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1.1

Seeing the Vocal Tract: Tools for Speech Research

THE VOCAL TRACT

We begin our study of the sounds of speech by surveying the parts of the body used to make
speech sounds: the vocal tract. An understanding of how these parts fit and act together, the
topic of Section 1.2, is crucial for everything that comes later in the book. Before we dive into the
study of human anatomy, however, Section 1.1 considers some of the tools that speech scientists
have used or currently use to do their work: How can we “see” inside the body to know what our
vocal tracts are doing?

The vocal tract is composed of all the parts of the body that are used in the creation of speech
sounds, from the abdominal muscles that contract to push air out of the lungs, to the lips and
nostrils from which the sound emerges. We sometimes call this collection of parts “the organs of
speech,” but there really is no such thing. Every body part that is used for speech has some other
biological function - the lungs for breathing, the tongue and teeth for eating, the larynx to close
off the lungs and keep the two systems separate — and is only secondarily adapted for speech.

We're not sure at what point in time the human vocal tract developed its present form, making
speech as we know it possible; some scientists estimate it may have been 50,000 100,000 years ago.
And we don’t know which came first, the development of a complex brain that enables linguistic
encoding, or the development of the vocal structures to realize the code in sound. While hominid
fossils provide some clues about brain size and head shape, neither brains nor tongues are well pre-
served in the fossil record. We do know that no other animal has the biological structure needed to
make the full range of human speech sounds. Even apes and chimpanzees, whose anatomy is gen-
erally similar to ours, have jaws and skulls of very different shape from ours, and could only man-
age one or two consonants and vowels. That’s why scientists who try to teach language to chimps
or apes use manual sign language instead: chimps are much better at copying human hand shapes
than human vocal tract shapes. There are birds that are excellent mimics of human speech sounds,
but their “talking” is really a complex whistling, bearing little resemblance to the way that humans
create speech. (The exact mechanism used by these birds is discussed in Chapter 9.)

But probably for as long as people have been talking, people have been interested in describing
how speech sounds get made. Linguistic descriptions are found among the oldest records of civ-
ilization. In Ancient India, as early as 500 BCE, scribes (the most famous of whom was known
as Panini) were making careful notes of the exact articulatory configurations required to pro-
nounce the Vedic Scriptures, and creating detailed anatomical descriptions and rules for Sanskrit
pronunciation and grammar. (The younger generation, apparently, was getting the pronunciation
all wrong.) Arab phoneticians, working centuries later but with many of the same motivations as
the Indian Grammarians, produced extensive descriptions of Classical Arabic. Al-Khalil,
working in Basra around 750 CE, produced a 4000-page dictionary entitled Kitab al ayn, “The
Book of the Letter ‘Ayn”” The ancient Greeks and Romans seemed to be more interested in syntax
and logic than in phonetics or phonology, but they also conducted anatomical experiments,
engaging in an ongoing debate over the origin of speech in the body. Zeno the Stoic argued that
speech must come from the heart, which he understood to be the source of reason and emotion,
while Aristotle deduced the sound-producing function of the larynx. The Greek physician Galen
seems to have settled the argument in favor of the Aristotelian view by noting that pigs stop
squealing when their throats are cut. Medieval European linguists continued in the Greek tradi-
tion, further developing Greek ideas on logic and grammar, as well as continuing to study
anatomy through dissection.

The main obstacle in studying speech is that the object of study is for the most part invisible.
Absent modern tools, studies of speech production had to be based on either introspection or
dissection. (According to one history of speech science (Stemple et al. 2000), it didn’t occur to
anyone until 1854 that one could use mirrors to view the living larynx in motion.) Of course
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some speech movements are visible, especially the lips and jaw and sometimes the front of the
tongue, so that “lip reading” is possible, though difficult. But most of speech cannot be seen: the
movement of the tongue in the throat, the opening of the passage between nose and mouth,
sound waves as they travel through the air, the vibration of the fluid in the inner ear. The exper-
imental techniques of modern speech science almost all involve ways of making these invisible
movements visible, and thus measurable.

One obvious way is to take the pieces out, at autopsy. Dissection studies have been done since
antiquity, and much important information has been gained this way, such as our knowledge of
where muscles and cartilages are located, and how they attach to each other. But the dead patient
doesn’t speak. Autopsy can tell us about the anatomy of the vocal tract, that is, the shape and
structure of its parts, but it cannot tell us much about physiology, that is, the way the parts work
together to produce a specific sound or sound sequence.

The discovery of the X-ray in 1895 was a major advance in speech science, enabling
researchers to “see” inside the body. (The mysterious “X” ray was discovered by physicist
Wilheim Conrad Rontgen, who received the first Nobel Prize in physics for his work.) X-rays
are not necessarily great tools for visualizing the organs of speech, however, for two reasons.
X-rays work because they pass through less dense, water-based soft tissue like skin, but are
absorbed by denser materials like bone, teeth, and lead. Thus, if an X-ray is passed through
the body, the bones cast a white “shadow” on a photographic film placed behind the subject.
The first problem with the use of X-rays in speech science is that muscles, like the tongue, are
more like skin than like bones. The tongue is visible on an X-ray, but only as a faint cloud, not
a definite sharp outline.

Figure 1.1 shows the results of one experiment where researchers tried to get around this
problem in an ingenious way. These images were made by the British phonetician Daniel Jones,
in 1917. Jones was very interested in vowel sounds,
and is famous (among other achievements) for
devising a system for describing the sound of any
vowel in any language (the “cardinal vowel” system,
which is discussed in Chapter 4). But nobody really
knew exactly how the tongue moved to make these
different sounds, since we cannot see most of the
tongue, and we do not have a very good sense of even
where our own tongues are as we speak.

To create these images, Jones swallowed one
end of a small lead chain, holding on to the other
end, so that the chain lay across his tongue. He then
allowed himself to be X-rayed while articulating
different vowel sounds, and these pictures are the
result. The images, beginning at the upper left and
going clockwise, show vowels similar to those in
the words “heed,” “whod,” “hod,” and “had” (“Hod”
rhymes with “rod,” and was a common word in 1917.
It refers to a bucket or shovel for carrying coal.) The
tongue itself does not image well, but the lead chain
shows up beautifully, indicating how the tongue is
higher and more toward the front of the mouth for
the vowel in “heed” than the vowel in “hod” (The
large dot showing the high point of the tongue was
drawn in by hand, and the other black dots are lead

fillings in the subject’s teeth.) 2

The second problem with X-ray technology, of  Figure 1.1 X-rays from the lab of Daniel Jones. Source: Daniel Jones 1966/

course, is that we eventually learned that absorbing  Cambridge University Press.
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X-rays into your bones, not to mention swallowing lead, is dangerous for the subject. Prof. Jones’
experiments would never make it past the review committees that every university now has in
place to protect participants’ health.

A safe way to get pictures of parts of the vocal tract is through sonography (also known
as ultrasound imaging). This technology, based on the reflection of sound waves, was devel-
oped in World War II, to allow ships to “see” submarines under the water. Most of us are
familiar with this technology as it is used to create images of a fetus in utero. The technology
works because sound waves pass harmlessly and easily through materials of different kinds,
but bounce back when they hit a surface of different density from what they are traveling
through. (Transmission of sound waves is covered in detail in Chapter 6.) So sound waves

Figure 1.2 Ultrasound image of tongue shape for a vowel
similar to the one in “heed.” Courtesy of Elizabeth C Zsiga
(book author).

Figure 1.3 MRI midsagittal section of the tongue, showing
the same vowel as in Figure 1.2. Source: Courtesy of Maureen
Stone.

travel through the air, but bounce back when they hit a moun-
tainside, creating an echo. They travel through the water, but
bounce back when they hit the ocean bottom (or a submarine),
creating a sonar image. They travel through the amniotic fluid, but
bounce back when they hit a body part. A transducer receives the
echoed signal and calculates the time delay between transmission
and reception. The time measurement is converted into distance
between the transducer and the reflecting object. Graphing these
distances creates an outline, resulting in an image of the object
being studied.

In speech science, the ultrasound probe is held under the chin, so
that the sound waves travel up through the tongue. They bounce
back when they hit the border between the tongue and the air in the
mouth, creating an image of tongue shape. Such an image is seen in
Figure 1.2: The shape of the tongue for the vowel similar to the one
in “heed” is seen as a bright line. (In this image, the subject is facing
to the right.)

Finally, Figures 1.3 and 1.4 show images of the head made
by magnetic resonance imaging (MRI). The phenomenon of
magnetic resonance was discovered in 1946 by Felix Bloch and
Edward Purcell (working independently). (As with X-rays, the
discovery resulted in a Nobel Prize.) Applications for imaging the
body began to be used around 1977. This technology is in some
ways the reverse of an X-ray: because it is based on the response
of hydrogen atoms to a magnetic field, it works best on soft tissue
that is mostly H,O. For MRI imaging, the subject is placed in a
very large electromagnet. If you've ever had an MRI scan, you
know this is like being slid into a small plastic tunnel. When the
magnet is turned on, all the hydrogen atoms in the watery parts
of the body line up with the direction of the magnetic field. Then
a radiowave pulse of energy is sent to a specific part of the body,
and this pulse knocks the atoms out of their alignment. When
the pulse passes, the atoms snap back into position, but they give
off energy as they do so. This energy is detected and measured by
the MRI technology. Depending on the density of the hydrogen
atoms in a given material, more or less energy is given off, and
thus the presence and shape of different kinds of tissue can be
detected. The technology is excellent, for example, at differenti-
ating a tumor from normal brain tissue. It also creates beautiful,
crisp pictures of the inside of a patient’s head. It’s especially use-
ful because it can image a “slice” at any depth into the body. As
the technology improves, image acquisition is getting faster and
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faster, and as of this writing it is now possible to make MRI “movies” of
the vocal tract in motion, with frame rates comparable to video cameras.

The image in Figure 1.3, a view that’s often used in speech science, is
called a midsagittal section - that is, cutting halfway through, and looking
from the side. It’s basically a profile, but cut down the middle of the head. You
can clearly see the nose and chin in outline, as well as the spinal cord. Our
interest will be in the structures in the mouth. The midsagittal section is espe-
cially useful because the different parts of the vocal tract are clearly outlined.
Overreliance on this way of picturing the vocal tract, however, can give a false
impression that our mouths are two-dimensional and that the only differences
that matter are front-to-back. Figure 1.4 shows a different MRI view, called
a coronal section: this is a view from the front, again slicing the head in half,
this time from ear to ear. The coronal section in Figure 1.4 shows the whole
head: the brain and eyes are unmistakable. The dark open spaces are the sinus
cavities. The solid gray structure under the nose is the tongue. Notice how
the top of the tongue is high and arched from side to side, while the muscle
mass fills the floor of the mouth and extends down to the jawbone. (While the
source does not indicate what, if any, sound was being pronounced when this
picture was taken, the high position of the tongue looks consistent with that
of the previous figures.)

While the coronal section reminds us not to be trapped in two dimensions,

the midsagittal section is the most useful view to begin our discussion of the ~ Figure 1.4 MRI coronal section of the head.
Source: Image by Patrick J. Lynch, medical

illustrator; C. Carl Jaffe, MD, cardiologist. Patrick J.
Lynch/Wikimedia Commons/CC BY 2.5.

names and locations of the different parts of the vocal tract.

As stated above, the vocal tract comprises all the structures of the body that are used to create
speech sounds, from the lungs to the nose. It is useful, however, to divide the overall structure
into a number of subsystems, which are diagrammed in Figure 1.5. (This view, which is not actu-
ally biologically possible, might be called “Egyptian”: The head is in profile, but the shoulders are
square to the reader.)

The dividing point of the subsystems is the larynx, a valve of cartilage and muscle in the
throat that sits on top of the trachea (windpipe) at the point where the passage to the lungs sep-
arates from the passage to the stomach, and that can be felt in the front of the neck as the “Adam’s
apple” The parts are the subglottal or sublaryngeal system (everything below the larynx), the
laryngeal system (the larynx itself), and the supralaryngeal system (everything above the larynx).
The supralaryngeal system can be further divided into the oral tract (the mouth) and the nasal
tract (the nose). In this section, we'll consider each of these systems in turn, describing each of
the structures and the role they play in speech production, starting at the bottom, with the lungs,
and working our way out. In this chapter, the perspective is functional: The structures and sys-
tems are described in just enough detail that the job that they play in making speech sounds can
be understood. Further details of anatomy and physiology are covered in Chapter 5.

1.2.1 The Sublaryngeal Vocal Tract

Breathing is generally pretty quiet, snoring aside. The act of speaking is the act of making the
movement of air out of the mouth and nose audible, using a code that associates different sound
combinations with different meanings. The movement of air can be made audible by making it

1.2 The Parts of the Vocal Tract



-

\\SA

THE VOCAL TRACT

.............. - nasal cavity
swora. | e———=f - palate
upra- N 7 Vo ___ - oral cavity
laryngeal |~ _—~ N <€-----------/-- velum
vocal tract
tongue
-------------- pharynx
-------------- epiglottis
subglottal
system

A
diaphragm

Figure 1.5 The subsystems of the vocal tract. Source: Philip Rubin and Eric Vatikiotis-Bateson, Haskins Laboratories. http:/
www.haskins.yale.edu/featured/heads/MMSP/figure 1.html.

fast and turbulent, like water rushing through rapids. It can be made audible by building up
pressure that is suddenly released, like the pop of a champagne cork. Or air can be made audible
by making the air molecules vibrate (or resonate), like a bell or like the air inside the body of a
guitar or clarinet. Each of these methods, alone and in combination, are used in making speech
sounds. And all involve first getting the air moving, and then shaping that movement either by
making a narrow channel, by closing off the airflow momentarily so that pressure builds up, or
by changing the shape of the resonating chamber. In most cases, the movement of the air is pow-
ered by the lungs: the pulmonic airstream mechanism. It is possible to get air moving in other
ways, by movements of the tongue and larynx, and many languages use speech sounds created
in these ways. These other airstream mechanisms are covered in Chapter 3. But all languages use
the pulmonic airstream mechanism, some (like English) exclusively, so we begin with that.

Speech begins when air is drawn into the lungs, and then forced out. The lungs, of course, are
air-filled sponges, covered with a membrane, that fill the ribcage. The lungs have no muscles of
their own, but expand or contract as the muscles of the abdomen and ribcage squeeze or pull on
them.

The largest muscle used in speech is the diaphragm, which is a large dome-shaped muscle
that runs through the middle of the body and separates the chest cavity from the stomach. When
the diaphragm contracts, the dome flattens out, causing the chest cavity, and thus the lungs, to
enlarge. Remember Boyle’s law from high-school physics? When the volume of an enclosed
space increases, air pressure decreases. So when the volume of the lungs is increased the air
pressure goes down, and air rushes in from outside the body to equalize the difference. Then, as
the diaphragm is slowly relaxed, and the muscles running inside the ribcage slowly contract, the
lungs are squeezed, and air is forced out in a measured stream, up the trachea, through the
larynx, and into the mouth and nose.
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Note that, generally, speech takes place on the exhalation only. That is, the airstream is pul-
monic egressive. It is possible to speak on the indrawn breath - in gasps, for example, or when
children want to count quickly to 100 for a game of hide and seek — but no language uses the

pulmonic ingressive airstream in any systematic way.

1.2.2 The Larynx

The trachea, or windpipe, is the tube that connects the mouth and lungs. It consists of rings of
cartilage (horseshoes, really, open to the back) connected by muscle fibers and lined with smooth
moist tissue. The top ring of the trachea, the cricoid cartilage, is thickened, and instead of being

open at the back is closed with a flat plate: the shape
is often compared to a signet ring, with the plate of
the ring toward the back of the neck. (Cricos is Greek
for ring.) Just above the cricoid cartilage, the tissue
inside the trachea thickens into two folds or flaps:
the vocal folds, which can potentially cover the open-
ing to the trachea. (They were erroneously called the
vocal cords by a Medieval anatomist, and the term
stuck, but they are not strings.) The folds are actually
composed of multiple layers of tissue: they are thin
and somewhat stiff on their inside edge, at the vocal
ligament, thick and muscular at the sides. The muscle
running inside the vocal folds is called the vocalis
muscle. Figure 1.6 shows a diagram of the vocal folds
and surrounding structures (in coronal section).
Note that above the true vocal folds is another set of
flaps of tissue, the vestibular folds, often called the
false vocal folds. Vibration of the false vocal cords
may play a role in various forms of “throat singing,’
but they are not active for speech.

A set of cartilages surrounds, protects, and
manipulates the vocal folds. Figure 1.7 shows the
cartilages of the larynx as viewed from the side; other
views are shown in Chapter 5 (Figures 5.2 and 5.3).

In Figure 1.7, one can see the thickened cricoid
cartilage sitting on top of the trachea, with its signet-like plate in the back. The
large thyroid cartilage sits over the front of the cricoid like a shield, folded in
the middle. On top of the cricoid plate, hidden behind the thyroid and thus not
visible in Figure 1.7, are the two arytenoid cartilages, shaped approximately like
triangular pyramids. The vocal folds are attached to the thyroid cartilage in the
front and the arytenoid cartilages in the back. These four cartilages — the cri-
coid, the thyroid, and the two arytenoids - along with the vocal folds and the
muscles that connect them all make up the larynx.

You can locate your own larynx by tilting your chin up and running your
finger down the underside of your chin to your throat. You should be able to feel
the forward point of the thyroid cartilage as a bump under the skin, with a small
notch at the top. (This thyroid notch is usually called the “Adam’s apple,” and it is
larger in men than in women; more on sex-specific characteristics of the larynx in
Chapter 5.) The whole larynx will move up and down if you swallow. You should
also be able to feel some of the other tracheal rings below the larynx along the front
of your throat.

cricold cart.

the larynx

vestibular fold

vocal fold

vocalis muscle

trachea

Figure 1.6  The vocal folds, coronal section.
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Figure 1.7 The cartilages of the larynx,
viewed from the side.
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During speech, the positions of the vocal folds can be changed in various ways by adjusting
the position of the thyroid and arytenoid cartilages, and by increasing or decreasing the tension
in the vocalis and other muscles. (Details are given in Chapter 5.) The vocal folds can be pulled
together tightly and clamped down to temporarily stop the airflow, or they can be pulled apart
to allow air to flow freely. If they are held in an intermediate position with just the right tension,
touching but not tightly closed, the vocal folds will vibrate as the air passes over them, with a
movement similar to a flag undulating in the breeze. This vibration produces a hum called voic-
ing, and the vibration of voicing is the basis of many of the sounds of speech.

You can feel this vibration by placing your fingers on the side of your larynx, and alter-
nately pronouncing a sustained [zzzzzz] and [ssssss]. The vibration you feel during the voiced
[z] will cease during voiceless [s]. (Conventionally, symbols for sounds are written within square
brackets. There will be much more information on symbols for sounds in the coming chapters.)

The faster the vibration of the vocal folds, the higher the pitch of the voice. To some extent,
the pitch of your voice is determined biologically: large vocal folds vibrate more slowly than
small vocal folds, producing a lower range of sound. Men, on average, have vocal folds 50%
longer than women’s (hence the more prominent Adam’s apple); typical male vocal folds are also
thicker. Thus, men tend to have lower voices. The average rate of vocal fold vibration for adult
males is about 120 times per second, for adult females, about 220 times per second, and for small
children, as high as 300-400 times per second. Part of this difference is due to the fact that men
on average have larger bodies than women, and both of course are larger than children. But
males will tend to have larger vocal folds even when matched with females for overall body size.

Laryngeal growth is highly sensitive to testosterone. During typical male puberty, surging
testosterone causes a laryngeal growth spurt, during which the size of the vocal folds and thyroid
cartilage rapidly increase. Teenage boys may find that their voice “cracks” until they become
used to manipulating their newly-found deeper voices. Transgender individuals may use hor-
mone therapy to promote or prevent the vocal fold growth that deepens the voice. Without the
surge of testosterone, the growth of female vocal folds is steady and proportional to body size,
with no disproportionate growth spurt in adolescence. There was presumably an evolutionary
advantage for males, but not females, to sound bigger, and thus stronger and more fearsome,
than they actually are.

* 1.1 In Focus

In seventeenth- and eighteenth-century Italy, there was a tradition of boy singers undergoing castration to
prevent their voices from changing. As adults, many castrati sang in church choirs, where high voices were
needed but women were not permitted and boys were not reliable. Some castrati became celebrated opera
singers. The most famous was probably Carlo Broschi (1705-1782), who took the stage name Farinelli.
Numerous sources describe him as one of the greatest opera singers of all time, because of the combination
of his range, power, and technical precision. One of the last castrati, and the only one known to have made a
recording of his singing voice, was Alessandro Moreschi (1858—1922). You can access the recordings on the
web by searching his name. )

So the overall range of your voice - whether you’ll be a soprano, alto, tenor, or bass - is a biological
given, depending on your body size and on the amount of testosterone your body produces. But
within the biologically-given range, the actual note that is sung is under individual speaker con-
trol. Pitch is adjusted by changing the tension of the vocal folds. Pulling forward on the thyroid
cartilage stretches the folds and raises the pitch. Contraction of the vocalis and other muscles
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can also be directly controlled. You can feel the laryngeal control of pitch if you once again place
your finger lightly on your larynx and then hum a series of notes from the lowest in your range
to the highest. Can you feel the thyroid cartilage move up in your throat as pitch rises? Such
speaker-controlled changes in pitch can be very important to the linguistic message.

Thus, the linguistic function of the larynx is (mainly) to control pitch and voice. Its biological,
non-speech, function is to serve as a valve that separates the lungs and the stomach. Other ani-
mals that use their mouths to both breathe and eat have valves that serve the same non-speech
function as the human larynx, but no other animal has such fine-tuned laryngeal control.

The human larynx is also nearly unique in being placed so low in the throat. In adult humans,
the trachea (the passage to the lungs) and esophagus (the passage to the stomach) do not split off
until halfway down the throat. In addition, the trachea is in front of the esophagus, so that food
and water must pass over the top of the trachea in order to get to the stomach - a surprisingly
dangerous arrangement. (Your mother was right — don’t try to talk and eat at the same time.) In
other primates and almost all other mammals the trachea extends much higher, up through the
back of the mouth, so that the trachea can connect directly to the nasal passages. Thus a deer can
drink and breathe at the same time: the air going through the nose and down the trachea, with
water going around the sides of the trachea rather than over the top. Humans cannot.

In order to be able to eat at all without getting food into the lungs, the human must close off
the trachea by tightly closing the larynx when food or drink is being swallowed. The closure is
aided by the epiglottis, a flap of tissue attached to the base of the tongue, which folds down over
the top of the larynx, which rises to meet it, during swallowing. Try swallowing a few times, pay-
ing attention to the muscular sensations. Can you feel the larynx rising up, and the tension in the
throat that corresponds to the lowering of the epiglottis?

# 1.2 In Focus

Human infants, who have very poor muscle control and spend a lot of time drinking while lying down, are born
with the larynx high in the throat, similar to the arrangement typical of other primates. Thus, the liquid the
baby ingests passes around the sides of the trachea rather than over the top, preventing choking. The larynx
lowers to the normal human position over the first months of life, as the child gains control over the muscles
of the neck and head, learns to sit up, and begins to eat solid food and to babble.

The tradeoff for the lowered larynx position in the human is significant, however. With the tra-
chea down and out of the way, humans have an open space, the pharynx, at the back of the
mouth behind the tongue. This open space allows greater freedom for movement of the tongue,
making a wide range of vowel and consonant sounds, and thus human language, possible.

1.2.3 The Supralaryngeal Vocal Tract

Thus far, we've seen that the lungs provide the moving air on which speech is based, and the
larynx adds (or not) the vibration of voicing and control of pitch. It is the structures above the
larynx that move to further shape and constrict the air as it moves out from the lungs, creating
distinctions between individual speech sounds. It is useful to divide the structures of the mouth
into the active articulators and passive articulators. The active articulators move toward the
passive articulators in order to constrict and shape the airstream. The labels for the active and
passive articulators are shown in Figure 1.8. In this chapter, we concentrate just on the names,
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relationships, and basic functions of the different
parts. Chapter 2 begins the discussion of how each is
involved in creating specific distinct speech sounds.
The principal active articulators are the lips and
tongue. The movement of the lips, being visible, is

alveolar
ridge

nasal cavity

hard palate 1. ious. In speech, the lips may be closed or open,

lip soft palate pursed or spread. Both lips move to some degree, but
the lower lip moves more, so it receives the active label.

teeth All that we usually see of the tongue is the small,
lip uvula pink tip, but it is in fact a large mass of interconnected
muscles that fills the floor of the mouth. The tongue

pharynx is all muscle: it has no bones or cartilage, thus no

definite shape, though it maintains a constant volume.
fip The technical term for this kind of organ is a muscular
front{ blade larynx hydrostat: the closest biological analogs are an ele-
esophagus  phant’s trunk or the tentacle of an octopus. The var-
trachea ious muscles of the tongue are discussed in detail in
Chapter 5. At this point it suffices to know that three
different regions of the tongue can move relatively
independently: the tongue front, the tongue body, and
Figure 1.8  The supralaryngeal vocal tract. the tongue root. The tongue front is made up of the
very tip of the tongue and the tongue blade, which
extends a few centimeters behind the tip. The tongue
front can be raised or lowered, stuck forward or curled back. The tongue body, or dorsum, is the
main mass of the tongue. It can move up and down, back and forward. The tongue root is the
very back part of the tongue, extending down into the pharynx to the epiglottis. The tongue root
can be pulled forward or back, enlarging or constricting the pharynx.

Each of these four active articulators — the lower lip, tongue front, tongue body, and tongue
root — can move to create a constriction, that is, a narrowing of the vocal tract, against one or

more of the passive articulators that lie along the top of the vocal tract.

tongue epiglottis

body

# 1.3 In Focus

The jaw, of course, and the lower teeth embedded in the jaw, also move during speech, but the jaw is not
counted as a separate active articulator because the jaw and lower teeth are never the parts that actually
make the constriction. It is always the lips or tongue riding on the movement of the jaw: no language makes
any speech sounds by grinding the teeth together.

The easily visible passive articulators are the upper lip and upper teeth. Right behind the upper
teeth is the alveolar ridge: you can feel this raised ridge with your tongue. If you continue to run
your tongue along the top of your mouth, you'll feel the post-alveolar region arching from the
alveolar ridge toward the hard palate, the very roof of the mouth. If you curl your tongue very far
back in your mouth, you can feel that the bony structure of the hard palate gives way to softer
tissue, which is known as the soft palate, or velum. The velum is a muscular flap, like a trap door,
that regulates the velar port, the opening in the back of the mouth that connects the mouth and
nose. At the very end of the velum is the uvula, the little pink pendulum you can see hanging
down in the back of your mouth when you open wide and say “ah” The final passive articulator
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is the pharyngeal wall, the back of the throat, toward which the tongue root and epiglottis may
move to constrict the passage of air.

The larynx doesn’t move to make constrictions in different places, so it isn’t considered “active”
in the way the lips and tongue are, but the opening and closing of the vocal folds can sometimes be
the main constriction for a speech sound, as described in Chapter 2. The velum has something of a
dual status. When the tongue body moves up and back to make a constriction in the velar region,
the velum is serving as a passive articulator. But it also has an active status as a valve that regulates
airflow between the oral tract and nasal tract. The velum is lowered during quiet breathing, and
air flows freely through the open port (so that you can breathe with your mouth closed). For most
speech sounds, however, the velum is raised, closing off the velar port and thus directing all the air-
flow through the mouth. When the velum is opened during speech, as it is for some sounds such as
[m] and [n], the diversion of air through the nose gives these sounds their distinctive nasal quality.
There are, of course, no moving articulators within the nasal tract itself, though the unique shape of
an individual’s sinus cavities help determine the particular quality of an individual voice.

Chapter Summary

« People throughout recorded history have been interested in describing the structure and
function of the organs of speech, but this was difficult to do with precision until the advent
of tools such as the X-ray, sonography, and MRI that allow us to “see” inside the body. In this
chapter we recall the basics of how each technology works, with its strengths and
limitations.

+ There are no parts of the body used exclusively for speech. All the parts of the vocal tract
have another, non-speech use.

«  Speech is the movement of air made audible. Air can be made audible by making a narrow
turbulent channel, by building up pressure behind a constriction, or by making the body of
air resonate.

o The vocal tract can be divided into three subsections: sublaryngeal, laryngeal, and
supralaryngeal.

«  Most speech sounds are made with air exiting the lungs: the pulmonic egressive airstream.

o Thelarynx is made up (in part) of the cricoid cartilage, thyroid cartilage, arytenoid cartilages,
and vocal folds. This chapter shows us the approximate shape and position of each. The pri-
mary linguistic function of the larynx is the control of vocal fold vibration (pitch and
voicing).

» The supralaryngeal tract can be divided into active and passive articulators. The active artic-
ulators are the lower lip, tongue front (tip and blade), tongue body, and tongue root. The
passive articulators are the upper lip, upper teeth, alveolar ridge, post-alveolar region, hard
palate, soft palate (velum), uvula, and pharyngeal wall.

+ Inaddition to its status as a passive articulator, the velum is a valve that opens and closes to
regulate airflow between oral and nasal cavities.

Further Reading

Well, you might want to start with the rest of this book. Chapters 2 and 5 in particular have more
details on anatomy and physiology, and further in-depth readings are listed at the ends of those
chapters.

Language Evolution (2003, Oxford: Oxford University Press), edited by Morten Christiansen and
Simon Kirby, provides a number of perspectives on the theories and controversies surrounding
the evolution of language.
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A Short History of Linguistics (1979, London: Longmans) by R.H. Robins, surveys linguistic
studies from antiquity through the twentieth century. For more extensive reading, the Oxford
Handbook of the History of Linguistics (2013, Oxford University Press, edited by Keith Allan), has
34 chapters that go into much more depth on topics from the history of orthographic studies to
the history of computational linguistics, including histories of phonetics and phonology from

ancient cultures around the world to the present.

Additional sources of information about experimental techniques for visualizing the vocal tract

and measuring speech articulation include:

“Laboratory Techniques for Investigating Speech Articulation” by Maureen Stone (2010,
Chapter 1 in The Handbook of Phonetic Sciences, 2nd Edition, edited by W.J. Hardcastle, J. Laver,

and F. E. Gibbon, Oxford: Wiley-Blackwell.)

Articulatory Phonetics by Bryan Gick, Ian Wilson, and Donald Derrick (2013, Oxford:

Wiley-Blackwell).

Phonetic Data Analysis by Peter Ladefoged (2000, Oxford: Wiley-Blackwell).

Review Exercises

Define the following terms: active articulator, coronal section, midsagittal section,
muscular hydrostat, nasal tract, oral tract, passive articulator, pulmonic egressive airstream
mechanism, vestibular folds.

Describe the pros and cons of each method of “seeing” the vocal tract. What kind of
information can we get from each? What drawbacks does each have?

Dissection
X-ray
Sonography
MRI

Make your own midsagittal diagram of the upper vocal tract, and label the active and
passive articulators. Base your drawing on Figure 1.8, but make it face the opposite way.
Label each anatomical structure as belonging to the surpralaryngeal, sublaryngeal, or
laryngeal system:

alveolar ridge
arytenoid cartilages
cricoid cartilage
diaphragm
epiglottis

lungs

pharynx

nasal cavity
thyroid cartilage
tongue root
trachea

uvula

upper teeth
velum

vocalis muscle
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5. What is the function of the diaphragm as an organ of speech?
6. What is the function of the velar port?
7. Why is the pharynx important for human speech?
8. The chief linguistic functions of the larynx are to control and
9. Why are men’s voices, on average, lower than women’s?
Further Analysis and Discussion
10. Try speaking on an ingressive airstream. Why is it hard to do so?
Further Research
11. Read one or more articles in the book Language Evolution, edited by Christiansen and
Kirby. What are some of the different theories of where and when language began? What
sorts of evidence do scientists use to support these theories?
12. Beginning with the publications by Stone, Gick et al. or Ladefoged cited above (and refer-
ences therein), investigate and report on other ways of “seeing” the vocal tract.
Go online Visit the booK’s companion website for additional resources related to this chapter at:http://
www.wiley.com/go/zsiga.
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