate did not affect the relationship between low-

level and high-level pitch performance in either group, but further study is required across 

a broader range of rates.  Overall, these findings contribute to a better understanding of 

how perception is associated across levels of processing in ASD versus TD. Connecting 

multiple levels of perceptual processing is key to understand differences across individuals 

in auditory perception and to better define ASD phenotypes. Finally, the present results 
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provide a foundation for future work across a broader spectrum of individuals with ASD 

and the neural bases for auditory sensory differences in ASD. 
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General Discussion 

 
The overall objective of this master’s thesis was to better understand auditory 

perception across different levels of cognitive processing and development in ASD versus 

TD. More specifically, performance on two auditory tasks was used to investigate the 

relationship between performance on different levels of auditory perception and to test 

possible age and stimulus rate effects: a low-level pitch discrimination task and a high-

level global-local melodic task. 

Results showed no differences in performance between the ASD and TD groups on 

either the PD or GL tasks when considered alone. However, there was a positive 

relationship between PD and GL task performance found across both groups, and this 

relationship was stronger in ASD. Age did not affect the relationship between low-level 

and high-level pitch performance in either ASD or TD. However, there was a more 

positive effect of age on GL task performance in TD than ASD after accounting for the 

effect of low-level PD performance. Finally, there was no effect of stimulus rate upon the 

relationship between low-level and high-level pitch performance in either group. The 

present findings provide a better understanding of how perception is associated across 

levels in ASD versus TD. 

Contributions of this master’s thesis to research in auditory perception in ASD 

Most importantly, the study presented in this master’s thesis is the first to directly 

look at the relationship between low-level and high-level pitch performance. These 

findings provide empirical evidence for the relationship between low-level auditory 

perception and local processing in higher-level auditory tasks as predicted by the EPF 

model. This relationship between these processing levels is stronger in ASD than in TD. 

As others have suggested, an increased coupling between both levels of auditory 
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processing may reflect a bottom-up cascading of low-level strength or impairment that 

influences performance at later stages of sensory processing (Bertone et al., 2010; 

Stevenson et al., 2014); conversely, the lesser degree of coupling in TD may reflect greater 

influence of top-down processes (e.g. attention) on perceptual performance compared to 

ASD (Maekawa et al., 2011). 

This research also further investigated the often raised question of whether ASD 

exhibits enhanced PD and intact or enhanced GL task performance. The ASD group 

showed intact but not enhanced performance on both tasks. These results of intact GL task 

performance support previous findings of intact local processing in ASD (Foxton et al., 

2003; Heaton, 2005). However, previous findings showed enhanced PD performance in 

ASD, which is inconsistent with the present results (Bonnel et al., 2003, 2010; Heaton, 

2005; Järvinen-Pasley et al., 2008; Jones et al., 2009). This lack of enhanced performance 

on the PD task used here may be due to several differences in the tasks used as well as the 

age range of the participants across studies.   

Another aspect examined in this thesis is the possible age effects on performance in 

low- and high-level tasks (separately) and on the relationship between both tasks. TD 

participants had a stronger positive relationship between GL score and age compared to the 

ASD group. These findings echoed earlier studies from our research group that found a 

diminished age modulation of global interference in ASD. 

Finally, the study presented in this thesis is the first to investigate the effects of 

stimulus rate on the relationship between performance on low- and high-level auditory 

tasks. In line with previous research, the stimulus rate had an effect on high-level auditory 

perception. However, rate did not affect the relationship between low- and high-level 
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auditory processing. The relationship between both levels of processing remained strong at 

higher temporal rates in both groups. 

  

Future directions 

The present findings help to better understand auditory perceptual differences 

across levels of processing and specifically in high-functioning ASD cases. Recent 

findings suggest that atypical visual local processing may increase with symptom severity 

(Koldewyn, Jiang, Weigelt, & Kanwisher, 2013). In order to see if the present results 

generalize to a larger ASD spectrum, future studies could test a larger and broader sample 

including lower-functioning ASD cases. 

To further investigate developmental differences in performance, future studies 

could include both children and adults and use a longitudinal design to examine changes 

within the same individuals across time. 

 Finally, given the important sensory behavioral differences present in individuals 

with autism, understanding the neural correlates underlying basic sensory processing like 

lower-level and high-level auditory perception is an important future topic — not only to 

help to understand the nature of these auditory processes in ASD, but also to provide a 

neurobiological basis for the development of interventions. A useful extension of the 

present study would be to examine the neural underpinnings of the relationship between 

low- and high-level pitch perception using neuroimaging methods, to see whether the 

commonality between low- and high-level auditory processing is reflected at a neural level 

within individual subjects. While previous work has found brain differences related to 

pitch perception in ASD (for reviews see Kellerman et al., 2005; O’Connor, 2012; Ouimet 

et al., 2012), no one has specifically examined the connection between low and high-level 
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pitch perception in ASD. However, according to studies on brain organization in music 

(for a review: Peretz & Zatorre, 2005), both low-level judgements of pitch intervals alone 

and more complex pitch judgments, like those measured by our GL task, activate temporal 

lobe structures in both hemispheres (Samson & Zatorre, 1988; Zatorre & Halpern, 1993). 

Moreover, a functional imaging study of low-level auditory pitch processing suggests that 

individuals with ASD may differ from controls with respect to recruitment of non-primary 

auditory regions (Samson et al., 2011). These differences may also play a role in accuracy 

of high-level pitch processing, given the behavioral link found in the present study. 

Research on the neural basis of this relationship can potentially guide more targeted 

interventions in ASD, and help achieve earlier diagnoses. 

  

Practical implications 

As stated before, atypical sensory experiences, especially in the auditory domain, 

are characteristic of individuals with ASD. Recognizing these atypicalities in ASD 

provides direction for developing clinical interventions and highlights the importance of 

interventions tailored to the specific needs of this population (Baranek, 2002). Previous 

accounts have suggested that individuals with ASD perceive their environment with an 

over-emphasis on small perceptual cues (such as fine visual detail or small auditory pitch 

differences), and this perceptual bias has a negative impact on social adaptation abilities 

during development (Ceponiene et al., 2003; Klin, 1991; Lepistö et al., 2005; Mottron et 

al., 2007). Furthermore, several studies have suggested a link between pitch processing 

abilities and language impairment in ASD (Bonnel et al., 2010; Eigsti & Fein, 2013; Jones 

et al., 2009). Consequently, individuals with ASD often face significant impairments in the 

processing of their social environment including speech (Marco, Hinkley, Hill, & 

Nagarajan, 2011).  
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The finding of a positive relationship between low-level and high-level auditory 

perception in the present study encourages further investigation on the effects of training 

on low-level auditory tasks and the effect of such training on accuracy in higher-level 

auditory tasks. Knowledge about these effects could lead to clinical strategies that 

complement existing therapies like music therapy or occupational therapy in order to 

address impairments in ASD. Previous research has shown that two weeks of training on 

distinguishing pitch differences in a low-level task improves performance significantly in 

TD adults (Ari-Even Roth, Amir, Alaluf, Buchsenspanner, & Kishon-Rabin, 2003; Zatorre, 

Delhommeau, & Zarate, 2012). This training easily generalizes to different frequencies and 

related tasks (Delhommeau, Micheyl, & Jouvent, 2005; Zatorre et al., 2012). Furthermore, 

those individuals who had a higher sensitivity to pitch interval variation prior to learning 

achieved the fastest learning (Zatorre et al., 2012). 

These training effects suggest that training of low-level auditory abilities could 

generalize to higher-level abilities. Therefore, the study of a possible impact of training on 

low-level auditory abilities and their relationship with more complex pitch material (e.g. 

music) as well as with processing in music-based activities could reveal new approaches 

for clinical interventions.  Therapeutic approaches like music therapy and Auditory 

Integration Therapy (AIT) use music in different ways to improve outcomes in multiple 

developmental disorders (ASD, ADHD, communication deficits, etc.). Future studies 

should evaluate whether incorporating low-level pitch practice into (or alongside) these 

existing therapies can increase their effectiveness. A possible approach in music therapy to 

achieve better results could be to begin with activities targeting low-level pitch processing 

in order to benefit from that training and improve performance on tasks using higher level 

musical material. 
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Another approach could be to use tone types and frequencies similar to those used 

in AIT to not only improve low- and high-level auditory processing but to simultaneously 

improve auditory integration. AIT is believed to “massage” the hair cells in the cochlea of 

the middle ear and to enhance auditory perception (Baranek, 2002). These tone frequencies 

can be modulated to match the individual needs of the patient. Low-level and high-level 

processing could greatly benefit from using these individualized tone types. 

Finally, future studies could assess whether all individuals, with or without ASD, 

might benefit from this low-level pitch practice, or whether certain subsets of individuals 

(e.g. younger individuals, individuals starting with poorer low-level perception or greater 

deficits in terms of their symptoms) would benefit more than others. 

 
 

Conclusions 

The main goal of this master’s thesis was to examine pitch perception across 

different levels of cognitive processing and development in ASD compared to TD. 

Performance on low and higher-level pitch perception tasks was intact in ASD. Moreover, 

low-level pitch direction ability predicted higher-level melodic perception in both groups, 

but as hypothesized, this relationship was stronger in ASD. Age did not affect the 

relationship between low-level and high-level pitch performance in either ASD or TD. 

However, there was a more positive effect of age on GL task performance in TD than ASD 

after accounting for the effect of low-level PD performance. These results suggest that age 

has a stronger effect on higher-level auditory perceptual tasks in ASD versus TD and that 

these effects occur more importantly at younger ages. There was no effect of stimulus rate 

on the relationship between low-level and high-level pitch performance in either group, but 

further study is required across a broader range of rates. To our knowledge, this is the first 
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study to investigate auditory processing across different levels of perception in ASD 

compared to TD. As such, we provide empirical evidence for the hypothesis raised by the 

EPF model, that a bias toward lower-level perceptual mechanisms leads to the enhanced 

extraction of elementary perceptual information in the context of high-level tasks in ASD. 

Connecting multiple levels of perceptual processing is key to understanding differences 

across individuals in auditory perception and to better define ASD phenotypes. Finally, the 

present results provide a foundation for future work across a broader spectrum of 

individuals with ASD and the neural bases for auditory sensory differences in ASD.
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