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1 Background: the intellectual context

1.1 Introduction

In the distant future I see open fields for far more important
researches. Psychology will be based on the foundation...of the
necessary acquirement of each mental power and capacity by grad-
ation. Light will be thrown on the origin of man and his history.
Charles Darwin, The Origin of Species (1859/1952), p. 243

You can’t just assume that because something’s there it is func-
tional, or has been adapted for....It could be just there.
Noam Chomsky, cited by MacFarquhar, 2003, p. 71

“The possession of speech,” T. H. Huxley once remarked, “is the grand
distinctive character of man” (1871). And indeed it dwarfs most other
evolutionary achievements. It involved not just the invention of words
but, more remarkable still, the development of the ability to speak them,
understand them, and think with them. All of these things are quite
unprecedented in the animal kingdom.

Consider speaking. We speak at the rate of some fifteen consonants and
vowels per second, and we manage to neatly organize these utterances into
larger output chunks called “syllables” by surrounding our vowels with
consonants in various ways. In ordinary conversation, the typical number of
different consonants and vowels that we produce per second is at least an
order of magnitude greater than the unit output rate of any other behavior,
or “output complex,” either our own or that of any other living form. And
we don’t simply produce monotone sequences of consonants and vowels,
either. We'll invariably give certain syllables more stress than others, and
each of our sentences will follow a melodic line whereby the pitch of our
voice varies in rule-governed ways, eventually signaling to the listener, by a
descending pitch, that the end is approaching. Though the world currently
numbers over 6,000 different languages (Grimes, 1998), virtually everybody
in every language community—a total of several billion people—can some-
how learn and do any commonly occurring patterns of speech acceptably.



4  Introduction

The topic of this book is how we do speech—specifically, how we produce
it—and how, as a species, we came to be able to produce it. [ won’t also be
trying to focus on the other side of the coin, speech perception, simply
because I need to keep the enterprise within reasonable bounds.

What exactly do we do when we produce speech? The individual
consonants and vowels—in English, about forty of them—are each pro-
duced by a unique complex of movements that modulate the flow of air
coming out of the mouth in such a way as to produce a unique acoustic
pattern. Thus each consonant and vowel will sound different from all the
others—a necessity if words are to signal their separate meanings. Were
I to work on it long enough, I could probably come up with a sentence in
which all forty of these sounds would be produced at least once. That
sentence would not take much more than three seconds to produce, and,
leaving aside tongue-twisters, one would produce it as easily as any other
sentence, though most other possible sentences would involve many fewer
different sounds per unit of time. The number of different muscles in the
speech apparatus—the chest, larynx, throat, mouth, and face—totals
about forty. Not all these muscles work for all sounds, of course, but
even assuming that just fifteen have to change what they are doing for each
successive sound, this would mean that about 225 different muscle activa-
tions would occur in each second of speech. That averages one event every
5 milliseconds! And add to this the fact that we can’t simply think of the
same set of about fifteen muscle actions for each individual consonant and
vowel whenever they are produced. The muscles used will vary depending
not only on what sound comes before the consonant or vowel in question,
but also on what sound comes after it, too.

Yet it’s something we readily take for granted. Not one person in a
thousand would suspect how far speech exceeds in complexity any other
kind of action in the animal kingdom. And why? Because speech is mostly
hidden. We see the lips and the jaw moving, yes, but as even the best lip-
reader will tell you, these two components don’t come close to conveying
all the required information. The key player is the tongue. And we can’t see
it flipping around in the mouth at its characteristic rate of over a dozen
positions per second.

We don’t even really feel our own tongue moving, either. None of my
undergraduate students know, until I ask them, which of the two variants
of vocal tract constriction they use to make the “s” sound—the one with
the tongue tip, or the one with the tongue blade. The visual equivalent of
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this would be having to knock on a door to see whether we do it with our
finger tips or our knuckles. In speech, we just hear a single acoustical
consequence that represents the sum of the movements for a given
consonant or vowel. Thus every pattern of fifteen or so muscle actions
boils down to one sound. Consequently, the astounding versatility of the
speech action system, which is in a league of its own in the animal
kingdom, doesn’t begin to get the respect it deserves, either in science or
in the world in general. It is, in effect, an invisible miracle.

But to truly understand ourselves, we must ask how this miracle was
bestowed on us. The two statements at the beginning of the chapter define
our central issue here. Did speech evolve “by gradation”—that is, in
Darwin’s much-quoted phrase, by “descent with modification”—or is it
one of those things that is “just there,” as Chomsky and many other
linguists seem to believe.

Darwin made his hopeful statement on the last page of his 1859
monograph The Origin of Species, certainly one of the most important
books in the history of science. But surprisingly, though we can agree on
the importance of the development he foresaw, a century and a half later
we are not there yet. We don’t have an agreed-upon descent-with-
modification scenario for a single human mental characteristic. Despite
the general acceptance of Darwin’s theory of evolution by natural selection,
and despite an increasing emphasis on evolution in cognitive science, in-
cluding cognitive neuroscience, and despite the recent advent of the new
subdiscipline of Evolutionary Psychology, the notion that even human
mental powers evolved by descent with modification has not yet been widely
accepted. Instead, many continue to adhere to a still-robust tradition of what
T'will call “classical” Western philosophy bestowed on us particularly by Plato
and Descartes, and, most germane to the topic at hand, enthusiastically
embraced within linguistics by its most prominent practitioner, Noam
Chomsky (1966). In this tradition, called “generative linguistics,” forms are
considered to exist a priori, that is, in advance of their use. Moreover, they
have no antecedents. For Plato, it was forms in the world and in the mind; for
Descartes, it was forms in the mind in particular; for Chomskyj, it is language
forms in the mind.

My aim here is to help realize Darwin’s dream by focusing on one key
human mental attribute—speech. I take the standpoint of an evolutionary
biologist who, according to Mayr (1982), “studies the forces that bring
about changes in faunas and floras...[and] studies the steps by which
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have evolved the miraculous adaptations so characteristic of every aspect
of the organic world” (pp. 69-70). I will present descent-with-modification
scenarios for two aspects of one particular miracle: the evolution of speech
itself and the left-cerebral-hemispheric specialization that typically goes with
it. And, in parallel, I will argue that the classical structure of Chomskyan
linguistic theory, with its anthropocentric claim of linguistic forms origin-
ating completely and virtually instantaneously in the human mind, and
available to the infant prior to use, is inimical to a descent-with-modification
approach to the evolution of speech.

In short, I will try to deconstruct the miracle that is speech in the way in
which all miracles in nature should be deconstructed—in terms of their
history of natural selection. And in the course of doing this I will try to
make it clear that the generative approach to speech simply explains one
miracle in terms of another.

(A brief clarification is in order here. Most of Chomsky’s work has been
done in the field of syntax—the study of sentence structures—not in
phonology—the study of sound patterns. I will not deal directly with
syntax in this book, and I will not claim that syntax evolved directly
from phonology. However, Chomsky’s conceptual innovation, “generative
grammar,” and its central construct, “universal grammar,” were applied
explicitly to phonology as well as syntax, and the book that Chomsky
wrote with Halle in 1968, The Sound Pattern of English, ushered in an era
of dominance of the generative approach to speech which has not yet been
transcended. That is one reason why Chomsky’s views are a primary
concern here.)

To return to the main theme, what we seek for speech is what Mayr calls
“ultimate causes” (p. 67). I share Mayr’s view that Darwin’s theory of
evolution by natural selection offers the only framework for understand-
ing how life forms evolved their various traits. But what exactly is natural
selection? Darwin hypothesized that the survival of any important aspect
of body form or behavior depends on successful use. The behavioral
component boils down to the production of successful movement com-
plexes, which, collectively, we’ll call “action.” Think of a predator catching
its prey. Success for the predator depends on its having evolved effective
movements of capture—an action routine—just as success for its prey
involves effective movements of evasion, also an action routine.

If one believes Darwin, as virtually everyone in modern science does, the
capacity to speak must have evolved by natural selection. But here the
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criterion for selection, we may suppose, was effective social communication.
Most directly, speech had to have initially involved certain movement
patterns (which I will call “action patterns”) of the lungs, larynx, and
mouth that generated early sound patterns. Each action/sound pattern
signaled to the listener, by mutual agreement, a particular concept. Each
pairing of a concept with a sound pattern made up what linguists would now
call a “morpheme”—a meaning unit. But it was also a word in those simple
days, before there were words which could have more than one morpheme.

Now, as we will see, there is a complex mental apparatus underlying our
five-per-second delivery of the syllables that make up our typically un-
broken sequences of words/sentences. But at the outset we had no such
complex mental structure. All we had were some pre-existing movement-
generation capacities of what would later be dubbed the “speech appar-
atus.” It was these successful initial action patterns, and whatever patterns
followed them as speech evolved, that dictated the mental apparatus that
eventually came to more or less directly underlie speech. Think of a mental
dictionary in which every concept is paired with instructions as to how
you speak the vocal symbol that goes with it. The action patterns involved
in these words were subject to natural selection. They had to be both
producible and understandable. The mental representations that devel-
oped to provide the instructions were inevitably influenced in their form
by the nature of the patterns. In this regard, then, the body influenced the
evolution of the structure of the mind.

This contention perhaps becomes more plausible if we note both the
final sentence in Darwin’s book The Descent of Man (1871/1952) and his
choice of the word “Descent” rather than “Ascent” in its title: “Man still
bears in his bodily frame the indelible stamp of his lowly origins” (p. 597).
The bodily components of the speech production apparatus are hundreds
of millions of years old, and therefore none of them initially evolved for
speech purposes. For example, the respiratory system (basically the lungs),
which we use as a power source for speech, originally served as a flotation
device in fish, and came to be a life-supporting system of gas exchange in
animals using terrestrial habitats. The vocal folds, the component of
the larynx that we set into vibration to produce phonation/voicing, were
originally part of a valve preventing water from entering the lungs. The
airway above the larynx that we now configure in various ways to shape
sounds began life as a food-ingestion device. Doesn’t it stand to reason
that because we modified the control of these devices to produce speech,
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their heritage influenced the evolution of what we might call the mental
overlay of this miraculous system, by which I mean the algorithms that
came into use specifically for speaking. Isn’t this just as obviously true as
the proposition that as different vertebrates developed different oral food-
processing strategies, the concurrently developing neural control systems
were influenced by what those strategies were?

This book is about what these movement patterns—action patterns—
were, and the role they played in the evolution of the mental structures
that came to underlie them. But first I ask the reader a favor. Don’t take the
movement patterns of speech for granted. They are the key to our under-
standing the evolution of speech, including the mental patterns that
eventually came to underlie its production. The alternative view, common
in modern linguistics, is that speech, from the outset, was essentially a
mental phenomenon and that its movement patterns are of scant interest.
I aim to rebut that view by providing a plausible descent-with-modification
account of the natural selection of the motor patterns. Those who believe
that speech began as mental patterns have not—and, in my opinion,
cannot—provide such an account. And their motivation to try to do so is
limited. They are inclined, with Chomsky, to regard the patterns as being
“just there”

In taking this body-to-mind stance I ally myself with the Nobel Prize-
winning neurobiologist Roger Sperry. In a paper written halfa century ago
entitled “Neurology and the mind-brain problem,” Sperry contended that
the best way to fathom the structure of the mind is to start with the body’s
observable movements and then try to reason backwards, so to speak, to
the brain processes—and, by implication, the mental processes—that
underlie these movements:

the unknown cerebral events in psychic experience must necessarily involve exci-
tation patterns so designed that they intermesh in intimate fashion with the motor
and premotor patterns....The more we learn about the motor and premotor
mechanisms, the more restrictions we add to our working picture of the unknown
mental patterns and hence the closer our speculation will be forced to converge
towards an accurate description of their true nature. (Sperry, 1952, p. 300)

Sperry’s approach, anticipating what is now known as the “Embodiment”
perspective (see Clark, 1997 and later discussion), holds that mental
activity cannot be understood outside of the context of bodily activities.
It lets us start out precisely where we have the most readily available
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observable data—from the movements themselves, including those made
visible by X-ray movies and other modern imaging devices; from relatively
direct inferences we can otherwise make about the movements based on
the acoustic patterns they produce; and from well-accepted methods of
phonetic transcription of words observed in the field or supplied in
dictionaries. The phonetic alphabet used in these transcriptions gives us
a vocabulary for talking about speech—something that is absent in, for
example, the study of hand movements.

Beyond my belief in the primacy of the movement patterns in the
evolution of speech, I have another perspective guiding my approach to
the question.

I first became interested in speech as an undergraduate, when a profes-
sor gave me a landmark paper he thought I'd appreciate. It was by the
famous neuropsychologist Karl Lashley, and it was called “The problem of
serial order in behavior” (Lashley, 1951). How, Lashley wanted to know, is
any action sequence organized? It’s a fascinating question, and far-reaching,
since it potentially applies to all living creatures and to all the activities they
engage in. Lashley’s main focus, though, was on speech. How, he wondered,
do we humans make the sequence of words in phrases and sentences, or the
sequence of sounds in individual words, even syllables—anything, in short,
that involves more than one event in the time domain? Although he
proffered a number of valuable suggestions as to how to solve the serial-
order problem in speech, which I will summarize later, he didn’t lay out a
coherent theory about it. But he offered me an enormously rich field of
study and a valuable point of departure. In the subsequent half-century,
I developed the theoretical perspective on this particular question regarding
speech that you will be exploring with me here.

Some readers might think that trying to study the mind by inferring its
properties from the movements it directs seems so commonsensical as to
be unarguable. But, in fact, there has been virtually no attempt to imple-
ment it. Why? Because Western philosophical thought has long focused on
the mind-world relationship (i.e., the question of how the mind relates to
its input), not on the mind-body relationship (i.e., how the mind controls
the body). A central issue in epistemology—the study of the nature and
grounds of knowledge—has been whether knowledge or mental structure
is innate or whether it comes solely from experience of the world—in
particular, perceptual experience. The dominant classical view, initiated by
Plato and reinforced by Descartes, holds that knowledge exists in the
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human mind a priori. Noam Chomsky, the dominant force in modern
linguistics, subscribes to this assumption and bases his linguistic theories
on it. He believes our innate knowledge includes both the syntactic aspect
of language (sentence structure) and its phonological aspect (sound struc-
tures underlying speech). An opposing intellectual tradition is that of
Empiricism, associated particularly with the British philosophers Locke
and Hume. They held that knowledge isn’t innate at all; rather, all of it
comes from life experience.

But, curiously, even Empiricists didn’t ascribe an important role to action
in the development of our mental capacities. Consequently, action does not
even figure in the usual dictionary definitions of “mind,” such as this one from
Merriam-Webster’s Collegiate Dictionary, eleventh edition: “the element or
complex of elements in an individual that feels, perceives, thinks, wills, and
esp. reasons.” Perhaps this neglect has occurred because actions seem, in a
way, to be a property of neither the mind nor the world. We tend to act
automatically, without conscious awareness, and have little memory of actual
actions themselves. Movements tend, literally, not to come to mind. In
contrast, both our thoughts and what we apprehend in the external world
are available for conscious reflection, with the aid of memory. Thus know-
ledge holds the stage. But regardless of why action has been neglected in
Western philosophy, the effects of its neglect show up dramatically, not only in
the history of scientific thought about speech but in its relative absence from
modern science’s concern with mind/brain relationships. To cite but one
example of the neglect of speech as an action, The New Cognitive Neurosciences
(Gazzaniga, 2000), a 1,400-page encyclopedic text generally considered the
authoritative source on its subject, has no section on speech production.

My own discipline, psychology, has also historically neglected the study
of action. Rosenbaum (2005) recently called motor control the “Cinderella
of psychology” (p. 308). Psychology even went through a phase when the
mind itself wasn’t deemed an appropriate subject of study. The behavior-
ists, back in the first half of the twentieth century, felt that psychology
should be restricted to the study of observable stimulus—response rela-
tionships. Why? Because, in their view, the mind was not accessible to
science. It might appear that by emphasizing the importance of responses,
which are actions, they were bringing the study of action into the fold. But
they were actually only using them as a means to an end, namely, as an
indicant of what was happening in th