The Child as Musician
Chapter 11

The potential impact of autism on musical development

Adam Ockelford

Abstract

This chapter explores the relationship between autism and musical development. It is suggested that autism creates an ‘exceptional early cognitive environment’, which presents challenges for children’s language acquisition and use, and affects their ability to grasp the functional significance of everyday sounds, which may be processed primarily in terms of their perceptual qualities. At the same time, music is ubiquitous in the lives of many children, and (unlike language) it is self-referencing in nature; the meaning of music lies in the relationships between sounds rather than in their capacity to convey symbolic information. These factors create a tendency among some autistic children for all sounds to be processed as music. This cognitive style has a number of consequences, including a high incidence of absolute pitch (‘AP’) among those on the spectrum, and the tendency of such children to teach themselves to play by ear, given access to an appropriate instrument.
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Introduction

This chapter explores the relationship between autism and musical development. It is suggested that autism creates an ‘exceptional early cognitive environment’, which presents challenges for children’s language acquisition and use, and affects their ability to apprehend the functional significance of everyday sounds, which may well be processed primarily in terms of their perceptual qualities. At the same time, music is ubiquitous in the lives of many young children, and (unlike language) it is self-referencing in nature; the meaning of music lies in the relationships between sounds rather than in their capacity to convey symbolic information. These factors work together to create a tendency among some children with autism for all sounds to be processed as music. This cognitive style has a number of consequences, including an unusually high incidence of absolute pitch (‘AP’) among those on the spectrum, and the tendency of such children to teach themselves to play by ear, given access to an appropriate instrument.

Autism

Autism is a neurological condition that was initially identified by the American psychiatrist Leo Kanner in 1943 and the Austrian paediatrician Hans Asperger in 1944. It usually manifests itself within the first two or three years of childhood (Boucher, 2009; Frith, 2003; Happé, 1995; Hobson, 1993; Wing, 2003). The effects of autism can be profound, pervading the whole of a child’s development. In medical terms, though, it is an elusive phenomenon. Autism is not one condition that is attributable to a particular area of the brain that has evolved anomalously. Rather, it exists on a spectrum, which is identified solely on the basis of observable behaviours. These can vary widely both between and within individuals in different contexts and at varying stages of their maturation, a position that is complicated by the fact that many people on the spectrum have additional needs, such as learning difficulties and mental health issues. Diagnostically, the best that clinicians can currently do is to say that if a child exhibits certain combinations of internationally accepted attributes, then he or she can be described as having an ‘autism spectrum condition’. It seems quite likely, therefore, as our understanding of brain function becomes more refined, that the concept of ‘autism’ will ultimately be resolved into a number of more specific conditions. At present, though, it is thought that, in developed countries, the incidence of autism as presently defined may be somewhat greater than 1 in 100 people.

Experience of observing the diversity of children’s interests, abilities and developmental trajectories at specialist schools, centres and units for those on the spectrum suggests the supposition that autism is not ‘one thing’ may well be correct. For example, one child (typically a boy) may approach you and, as if in mid-conversation, address you animatedly and eloquently on a topic that appears to bear no relation to the immediate environment or the people in it. In contrast, another child may completely ignore you, self-absorbedly flicking his fingers in front of the pattern of parallel light and dark stripes made by the window blind. You may notice a third child sitting at a desk, concentrating intently on drawing tiny geometric shapes that fit together to form intricate patterns. Meantime, a fourth child is sitting in the corner of the room – hands over his ears, eyes closed, rocking, and vocalising in a constant drone.

Pending the advent of more sensitive diagnostic tools, all these children are likely be classed as ‘autistic’ according to the criteria published by the World Health Organization (WHO, 1993) and the American Psychiatric Association (APA, 2013), which are internationally accepted and the most widely used. The WHO and the APA define autism in terms of three broad characteristics: (a) qualitative impairment in social interaction, (b) qualitative impairment in communication, and (c) restricted, repetitive and stereotyped patterns of behaviour, interests and activities.

From the 1990s, three theories have dominated academic thinking about the causes of autism, each of which has been associated with one of the main characteristics of the WHO/APA definition. Specifically, defective ‘theory of mind’ – the ability to attribute mental states to oneself and others, and to understand that others may have ideas that differ from one’s own (see, for instance, Baron-Cohen, 1995, 2000, 2009; Baron-Cohen, Leslie and Frith, 1985; Frith, 2001; Tager-Flusberg, 2001) – was held to be responsible for impairment in ‘social interaction’. ‘Weak central coherence’ – the tendency to think about things in terms of their parts rather than as a whole (see, for example, Frith and Happé, 1994; Happé, 1996; Happé and Booth, 2008) – has been linked to communication difficulties (as well, more positively, as accounting for enhanced perception of detail and some ‘savant-like’ abilities). ‘Executive dysfunction’ – a problem with the domain of processing that regulates and controls other cognitive functions (see, for instance, Hill, 2004; South, Ozonoff and McMahon, 2007; Turner, 1997) – was thought to lead to rigid and repetitive behaviours. 

While this swathe of thinking has proved to be of great value to those working with children on the autism spectrum, it is more descriptive than explanatory, and this can lead to a certain circularity of reasoning. For example, while impaired social interaction may be presented as evidence of a weak ‘theory of mind’, it is equally possible to assert that metaphorically being unable to put oneself in someone else’s shoes is testimony to poor social interaction. Recently, psychologists have turned to more ‘general purpose’ (rather than domain-specific) cognitive mechanisms, such as those relating to ‘primary intersubjectivity’ (a basic sense of self in relation to other, which develops very early in childhood), on the grounds that these fundamental areas of processing may offer a more coherent explanation of the ‘autistic mind’ (see, for example, Boucher, 2011). This is still very much work in progress, however, and it may be that, if autism is indeed not a single condition, but an umbrella term for many different types of atypical cognitive development, then the search for a single neurological cause is in any case likely to be frustrating.

What seems beyond doubt, though, is that autism, in all its manifestations, is for life; there is no ‘cure’. Indeed, many ‘high functioning’ adults with Asperger syndrome regard the notion of being ‘cured’ as pertaining to an outmoded medical model based on the notion of deficit (see, for example, Waltz, 2005). Rather, as a society, the contention is that we should be celebrating difference. In music, proponents of this view point to a range of figures, such as the composers Wolfgang Amadeus Mozart and Erik Satie, and the Canadian pianist Glenn Gould, as evidence that an exclusively ‘neurotypical’ artistic community would be far less rich than one with a smattering of exceptional (if eccentric) minds.

While this assertion may be unarguable, there are many children on the autism spectrum with little or no language, who resist social contact, and who are locked into narrow routines for most of their waking hours, to which the instinctive adult reaction is to try to remediate things – to enhance the children’s quality of life by encouraging them to communicate, to form reciprocally warm relationships with other people, and to broaden their range of experiences. Here there is only one thing that has consistently been shown to have a positive effect, and that is systematic and sustained programmes of education. Just as autism exists on a spectrum, so too do the pedagogical approaches that have grown up to meet its perceived challenges. Some of these use ‘applied behaviour analysis’ – ‘ABA’ – (see, for example, Fox, 2008; Kearney, 2007), while others, such as ‘PECS’ (‘Picture Exchange Communication System’), focus on augmentative communication (see, for instance, Bondy and Frost, 2011; Charlop-Christy et al., 2002). ‘TEACCH’ (Treatment and Education of Autistic and related Communication handicapped Children’) aims to improve skills by modifying the environment to mitigate the impact of what are deemed to be cognitive deficits (Mesibov, Shea and Shopler, 2004; Panerai, Ferrante and Zingale, 2002).

Until very recently, however, the field of special education has had little if anything to say about the potential role of organised sound and music in teaching and learning. Elsewhere (Ockelford, 2013), I assert that this may be a serious omission, since at least one in twenty children on the autism spectrum are thought to have exceptional musical abilities (Rimland and Fein, 1988). (Indeed, the figure may well be higher than this, though it is difficult to be precise, since children’s latent musicality may well be masked by a welter of behavioural and communicative challenges.) And for many of the remainder, music appears to be particularly important as a source of educational and therapeutic potential to promote wider learning and development and to foster a sense of well-being (Alvin, 1992; Whipple, 2004). However, it is the exceptional musical development of the 5% to which this chapter is devoted, for two reasons. First, music is critically important for these one in twenty, sometimes constituting the only way of initially reaching into a severely autistic child’s psyche. Second, by focusing on the exceptional abilities and needs of a minority, we may be better placed to understand the musical development of the majority of children.

An ecological model of auditory processing

To contextualize the discussion that follows, I will return to the ‘ecological’ model of auditory processing first set out in Miller and Ockelford (2005). This builds on the work of Gaver (1993), who suggested that there are essentially two ways in which we hear sounds: through ‘musical’ listening, which focuses on perceptual qualities such as pitch and loudness, and via ‘everyday listening’, which is concerned with attending to events such as a dog barking or a car driving by. To these two categories I added the perception and cognition of speech sounds, which, while sharing some neurological resources with music, appear to have dedicated processing pathways (see, for example, Patel, 2012). It is not known how these three types of auditory processing – pertaining to speech, everyday sounds, and music – become defined in the brain’s architecture following the initial development of hearing around four to three months before birth (Lecanuet, 1996). However, the development of singing and speech, at least, appear to be following distinct paths from around the beginning of the second year of life (Papousek, 1996). Hence the ecological model of auditory perception can be represented as follows (see Figure 11.1), in which it is assumed that the three functions of sound come to have gradually more distinct neurological correlates in the first 12 months of post-natal brain development. This does not, of course, exclude the possibility of the three categories of sound being combined, as in songs, for example, some pieces of ‘musique concrète’ and movie soundtracks.
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Figure 11.1 Visual representation of the ecological model of auditory processing.


An atypical interest in everyday sounds

Initial evidence that some children may attach particular importance to everyday sounds and that, in certain cases (presumably as a result), auditory perceptual skills may become heightened in this domain, came from my studies of young people who had been born blind or had lost their sight in the first few months of life (Ockelford, Pring, Welch and Treffert, 2006; Ockelford and Matawa, 2009). Parents reported that almost all in this group had a special interest in day-to-day sounds (around three times as many as those who were fully sighted).

It seems that, in the absence of vision, sound has a distinctive appeal and offers a ready source of stimulation. For instance, the mother of a five-year-old boy noted that ‘he loves repetitive sounds – [he] will press toys which make noises over and over to hear the sounds’. As in this case, such auditory pleasure sometimes seems to have become a fixation. For example, one mother wrote of her six-and-a-half-year-old son with retinopathy of prematurity being

obsessed with the noise of the microwave, so much so that he becomes upset if he can’t make it into the kitchen before it is finished. More recently he has become interested in the tumble drier. He lies on the floor and listens to it and gets upset when it stops. He also loves the noises of the vacuum cleaner, washing machine and dishwasher.

Similarly, a three year-old boy was reported to be passionate about ‘any type of fan (table fan, exhaust fan, pedestal, box fan, computer fan etc.)’. It is of interest to note (following Gaver) that all these sounds are inherently ‘musical’, comprising distinct pitches and tone colours that are rich in harmonics.

Some children with autism display a similar fascination for everyday sounds. Take, for example, a pupil of mine, Freddie, who, aged nine, indulged in a number of pursuits that bemused his parents, including habitually flicking any glasses, bowls, pots or pans that were within reach. Things reached a head when, one day, he removed the 20 flowerpots or so (and their contents) from the patio and brought them into the kitchen (Ockelford, 2013, p. 13). Freddie arranged these on all available surfaces, like some earthenware gamelan, and he ran around gleefully, playing his newly-constructed instrument with characteristic flicks of the fingers. And woe betide his mother if she tried, even minimally, to tidy the pots up while Freddie was at school! Any slight rearrangement would instantly be noticed and rectified on his return. 

How can we account for behaviors such as this? It might reasonably be expected that blind children, deprived of the visual input that would otherwise be their main source of information about their immediate environment, would be particularly attracted to perceptually salient features in the auditory landscape. We might also predict that, without the visual data to contextualize the sounds that are heard – to know what is making a particular noise and why – that at least some auditory information would remain at the perceptual level, rather than acquiring functional significance. Hence the hum of the vacuum cleaner and the whirr of the tumble drier would remain as ends in themselves, as perceptual experiences to be relished, rather than portending a clean carpet or dry laundry.

But why do some children on the autism spectrum apparently process sound in the same way? Can we assume that there are the same cognitive mechanisms at work here, or different ones that have similar consequences? Certainly, a proportion of autistic children have problems in processing visual information, which may partly account for the tendency to behave in some respects as though they were visually impaired. It is also the case that many autistic children have difficulties with ‘sensory integration’: linking incoming data from different sensory modalities (Iarocci and McDonald, 2006). That is, the process of ‘binding’ (Roskies, 1999; Huron, 2006, p. 124), through which incoming streams of perceptual information in the domains of sight, sound, touch, smell and taste (as well as balance and proprioception) are typically linked in cognition to produce single, coherent experiences and concepts, appear not to be fully functional. It may that this cognitive anomaly is linked to ‘weak central coherence’, in which, as we have seen, there is a tendency to focus attention on parts of things rather than wholes. Hence a child on the autism spectrum may be facing the double challenge of finding it difficult to link information received in different sensory channels, as well as successively in one domain. 


Exceptional Early Cognitive Environments (‘EECEs’)

This way of handling perceptual data is a consequence of what I term the ‘exceptional early cognitive environment’ (‘EECE’) that is produced by (and to an extent defines) autism (Ockelford, 2013, p. 211). EECEs have a number of consequences, one of which is that certain sounds, especially those that are particularly salient or intrinsically pleasing (acknowledging that what is pleasurable to one ear may be irritating to another), acquire little or no functional significance. Rather, they tend to be processed purely in terms of their sonic qualities: that is, in musical terms (see Figure 11.2). Similarly, other everyday sounds that involve repetition (like the beeping of the microwave or the ticking of clocks or timers) may, I believe, be processed in music-structural terms, since, as I argue at length elsewhere (for example, Ockelford, 2009, 2012a), all music is ultimately organized through the constant reiteration of the qualities of sounds or the relationships between them.
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Figure 11.2 The tendency of everyday sounds to be processed as music.

It seems likely that the tendency to hear everyday sounds in this way is reinforced by the prevalence of music in the environment, estimated to be present around 80% of the time in the lives of babies (Lamont, 2008): as well as computers, the TV and radio, young people are often surrounded by electronic games and gadgets, toys, mobile phones, MP3 players, iPads and so on, all of which make use of music to a greater or lesser extent. In the wider environment too – shops, restaurants, cafés, cinemas and waiting rooms, in cars and airplanes, and at many religious gatherings and ceremonies – music is ubiquitous. Hence, given that children are bombarded by non-functional (that is, musical) sounds (designed, in one way or another, to influence emotional, behavioral or what are believed by some to be spiritual states), perhaps we should not be surprised that the functional sounds with which they are often jumbled together should become processed in the same way.

I first observed this confusion many years ago when working with the then 10-year-old Derek Paravicini (Ockelford, 2008). Despite being blind, having severe learning difficulties, and being on the autism spectrum, Derek was a prodigiously talented young pianist. On this occasion, he was playing through a Chopin waltz on the piano with his usual fluency, when he stopped, briefly and unexpectedly in mid-phrase, and drummed his fingers vigorously on the music rack above the keyboard, before continuing to play in the usual way. At the time, Derek’s language was not sufficiently developed for me to ascertain why he had suddenly stopped playing the waltz in mid-flow, so I could only conclude that he had for some reason become distracted. However, when, a few days later, I heard him play the waltz again, exactly the same thing occurred. Evidently, he had intended to include the finger-flapping sound in his performance. But why? I asked the pianist who taught Derek classical pieces at the time, but she was mystified too, so we looked over the score to see if that would offer clarification. And sure enough, the reason became clear: the point at which Derek interrupted his playing coincided with a page turn, and it seemed that he had not only absorbed the music as he listened to the piece being played, but also the extraneous sound of his teacher flicking the page over (which, of course, would have meant nothing to him because of his blindness).

It struck me then that while he may in many respects have been a sophisticated young musician (he had recently performed at the Barbican Centre in London with the Royal Philharmonic Pops Orchestra, for example), in functional terms, Derek’s understanding of sound was still in some respects naïve. For him, the sound of a page being turned was as much as part of the musical narrative as the notes that Chopin had prescribed: he evidently did not distinguish between the two.

Another pupil, Romy Smith, aged 11, offers a further example. She is on the autism spectrum and has limited receptive and no expressive language. However, like Derek, she evinces an exceptional musicality, including AP, and has a passion for playing the piano. She engages in improvised musical dialogues with glee, largely using melodic fragments from the one hundred or so pieces she has learnt, occasionally interspersed with material that she has invented herself. Motifs tumble over one another in rapid succession and are connected using imitation in whole or in part. This approach enables Romy to control what goes on – something that she is unable to do through speech – and is consequently a source of huge satisfaction for her. Musically, she initiates things, and expects her musical partner to continue what she begins (either alone, or simultaneously with her as she continues playing, in the key and at the tempo that she determines), or to provide an accompaniment, typically using material that she dictates.

Romy too is in the habit of introducing everyday sounds into her playing, though in a different way from that adopted by Derek at a similar age. As soon as Romy hears certain sounds, including her father’s cellphone ringtone and airplanes as they come in to land (one of the rooms we use for sessions is only a few miles from London’s Heathrow Airport), she reproduces them on the piano, incorporating them into her improvised dialogues with me. The extraneous sounds become a strand in the music. But unlike, for example, Beethoven’s cuckoo in his Pastoral Symphony, Romy’s extramusical interjections are not intended to have a residual symbolic meaning, borrowed from their original contexts (cf. Ockelford, 2005a). Her aim is not to create a piece about, say, a plane coming in to land (she has no experience of an airplane landing and therefore, presumably, no such concept): the whine of the jet engines is pure sound as far as she is concerned – like the ringtones, grist to the mill of her musical creativity.


Absolute pitch (‘AP’)

It appears that the inclination to attend to each sound as a phenomenon in its own right means that young children may develop an unusually strong focus on ‘absolute’ perceptual qualities. This is particularly noticeable in relation to pitch, where children on the autism spectrum are around 500x more likely to develop ‘absolute’ recognition and reproduction skills than those in the general Western population (it is estimated that around 1 in 20 autistic people have AP – see Rimland and Fein, 1988 – as opposed to around 1 in 10,000 of ‘neurotypicals’). For some of the latter, particularly those who develop AP beyond the early years, the ability is often limited to the timbre of one instrument (usually the piano), constrained to a ‘central’ range of pitches, adversely affected by factors such as fatigue, and may well operate only in a recognition rather than a production mode. However, such restrictions do not, in my experience, appear to apply to children on the autism spectrum who have AP. Such children have a ‘universal’ form of the ability, which functions expressively and receptively in relation to all timbres across a very wide pitch range, and is not compromised by considerations such as tiredness.

Strange as it may seem, it is quite likely that neither the children themselves nor those educating or caring for them will be aware of their unusual skill. On one occasion, following a public lecture I gave on the impact of autism on the development of auditory perception, I was approached by a middle-aged man who, through the examples I had provided of people with universal absolute pitch finding certain types of everyday sound distinctive and memorable, had come to realize, for the first time, that he himself had AP. He could recall, for example, the pitch of a buzzing fluorescent light in his kitchen. However, he had never been taught the names of the notes in music, and so, having lacked the vocabulary to talk about what he heard, he had been unaware that the way he perceived sound was unusual.

This account shows, contrary to the views of some (for example, Miyazaki, 2004), that being able to label pitches is not an essential element in AP. This is in any case obvious to anyone who works with very young children on the autism spectrum, since AP almost invariably develops before the acquisition of music-theoretical concepts and their associated vocabulary. Indeed, I strongly suspect that there are many young autistic people who, having little or no language, and, therefore, no immediate way of demonstrating their special skill, have undetected AP (cf. Lenhoff, Perales and Hickok, 2001, who found a similar situation exists in the case of individuals with Williams Syndrome, described below). It is often the case that, when I visit schools and centres specialising in autism spectrum conditions, I encounter pupils and students who are obsessively interested in certain music-like sounds in the environment (to which they appear to be acutely sensitive), or who, like Freddie, enjoy rearranging everyday objects according to the different sounds that they make, or who are habitually singing, humming or even whistling snatches of melody in a particularly tuneful way. When I see children behaving like this, I immediately wonder whether they may have AP: whether there is a latent musicality waiting to be released through the development of the necessary technical skills, which would enable the young people concerned to express themselves through playing or singing, and, above all, be equipped to engage with the wider world of musical interaction with others.

Of the thousands of autistic (and blind) children I have encountered, those with AP had invariably manifested this ability around the age of two, according to the accounts of parents and teachers and, on some occasions, through my own observations. The effects can be striking. For instance, around 30 years ago a mother brought her 12-month-old baby boy to see me who was totally blind with a condition known as Leber Congenital Amaurosis or ‘LCA’ (Leber, 1869; Stone, 2007; Ockelford, Gott, Risdon and Zimmermann, 2014). It later emerged that he was on the autism spectrum and had severe learning difficulties too. Mother and child came to the school for the blind where I was then Head of Music. When they arrived, a teenage boy (who, coincidentally, also had LCA, learning difficulties and autism) was practising on the organ. On hearing the sound, the little boy stilled in his mother’s arms, transfixed. He listened, engrossed, for around quarter of an hour, while the organ music continued. I thought at the time (and mentioned it to his mother) that here was a child who evidently showed signs of exceptional musical interest, which may or may not translate into exceptional musical ability as he grew up. In any case, it seemed important to ensure that he was exposed to a wide range of music in the coming months and years, that he was given access to instruments to explore freely and to play with, and that he had plenty of enjoyable musical interactions with his adult carers.

I came across the little boy again a year later, when he was two, having heard that he had started to teach himself to play the piano. As he sat on his mother’s knee in my music room, I hummed Twinkle, Twinkle, Little Star in A major. What would he do? Would he be able to replicate the piece, and if so, would he do it in the correct key? In the event, not only did he reproduce the tune in the correct key – starting on A – but it also appeared with a rudimentary accompaniment (comprising individual notes) in the left hand. Further simple copying games, involving single pitches, as well as chords comprising two or three notes, confirmed that the boy did, indeed, have AP.

This ability to disaggregate two musical sounds or more that occur simultaneously is often associated with AP (Miller, 1989). In its absence, the task appears to be very difficult. Indeed, most people struggle even to hear how many notes there are in a chord or cluster, let alone identify which they are (Huron, 1989; Parncutt, 1989). With extensive experience or conscious practice or both, musicians without AP can learn to disembed the different components of a chord, particularly if they are used to playing with other musicians, and so get to know how each part sounds from hearing it performed by a colleague, distinct from others. In contrast, many children with AP – whether they are on the autism spectrum or not – seem to be able to disaggregate chords with no conscious effort. Those who have expressive language and have learnt the names of the notes will be able to say which pitches are present when they are presented with chords. Others, who cannot or will not talk about what they can hear, may be persuaded to reproduce chords on a piano or other keyboard.

Indeed, some autistic people are highly skilled in this way. Derek Paravicini publicly demonstrated his capacity for chordal disaggregation on CBS’s 60 Minutes programme in the US. The host, Lesley Stahl, played large, complex combinations of notes on the piano, and Derek was able to imitate them all immediately without apparent error. Subsequent tests showed that Derek actually achieved a little over 90% accuracy, even with nine or 10 note chords. Beyond this, with only 10 fingers to play with, testing becomes more problematic, although on another television programme (Extraordinary People in the UK), Derek did attempt to reproduce the sounds of a whole symphony orchestra by scurrying rapidly up and down the keys!

A striking feature of the way that Derek, other musical savants, and the most skilful ‘neurotypical’ musicians with AP appear to process chords, is from the ‘bottom up’. That is to say, their attention seems to be drawn most strongly to the lowest pitches in harmonies with relatively less importance being placed on higher notes. The evidence for this comes from the work of Mazzeschi et al. (2011), who undertook an experiment in which six musical savants and 17 advanced music students (all with AP) attempted to reproduce a series of 120 chords of four, five, six, seven, eight and nine notes on the piano, purely by ear. All the savants and around half the music students formed a relatively high scoring group, whose approach was characterised by ‘bottom up’ listening. The remaining music students constituted a relatively low-scoring group, who exhibited a strong tendency to get the top notes correct, but were not as good at hearing ‘further down’ into each of the clusters. This, of course, is the strategy that most listeners adopt in everyday listening, and one that is constantly reinforced, since melodies – typically the prime source of musical identity and interest – are usually placed topmost in the texture. To sum up: Mazzeschi’s data suggested that two different listening strategies were in play, and that one (‘bottom up’) was more effective than the other (‘top down’).

To grasp the significance of this in musical terms, it is important to appreciate that the lowest note in a chord has a special significance in determining the nature of harmony that is heard, including its inversion, and in defining its function in relation to neighbouring sonorities. That is, the lowest note carries greatest structural weight, and so ‘bottom up’ hearing implies a deep harmonic understanding. Interestingly, this runs contrary to the tendency, observed in other contexts, of the autistic mind to be attracted primarily to surface detail. And it could be, unlike many other domains of human engagement and activity, that music perception is not adversely affected by ‘weak central coherence’ (cf. Heaton, Pring and Hermelin, 2001; Heaton, 2003; Happé and Frith, 2006;).

This proclivity for structural hearing can also be seen in other aspects of the savants’ chordal processing style: even Derek, who consistently managed to replicate nine out of 10 notes in the most complex combinations, was better at dealing with some groups of sounds than others. In particular, ‘conventional’ chords, that formed recognizable auditory ‘shapes’, were more likely to be reproduced entirely correctly than clusters of pitch that were irregular or unusual or both. And this was true to an even greater extent with the other participants, including all the savants. In other words, the savant musicians, just like their ‘neurotypical’ counterparts with AP, were perceiving the ‘Gestalts’ of the chords to which they were exposed as well as their individual components. Again, this appears to imply a form of music-perceptual processing in these exceptional autistic people that diverges from the general principle of weak central coherence (cf. Mottron, Peretz and Ménard, 2000).

Savants are very rare, and so (by definition) they are in some ways atypical of the autism spectrum as a whole. However, there is case-study evidence that the ‘bottom up’ auditory processing strategy that seems to be favoured by musical savants may be used by other children on the autism spectrum (or who have broadly comparable neurodevelopmental conditions). Here is a description of a session that I had with Avni, a seven-year-old girl with Williams syndrome (a neurodevelopmental genetic disorder characterized by cognitive impairment in areas such as reasoning and spatial cognition, and relatively preserved skills in social domains and music). The account is taken from Powell (2011, p. 48).

The following week, when Adam suggested that they play Somewhere Over the Rainbow, Avni began to pick out a bass line in the lower register of the piano. She was playing in C major and it was not very clear what she intended to do. Adam started to play the melody in E♭ major (as he had done in the previous week) to remind her of the tune but Avni stopped him and instructed him to start on C, while she continued to pick her way through a bass line in C major. It seemed that she had assimilated the overall harmonic structure of the piece rather than just the melody, and she was eager to reproduce this harmonic bass line. Avni’s mother informed us that, in fact, she had played several different arrangements of Somewhere Over the Rainbow to Avni during the previous week, which explained why she had learned the piece in a different key. Her eagerness to play the bass line, rather than the melody, in the first instance, demonstrates Avni’s keen sense of harmony, and the facility that she has in reproducing that harmony.

What does this form of pitch perception mean for children on the autism spectrum? For some of them, at least, it seems that the experience of music is likely to be different from that of the majority: more vivid, more powerful, more exhilarating, more enervating. Having AP may make each pitch appear as a familiar friend in an otherwise confusing world. For example, when Freddie comes downstairs in the morning, he first goes to his piano and will sit for an extended period, playing individual notes, clusters and tiny fragments of melody to himself, with evident pleasure – each key-stroke greeting him with a consistency that his fellow humans can never match. That is, while saying ‘hello’ to a family member is likely to evoke a different response on each occasion, middle C and its 87 neighbours are comfortingly consistent!

Moreover, these individual notes and chords have the power to elicit a powerful reaction in Freddie, who often becomes physically and vocally demonstrative during his private ‘recitals’. The ‘neurotypical’ ear, in contrast, would not tend to respond with such emotional intensity to isolated sounds like these, divorced from a musical narrative. To evoke responses of the potency experienced by Freddie, composers typically select notes at the extremes of the usual range of pitches, such as the hushed low Cs played on double basses, contrabassoon, bass drum and organ that open the introduction to Richard Strauss’s Also Sprach Zarathustra (popularised in Stanley Kubrick’s 2001: A Space Odyssey) or the pellucid top C to which the highest voice in Allegri’s Misere soars. 

It is of little wonder, then, that children such as Freddie and Romy will play notes or chords or fragments of melody again and again to get the emotional ‘kick’ that they engender. When he was younger, Derek would strike particular notes on the piano relentlessly and with such force that the hammer or the string would eventually give way. Whereas neurotypical brains tend to habituate to such stimuli (whereby their impact diminishes with repeated exposure), children with autism seem to hear them afresh on each occasion – as though listening for the first time. And when, as supporting adults, initial boredom with a child’s latest auditory obsession is far in the past, his or her level of emotional arousal appears, if anything, to have increased.

Experience suggests that the same may be true of everyday sounds, which, as we have seen, young people on the autism spectrum may process musically. For them, the cluttered soundscape of the shopping centre, the airport or the classroom may be overwhelming. Each stream of auditory information – the humming of the air-conditioning, the ticking of the clock, the musical tones that precede each announcement on the PA system, the babble of people chatting – has its own, distinct characteristics, and the child may not be able to ‘switch them off’ mentally, and so escape from them. Through Gestalt perception, most of us instinctively draw some stimuli into the foreground of our attention, while pushing others into the background, where they can be ignored (Bregman, 1990). However, as Romy’s reaction to airplanes and cell phones shows, this may be difficult (perhaps impossible) for some children with autism. We may surmise that, for a proportion of children on the autism spectrum, being assailed with an unfiltered jumble of perceived sounds is the cognitive norm. For them, ‘multi-tracking’ appears to be unexceptional and, indeed, they may even seek out high levels of auditory complexity: for instance, both Freddie and Romy enjoy having other music sounding (even from two or three sources, such as the radio, an iPad and a noisy toy) as they play the piano (in contrast to their music teacher who finds it difficult to cope with the resultant cacophony!).

The capacity to ‘hear sounds in our heads’, without the presence of any physical correlate, is widespread if not universal, and indeed, most people are thought to have ‘earworms’ from time to time – fragments of tunes that go round and round unstoppably in our minds (Halpern and Bartlett, 2011; Williamson et al., 2011). The possession of AP suggests that the mental imagery of sounds may be more vivid than for those who are reliant on relative pitch alone, since in the former scenario the ‘inner sounds’ one hears are memories of percepts themselves, rather than having to be reconstructed via remembered relationships between notes. Having observed hundreds of children on the autism spectrum over the years, I have come to the conclusion that earworms are a relatively common feature among this population, particularly in those with AP, for whom, I suspect, internally constructed (or reconstructed) fragments of music may form potent elements in their streams of consciousness. Evidence of this phenomenon includes the frequency with which children repeatedly hum, sing or whistle snippets of tunes, presumably as an expression of what they can hear in their heads, often with fingers plugging the ears in an effort to block out external distractions. On occasion, pupils have continued to hum or sing while they play a different piece on the piano: further testimony to the auditory ‘multi-tracking’ of which they appear to be capable. These two ‘inner’ and ‘outer’ worlds may converge in unexpected ways: for example, both Freddie and Romy will pretend to play the piano, by touching the appropriate keys, but without them sounding. Freddie, in particular, sometimes sings the pitches of the notes that he is touching. Evidently, there is a sense in which physically causing a pitch to occur when an intense mental image of it has already been generated is tautological – grating, even, if the piano is slightly out of tune. Making the notes on instruments sound when performing is just another thing that ‘neurotypical’ people do that children on the autism spectrum with AP have to get used to!


The consequences of AP for musical engagement

One line of thinking is that AP is something that we all possess as babies, but lose early on, as relative pitch processing comes to dominate (Saffran and Griepentrog, 2001). This is thought to occur since key information, such as the vocal inflections that modulate speech and the identity of musical messages, is largely about pitch differences rather than absolute values. If this theory is correct, then we can surmise that a feature of auditory perception prominent in some people on the autism spectrum – AP – is shared by all of us in the first few months of life. The difference is that the exceptional early cognitive environments of those with autism mean that they have a far higher probability than most of us have of retaining their AP abilities.

Another contention is that the development of AP is contingent on music education – in particular, instrumental tuition (Chin, 2003). Of course, it may be the case that, for some children, learning to play a pitched instrument early in childhood has an impact on the development of their absolute pitch perception abilities. However, given that young children are thought to be exposed to music around 80% of time (Lamont, 2008) whether or not they have music lessons, and since it is not necessary to play an instrument to develop AP, it is reasonable to question the extent to which specialist music input actually plays a part. Indeed, one could argue the converse, that those young children who are attracted to play instruments (or whose parents consider that they should) are those that have well-developed auditory skills.

Whatever the merits of this argument, for the great majority of children on the autism spectrum with AP, observation suggests that the ear leads the hand as far as learning to play an instrument is concerned. That is to say, it is absolute perception that drives them towards trying to pick out tunes and harmonies on instruments that they may encounter at home, in the nursery or at school – typically the keyboard or piano – something that often occurs with no adult intervention. According to Happé and Frith (2009), it is the autistic child’s eye for detail (in this case, ear for detail) that catalyzes the development of special talents. I would add that it is AP that fuels savant abilities in the domain of music (Ockelford, 2013, p. 229). Let us consider how this works.

Take a typical playground chant (Figure 11.3). Neurotypically, in terms of pitch, this is likely to be encoded, stored and retrieved principally as a series of differences between notes (although absolute memories will exist within a range). However, for children such as Freddie and Romy, who have AP, the position is rather different, since they have the capacity to encode the pitch data from music directly, rather than as series of intervals. Hence in seeking to remember and repeat groups of notes over significant periods of time, they have certain processing advantages over their neurotypical peers, who extract and store information at a higher level of abstraction (note that such representations may be more parsimonious, however, since they are able to take advantage of the redundancy inherent in musical structures).
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Figure 11.3 A playground chant.

In my view, it is this capacity that explains why children on the autism spectrum with AP are able to develop instrumental skills at an early age with no formal tuition, since for them, reproducing groups of notes that they have heard is merely a question of remembering a series of one-to-one mappings between given pitches as they sound and (typically) the keys on a keyboard that produce them. These relationships are invariant: once learnt, they can service a lifetime of music making, through which they are constantly reinforced. On the other hand, were a child with ‘relative pitch’ to try to play by ear, he or she would have to become proficient in the far more complicated process of calculating how the intervals that are perceived map onto the distances between keys, which, due to the asymmetries of the keyboard, are likely to differ according to what would necessarily be an arbitrary starting point.

For example, the interval of a minor 3rd that exists between the first two notes of the playground chant shown in Figure 11.3 can be produced through 12 distinct key combinations, comprising one of four underlying patterns. Moreover, the complexity of the situation is compounded by the fact that virtually the same physical leap between other keys may sound different (a major 3rd) according to its position on the keyboard (see Figure 11.4).
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Figure 11.4  Different mechanisms involved in playing by ear using ‘absolute’
and ‘relative’ pitch abilities.

That is not to say that children with AP who learn to play by ear do not rapidly develop the skills to play melodies beginning on different notes too, and it is not unusual for them to learn to play pieces fluently in every key (a capacity that, as a teacher, I strongly encourage). This may appear contradictory, in the light of the processing advantage conferred by being able to encode pitches as perceptual identities in their own right, each of which, as we have seen, maps uniquely onto a particular note on the keyboard. However, the reality of almost all pieces of music is that melodic motifs and, to an even greater extent, major and minor harmonies variously appear at different pitches, and so to make sense of music, young children with AP need to learn to process pitch relatively as well as absolutely (cf. Stalinski and Schellenberg, 2010). This begs the question of how the two forms of processing evolve and interact in the musical development of children with AP.

Let us return to the case of Romy, who today, aged 12, has a repertoire of over 100 song excerpts and fragments of other pieces from a wide range of styles that she uses as material for improvised interactions on the piano (Ockelford, 2012b). In re-creating these motifs, she tends to play the melody alone with the right hand, although she sometimes supplies a bass-line in the left, occasionally adding chords and, in the case of the opening of the theme from the second movement of Beethoven’s Pathétique sonata, a moving inner part.

Apart from being a joyous, unfettered musician with whom to work, Romy is fascinating from a music-developmental point of view because, despite her unusual talents, she does not always get things right, and it is in her pattern of errors that one can obtain a rare glimpse into the workings of an exceptional musical mind – in particular the relationship between absolute and relative pitch processing, which, in her case, is still evolving. For example, one of her current passions (obsessions) is the theme from Vltava by Smetana’s orchestral suite Má Vlast. I first played Romy the tune in E minor (the key in which it initially appears in the symphonic poem), and she quickly picked it up using her AP ability, invariably reproducing the outline of the melody correctly, and sometimes adding new details of her own (see Figure 11.5).
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Figure 11.5  A typical rendition of the Vltava theme in E minor by Romy.

This is relatively straightforward. But Romy is a compulsive transposer. She will play the same motif over and over again, starting on a different note, each time and sometimes even suddenly changing key within a particular appearance of the musical fragment concerned. As she likes me to provide an accompaniment, this is particularly challenging! It may be, though, that it is this very challenge that explains Romy’s maverick modulations, since they ensure that she keeps control of the shared musical narrative. This is a subtle development of the influence that she previously had exerted through playing material in different keys to prevent me from joining in (Ockelford, 2012c). On the contrary, she is now content for me to participate in her creative flow provided that she feels in charge of what is happening. I believe that another reason for Romy’s constant key changes is the buzz that she gets from hearing things that are at once well-known and novel: ‘so familiar and yet so strange’ (Kayzer, 1995). Only someone with her powerful sense of AP could experience shifts of key in this way: she will often leap up and shriek with excitement as she hears the impact of a motif with which she is familiar appearing as a fresh set of pitches – seeing old friends in a new light, as it were.

And yet she sometimes makes mistakes that remain uncorrected at the time and which are repeated on future occasions. For example, in her version of the introduction of the Vltava melody in F minor, she plays a B instead of a C; see Figure 11.6. This is a glaring error, which observers in Romy’s lessons notice immediately.
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Figure 11.6  Romy’s uncharacteristic error in her transposition of the Vltava theme.

It seems inconceivable that, in some sense, Romy does not realize that something is awry, given her advanced pitch-processing abilities. At the same time, we can assume that she intends to play things correctly (she rarely makes mistakes, and tends to be intolerant of new harmonies that I may from time to time try to introduce as I accompany her). What, then, is going on? To answer this question, we will take a step back and think again about the ‘neurotypical’ child’s reproductions of the playground chant (Figure 11.3). Since this is liable to be sung on different occasions using intervals. Now, imagine that the child concerned is at the stage of beginning to sing the first note. Without thinking, he or she chooses a pitch (which is likely to approximate to the ones used in earlier renditions of the same motif). We can surmise that a representation of this opening note will be held in working memory and become a reference point for those that follow, functioning as a temporary ‘absolute’ in the domain of pitch. In much the same way, information on the second note will be retained, as a benchmark for those that follow. So the third note will have two possible points of reference, the fourth three, and so on: the unfolding network of relationships creating an embryonic pitch ‘framework’ (Ockelford, 2008, p. 102) through which the notes are mentally locked together. There are no conflicts, and the structure is self-sustaining (although, as amateur choirs may know to their cost, temporary ‘absolute pitch’ markers can drift over time without the singers being aware of it).

How does this differ from the situation with Romy? We have assumed that she initially encoded the Vltava theme as a series of pitches pertaining to E minor (and therefore starting on B, the dominant). When retrieving the melody at this absolute level of pitch, the task appears (for her) to be straightforward, and she re-creates it without error (Figure 11.5): it seems that she accesses her absolute pitch memories (which are, of course, not unique to this melody) and reifies these on the piano using the set of pitch-space mappings that she acquired autonomously as a little girl aged three, experimenting with her first keyboard. It is not clear whether Romy also encoded the melody in relative terms, distinct from her ‘absolute’ memories, although (as we shall see) the error she makes casts doubt on this notion.

Let us assume for the time being that the pitches were stored only as absolute values. Given a series of data in this form, we can postulate that there are two strategies that Romy could have adopted when she sought to transpose the melody. First, she could have drawn into working memory her long-term representations of absolute pitches, and calculated a transposed version of each. It seems likely that this would have produced interference, since the values being calculated anew would have conflicted with those being recalled, yielding the potential for confusion and – therefore – error. See Figure 11.7. Similar incompatibilities would have arisen had Romy attempted to extract information concerning intervals from the series of absolute pitches as they were recalled.
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Figure 11.7  The conflict between absolute memories recalled and
transposed is thought to result in confusion and induce error.


However, if relative data, in either of these two forms, had been dissociable from the absolute, then conflicts would not have arisen, and errors would have been less likely. Hence, one potential explanation for Romy’s mistakes in transposition is the absence – or partial lack – of discrete relative encoding of pitch in her long-term memory.

Experience suggests that most children with AP sooner or later find ways of resolving potential conflicts like this, between the ‘absolute’ and ‘relative’ encoding of pitch. Freddie, for example, learnt to play major and minor scales in every key on the piano by ear, requiring only C major and minor as models. In terms of pitch, these provided him with the all the information he required. When he was asked to play the scales on other notes, I could hear him singing the next pitch that was required, and then finding the relevant key on the piano, which he could do very rapidly since, as we have seen, his AP meant that he knew precisely what each note sounds like. Any mistakes that he made (largely due to difficulties with fingering, which he continues to learn much more painstakingly through physical demonstration and support) were immediately corrected. Hence we can assume that Freddie initially encoded the scale of C in absolute terms, abstracted the necessary information about pitch differences from those traces, and subsequently drew on this when transposing, plugging the nodes of the intervals back into his absolute pitch framework (at a different level from the original) – see Figure 11.8.
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Figure 11.8  Example of Freddie’s hypothesized mental processing in transposing a scale

To sum up: despite the conflicts that may arise from retrieving pitches encoded relatively and absolutely, there is little doubt that the possession of AP confers a huge advantage on the musical development of children on the autism spectrum, particularly those with learning difficulties, for whom many of the more conventional ways of learning (through emulating peers working in social groups or through being taught using notation, for example) may not be feasible or appropriate.


Music and language

A further potential consequence of the exceptional early cognitive environment that autism engenders pertains to language, and that is ‘echolalia’. This distinctive form of speech is widely reported among children on the autism spectrum (Sterponi and Shankey, 2013). It was originally defined as the meaningless repetition of words or groups of words, occurring either immediately after the language in question has been heard or at some point in the more distant future (Fay, 1967). Prizant (1979) was among the first to observe that echolalia can actually fulfil a range of functions in verbal interaction, such as turn-taking and affirmation, and often finds a place in non-interactive contexts too, where it can serve as a self-reflective commentary or rehearsal strategy (Prizant and Duchan, 1981). And it is a feature of normal language acquisition in young children (Mcglone-Dorrian and Potter, 1984), when the urge to imitate what they hear outstrips semantic understanding. As I contend elsewhere (Ockelford, 1999, 2009, 2012a), imitation lies at the heart of musical structure, so one could argue that one cause of echolalia is the organization of language (in the absence of semantics and linguistic syntax) through the kind structure (repetition) that is present in all music. It is as though the words (bearing little or no meaning) become musical objects in their own right, to be manipulated purely through their sounding qualities (see Figure 11.9).
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Figure 11.9 Speech too may be processed in musical terms by some children on the autism spectrum.

It is worth noting that even music can become ‘super-structured’ with additional repetition: it is common for children on the autism spectrum to play snippets of music (or videos with music) again and again … and again. It is as though music’s high proportion of repetition (typically around 80% – see Ockelford, 2005b) is insufficient for the mind with an insatiable appetite for structure, and so it creates even more. According to the accounts of autistic adults who are now able to verbalise why they (as children) would repeat musical excerpts in this way, it appears that (apart from the sheer enjoyment of hearing a particularly fascinating series of sounds again and again) their main motivation was to enable them to hear more and more in the sequence concerned. Given that most music is highly complex, with many events occurring simultaneously (and since even single notes generally comprise multiple pitches in the form of harmonics), to the child with finely tuned auditory perception, there are a host of different features to attend to in even a few seconds of music, and myriad relationships between sounds to fathom. So, while listening to a passage a hundred times may be extremely tedious to the ‘neurotypical’ ear, which can only detect half a dozen composite events, each fused in perception; to the mind of the autistic child, which can break down the sequence into a dozen different melodic lines, the stimulus may be engrossing.


Conclusion

This chapter rehearses a theory of autism and music, whereby autism creates what is termed an ‘EECE’ (‘exceptional early cognitive environment’). This can pose challenges in terms of language and in grasping the functional importance of everyday sounds, which are more likely to be processed for their perceptual qualities. To this mix should be added the ubiquity of music in early childhood, and music’s self-referencing structure (requiring no symbolic understanding). This leads to a tendency for all sounds to be processed as though they were inherently musical, and in terms of musical structure (repetition). A number of consequences follow. Critically, as we have seen, it is estimated that something over 5% of children on the autism spectrum develop AP. The fact that AP tends to appear around 24 months – the same time as language would generally emerge – has been noted by researchers such as Miller (1989), who investigated the abilities of a number of musical savants with limited verbal communication skills, and led to the suggestion that music can come to function in some respects as a proxy for verbal communication in the auditory domain. Indeed, I have worked with a number of children for whom this is the case, including some instances where music substitutes entirely for language (as it does, for example, for Romy).

It seems that AP plays a particularly important – perhaps an essential – part in the propensity of some children to teach themselves to play an instrument (typically the keyboard) by ear at any early age. The critical thing is that such abilities have the opportunity to develop, through access to musical instruments that are manageable with small hands, and (preferably) encouragement to explore them, and have fun experimenting with the sounds that they can make. It is crucial that appropriate adult support be provided to guide the development of technique and a love of playing in social contexts.

This thinking is summarized in Figure 11.10.
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Figure 11.10  The supposed impact of ‘exceptional early cognitive environments’
cause by autism on musical and wider auditory development.

Reflective questions

1. What qualities of music make it so appealing to many children on the autism spectrum?
2. Why might some ‘traditional’ approaches to instrumental teaching not suit autistic children? What would need to change?
3. What strategies might be suitable to encourage language acquisition and use in children on the autism spectrum with special musical abilities?
4. What are the consequences of AP likely to be for the way a child hears and learns music?
5. In what ways do music and language differ as forms of communication, and in what ways are they similar?
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