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      ‘A genuine tour de force – unquestionably Mithen’s best book to date’
      

      British Archaeology

      ‘In his extraordinary book, Steven Mithen uses anecdotes and a panoply of forensic evidence from linguistics, paleoanthropology,
         archaeology, psychology and neuroscience to present a new and controversial theory of the origins of language and music’
      

      Adrian Wolfson, Sunday Telegraph

      ‘As praiseworthy as Steven Mithen’s previous titles, The Prehistory of the Mind and After the Ice … This is a beguiling book with enough documentation to satisfy the cynical linguist … an up-to-date and original survey
         of human origins from one of archaeology’s leading writers’
      

      Mike Pitts, Sunday Times

      ‘Mithen’s rich, dispassionate study of the origins of music, language and mime goes back to music-making among primates as
         the basis for understanding what role music might play in the human mind’
      

      Norman Lebrecht, Evening Standard

      ‘The book is extremely well-written and Mithen’s clear and infectious enthusiasm will make it a good introduction for non-specialists
         interested in the topic. I can recommend it to anyone interested in the biology and evolution of music’
      

      Tecumseh Fitch, Nature

      ‘Begins with a detailed analysis of music and musical ability, drawing on musicology, psychology and neurobiology to build
         a comprehensive and erudite picture of music’s capacity to move us … a long overdue book, which approaches human evolution
         from an intriguing as well as entertaining angle’
      

      R. I. M. Dunbar, TLS

      ‘A joy, packed with the latest research and intriguing new suggestions and ideas’

      Richard Wentk, Focus
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      Preface

      The propensity to make music is the most mysterious, wonderful and neglected feature of humankind. I began writing this book
         to describe my theory as to why we should be so compelled to make and listen to music. I wished to draw together and explain
         the connections between the evidence that has recently emerged from a variety of disciplines including archaeology, anthropology,
         psychology, neuroscience and, of course, musicology. It was only after I had begun that I came to appreciate that it was not
         only music I was addressing but also language: it is impossible to explain one without the other. As the work progressed,
         I also realized that their evolution could not be accounted for without being thoroughly embedded in the evolution of the
         human body and mind. And so the result is necessarily an ambitious work, but one that I hope will be of interest to academics
         in a wide range of fields and accessible to general readers – indeed, to anyone who has an interest in the human condition,
         of which music is an indelible part.
      

      When I mentioned to my family that I intended to write a book about music there was a moment’s silence and then laughter.
         Although I frequently listen to music, I can neither sing in tune nor clap in rhythm. I am unable to play any musical instrument.
         Sue, my wife, sings; she and my three children play the piano. Heather, my youngest daughter, also plays the violin. It saddens
         me that I will never be able to join one of them in a piano duet or accompany them with a song. I’ve tried the latter and
         it is a deeply unpleasant experience for all involved.
      

      Writing this book has been an attempt to compensate for my musical limitations. When my children were valiantly struggling
         with piano practice in one room, I would be doing the same with the theory of music in another. It’s been the closest we will
         ever get to making music together. If they hadn’t worked so hard, neither would I, and this book would never have been written.
         So I am most grateful for their efforts; I am both proud and envious of their musical achievements.
      

      Nicholas Bannan, my University of Reading colleague, helped to stimulate my longstanding but latent interest in how music
         evolved by his infectious enthusiasm for this topic and his spontaneous singing demonstrations.
      

      I began my research vicariously by supervising student dissertations on relevant subjects, notably by Iain Morley and Hannah
         Deacon. These further excited my interest and I immersed myself in the relevant literature. To my immense pleasure, I then
         found that I could justify long hours simply listening to music while digesting what I had read and thinking about what it
         might mean.
      

      During the course of my research I have benefited greatly from the help and advice of many friends, colleagues and” academic
         acquaintances. My greatest academic debt is to Alison Wray. Her work has been the most influential on my own thinking. She
         kindly commented on the first draft of my manuscript and provided copies of her unpublished papers. Kenny Smith also kindly
         read and commented on the whole draft manuscript, while Jill Bowie, Dick Byrne, Anna Machin, Isabelle Peretz and Ilona Roth
         did the same for selected chapters. I am most grateful for their advice and support.
      

      I would also like to thank Brent Berlin, Margaret Clegg, Ian Cross, Valerie Curtis, Franceso D’Errico, Robin Dunbar, Christopher
         Henshilwood, Maggie Tallerman and Andy Whiten. They pointed me to publications, discussed ideas, answered email queries and
         provided me with copies of unpublished manuscripts.
      

      Nicholas Bannan and I co-organized the ‘Music, Language and Human Evolution’ workshop that took place at the University of
         Reading in October 2004, kindly funded by the European Science Foundation. This occurred after I had completed the first draft
         of this book and it gave me the opportunity to meet and discuss with many of the academics whose work I had cited but whom
         I had not previously met. I am most grateful to all the participants for that most stimulating event, which provided me with
         further information, ideas and inspiration to complete the book: Margaret Clegg, Ian Cross, Pedro Espi-Sanchis, Tecumseh Fitch,
         Robert Foley, Clive Gamble, Tran Quang Hai, Björn Merker, lain Morley, Isabelle Peretz, Ilona Roth, Johan Sundberg, Elizabeth
         Tolbert and Sandra Trehub.
      

      While I have benefited enormously from discussion and debate with all of those mentioned above, any errors or fuzzy thinking
         within this book are unquestionably my responsibility alone.
      

      During the course of my writing I have been fortunate to have had clerical support from Chris Jones. She eagerly checked bibliographic
         references, undertook Internet searches and photocopying, and provided all manner of miscellaneous help that made writing
         this book possible in the gaps in the inundation of meetings and paperwork that; comes with university jobs today. I am also grateful to Tom Wharton, my editor at Weidenfeld & Nicolson, who provided considerable advice on my draft
         manuscript, to the book’s immense benefit.
      

      The most intense musical experience of my life was on a winter’s evening in 1983 when Sue took me to hear Fauré’s Requiem
         in a candlelit York Minster. It has taken me the last twenty-one years of studying human evolution and the last year of writing
         this book to understand why I and so many others were moved and inspired by the music we heard that night. That was the first
         time I had heard Fauré’s Requiem. Ever since, Sue has been introducing me to new music, often through the concerts of the
         Reading Festival Chorus, with which she sings. This has truly enhanced my life. And so it is with my gratitude that I dedicate
         this book to her.
      

      

      31 December 2004

   
      
      1 The mystery of music

      The need for an evolutionary history of music

            It has been said that the adagio from Schubert’s String Quintet in C Major is a perfect piece of music.1 I have it playing at this very moment and might easily agree. Bach’s Cello Suites could also take that accolade, as could
         ‘A Kind of Blue’ by Miles Davis. That, at least, is my view. Yours will be different. In this book I am not concerned with
         the specific music that we like but with the fact that we like it at all – that we spend a great deal of time, effort and
         often money to listen to it, that many people practise so hard to perform it, and that we admire and often idolize those who
         do so with expertise, originality and flair.
      

      The explanation has to be more profound than merely invoking our upbringing and the society in which we live, although these
         may largely account for our specific musical tastes. The appreciation of music is a universal feature of humankind; music-making
         is found in all societies and it is normal for everyone to participate in some manner; the modern-day West is quite unusual
         in having significant numbers of people who do not actively participate and may even claim to be unmusical. Rather than looking
         at sociological or historical factors, we can only explain the human propensity to make and listen to music by recognizing
         that it has been encoded into the human genome during the evolutionary history of our species. How, when and why are the mysteries
         that I intend to resolve.
      

      While several other universal attributes of the human mind have recently been examined and debated at length, notably our
         capacities for language and creative thought, music has been sorely neglected. Accordingly, a fundamental aspect of the human
         condition has been ignored and we have gained no more than a partial understanding of what it means to be human.
      

      The contrast with language is striking. As part of its founding statutes in 1866, the Société de Linguistique de Paris banned
         all discussions about the origin of language.2 This position held sway with academics for more than a century, before a surge of research began during the last decade of
         the twentieth century. Linguists, psychologists philosophers, neuroscientists, anthropologists and archaeologists now frequently
         debate the origin and evolutionary history of language, and have published many articles and books on the topic.3

      Even though the Société de Linguistique de Paris had nothing to say about studying the origin of music, academics appear to
         have observed their own, self-imposed ban, which has effectively continued up to the present day. There have, of course, been
         some notable exceptions which should be acknowledged. One was Charles Darwin, who devoted a few pages in his 1871 book, The Descent of Man, to the evolution of music. More recently, there was the renowned ethnomusicologist John Blacking whose 1973 book, How Musical Is Man?, broached the idea that music is an inherent and universal human quality.4

      Not only does the origin of music deserve as much attention as that of language, but we should not treat one without the other.
         Indeed, in spite of the recent activity, only limited progress has been made in understanding the evolution of language. This
         can be explained partly by neglect of the archaeological and fossil evidence, and partly by the neglect of music. Those writers
         who had evidently annoyed the Société de Linguistique de Paris were aware that music and language have an evolutionary relationship.
         Jean-Jacques Rousseau’s Essai sur l’origine des langues (1781) was a reflection on both music and language.5 More than a century later, Otto Jespersen, one of the greatest language scholars of the nineteenth and twentieth centuries,
         concluded his 1895 book, Progress in Language, by stating that ‘language … began with half-musical unanalysed expressions for individual beings and events’.6 Such insights appear to have been forgotten, for music has hardly received any mention at all in the recent surge of publications
         concerning the origin of language.7

      This might be simply because music is so much harder to address. Whereas language has a self-evident function – the transmission
         of information8-and can be readily accepted as a product of evolution even if its specific evolutionary history remains unclear, what is
         the point of music?9

      That question leads us to a further neglected area: emotion. If music is about anything, it is about expressing and inducing
         emotion. But while archaeologists have put significant effort into examining the intellectual capacities of our ancestors,
         their emotional lives have remained as neglected as their music. This, too, has constrained our understanding of how the capacity
         for language evolved.
      

      Two views of proto-language

      Language is a particularly complex system of communication. It has to have evolved gradually in a succession of ever more complex communication systems used by the ancestors and relatives of modern
         humans.10 Academics refer to these communication systems by the catch-all term ‘proto-language’. Identifying the correct nature of
         proto-language is the most important task facing anyone attempting to understand how language evolved.
      

      Because defining the nature of language is such a challenging task – one that I will address in the next chapter – it will
         come as no surprise that academics vehemently disagree about the nature of proto-language. Their theories fall into two camps:
         those who believe that proto-language was ‘compositional’ in character, and those who believe it was ‘holistic’.11

      The essence of the compositional theories is that proto-language consisted of words, with limited, if any, grammar. The champion
         of this view is Derek Bickerton, a linguist who has had a profound influence on the debates about how language evolved with
         a succession of books and articles over the past decade.12

      According to Bickerton, human ancestors and relatives such as the Neanderthals may have had a relatively large lexicon of
         words, each of which related to a mental concept such as ‘meat’, ‘fire’, ‘hunt’ and so forth. They were able to string such
         words together but could do so only in a near-arbitrary fashion. Bickerton recognizes that this could result in some ambiguity.
         For instance, would ‘man killed bear’ have meant that a man has killed abear or that abear has killed a man? Ray Jackendoff,
         a cognitive scientist who has written about both music and language, suggests that simple rules such as ‘agent-first’ (that
         is, the man killed the bear) might have reduced the potential ambiguity.13 Nevertheless, the number and complexity of potential utterances would have been severely limited. The transformation of such
         proto-language into language required the evolution of grammar – rules that define the order in which a finite number of words
         can be strung together to create an infinite number of utterances, each with a specific meaning.
      

      Compositional theories of proto-language have dominated studies of language evolution for the past decade; they have been
         highly influential but have, I believe, led us in the wrong direction for understanding the earliest stages of language evolution.
         Alternative views have recently emerged that fall into the category of ‘holistic’ theories. Their champion is a less well-known
         linguist who has, I believe, identified the true nature of proto-language. Her name is Alison Wray and she is a linguist at
         the University of Cardiff.14 By using the term ‘holistic’, she means that the precursor to language was a communication system composed of ‘messages’
         rather than words; each hominid utterance was uniquely associated with an arbitrary meaning – as are the words of modern language
         and, indeed, those of a Bickertonian proto-language. But in Wray’s proto-language, hominid multisyllabic utterances were not composed out of smaller units of meaning (that is to say, words) which could be combined
         together either in an arbitrary fashion or by using rules to produce emergent meanings. In her view, modern language only
         evolved when holistic utterances were ‘segmented’ to produce words which could then be composed together to create statements
         with novel meanings. Hence, while Bickerton believes that words were present in the early stages of language evolution, Wray
         believes that they only appeared during its later stages.
      

      Neglect and dismissal

      While considerable attention has been paid to the nature of proto-language, its musical counterpart has been virtually ignored,
         especially by palaeo-anthropologists, who interpret the skeletal and artefactual remains of human ancestors. I am guilty myself,
         having failed to consider music in my 1996 book, The Prehistory of the Mind. That proposed an evolutionary scenario for the human mind involving the switch from a ‘domain-specific’ to a ‘cognitively
         fluid’ mentality, the latter being attributed to Homo sapiens alone. Cognitive fluidity refers to the combination of knowledge and ways of thinking from different mental modules, which
         enables the use of metaphor and produces creative imagination. It provides the basis for science, religion and art. Although
         The Prehistory of the Mind recognized language as a vehicle for cognitive fluidity, it paid insufficient attention to the actual evolution of language
         and did not satisfactorily address the thorny issue of how pre-modern humans, such as the Neanderthals, communicated in its
         assumed absence.
      

      I became acutely aware of my own neglect of music when writing my most recent book, After the Ice. That work included reconstruction scenarios for many of the prehistoric hunter-gatherer and early farming communities that
         existed between 20, 000 and 5000 BCE. Few of these felt realistic to me until I imagined music: people singing to themselves as they undertook some mundane task,
         communal singing and dancing at times of celebration and mourning, mothers humming to their babies, children playing musical
         games. The communities examined in After the Ice were all relatively recent, but the same is true of early Homo sapiens, the Neanderthals, and even older ancestral species such as Homo heidelbergensis and Homo ergaster. Without music, the prehistoric past is just too quiet to be believed.
      

      When music has not been ignored, it has been explained away as no more than a spin-off from the human capacity for language.15 In his ambitious and in many ways quite brilliant 1997 book, How the Mind Works, the linguist and Darwinist Steven Pinker devoted eleven of his 660 pages to music. In fact, he dismissed the idea that music
         was in any way central to human mentality. For Pinker, music is derivative from other evolved propensities, something that humans have invented merely as
         entertainment ‘As far as biological cause and effect are concerned, music is useless … music is quite different from language
         … it is a technology, not an adaptation.’16

      For those who devote their academic lives to the study of music, its dismissal by Pinker as nothing more than auditory cheesecake
         and ‘the making of plinking noises’17 was bound to raise hackles. The most eloquent response came from the Cambridge-based musicologist Ian Cross. Confessing to
         a personal motivation in defending the value of music as a human activity, he claimed that music is not only deeply rooted
         in human biology but also critical to the cognitive development of the child.18

      Ian Cross is one of a few academics who have begun to address the evolution of musical abilities – a development that had
         begun while Pinker was writing his dismissal.19 Elizabeth Tolbert of the Peabody Conservatory at Johns Hopkins University also reacted against Pinker’s proposal. She stressed
         the relationship of music to symbolism and bodily movement, proposing that it must have coevolved with language.20 Nicholas Bannan, a specialist in music education at Reading University, argued that the ‘instinct to sing’ is just as powerful
         as the ‘instinct to speak’ championed by Pinker.21 In his 2004 book, The Human Story, Robin Dunbar, the distinguished evolutionary psychologist from Liverpool University, proposed that language went through
         a musical phase during the course of its evolution.22

      All of these academics, as well as myself, are writing in the wake of not only Jean-Jacques Rousseau and Otto Jespersen but
         also John Blacking. In one of his last essays, written ten years after How Musical Is Man?, he proposed there had been a ‘nonverbal, prelinguistic, “musical” mode of thought and action’.23 It is that proposal that I wish to explore and ultimately to vindicate in this book.
      

      This book

      I am embarrassed by my own previous neglect of music, persuaded by Alison Wray’s theory of a holistic proto-language, ambitious
         to understand how our prehistoric ancestors communicated, and convinced that the evolution of music must also hold the key
         to language. This book sets out my own ideas about how music and language evolved, and evaluates the proposals of others by
         exposing them to the archaeological and fossil evidence.
      

      The book is in two parts. The first, chapters 2–7, is concerned with music and language today. It describes the character
         of music and language, and what we understand about their relationship, covering those features that I intend to explain in
         terms of the evolutionary history provided in the book’s second part, chapters 8–17.
      

      I begin by considering the similarities and differences between music and language (chapter 2), and then focus on three topics:
         how music and language are constituted in the brain (chapters 3–5), how we communicate with prelinguistic infants (chapter
         6), and the relationship between music and emotion (chapter 7).
      

      These are the topics that both require an evolutionary explanation and may provide some clues to the origins of music and
         language. There are, of course, many other aspects of music and language that also require explanation, most notably the diversity
         and distribution of languages and musical styles in the world today. These are not addressed, because their explanations lie
         principally in the historical development of human societies and dispersals of populations that took place long after the
         universally shared capacities for language and music had evolved.24

      Having established what requires explanation, Part Two begins by remaining in the present but addressing the communication
         systems of monkeys and apes (chapter 8). These are, I believe, ; similar to those of our early ancestors, from which our own
         capacities for music and language evolved. I do not consider the communication systems of other animals, even though these
         are often described as having musical or even linguistic qualities, notably in the cases of birds and whales. There are, indeed,
         striking similarities between these and human music.25 However, owing to the evolutionary distance between humans, bird and whales, such similarities must have arisen by convergent
         evolution – that is to sky, natural selection coming up with similar solutions to similar problems, notably the defence of
         territory and the attraction of mates. My concern is with the specific evolutionary history of language and music within the
         human lineage and I have no room to explore such convergent evolution.
      

      In chapter 9, I begin that evolutionary history by considering our early hominid ancestors, which evolved in Africa between
         6 and 2 million years ago. Chapters 10–14 examine the evolution and societies of Early Humans, species such as Homo ergaster, Homo erectus and Homo heidelbergensis, addressing the significance for the evolution of communication of bipedalism, hunting and gathering, social relations, life
         history and cooperation. Each chapter provides some key palaeoanthropological evidence and introduces further material from
         disciplines such as primate studies, psychology and linguistics. Chapter 15 considers the lifestyles and communication systems
         of the Neanderthals; chapters 16 and 17 examine the final steps in the origins of language and music respectively, identifying
         these with the appearance of Homo sapiens in Africa soon after 200, 000 years ago.
      

      [image: image]

      Figure 1 Hominid phylogeny, referring to the species mentioned in the text.

      In these concluding chapters I return to the present-day characteristics of language and music as described in Part One and
         show how these are explained by the evolutionary history I propose. The result is a complete account not only of how music
         and language evolved but also of how they relate to the evolution of the human mind, body and society. It will explain why
         we enjoy music, whether one’s taste is for Bach, the blues or Britney.
      

   
      
      
Part One


      The Present

   
      
      2 More than cheesecake?

      
            
      The similarities and differences between music
 and language

      
      Is music no more than auditory cheesecake, as Pinker would have us believe? Is it simply an evolutionary spin-off from language
         – a lucky break for humankind, providing song and dance as a relief from the tedium of survival and reproduction? Or is this
         view itself simply a knee-jerk reaction to contrary claims that music is adaptive and as deeply rooted in our biology as language?
         Can either of these views be justified? How and why, if at all, are language and music related? The starting point for an
         answer to such questions is a careful consideration of their similarities and differences.
      

      
      The issue is not simply the manifest nature of language and music, but the extent to which they rely on the same computational
         processes in the brain.1 Our ultimate concern is with the evolved physical and psychological propensities that provide the capacities for language
         and music in our species, Homo sapiens. When dealing with such capacities, as much attention must be given to those for listening as to those for producing.2

      
      I will begin this chapter with some uncontentious similarities, before addressing whether the three key features of language
         – symbols, grammar, and information transmission – are also found in music.
      

      
      Problematic definitions

      
      Bruno Nettl, the distinguished ethnomusicologist, defined music as ‘human sound communication outside the scope of language’.3 That is perhaps as good a definition as we can get. When I refer to ‘music’ I mean something that we, as members of a modern
         Western society, would recognize as music. But we must immediately appreciate that the concept of music is culturally variable;
         some languages lack words or phrases to encompass music as the total phenomenon that we understand in the West. Instead, they
         may have words for specific types of musical activities, such as religious song, secular song, dance, and the playing of particular
         instruments.4 Even in the West, of course, music is partly in the ear of the beholder – although this statement itself runs into trouble with John Cage’s 1952 composition, 4’33”.5

      
      The definition of language is, perhaps, more straightforward: a com munication system consisting of a lexicon – a collection
         of words with agreed meanings – and a grammar – a set of rules for how words are combined to form utterances. But even this
         definition is contentious. Alison Wray, the champion of holistic proto-language, has argued that a considerable element of
         spoken language consists of ‘formulaic’ utterances – prefabricated phrases that are learnt and used as a whole. Idioms are
         the most obvious example, such as ‘straight from the horse’s mouth’ or a pig in a poke’.6 Unlike the other sentences within this paragraph, the meaning of such phrases cannot be understood by knowledge of the English
         lexicon and grammatical rules.
      

      
      Wray and certain other linguists argue that the ‘words and rules’ definition of language places undue emphasis on the analysis
         of written sentences and pays insufficient attention to the everyday use of spontaneous speech, which often contains very
         little corresponding to a grammatically correct sentence.7 Peter Auer and the co-authors of the 1999 book, Language in Time, would agree with this. They argue that traditional linguistics has neglected to study the rhythms and tempos of verbal interaction
         – the manner in which we synchronize our utterances when having a conversation. This is a fundamental and universal feature
         of our language use, and has an evident link with communal music-making.
      

      
      Some cultures have forms of vocal expression that fit neither our category of music nor that of language. The most evident
         are the mantras recited within Indian religions.8 These are lengthy speech acts and often sound very much like spoken language, but they lack any meaning or grammatical structure.
         They are transmitted from master to pupil and require not only correct pronunciation but also the correct rhythm, melody and
         bodily posture. Buddhist mantras therefore constitute a repertoire of fixed expressions that have not changed for centuries.
         They have characteristics of both language and music, but can be defined as neither.
      

      
      Universal, but culturally diverse

      
      Both music and language are known to exist in all extant human societies and all those that have been historically documented;
         archaeologists are confident that both music and language were present in all prehistoric societies of Homo sapiens.9 While the concept of music may vary, all cultures have song and dance, and make some form of internal repetition and variation
         in their musical utterances; they use rhythmic structures based on distinctions between note lengths and dynamic stresses.10

      
      The contexts in which music is used and the function it appears to play in societies are also highly variable, with entertainment,
         the validation of social institutions, and the fostering of social bonds being particularly widespread. But the most prominent
         and perhaps the only universal context is that of religion: music is used everywhere to communicate with, glorify and/or serve
         the divinities identified within any particular culture.11

      Another form of universality is that found at the level of the individual rather than of the society or culture: with the
         exception of those who suffer from a cognitive deficit, all individuals have a capacity to acquire language and are born with
         an inherent appreciation of music. This is a claim I will substantiate and explore in chapter 6, where infant development
         is examined. Bruno Nettl summarizes the global situation: ‘Evidently humanity has decided not only to make music but, despite
         the vast amount of variation among the musics of the world, to make it in a particular way.’12

      
      The universality of music is, perhaps, more contentious than that of language because we place greater emphasis on production
         than listening, with many individuals declaring themselves to be unmusical. In this regard, John Blacking’s comments, made
         in the 1970s, on the contradiction between theory and practice in the middle-class, Western society in which he grew up (High
         Church Anglicanism, public school, Cambridge), remain pertinent today. Music was and remains all around us: we hear it when
         we eat and try to talk in restaurants and airport lounges; it is played all day long on the radio; in fact, there are few
         occasions when someone is not trying to fill moments of potential silence with music. Blacking remarked that ‘society claims
         that only a limited number of people are musical, and yet it behaves as if all possessed the basic capacity without which
         no musical tradition can exist – the capacity to listen and distinguish patterns of sound’.13 He favoured the idea that there was no such thing as an unmusical human being, and noted that the existence of a Bach or
         a Beethoven was only possible because of the presence of a discriminating audience.14

      
      While both language and music are found in all societies, and share some common features, the history of their study has been
         largely dominated by attempts to document and explain their diversity.15 More than six thousand languages are spoken in the world today, this being a small fraction of the total number of languages
         ever spoken. The number of musics in the world is likely to be even greater and to display considerably more diversity.
      

      
      Just as we have English, Chinese and Arabic languages, we have jazz, Blackfoot Indian and Tibetan chant musics. Like languages,
         musics have stylistic, geographical and social boundaries. They can be grouped into families; patterns of descent, blending
         and development can be traced. Such diversity and patterning in both languages and musics arises from the processes of cultural transmission from one generation to the next and from one society to another. This can make identifying
         the boundaries between languages and musics difficult, whether in a historical sense (when did Old English become Middle English,
         or Classical music become Romantic?) or in the contemporary world. Where, for instance, are the boundaries between folk, blues,
         gospel, country and jazz, let alone between old skool, electro, nuelectro, hard house, funky house, deep house and progressive
         house.16

      
      There is a contrast between musics and languages regarding the extent to which they can be translated from one cultural form
         to another. If I listen to someone speaking a language with which I am unfamiliar I will have very little, if any, idea of
         what they are saying – especially if their language comes from an entirely different language family from my own, such as
         Japanese or one of the African so-called ‘click’ languages. I may pick up some idea of mood from facial expression, intonation
         and gesture, but I will have hardly any knowledge of content. If, however, I have a translator present, then those mysterious
         utterances I hear can be rendered in English for me to understand.
      

      
      Music is quite different. Whereas we can translate Japanese not only into English but into any other language spoken in the
         world, though recognizing that we may lose much of the subtlety of the original in the process, it makes no sense to attempt
         to translate the music used by one culture into that of another, and there is no reason to do so.17 As John Blacking noted back in 1973, this appears to suggest that while there is the possibility of a universal theory of
         linguistic behaviour, no such possibility exists for music. Blacking went on to discuss the Venda, people from South Africa
         with whom he lived during the 1950s, expressing views that match my own rationale for writing this book and which deserve
         quoting at length:
      

      
      
         Music can transcend time and culture. Music: that was exciting to the contemporaries of Mozart and Beethoven is still exciting,
            although we do not share their culture. The early Beatles’ songs are still exciting although the Beatles have unfortunately
            broken up. Similarly, some Venda songs that must have been composed hundreds of years ago still excite me. Many of us are
            thrilled by Koto music from Japan, sitar music from India, Chopi xylophone music, and so on. I do not say that we receive
            music in exactly the same way as the players (and I have already suggested that even members of a single society do not receive
            their own music in the same way), but our own experiences suggest that there are some possibilities of cross-cultural communication.
            I am convinced that the explanation for this is to be found in the fact that at the level of deep structures in music there
            are elements that are common to the human psyche, although they may not appear in the surface structures.18

      

      
      Brains and bodies as well as voices
      

      
      Language and music share three modes of expression: they can be vocal, as in speech and song; they can be gestural, as in
         sign language and dance; and they can be written down. In each case, they have a biological basis in the brain; cognitive
         pathologies can lead to aphasia, the loss of language, and/or amusia, the loss of music (see chapters 3 to 5). The first modality,
         vocalization, will be my prime concern throughout this book, while the third, writing, is a product of human history outside
         my chronological scope. The use of the body as an element of musical and linguistic communication is, however, of key importance.
         Indeed, one of my concerns is the relationship between music, language and the evolution of the modern human physique.
      

      
      One of the most striking and under-researched aspects of music is bodily entrainment why we start tapping our fingers and
         toes, and sometimes move our whole bodies, when listening to music. Indeed, to separate rhythmic and melodic sound from rhythmic
         and melodic movement – song from dance – is quite artificial, and throughout this book I will use the word ‘music’ to “encompass
         both sound and movement. The easiest way to appreciate this is simply to recognize that song itself is no more than a product
         of movement, made by the various parts of the vocal tract reaching from the diaphragm to the lips.
      

      
      Even when sign language is taken out of the equation, many would argue that it is equally artificial to separate language
         from gesture. Movements of the hands or the whole body very frequently accompany spoken utterances; indeed, several anthropologists
         have argued that spoken language evolved from gesture.19 As with music, although some gestures that occur with spoken language are intentional, the majority are quite spontaneous.
         Speakers are often unaware that they are gesticulating and many find it difficult to inhibit such movements – in a manner
         similar to people’s inability to stop moving their bodies when they hear music (as I will further consider in chapter 10).20

      
      Acquisition and competence

      
      The cultural transmission of a specific language from one generation to another seemingly happens by passive childhood acquisition:
         they just listen and learn. I say ‘seemingly’ because children certainly need to practise; they do not become competent in
         language unless they engage in meaningful exchanges with experienced language users. By the age of four they will have a lexicon
         of several thousand words and a suite of grammatical rules at their disposal, allowing them to compose their words into a
         huge range of utterances.21 Moreover, irrespective of what language children are learning, they appear to pass through the same stages of language acquisition.
         While children gain knowledge of musical traditions in a similar fashion, it might seem that expertise in music is far more difficult
         to acquire – as those who have suffered piano, violin or singing lessons for years will testify (and their parents will confirm).
         We must, however, be cautious, because our perceptions are dominated by modern Western culture.
      

      
      In ‘traditional’ societies, song is often far more pervasive in everyday life, and hence infant acquisition of musical knowledge
         may be far easier than it is in Western society. Indeed, if we were to place the emphasis on listening and informal singing
         and dancing, 22 rather than on the technically demanding playing of musical instruments, which is perhaps more akin to writing than to speaking,
         then the development of musicality might appear as natural as that of language. John Blacking’s studies of music in cultures
         throughout the world led him to conclude: ‘It seems to me that what is ultimately of most importance in music cannot be learned
         like other cultural skills; it is there in the body, waiting to be brought out and developed, like the basic principles of
         language.’23

      
      Although many adults are bilingual, and some are fluent in many languages, the majority are primarily familiar with just one
         language, in which they are as competent in speaking as in listening. At least, that is our common perception, which is perhaps
         strongly influenced by the presence of large nation states unified by a single language. Bilingualism and even multilingualism
         may well have been more frequent in the past, and might be the current norm outside of the industrialized West. Even if this
         is the case, though, there is still a marked contrast with levels of competence in music: the majority of people will be familiar
         with a variety of musical styles, but will be far more limited when it comes to producing rather than listening. Few can compose
         a musical score and many (myself included) cannot hold a tune.24 Yet this again may be a product of current Western society rather than of the human condition at large: it may reflect the
         relative unimportance of music in Western educational systems and the rather elitist and formalized attitudes towards music
         that have arisen in consequence.
      

      
      Hierarchical structure, recursion and rhythm

      
      Both language and music have a hierarchical structure, being constituted by acoustic elements (words or tones) that are combined
         into phrases (utterances or melodies), which can be further combined to make language or musical events. They can both be
         described as ‘combinatorial systems’.
      

      
      The manner in which such combinations are made often leads to recursion – the embedding of a linguistic or musical phrase
         within a phrase of a similar type, such as a clause within a clause. This enables a potentially infinite range of expressions
         to be generated from a suite of finite elements. A recent review of human language in the prestigious journal Science, by the equally prestigious Harvard University team of Marc Hauser, Noam Chomsky and Tecumseh Fitch, concluded that recursion
         is the only attribute of language that lacks any parallel within animal communication systems, and that it therefore appears
         to have evolved recently – that is to say, in the Homo lineage after the time of separation from the common human-chimpanzee ancestor at 6 million years ago.25 But Chomsky and his colleagues doubt whether recursion originated as part of a linguistic system. They suggest that it evolved
         as a means to solve computational problems relating to navigation, number manipulation or social interaction, and then became
         part of the language system as an evolutionary spin-off. What they do not notice is that recursion is one of the most critical
         features of music.26 As Ian Cross has noted, by stressing the role of recursion, Chomsky’s definition of language comes to be equally applicable
         to music.27

      
      Conversely, rhythm is acknowledged as a key feature of music while little, if any, significance is usually attached to the
         rhythmic nature of language use. Peter Auer and his colleagues have argued that by neglecting the rhythmic interaction of
         speakers within a conversation we fail to address one of the most important features of language. They have analysed the temporal
         and rhythmic structures of many conversations, held in English, Italian and German, examining how it is possible for multiple
         speakers to engage in conversations with smooth transitions from one ‘floor-holder’ to another. They conclude that the initial
         speaker establishes a clear rhythmic pattern, and then ‘unproblematic turn taking … is not simply a matter of the absence
         of overlapped (simultaneous) talk and/or “gaps” but, rather, depends on a sense of rhythmicity that makes it possible to predict
         when the first stressed syllable of the next speaker’s turn is due’.28

      
      Symbols and meaning

      
      Although both music and language are hierarchical systems constructed from discrete units (words and tones), the nature of
         these units is fundamentally different those of language are symbols; those of music are not.29 By calling them symbols, I simply mean that the large majority of words have an arbitrary association with the entity to
         which they refer; the word ‘dog’ stands for, or refers to, a particular type of hairy mammal, but it no more looks or sounds
         like a dog than the words ‘tree’ or ‘man’ sound like a large woody-stemmed plant or the male form of the human species. Not
         all words are of this nature. Onomatopoeias are important in all languages, and later in this book I will consider sound synaesthesia
         – the manner in which some words appear to sound similar to the way their referents look, move or feel.30 Nevertheless, one of the most remarkable achievements of infants is that they are able to learn the arbitrary meaning of a vast number of words within such a short space of time.
      

      
      Musical notes lack referential meanings. Middle C is middle C and nothing else: it has no referent; it is not a symbol. High-pitched
         loud tones are often used to attract attention and suggest danger, as in fire alarms or police sirens, but this derives as
         much from the context of the sound as the tone itself; if heard in a concert hall they would have a quite different impact.
         Although some notes, and, more particularly, some sequences of notes, may create similar emotional responses in different
         individuals (as I will examine in chapter 7), there is no agreed convention describing how notes refer to emotions as there
         is for words and their meanings.
      

      
      If meanings are attached to pieces of music, they are usually of a highly individual nature, perhaps relating to memories
         of past times when the same music was heard – the ‘they’re playing our tune, darling’ syndrome. As Ian Cross has recently
         stated, ‘one and the same piece of music can bear quite different meanings for performer and listener, or for two different
         listeners; it may even bear multiple disparate meanings for a single listener or participant at a particular time’.31 This is most evidently the case with religious music; I am an atheist, so when I listen to the great eighteenth-century choral
         works that were written to glorify God, such as Handel’s Messiah or Bach’s St Matthew Passion, they ‘mean’ something quite different to me than they would to someone of religious faith. As John Blacking has explained,
         the music of Handel and Bach cannot be fully understood without reference to the eighteenth-century view of the world – just
         as northern Indian music cannot be fully understood outside the context of Hindu culture. So I, with limited knowledge either
         of eighteenth-century European culture or of Hindu culture, will inevitably gain something quite different from those musics
         from people listening to them within those respective cultures.32

      
      The theme tunes for soap operas illustrate how some pieces of music can have, a shared meaning within a single community.
         That for the Archers, a long-running BBC Radio 4 serial, will be instantly recognizable to a great many people throughout the UK and will be Understood
         as a symbol for that radio programme – although the term ‘sign’ or ‘index’ is actually more appropriate.33 They will not be able to listen to the tune without thinking of the Archers. But most people (I guess) from elsewhere in the world would have little inkling of this association, and would listen to
         the tune as a piece of music without any symbolic association.
      

      
      This type of meaning derives from the piece of music as a whole, or at least a significant chunk of the repeated melody, rather
         than being constructed from individual meanings attached to the separate notes. Some of the meanings attributed to spoken
         utterances are the same. These are the prefabricated phrases referred to at the start of this chapter, such as ‘don’t count your chickens before they’re hatched’, which are understood
         in a holistic manner and are just as meaningless when decomposed into individual words or speech sounds as is the Archers theme tune when decomposed into individual notes.
      

      
      It is also the case that we might come to understand the meaning of an utterance spoken to us in a foreign language by processing
         it holistically rather than compositionally. For instance, I have learnt that the Welsh phrase mae’n flin ‘da fi means ‘I’m sorry’, but I do not understand its compositional structure – which sound means ‘I am’ and which means ‘sorry’
         – in the way a Welsh-speaker would. These formulaic aspects of language suggest a greater similarity with music than might
         initially be apparent.34

      
      Grammar in language and music

      
      Language is compositional when words are combined into spoken utterances or written sentences by the use of rules – the grammar
         of the language concerned. To be more precise, this is achieved by the use of syntax, which is one of the three rule systems
         that constitute grammar. The two others are morphology – the manner in which words and part-words are combined to make complex
         words – and phonology – the rules that govern the sound system of a language.
      

      
      Grammatical rules are special because they provide meaning to the phrase beyond that contained within the symbols themselves;
         they map word meanings into sentence meanings. Hence ‘man bites dog’ has a different meaning from ‘dog bites man’ because
         in English grammar the subject precedes the verb. Grammatical rules also provide the means by which the finite number of words
         within a language can be used to create an infinite number of sentences, partly by delivering the feature of recursion, as
         described above.
      

      
      The acquisition of grammatical rules by children is remarkable, because the rules have to be abstracted from the utterances
         they hear. Indeed, when writing in the 1950s, Noam Chomsky found it inconceivable that children could learn language in the
         same manner as they learn to draw, play a musical instrument or ride a bicycle. He argued that the quantity and character
         of the utterances children hear from their parents, siblings and others would sirnply provide insufficient information for
         them to extract the rules of grammar so that they could produce their own unique but meaningful utterances. This was referred
         to as the ‘poverty of the stimulus’ argument. It led to the idea of a ‘Universal Grammar’ – an innate set of predispositions
         that is universal among all Homo sapiens and provides a form of head start in acquiring grammar. This implies that there are some rules of grammar that are shared by all languages and are simply manifest in different forms. When an infant listens to its parents and other
         language users, certain ‘parameters’ of ‘Universal Grammar’ are set in the manner appropriate for the particular language
         being acquired.
      

      
      After Chomsky made his proposals about ‘Universal Grammar’, music-ologists began searching for the musical equivalent.35 They did not get very far. Grammars were produced for specific musics, such as Swedish folk songs, and were able to generate
         new pieces of music with the same essential structure. Indeed, by definition, all musical styles accord to a set of rules
         for what is acceptable within that style. If the rules of a musical style are not followed, then the piece of music may sound
         as awkward as a spoken utterance that breaks the rules of grammar. Most of us in the West, for instance, have developed an
         intuitive and shared ‘tonal knowledge’ of music and can tell when a suite of musical tones do not conform; they will simply
         sound ‘wrong’, as will be explained in chapter 4. The description of such tonal knowledge rules (see below, pp. 51–2) is as
         obtuse to most readers as would be a description of the linguistic grammar that we equally effortlessly acquire and apply.
      

      
      The most ambitious attempt at elucidating the grammar of music was that of Fred Lerdahl and Ray Jackendoff in their 1983 book,
         A Generative Theory of Tonal Music.36 They argued that knowledge of tonal music relies on a musical competence that is innate – a musical equivalent of ‘Universal
         Grammar’. But few musicologists have accepted that this musical competence is equivalent to a grammar like that of language.
         As Douglas Dempster, a philosopher of music, has recently explained, many systems are governed by rules (for example, the
         game of chess, or cooking recipes) and by routines (as when undertaking various computer tasks, or setting a video recorder),
         but we gain little, if anything, by describing these as ‘grammars’.37 The same applies to music.
      

      
      The rules of a musical style and the rules of a language are profoundly different. Those of music do not provide meaning in
         the same way that linguistic grammar provides meaning to language. While ‘man bites dog’ is fundamentally different from ‘dog
         bites man’, reversing the order of three notes is of far less significance to a piece of music. It may make the piece sound
         awkward, but the reversal cannot be said to change its meaning, because there was none to change in the first place.
      

      
      Change through time

      
      A second major difference between the rules of a musical style and the grammar of a language is the rate of change. Dempster
         suggests that because we use language to communicate and need to understand a speaker’s intentions, there is enormous pressure
         on the grammatical rules of a language to remain stable. The pressures on the rules of music are quite different, because we value deviation within musical styles –
         although, once again, this may be a view that is biased by the experience of modern Western music and would be contradicted
         by the degrees of conformity and stability found in other musical traditions. Nevertheless, Dempster argues that there are
         enormous aesthetic pressures for the rules of musical styles to remain comparatively unstable in comparison with those of
         languages.38

      
      Languages do, of course, change through time. Pronunciations evolve, new words are invented or imported from other languages,
         the meanings of words drift (epitomized by the way in which the word ‘gay’ has changed its meaning within the last two or
         three decades). Language is used as a means of asserting social identity – by the adoption of a particular slang or jargon,
         for example – and hence as the structure of society changes so will the character of its language. Such change, however, is
         relatively slow, because effective communication between generations and social groups must be maintained. It most probably
         takes as much as a thousand years for a language to evolve into an unintelligible form.
      

      
      The speed at which music can evolve is readily apparent from the development since the early 1970s of rap, part of a more
         general subculture of hip hop which includes break-dancing, ‘cutting and scratching’ records and graffiti. It originated in
         the Bronx and is often identified with the arrival of the Jamaican DJ known as Kool Herc, who began to chant over the instrumental
         sections of the day’s popular songs. From that point, rap underwent swift development because there were very few, if any,
         rules other than rhyming in time to the music; one could rap about anything, with a premium on being original and injecting
         one’s own personality. In the mid-1980s rap, along with hip hop in general, became mainstream, while the 1990s saw the rise
         of political and then gangsta rap. Artists have been prepared to borrow sounds from many disparate sources including folk
         music, jazz and television news broadcasts, and with the advent of the Internet rap is now a truly global musical phenomenon.
         And what is particularly interesting to note here is that the slang of hip hop culture has influenced language at large, becoming
         part of the standard vocabulary among many groups of various ethnic origins.
      

      
      Information transmission, reference, manipulation

      
      Language, whether spoken, written or gestural, is principally used as an intentional means to communicate ideas or knowledge
         to one or more other individuals, with a clearly defined ‘sender’ and one or more ‘receiver(s)’ of the message. Perhaps the
         most remarkable thing about language is how suited it is to this role; language is used to communicate about virtually everything, from our most intimate feelings, through daily and routine events, to theories about how the universe originated.39

      
      In this regard, language is fundamentally different from music. According to Ian Cross, a great deal of music lacks any clear
         communicative function: ‘the members of a recreational choir or of an amateur rock band may rarely, if ever, fulfil the role
         of performer; for them, music may be more a medium for participatory interaction where all are equally and simultaneously
         performers and listeners … similarly if we look to non-western musical practices many seem to have as their raison d’être
         not the transmission of musical information from the active performer to the passive listener but collective engagement in
         the synchronous production and perception of complex patterns of sounds and movement’.40

      
      John Sloboda, a distinguished music psychologist, has explained that ‘we use language to make assertions or ask questions
         about the real world and the objects and relationships in it. If music has any subject matter at all, then it is certainly
         not the same as normal language.’41 This does not exclude the possibilities that music can be used to tell stories or make reference to the real world.42 Sloboda cites the case of someone who has been asked for.’ his response to a recently heard symphony. It is likely to contain
         not only some description (‘it was loud’) and some evaluation (‘I liked it’) but also some characterization of the music through
         metaphor (‘it had the feeling of a long heroic struggle triumphantly resolved’).43 People, Sloboda explains, nearly always have some comment to offer, even though they may arrive at quite different characterizations
         for the same piece of music.
      

      
      Such responses to music may have been inspired by the use of mimicry – woodwind ‘birdsong’ to evoke a pastoral scene, or glissandi
         violins to suggest the howling wind of a storm. The reference is, therefore, achieved by using musical notes and phrases not
         as symbols but as signs or even icons. In the rare instances when symbolic reference is found, this tends to be to events
         outside of the music itself and to be reliant on linguistic and/or visual input. Sloboda provides the example of an opera
         where a particular musical theme is associated with the appearance of the herd. It might then be used in his absence to signify
         that, say, the heroine is thinking of him. This could be described as symbolism, although the music is really acting as no
         more than an index or sign of the hero’s appearance.
      

      
      In summary, music is a non-referential system of communication. Yet although a piece of music does not ‘tell’ us anything
         about the world, it can have a profound impact on our emotions – for instance, by making us feel happy or sad (as I will consider
         below and in chapter 7). It can also make us move, by the phenomenon of entrainment. We can therefore describe music as ‘manipulative’
         rather than referential in character. Language is often thought to be principally referential because it tells us things about the world; often, however, when we are told something
         we are driven to action, and so language, too, might be portrayed as being manipulative.
      

      
      The cognitive challenge

      
      Language can be characterized as a means of expressing thoughts. Such thoughts are generally believed to exist independently
         of language and could be entertained by a non-linguistic or even a prelinguistic human. Once again, we must be cautious, because
         some aspects of human thought, especially those concerned with abstract entities, might be dependent upon the possession and
         use of language, 44 rather than the other way round (as we will explore later, in chapter 16). Also, there is a great risk of attributing humanlike
         thoughts to other animals simply because we have difficulty in imagining minds without such thoughts.
      

      
      Because most utterances are expressions of thoughts, it is those thoughts, rather than the words themselves, that a listener
         wishes to understand. This often involves considerable inference and listeners will employ a great deal of additional information
         in order to garner the meaning of an utterance – such as what they know about the person speaking, the entities being referred
         to, and the intonation of the utterance. When asked to repeat what someone has said, a listener will rarely do this verbatim,
         but will instead express what they understood to be the thought behind the utterance.45 In light of this, language appears to be dependent upon another cognitive skill, that known as ‘theory of mind’. This is
         the ability to understand that another individual may have beliefs and desires that are different from one’s own. Apes may
         lack this ability, which may constrain their ability to acquire language – as is the case with very young children before
         their theory of mind abilities have developed.46

      
      Music appears to make fewer cognitive demands. Listeners are not required to infer the thoughts and intentions of the performer
         or composer – although they may attempt to do so, and this may enhance their experience. You can simply sit back and let the
         music ‘wash over’ your body and mind without having to concentrate or actively listen at all. Indeed, we often have music
         playing in the background while we make conversation at dinner or engage in other activities (I have J. S. Bach’s Cello Suites
         playing in the background as I write today; yesterday it was Bob Dylan). Nevertheless, even such background music has a cognitive
         and physiological impact: just as we automatically infer a speaker’s thoughts when listening to a spoken utterance, and to
         some extent come to share those thoughts, so we automatically have emotions aroused within ourselves while listening to music.
         In fact, music often manipulates our mood.
      

      
      The ‘language’ of emotion
      

      
      Both music and language have the quality of expressive phrasing. This refers to how the acoustic properties of both spoken
         utterances and musical phrases can be modulated to convey emphasis and emotion.47 It can apply either to a whole utterance or phrase, or to selected parts. The word ‘prosody’ refers to the melodic and rhythmical
         nature of spoken utterances; when the prosody is intense, speech sounds highly musical. Prosody plays a major role in the
         speech directed towards infants; indeed, whether the utterances ‘spoken’ to very young babies should be considered as language
         or as music is contentious – I will explore this overlap in chapter 6.
      

      
      Although the content of language can be used to express emotion, it is subservient to the prosody. I can, for instance, state
         that ‘I am feeling sad’. The words alone, however, may be unconvincing. If I say that ‘I am feeling sad’ in a really happy
         voice, priority will be given to the intimation and the inference drawn that I am, for some unknown reason, being ironic when
         I claim to be feeling sad.
      

      
      Emotional expression is more central to music than to language. If I listen to the song-like cry of a mother who has lost
         her child, I can more easily appreciate her grief than if she simply tells me that her child has died and that she feels distraught.
         I may well be moved to tears by her dirge. I can, of course, listen to exactly the same song performed by an actress in a
         film and experience the same feeling of empathetic grief while knowing that the actress is not really experiencing such an
         emotion at all. Similarly, I can listen to a requiem mass on a CD and come to feel mournful, even though I would not necessarily
         attribute the same emotions to either the musicians or the composer, all of whom may be long dead, let alone the CD player
         from which the music emanates.
      

      
      The psychologist Roger Watt believes that music itself acts as a virtual person to whom listeners attribute not only emotional
         states but also a gender and personality characteristics such as good or evil.48 John Sloboda has made a similar proposal. He argues that when we experience music we gain an impression of tension and resolution,
         of anticipation, growth and decay. Such ‘dynamic awareness’, as he describes it, ‘involves reading the music as an embodiment
         of something else … [which is] broadly, the physical world in motion, including that very special sub-class of moving objects,
         the living organism’.49 The most obvious example of this is the manner in which so much music sounds – and has often been deliberately composed and/or
         performed to sound – as if a human conversation is taking place.
      

      
      Music is remarkably good at expressing emotion and arousing emotion in its listeners – a fact captured in the popular notion
         that music is the ‘language of the emotions’. The emotional power of music has long been the subject of academic study, marked by two seminal books of
         the 1950s, Leonard Meyer’s Emotion and Meaning in Music (1956) and Deryck Cooke’s The Language of Music (1959).50 While Meyer explained how music might represent the emotions, Cooke proposed relationships, which are universal across all
         Western tonal music, between certain musical phrases and certain emotions. There has been a great deal more recent research
         on music and emotion, some of which will be examined, along with Cooke’s proposals, in chapter 7.
      

      
      This feature of music appears incompatible with Pinker’s view that music is no more than a spin-off from language and has
         no biological value. We don’t have emotions for free or for fun: they are critical to human thought and behaviour, and have
         a long evolutionary history. As I will explore later, our basic emotions – anger, joy, disgust and sadness – are most probably
         shared with our primate relatives and are closely related to the character of their vocalizations. Emotions are deeply entwined
         with the functioning of human cognition and physiology; they are a control system for body and mind. It is most unlikely,
         therefore, that our deepest emotions would be so easily and profoundly stirred by music if it were no more than a recent human
         invention. And neither would our bodies, as they are when we automatically begin tapping our ringers and toes while listening
         to music. In fact, even when we sit still, the motor areas of our brain are activated by music.51

      
      Summary: shared or independent evolutionary histories?

      
      Music and language are universal features of human society. They can be manifest vocally, physically and in writing; they
         are hierarchical, combinatorial systems which involve expressive phrasing and are reliant on rules that provide recursion
         and generate an infinite number of expressions from a finite set of elements. Both communication systems involve gesture and
         body movement. In all of these regards, they may well share what Douglas Dempster calls some ‘basic cognitive stuff’.
      

      
      Yet the differences are profound. Spoken language transmits information because it is constituted by symbols, which are given
         their full meaning by grammatical rules; notwithstanding formulaic phrases, linguistic utterances are compositional. On the
         other hand, musical phrases, gestures and body language are holistic: their ‘meaning’ derives from the whole phrase as a single
         entity. Spoken language is both referential and manipulative; some utterances refer to things in the world, while others make
         the hearer think and behave in particular ways. Music, on the other hand, is principally manipulative because it induces emotional
         states and physical movement by entrainment.
      

      
      So where does this leave us with regard to the relationship between music and language? Is music no more than auditory cheesecake,
         as Steven Pinker would have us believe? The answer must be probably not, because the material I have discussed in this chapter
         indicates that music is too different from language to be adequately explained as an evolutionary spin-off. What, then, are
         the alternatives?52

      Well, the relationship might be the precise converse to that which Pinker suggests: language might be derivative of music.
         This hypothesis also appears unlikely, for precisely the same reason: it does not explain the unique properties of language.
         Another alternative is that music and language evolved in parallel to each other, as completely separate communication systems.
         This is also unconvincing: while music and language have their own unique properties, they still share more features than
         independent evolutionary histories.
      

      
      The remaining possibility is that there was a single precursor for both music and language: a communication system that had
         the characteristics that are now shared by music and language, but that split into two systems at some date in our evolutionary
         history.
      

      
      In a recent essay, the musicologist Steven Brown favours this view and describes the single precursor as ‘musilanguage’.53 He believes that this formed a type of ancient communication system used by human ancestors, although he makes no reference
         to human evolution and provides no indication of when he believes that ‘musilanguage’ might have existed. According to Brown,
         at some unspecified date in the past, ‘musilanguage’ became differentiated into two separate and specialized systems, each
         of which then acquired additional unique properties. One became music while the other became language.
      

      
      Steven Brown’s notion of ‘musilanguage’ is, I believe, essentially the same as Alison Wray’s notion of holistic proto-language,
         mentioned in my introductory chapter – an example of convergent intellectual evolution in the fields of musicology and linguistics.
         From my reading of their work, neither Brown nor Wray has fully appreciated the true significance of their separate insights.
         It is my task in this book to reveal that significance – not only to explain the origin of music and language, but also to
         provide a more accurate picture of the life and thought of our human ancestors. With the idea of a single precursor for music
         and language we do, in fact, return to the ideas of Jean-Jacques Rousseau in the Essai sur l’originie des langues, where he reconstructed the first language as a kind of song.54

      
      Neither ‘holistic proto-language’ nor ‘musilanguage’ is a user-friendly or particularly informative term; indeed, the use
         of the part-word ‘language’ within these terms is misleading. So I will use an alternative term to refer to the single precursor to music and language: ‘Hmmmmm’. This is, in fact, an acronym, and its meaning will become apparent as
         my book develops. My next task is to continue exploring the relationship between music and language by another means. Rather
         than looking at what people say, sing and do, it is time to look at what is happening within the brain.
      

   
      
      3 Music without language

      
            
      The brain, aphasia and musical savants

      
      The human brain is the most complex organ known to biology and the second most complex entity in the universe – the first
         being the universe itself. A human brain can be held within the palm of one hand and has the consistency of uncooked egg.
         And yet it contains a hundred billion nerve cells, called neurons. Each neuron is connected to many other neurons via tentacle-like
         extensions, known as axons and dendrites. The contact between an axon from one neuron and a dendrite from another is called
         a synapse. Scientists estimate that there are between ten and one Hundred trillion synapses within the brain – that’s ten
         followed by either nineteen or twenty zeros – and six hundred million synapses per cubic millimetre.1

      
      When a neuron is activated it generates an electrical signal which passes down its axon and triggers the release of a chemical
         from its end, known as a neural transmitter. This diffuses across the gap, called the synaptic cleft, that separates the axon
         from the dendrite of an adjacent neuron. That dendrite has chemical receptors for the neural transmitter, and when the transmitter
         reaches them the dendrite becomes activated and an electrical signal spreads along its own neuron.
      

      
      We are only able to speak and sing because of the manner in which neurons are connected to each other and the brain activity
         they promote – although quite how the firing of neurons and the release of chemicals within the brain become a thought or
         a sensation remains unclear. Sets of connected neurons relating to specific activities are termed neural networks. The key
         question that we must address here is whether the same neural networks are used for language and for music. Perhaps there
         is a partial overlap, perhaps none at all. If there is an overlap, did those shared neural networks originate for language,
         for music, or for something else entirely?
      

      
      Inside the brain

      
      These neural networks are located in the cerebral cortex, the most recently evolved part of the brain, which expanded dramatically during human evolution.2 The brain consists of a suite of distinct anatomical elements, all of which are present in other mammals, although their
         relative size and significance varies markedly. It is dominated by the cerebrum, which is divided into the left and right
         cerebral hemispheres, which have heavily convoluted or folded surfaces. Each of the ‘hills’ of the folds is referred to as
         a gyrus (plural gyri), and each of the ‘valleys’ is called a sulcus (plural sulci). The cerebrum overlies the stalk-like brainstem
         which connects the brain to the central nervous system, which extends throughout the body.
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      Figure 2 The four lobes of the human brain and the cerebellum

      
      The two cerebral hemispheres are composed of an outer layer of grey matter, known as the cortex, and an inner bulk of white
         matter. The grey matter is dense and consists of neuron cell bodies – the brain cells. Their axons are often covered in a
         white sheath, composed of a substance called myelin, and they are the main constituent of the white matter. About 90 per cent
         of the bulk of the human cerebrum is contained in its outer layer, which is called the neocortex; the word literally means
         ‘new bark’. This outer layer is between 1.5 and 4 millimetres thick and is composed of a mere six layers of cells; yet because
         it is so heavily folded the surface area of the neocortex is substantial and it contains between ten and fifteen billion neurons.
      

      
      The cortex is divided into four areas known as lobes. Specific regions of each lobe are designated by the terms ‘superior’,
         ‘inferior’, ‘anterior’ and ‘posterior’, which refer to their proximity to the crown of the skull (rather than to their significance
         in brain activity). The lobe nearest the front of the skull is called the frontal lobe, and the foremost (anterior) area of
         it is called the prefrontal cortex. This is known to be important for tasks such as planning and problem-solving – tasks that require the integration of different types of information. The rear (posterior) part of the
         frontal lobe consists of the motor area of the brain, the place where neurons that control movement are clustered.
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      Figure 3 A neuron cell, each of which can be connected with thousands of others.

      
      The frontal lobe is demarcated from the smaller parietal lobe, which lies directly behind it, by the central fissure, a particularly
         deep sulcus. The parietal lobe is divided between the left and right sides of the brain, and contains the primary sensory
         cortex which controls sensations such as touch. The parietal lobe is in turn separated from the temporal lobes, one on each
         side of the brain, by another deep sulcus known as the Sylvian fissure. The temporal lobes are found at about the level of
         the ears and are involved in short-term memory and, of most significance for our study, in the processing of auditory stimuli.
         Finally, at the rear of the brain, but not demarcated by any major fissure, is the occipital lobe. This is where the brain
         processes visual information.
      

      
      Studying the brain

      
      There are two main ways in which the brain is studied.3 One is brain imaging. Since the 1970s it has been possible to use various methods to study both brain anatomy and the patterns
         of brain activation that arise when specified tasks are undertaken. The methods have rather daunting names: computerized tomography
         (CT), positron emission tomography (PET), functional magnetic resonance imagining (fMRI), electroencephalography (EEG), and
         magnetoencephalography (MEG). Although such methods lie at the cutting edge of scientific research, their underlying principles
         are quite straight-forward. CT is like a sophisticated X-ray; it records what the brain would look like if it were surgically
         removed, cut into slices and laid out on a table. PET effectively measures blood flow in the brain and hence identifies which
         parts of the brain are currently active by making use of the fact that active neurons require more oxygen. fMRI also measures
         blood flow but does so by exploiting minute changes in the magnetic properties of blood haemoglobin molecules as they release
         oxygen into the brain. Active neurons also generate electrical signals, which were once termed ‘brainwaves’, and these provide
         the basis for EEG; by placing electrodes on the scalp it is possible to detect the location within the brain from which the
         electrical signals are emanating. These active areas in the brain also produce tiny magnetic fields, which can be measured
         by MEG.
      

      
      These methods have already revolutionized our understanding of the brain; one suspects that further advances will soon be
         made. From them we are beginning to acquire a detailed understanding of which parts of the brain are used for which activities
         – for language, music, vision and so forth. We are also beginning to understand the plasticity of the brain – how new neural
         networks can develop to replace those that have been damaged and thus restore lost functions to the brain.
      

      
      The fact that different functions are to some extent localized in different parts of the brain has been known for more than
         a hundred years, thanks to the second method of brain science, lesion analysis. A lesion is an abnormal disruption of tissue
         produced by injury, stroke or disease. If the lesion is survived – they often prove fatal – it is possible to monitor what
         types of sensory, cognitive or motor activities have been lost and then to form hypotheses about the role of the particular
         part of the brain that has become inactive due to the lesion. Before the days of brain imaging, scientists had to wait for
         the patient to die and then perform an autopsy in order to discover where the lesion had occurred. Today, brain-imaging techniques
         can locate the lesion while a battery of cleverly designed experimental tests is used to identify the specific deficit that
         has arisen. It is this combination of lesion analysis and brain imaging that has provided the greatest insights into the neural
         bases for music and language.4

      
      Lesions and language

      
      The very first use of lesion analysis identified a key locality for language processing within the brain. Paul Broca, born
         in 1824, was a distinguished professor of surgical anatomy in Paris, and secretary of the Anthropological Society of Paris
         between its establishment in 1859 and his death in 1880. In April 1861 he examined a fifty-one-year-old man, named Leborgne, who had spent twenty-one years in a hospice. This patient
         was also known by the name ‘Tan’, as this was the only word he appeared to understand all that was said to ligence. When Tan
         died, a mere six days later, Broca removed his brain, stored it in alcohol and subjected it to detailed examination. He concluded
         that Tan’s language deficits had arisen from damage to the third convolution of the frontal lobe of the left cerebral hemisphere
         – henceforth known as Broca’s area. The presentation of his conclusions towards the end of 1861 began the modern investigation
         of the biological basis of language. Today, Tan’s brain remains preserved in the anatomy museum of the Ecole de Medecine of
         Paris, and further studies of lesions, as well as brain imaging, have confirmed that Broca’s area is indeed essential for
         the production of speech.
      

      
      Tan’s language deficit – an understanding of language but an inability to speak – is known as Broca’s aphasia. A second type
         of language deficit is Wernicke’s aphasia, identified in 1874 by Carl Wernicke, a twenty-six-year-old neurologist. This is
         quite different: sufferers are able to speak fluently but their utterances are meaningless, a jumbled assortment of words.
         Moreover, they lack comprehension of any words spoken to them beyond the simplest of instructions. Wernicke discovered that
         this deficit arose from damage to a part of the left cerebral hemisphere quite separate from Broca’s area, the superior surface
         of the anterior left temporal lobe – now known as Wernicke’s area. In those of us with normal linguistic abilities, there
         must be a web of neural connections between Wernicke’s and Broca’s areas to allow us to comprehend a question and then make
         an appropriate verbal response.
      

      
      There are numerous ways in which lesions can impact on language. Some people suffer such extensive lesions to their brains
         that they lose the whole of their language abilities, and they are referred to as suffering from global aphasia. At the other
         end of the scale some experience more specific dif ficulties, such as not being able to find the appropriate words when speaking,
         a condition known as anomic aphasia. Despite this variability, as research progressed throughout the late nineteenth and twentieth
         centuries, a consistent finding was that language deficits arose from lesions to the left cerebral hemisphere. So it was within
         this part of the brain that the neural networks for language appeared to be located, most notably in those areas named after
         Broca and Wernicke. This, however, is a simplification of a more complex reality, as we now know that the language processing
         system is in fact widely distributed throughout the brain.
      

      
      Medical case studies of people who have suffered from aphasia provide us with the perfect opportunity to examine the neural
         relationships between music and language. If, for example, music ‘was derivative of language, or vice versa, then the loss of musical ability ought to be an automatic consequence of the loss of language. Alternatively,
         if music and language rely on entirely independent neural networks, then the loss of one should have no impact upon the other.
         We now turn, therefore, to consider the impact of aphasia on musical ability.
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      Figure 4 The language areas discovered by Paul Broca and Carl Wernicke.

      
      ‘A brilliant creative work’

      
      We begin with a musician, someone who was in the first division, if not the premier league, of twentieth-century composers:
         Vissarion Yakovlevich Shebalin. Born in 1902, he composed his first symphony while still a schoolboy and went on to be elected
         professor of the Moscow Conservatoire at the age of forty, becoming tutor to many well-known Russian composers. He taught
         composition and wrote symphonies, pieces for the pianoforte and operas, one of which was performed at the Bolshoi Theatre
         in Moscow.
      

      
      In 1953, at the age of fifty-one, Shebalin suffered a mild stroke in his left temporal lobe which impaired his right hand,
         the right side of his face and disturbed his speech. Shebalin recovered from these symptoms within a few weeks, continued
         his work and progressed to become director of the Moscow Conservatoire. Then, on 9 October 1959, he suffered a second and
         more severe stroke. He lost consciousness for thirty-six hours; when he recovered his right side was partially paralysed and
         his linguistic capabilities had almost entirely disappeared. Shebalin’s physical abilities returned over the next six months,
         but he continued to have problems talking and understanding what was said to him. After experiencing two epileptic fits, he
         died from a third stroke on 29 May 1963. A few months prior to that he had completed his fifth symphony, described by Dmitri
         Shostakovich as ‘a brilliant creative work, filled with highest emotions, optimistic and full of life’.
      

      
      Professor A. Luria and his colleagues from the Department of Psychology case history in the Journal of Neurological Science in 1965.5 To them it provided evidence that the brain has quite separate systems for music and language. The extent of Shebalin’s aphasia
         while he composed his last orchestral works was indeed severe. He was quite unable to repeat sentences, while straightforward
         instructions such as ‘point to your nose’ had to be repeated several times and kept extremely simple if they were to have
         any effect. In general, Shebalin’s ability to comprehend speech had been devastated by his stroke. Just as bad was his own
         speech; he was left unable to construct sentences or to name objects when there were more than two of them present, even if
         prompted with the beginnings of the words. He could still read and write short words, although when he was tired even these
         proved too much for him.
      

      Shebalin was aware of his difficulties. Luria quotes him as saying, ‘The words … do I really hear them? But I am sure … not
         so clear … I can’t grasp them … Sometimes – yes … But I can’t grasp the meaning. I don’t know what it is.’ And yet, despite
         such severe afflictions, Shebalin continued to compose and to teach his pupils by listening to their compositions, analysing
         and correcting them. He completed musical pieces that he had begun before his illness and created a series of new works described
         as being equal to anything he had produced in his earlier years’. Indeed, Luria cites no less than eleven major pieces published
         between 1959 and 1963, including sonatas, including sonatas, quartets and songs, in addition to that fifth admired by Shostakovich.
      

      
      ‘For whom the spell extols’

      
      One could argue that professional musicians such as Shebalin are quite untypical of humankind. The vast number of hours spent
         listening to, playing and composing music, especially during childhood, might have led to the development of neural networks
         devoted to music that would otherwise be quite absent. Indeed, it is known that the left planum temporale region of the brain,
         located in the posterior superior temporal gyrus, is larger in musicians than in non-musicians.6 It is also the case, however, that musicians who received training before the age of twelve generally have a better memory
         for spoken words than non-musicians, which makes Shebalin’s loss of lan guage abilities even more striking.7 Nevertheless, for those of us who are non-musicians the ‘music as cheesecake’ theory might still be correct our musical abilities
         may simply be dependent upon neural circuits that evolved for language.
      

      
      In this light, the case of NS (it is, by the way, usual practice for medical patients to be referred to by their initials
         alone), a sixty-eight-year-old male stroke victim, is particularly interesting.8 His stroke occurred while under anaesthetic during heart surgery. When he awoke, he was unable to understand what people
         were saying, explaining that they seemed to be ‘speaking too fast or in Chinese’. His own speech, however, had not been affected
         and he could still read and write. MRI indicated a lesion in the right temporoparietal region along the superior temporal
         gyrus.
      

      
      NS’s inability to comprehend speech was severe and permanent. His wife resorted to writing him notes because he could not
         follow her conversation; very soon he was reliant on writing for all communication. Twelve years after his stroke he underwent
         formal examination by Professor Mario Mendez of the Department of Neurology and Psychiatry at the University of California,
         Los Angeles. NS was highly talkative but quite unable to understand simple spoken requests such as ‘touch your chin’, although
         he could immediately understand when they were written down. He could repeat single words but struggled with phrases. For
         example, ‘for whom the spell extols’ was his best effort at repeating ‘for whom the bell tolls’.
      

      
      An added complication was that NS had also lost his ability to identify environmental sounds – those that we would intuitively
         think of as lacking any musical qualities.9 These had become indistinct and difficult to understand, so that he would mistake an alarm clock for a man snoring, a fire
         engine for church bells, or a choir for a children’s playground. With such difficulties, NS’s quality of life had seriously
         declined. But some compensation was forthcoming: his appreciation of music had been enhanced. Before his stroke music had
         been of little interest to him, but in the twelve years between the stroke and Mendez’s examination NS and his wife had become
         avid attenders of concerts and other musical performances. In fact, listening to music had become NS’s main activity. During
         his interviews with Mendez, he often broke into song to endorse his new-found love of music.
      

      
      While NS had lost his ability to understand simple phrases and environmental noises, he could still recognize melodies. When
         asked to identify ten common melodies, such as ‘Happy Birthday’, ‘Auld Lang Syne’ and the Christmas carol ‘Silent Night’,
         he often got the names wrong but was able to sing them all and to point to pictures illustrating the appropriate settings
         for the melodies. Similarly, he was able to discriminate between different rhythms; he could identify whether successively
         played examples were the same or different. He was also quite able to hum the rhythms and tap them out on a table.
      

      
      NS’s is a particularly interesting case for several reasons. First, his exposure to music as a child and young man had been
         limited. It had certainly been no more, and perhaps a little less, than that of the average person, so there is no reason
         to suppose that he would have developed unusually specialized musical circuits in his brain which might have preserved musical ability after the loss of language. Secondly his appreciation
         of music appears actually to have been enhanced when his auditory capacities for speech and environmental sounds became severely
         disrupted.’ Thirdly, while a right temporal lesion has often been recorded as impairing the ability to comprehend environmental
         sounds, NS’s was the first reported case in which this had also caused speech aphasia. Unlike the vast majority of people,
         he must have been reliant on a neural pathway for language in the right rather than the left cerebral hemisphere. But whatever
         neural circuits had been damaged, these had evidently been quite separate from those used for recognizing melody and rhythm.
      

      
      Environmental sounds, foreign languages and prosody

      
      Shebalin’s and NS’s case histories are unusual but not unique, as the next studies will illustrate. These introduce a couple
         of extra complicating factors: foreign languages and prosody.
      

      
      NS had lost his capacity to identify environmental sounds such as ringing bells and barking dogs; whether this was also the
         case for Shebalin was not reported. It was not so for the three people in the following studies, although they were otherwise
         similar to NS in having preserved musical and inhibited language abilities following brain damage. They concern native speakers
         of French, Arabic and Japanese respectively, who varied in the extent to which they could recognize languages other than their
         own after their affliction. They also varied in their abilities to process the prosody of sentences, to identify their emotional
         moods, and to distinguish whether they were questions, exclamations or statements on the basis of the intonation of particular
         words. None of the subjects has been identified by either name or initials in the scientific literature.
      

      
      On 16 September 1980, a twenty-four-year-old woman was admitted to the Clinique Neurologique of the Hospices Civils in Strasbourg
         following the sudden onset of difficulties with language.10 Her speech had become garbled and she was quite unable to understand that of others, although she could lip-read isolated
         words and remained able to read simple sentences. Within a few days her abilities to speak, read and write returned almost
         to normal, but her inability to understand speech persisted.11

      
      During the week after the woman’s admission, Drs Marie-Noelle Metz-Lutz and Evelyne Dahl examined her auditory abilities.
         She proved quite able to recognize non-verbal sounds, correctly associating each tape-recorded sound with an appropriate picture.
         She was also able to recognize musical instruments from their sounds and to identify familiar melodies. Her success was greater
         when the melodies were hummed rather than sung, suggesting that the words hindered her recognition. But one aspect of her musical abilities was particularly affected, that of rhythm. When
         asked to tap a pencil against the table, she could only imitate very simple and short rhythms.12

      
      This patient’s language deficits showed an interesting pattern. Although she could no longer understand words – she was completely
         word-deaf – some of her language-processing abilities remained. When asked to identify whether each of twenty short sentences
         had been spoken in French (her native language), German, English or Spanish, she did so correctly in every case, without hesitation.
         She was able to identify on the basis of intonation whether a sentence had been spoken as a question, a statement or an exclamation,
         even though she could not understand the sentence itself. She could discriminate nonsense words from real words, although
         she found the former much more difficult to repeat, only correctly repeating twelve out of fifty nonsense words in contrast
         to thirty-six out of fifty real words.
      

      
      Drs Metz-Lutz and Dahl explained the patient’s particular suite of retained and lost language abilities in the face of complete
         word-deafness by the location of her brain lesion in the left cerebral hemisphere. EEG had suggested that the anterior and
         middle temporal lobe was impaired in its function, while a CT scan made one year after the onset of the patient’s difficulties
         indicated left temporal hypodensity and a vascular lesion in the left middle cerebral artery. The processing of intonation,
         Metz-Lutz and Dahl argued, takes place in the right cerebral hemisphere and was therefore not inhibited. Her recognition of
         foreign languages may have relied as much on the typical intonation of the language as on the words themselves. The right
         hemisphere must also, they argued, be able to undertake ‘lexical decisions’ – that is, discriminating between words and non-words.
      

      
      The next case was reported by Basim Yaqub of the King Khalid University Hospital in Riyadh, Saudi Arabia.13 A thirty-eight-year-old Arabic-speaking Syrian male was admitted to the coronary care unit. Brain scans showed a lesion in
         the left cerebral hemisphere, in the posterior superior temporal gyrus, and a more extensive lesion in the right cerebral
         hemisphere, in the posterior superior and midtemporal gyrus.
      

      
      On the third day after admission, it was noticed that he could not respond appropriately to verbal commands, although he himself
         spoke fluently and sensibly. He explained that he had a bad cold, which was interfering with his hearing. However, when asked
         questions, his answers were grammatically correct but entirely irrelevant. Yaqub and his colleagues formally tested the man’s
         language and found that he had entirely lost his ability to comprehend speech.
      

      
      Unlike the Frenchwoman described above, this Arabic man was no longer able to discriminate between his own and other spoken
         languages, nor could he tell whether a real word had been uttered or just a nonsensical collection of syllables. But all other elements of language
         remained intact; he could not only speak fluently but also read and write His appreciation of intonation and prosody, too,
         remained intact; although he could not understand its meaning, he could tell whether a sentence had been delivered as a question,
         a command or an exclamation. He could recognize when someone’s voice was emotionally neutral, happy or angry. And he could
         discriminate between laughing and crying.
      

      
      The man remained able to recognize non-verbal sounds, such as a key jingling, a telephone ringing, rustling paper or animal
         calls. He could identify the sounds of different musical instruments and was adept at recognizing melodies and songs, although
         he was, of course, unable to understand the lyrics. He was also still able to identify spoken vowels. One hundred Arabic vowel
         stimuli were spoken to him and after each he was asked to point to the letter on a card; he scored 97 per cent correct. Only
         when they were combined in increasingly complex ways and he had to infer their meaning did his ability to comprehend them
         become impaired.
      

      
      The third case is of a fifty-five-year-old Japanese-speaking man. He was admitted to the Chiba Emergency Medical Centre, in
         Teikyo, Japan, on 17 October 1982, following the onset of a severe headache.14
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