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Introduction to 
Basic Concepts

Introduction

This book is about the anatomy (the study of the struc-
ture of organisms and the relations of their parts) and 
physiology (the study of functions of living organisms 
or their parts) of the speech and hearing mechanisms. 
In this first chapter, we provide an overview of certain 
overarching and basic concepts that will make the read-
ing of later chapters much easier. It begins with a simple 
description of the stages of spoken communication, a 
general framework meant to guide the reader through 
the material in the remaining chapters. Following this 
is a general description of the speech and hearing sub-
systems, anatomic directions and planes, and tissue types. 
The final section focuses on movements and forces, phe-
nomena that are critical to understanding speech pro-
duction and certain aspects of hearing.

Stages of Spoken Communication

Spoken communication can be thought of as the pro-
cess of conveying ideas from one person’s brain to the 
brain(s) of one or more other people by using our 
speaking and hearing mechanisms. It is convenient to 

describe spoken communication as a linear set of stages, 
such as those depicted in Figure 1–1 and described 
below. Nevertheless, this depiction is overly simplistic, 
and in fact, there are significant interactions among 
the processes involved at all these stages. Some of  
these interactions are explored in more detail in subse-
quent chapters.

The neural stage of spoken communication is car-
ried out by the brain, spinal cord, and the peripheral 
nerves that serve the speech mechanism. This stage of 
spoken communication involves the neural processes 
that participate in conceptualization of the message, the 
planning and execution of the speech movements, and 
the processing of the sensory information that influ-
ences the ongoing control of speech production. Some 
neural processes are voluntary, and some are automatic; 
some require awareness, and some do not.

The nervous system communicates with muscles to 
initiate the muscular stage of spoken communication. 
Muscles are effectors that respond to signals from the 
nervous system to produce forces and movements. In 
the speech mechanism, it is often difficult to determine 
individual muscle contributions to forces and move-
ments because they are usually accomplished by groups 
of muscles working together.
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The structural stage of the speech communica-
tion process is the stage in which speech production 
becomes visible. Some movements of speech produc-
tion, such as the movements of the vocal folds, are vis-
ible only with the aid of special viewing instruments, 
whereas other movements, such as the movements of 
the lips, are visible to the naked eye. Speech reading (lip 
reading) has its roots in the structural stage of speaking.

Movements of speech structures give rise to the 
aeromechanical (air motion) stage of the spoken com-
munication process. Structural movements raise and 
lower the air pressure in different parts of the speech 
mechanism and cause the air to flow from one region 
to another. These air pressures and airflows are usu-
ally invisible, except in those who speak and smoke 

at the same time or in those who speak in subfreezing 
temperatures.

Next is the acoustic stage, the stage of the pro-
cess in which speech is produced. Speech is the sound 
wave—the acoustic product—which results from the 
act of speaking. It is made up of sonorous, buzzing, hiss-
ing, and popping sounds caused by the speaker valving 
the airstream in different ways and at different loca-
tions. The sound that is speech is the rapid alternations 
of compressions (increase in density) and rarefactions 
(decrease in density) of air molecules that constitute 
pressure waves. These pressure waves radiate from the 
mouth, nose, and skin surfaces. It is this acoustic stage 
that makes it possible to communicate around corners, 
through obstacles, in the dark, and over long distances.

(A)

(B)

(D)

(E)

(C)

(F)

(G)

(H)

Stages of Spoken
Communication
(A) Neural
(B) Muscular
(C) Structural
(D) Aeromechanical
(E) Acoustic
(F) Auditory mechanical
(G) Sensory
(H) Neuroperceptual

Figure 1–1.  The stages of spoken communication are (A) neural, (B) muscular, (C) structural, (D) aeromechanical, (E) 
acoustic, (F) auditory mechanical, (G) sensory, and (H) neuroperceptual.
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These acoustic pressure waves reach the ears of the 
listener and initiate the next stage of the spoken com-
munication process: the auditory mechanical stage. It 
is during this stage that the acoustic pressure waves hit 
structures of the ear and cause them to move ever so 
slightly. These movements are transmitted from one 
structure to the next through various regions of the ear 
until they reach the auditory sensors that serve as the 
interface between sound and the nervous system.

The auditory sensors, which look like small hairs 
(and are, in fact, called hair cells), bend when a hydrau-
lic pressure wave hits them. This is the sensory stage 
of the spoken communication process. The bending of 
these hair-like sensors causes an electrical signal to be 
generated, and that signal is sent through the nervous 
system. In this way, the sensors transduce their move-
ment into neural activity.

The final stage of the spoken communication pro-
cess is the neuroperceptual stage. This stage relies on 
the nervous system of the listener (although it is also 
true that the speaker’s nervous system is simultaneously 
processing the acoustic speech signal). The signals gen-
erated in the ears’ sensory cells are sent through periph-
eral nerves and routed to different parts of the brain, 
where they are eventually perceived, thereby complet-
ing the spoken communication process. The message 
that began in the speaker’s brain completes its journey 
in the listener’s brain.

Subsystems

Spoken communication is carried out via the speech 
mechanism and hearing mechanism, each of which can 
be divided into subsystems. Although the speech and 

hearing mechanisms cannot be divided up without 
sacrificing their functional integrity, it is convenient to 
discuss their separate parts as a way to make the infor-
mation easier to understand and remember.

Speech Subsystems

Most textbooks divide the speech mechanism into 
three or four subsystems. The first two, respiratory 
and laryngeal, are also used in this book. Where this 
book diverges from the others is in the treatment of the 
region above the larynx. Some textbooks present this 
region as a single subdivision of the speech mechanism, 
often called the articulatory subsystem and encompass-
ing the pharyngeal, oral, and nasal cavities and associ-
ated structures. Other textbooks present this region as 
two subdivisions, using terms such as articulatory (in 
this context meaning the oral region) and resonatory 
(usually meaning the velopharyngeal region and some-
times including the nasal region). The term articulatory 
is problematic when used in this context because it is 
not the only speech subsystem that contains an articu-
lator (defined as a movable structure that contributes 
to the production of speech sounds); the larynx also 
acts as an articulator (see Chapters 4 and 6), as does the 
velopharynx (see Chapter 5). Similarly, the term reso-
natory is problematic because the resonators (defined 
as parts of an acoustic system that emphasize certain 
sound frequencies and reject others) are not found 
exclusively in the velopharyngeal and nasal regions; the 
lower pharynx and the oral cavities also serve as acous-
tic resonators. Also, it is important to acknowledge that 
these anatomical regions are not used exclusively for 
articulating or resonating but also serve other functions,  

Air Travel

Students often find it hard to separate the aerome-
chanical from the acoustic stage of speech produc-
tion, probably because they both involve air travel. 
An example may help clear things up. Try talking 
while holding your hand up to your mouth — you 
should feel air flowing into your hand. Now do that 
while talking to someone at least 6 feet away from 
you. That person can hear you just fine, but they 
can’t feel the air flowing from your mouth (hopefully). 
That’s because the air flows from your mouth slowly 

and that flow only travels a short distance from your 
mouth. In contrast, the compressions and rarefac-
tions created by air molecules bumping into each 
(while remaining more or less in place) move rapidly 
through the air and over long distances as waves 
of energy. So think of the aeromechanical stage 
as transporting air molecules themselves from one 
place to another, whereas in the acoustic stage, the 
air molecules assist in moving energy from one place 
to another.
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such as swallowing (covered in Chapter 7). For all these 
reasons, we have adopted an anatomical approach to 
naming the speech subsystems.

In this book, we divide the speech system into 
four subsystems, as depicted in Figure 1–2: respiratory, 
laryngeal, velopharyngeal-nasal, and pharyngeal-oral. 
The respiratory subsystem consists of the pulmonary 
apparatus (lungs and lower airways) and the chest wall 
that surrounds it (rib cage, diaphragm, abdomen and its 
contents). The laryngeal subsystem includes the vocal 
folds and other structures that are located at the exit 
of the respiratory subsystem. The velopharyngeal-nasal 
subsystem includes both the velopharynx and the nasal 
airways and associated structures. The nasal portion is 

included because it is critical to understanding the aero-
mechanical and acoustic functions of this part of the 
speech system. The pharyngeal-oral subsystem includes 
the middle and lower pharynx and the oral cavity and 
associated structures. Inclusion of the pharyngeal part 
of the apparatus reflects the fact that during speech 
production, this part of the pharynx acts as an artic-
ulator and resonator along with its oral counterparts. 
Although we refer to these as speech subsystems, all 
four subsystems also participate in swallowing.

The pharyngeal-oral and velopharyngeal-nasal 
subsystems form what is called the upper airway. In this 
book, the term upper airway is used in the context of the 
anatomy and physiology of this region to be consistent 

Pharyngeal-oral

Velopharyngeal-nasal

Laryngeal

Respiratory

Figure 1–2.  The four speech subsystems are respiratory (brown), laryngeal (in 
green), velopharyngeal-nasal (purple), and pharyngeal-oral (blue).



1 • Introduction to Basic Concepts 5

with terms such as lower airways, laryngeal airway, 
velopharyngeal-nasal airway, and oral airway. The term 
vocal tract also refers to the pharyngeal-oral regions but 
is used primarily when referring to their acoustic 
(sound) properties. Similarly, the term nasal tract is 
often used when discussing the acoustic properties of 
the nasal air spaces.

Anatomical details of each of these speech subsys-
tems will be presented in the upcoming chapters. To 
gain an appreciation for what these structures 
look like in a human cadaver, we recommend 
that the reader watch Video 1–1 (Anatomy).

Hearing Subsystems

The hearing mechanism, like the speech mechanism, 
acts as an integrated system but is often divided into 
parts. The most conventional way to divide the hear-
ing system, and the one that is adopted in this book, is 
into regions simply called the outer ear, middle ear, and 

inner ear, shown in Figure 1–3 with color-coding. It is 
important to recognize that the inner ear contains both 
auditory (hearing) structures and vestibular (balance) 
structures. The major hearing structure of the inner 
ear is the part that looks like a snail’s shell (called the 
cochlea), and the vestibular portion looks like a trio of 
loops (called semicircular canals). Figure 1–3 should 
give the reader an appreciation of the location of the 
auditory-vestibular system within the head as well as 
how small it is relative to most of the other structures 
discussed in this book. More details are provided in 
Chapter 8.

Directions and Planes

A special vocabulary is used when describing locations 
and orientations of anatomical structures. This vocabu-
lary pertains to directions and planes and is generally 
discussed in the context of what is called the anatomical 
position of the body. This position is described as the 

Outer ear
Middle ear

Inner ear

Figure 1–3.  The three hearing subsystems are outer ear (brown), middle 
ear (yellow), and inner ear (pink). Note that the inner ear also contains 
vestibular (balance) structures.
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body standing erect with the arms at the sides and the 
palms facing forward, as shown in Figure 1–4.

Directions

Several directional terms are used in this book to 
describe anatomical locations and orientations within 
the speech and hearing mechanisms. These terms are 

anterior/posterior (ventral/dorsal), superior/inferior (ros-
tral/caudal), medial/lateral, proximal/distal, external/
internal (superficial/deep), and ipsilateral/contralateral, 
the first three sets of which are depicted in Figure 1–4. 
Although these terms are technically the most accurate 
and precise, to maintain readability throughout the 
textbook, we will sometimes use colloquial words for 
anatomical directions (such as front/back, above/below) 
and assume that the person is in an upright position.

Superior
(Rostral)

Proximal

Distal

Medial

Inferior
(Caudal)

Inferior
(Caudal)

Posterior
(Dorsal)

Anterior
(Ventral)

Superior
(Rostral)

Proximal

Lateral

Distal

Figure 1–4.  Four sets of anatomical directions are shown: superior (rostral) and inferior 
(caudal), medial and lateral, proximal and distal, and anterior (ventral) and posterior (dor-
sal). Note that the definitions of ventral and dorsal differ when applied to the upper part 
of the brain (see associated text and Chapter 2).
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Anterior/Posterior (Ventral/Dorsal)

Anterior means toward the front of the body and pos-
terior means toward the back of the body. Similarly, 
ventral means toward the front of the body (literally, 
toward the belly), and dorsal means toward the back 
of the body. Thus, in many contexts, anterior and ven-
tral can be used interchangeably, as can posterior and 
dorsal. Nevertheless, it is best to use them in their des-
ignated pairs (e.g., anterior and posterior) rather than 
mix them (e.g., anterior and dorsal). An example of how 
these terms are used is: The umbilicus (belly button) is 
anterior (ventral) to the spine and the spine is posterior 
(dorsal) to the umbilicus.

There is an important exception to how the terms 
ventral and dorsal are used. When applied to the upper 
region of the brain comprising the cerebral hemi-
spheres, ventral means toward the bottom and dorsal 
means toward the top of the cerebral hemispheres. This 
is explained and illustrated more fully in Chapter 2.

Superior/Inferior (Rostral/Caudal)

Superior and rostral mean toward the head. Sometimes 
the term cranial is also used to mean toward the head. 
The terms inferior and caudal mean toward the tail 
or, in the case of the human, away from the head. For 
example, the brain is superior (rostral) to the spinal cord 
and the spinal cord is inferior (caudal) to the brain.

Medial/Lateral

Medial means toward the midline. Lateral means away 
from the midline or toward the side. For example, the 
nose is medial to the ear and the ear is lateral to the nose.

Proximal/Distal

Proximal means toward the body and distal means away 
from the body. These terms are usually applied to the 
limbs (arms and legs). For example, the fingers are distal 
to the wrist and the wrist is proximal to the fingers.

External/Internal (Superficial/Deep)

When something is closer to the outer surface of the 
body than something else, it is said to be external (or 
superficial) to it. Conversely, when something is farther 
away from the outer surface of the body than some-
thing else, it is said to be internal (or deep) to it. These 
terms are often used interchangeably. An example of 
their usage is: The skin is external (or superficial) to the 
muscle and the muscle is internal (or deep) to the skin.

Ipsilateral/Contralateral

Ipsilateral means the same side of the body. Contralat-
eral means the opposite side of the body. For example, 
the right ear is ipsilateral to the right arm and contralat-
eral to the left arm.

Planes

Many structures of the speech and hearing mechanisms 
(and all structures of the nervous system) are inside the 
body and can only be viewed when exposed by slicing 
open the body. An example of this is Figure 1–2, which 
depicts the cranial portion of the speech mechanism 
(velopharyngeal-nasal and pharyngeal-oral subsys-
tems) as viewed with that part of the body sliced in half. 

Which Way Is Up?

Anatomy is hard enough to learn without having to 
learn that certain terms mean different things in dif-
ferent contexts. It’s just not fair. Why doesn’t ventral  
just mean “toward the front” and dorsal mean 
“toward the back”? Period. Why assign these terms 
different meanings when talking about the lower 
part of the brain versus the higher part? Believe it 
or not, it’s simpler than you think. What may seem 
arbitrary at first glance is actually completely logi-
cal. Try this exercise: Ask your cat or dog or other 

four-legged pet to stand quietly while you view it 
from the side. Now ask yourself these questions: 
“Which direction is ventral? Which direction is dor-
sal?” It should be immediately apparent that ventral 
is toward the lower part of the brain (cerebral hemi-
spheres) and dorsal the opposite. Clear as a bell. The 
confusion comes when the animal stands on its two 
back legs. If we humans had only stayed on all fours, 
learning the anatomical directions would have been 
so much easier!


