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Foreword

Speech sounds have intrigued me since I first read
about phonetics while I was a high school student.
I did not expect then that I would pursue a career in
which the sounds of speech would have a central and
continuing place. I still marvel over the way in which
thoughts and emotions are sent from one person to
another through the invisible channel of sound. Having
taught phonetics and speech science, I am familiar with
the challenge of cataloging and describing the sounds
of speech. Although we call them “speech sounds”
they are not only sounds (auditory events), because
they also can be described as articulatory actions that
correlate with a certain auditory impression. Speech
movements, like auditory events, are largely invisible
without the aid of specialized technology. To under-
stand phonetics, we must make visible those things that
are usually invisible. We want to visualize the acoustic
pattern that underlies the perception of speech along
with the articulatory pattern that underlies the acous-
tic one. Only in this way do we come to a reasonably
complete understanding of phonetics. So we come 
to rely on the tools of the speech scientist or phoneti-
cian, because these tools enable us to visualize the
acoustic and articulatory domains of phonetics.

However, the array of available tools has not been
brought to bear on the subject of speech sounds, at

least not until the appearance of McLeod and Singh’s
ambitious and painstaking text, which documents
speech sounds with the methods of cinematography,
ultrasound, electropalatography, and spectrography.
The rich descriptions afforded by these tools enable
the student of phonetics or speech science to grasp
the essence of speech sounds—how they are molded
in the vocal tract and how they are expressed as
acoustic patterns. The success of this text is proof of
the adage that the whole is greater than the sum of its
parts. Certainly, the sum of the parts is important
enough, but a synthesis of the parts gives us the whole,
in this case, the manifold nature of a speech sound.
McLeod and Singh have marshaled phonetic tools and
knowledge to create an authoritative yet friendly text
that guides the reader through the phonetic land-
scape of the sounds of English. Speech Sounds: A Pic-
torial Guide to Typical and Atypical Speech offers a
comprehensive and lucid examination of the elements
of speech.

With this book, speech sounds come into view
(literally) as articulatory and acoustic images. This new
text is a resource that is unrivaled among phonetics or
speech science books, and it sets a standard for the
use of technology to reveal the essential nature of the
sounds that are the substance of speech communication.

Ray D. Kent, Ph.D.
Professor Emeritus
University of Wisconsin-Madison



Chapter 1

Visualizing Speech Sounds

OVERVIEW

As an atlas provides maps of the world demonstrating
topography and landmarks, Speech Sounds: A Pictor-
ial Guide to Typical and Atypical Speech provides
images (or maps) of the mouth for the production of
speech sounds. These maps have been created using
cinematography, ultrasound, electropalatography, and
spectrography. Interpretation of each of the types of
maps is described in depth in Part 1 of this chapter.
An understanding of phonetic transcription and the
International Phonetic Alphabet will assist users’
understanding of the nomenclature used to describe
vowels and consonants in this book. The International
Phonetic Alphabet is provided in the front material 
of Speech Sounds: A Pictorial Guide to Typical and
Atypical Speech.

The production of speech sounds occurs by move-
ment of air through the human respiratory and speech
apparatus (Figure 1–1). The major anatomic structures
involved in speech production are the tongue, lips,
teeth, hard palate, velum (soft palate), larynx (vocal
folds), nasal cavity, mandible (jaw), and lungs. Differ-
ent configurations of these structures result in the
production of discrete consonants and vowels. In the
English language there are 24 consonants and at least
19 vowels and diphthongs. Each consonant can be dif-
ferentiated according to their place of production,
manner of production, and whether they are voiced
or voiceless. Each vowel can be differentiated accord-

ing to the advancement and height of the tongue, and
tenseness and roundedness of the lips. Part 2 of this
chapter describes these features of consonants and
vowels in depth. Readers who have prior knowledge
of phonetics may wish to skip Part 2 and continue to
Chapter 2. Each subsequent chapter profiles a differ-
ent English consonant or vowel.

Speech-language pathologists (SLPs) frequently
assess and provide intervention to “correct” the pro-
duction of speech sounds. Inaccurate productions of
speech sounds often are difficult to alter in therapy.
This may be due to an absence of objective knowledge
regarding the tongue positioning involved in the pro-
duction of speech sounds (Gibbon, 1999b). Much of
the information used within speech-language pathology
clinics regarding typical production of speech sounds
is based on perceptual analysis techniques such as
impressionistic phonetic transcription. Weismer (1980,
p. 50) indicates “if we are committed to a phonological
analysis of speech sound errors; however, an analysis
that relies solely on auditory skills is unacceptable.”The
description of speech can be enhanced using instru-
mental techniques such as photographs, filmstrips,
spectrography, electropalatography (EPG), ultrasound,
electromagnetic articulography (EMA), x-ray, and med-
ical resonance imaging (MRI) (Ball et al., 2001; Hard-
castle & Gibbon, 1997; Stone, 2005).These instrumental
measures provide objective and detailed, real-time infor-
mation about speech production. The next part of this
chapter enables the interpretation of images created
by the different instrumental techniques.



PART 1: INTERPRETATION OF IMAGES
OF CONSONANTS AND VOWELS

Each instrumental technique provides different insights
into the production of consonants and vowels (see
Table 1–1 for an overview). It can be seen from Table 1–1
that in order to comprehensively map speech sounds,
a variety of imaging techniques are necessary. Images
of speech sounds can either be static or dynamic.
A static image is one distinctive image that is frozen in
time and captures the most significant aspects of the
consonant or vowel being studied. However, speech is
a continuous stream of sound created by continuous
movement of the oromusculature. As a result, it is not
enough to segment speech into discrete units. Dynamic
images, which demonstrate continuous production,
are essential for understanding the contextual coartic-
ulatory influences of consonants and vowels on one
another. Thus, dynamic images typically consist of a

series of frames extending over the production of an
entire sound, word, or phrase. The purpose of Speech
Sounds: A Pictorial Guide to Typical and Atypical
Speech is to make available the direct viewing of the
phenomenon of speech production to facilitate a thor-
ough understanding of the differences and similarities
in the articulation of consonants and vowels produced
under varying contextual influences.

The presentation of the total picture of phoneme
production in context is contained within Chapters 2
through 36. With certain limitations, each chapter is a
self-contained, complete story of a sound of speech as
it is being produced. There are 24 chapters depicting
the English consonants, 10 chapters depicting vowels,
and one chapter for the diphthongs. Analytic com-
ments are presented in each chapter.These comments
focus on dimensions of speech production and speech
acoustics that the authors consider important. The
readers (viewers) are advised to examine them in detail,
first one at a time and then comparatively. Chapter 37
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Figure 1–1. Human respiratory and speech apparatus (Source: Singh,
S. and Singh, K. [2006]. Phonetics: Principles and Practice 9 [3rd ed.].
San Diego, CA: Plural. Figure 4–3c, p. 48).



assists in comparing images by placing similar imag-
ing techniques side-by-side in tables of consonants
and vowels. Chapter 38 provides detailed information
about the creation of the static and dynamic images of
speech production in this book.

INTERPRETING STATIC IMAGES OF
CONSONANTS AND VOWELS

In Chapters 2 through 36, static images are presented
to depict speech sounds in isolation. Each chapter
contains at least 4 different static representations of 
a given speech sound: (1) photograph, (2) schematic
drawing of tongue position, (3) ultrasound, and (4) elec-
tropalatography frame(s). Interpretation of each of
these image types is described in turn.

Photographs

The photographs emphasize the front, or outside, of
the mouth. They provide detail regarding the place-
ment of the lips, teeth, jaw, and in some cases, the
tongue at a single moment during the production of 
a consonant or vowel.

Schematic Line Drawings

Schematic line drawings are provided to visualize the
overall function of the tongue—its elasticity, its flex-
ibility, and its limits—all of which contribute to its 
systematic movements in the oral cavity. The line
drawing accompanying each chapter emphasizes the
position of the tongue during the production of a par-
ticular consonant or vowel. The voicing of a phoneme
is indicated by the use of a plus or minus sign at the
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Table 1–1. Features of Consonants and Vowels Viewed Using Different Technologies

Feature

Voicing * * *

Advancement * * * *

Labiality * * *

Sonorancy * *

Continuancy * (*)

Sibilancy *

Nasality * *

Advancement * * * *

Height * * *

Tenseness * *

Rounding * *

Voicing * *
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approximate point of the larynx. In most images, the
velopharyngeal port is closed, indicating oral airflow.
However, in the line drawings for /m, n, ŋ/ the velo-
pharyngeal port is open.

The schematic diagrams are extremely simplified.
The tongue shapes are based on ultrasound images of
the tongue during the production of each sound in
connected speech. The schematic diagrams were cre-
ated by superimposing these ultrasound images of the
tongue onto a template of the nasooropharynx (see
Chapter 38).

It is also important to note that the schematic 
diagrams represent only the midsagittal plane, that is,
the midline of the body. Consequently, detail regard-
ing the lateral margins of tongue movement is not
included. This can lead to the misconception that the
sides of the tongue are in similar configuration to the
midline. This is particularly relevant in the production
of alveolar sounds. For example, during the produc-
tion of the following alveolar sounds, the midpoint of
the tongue is raised to the alveolar ridge: /t, d, n, s, z, l/;
However, comparison between the schematic line
drawings and the electropalatography (EPG) images
reveals that it is only the /l/ sound that has a similar
shape along the lateral margins of the palate. For the
other five sounds, the sides of the tongue are raised to
rest near the teeth in order to provide lateral bracing.

Ultrasound

Ultrasound enables us to view the surface of the tongue
during speech. To create an ultrasound a transducer is
held below the chin and a wedge-shaped scan of
sound waves emanates from the transducer.The sound
waves travel through the body of the tongue until they
reach the upper tongue surface. The white line on the
ultrasound image is a reflection of the air above the
surface of the tongue, or the tongue on the palatal sur-
face.The thickness of this line is not relevant.Typically,
approximately 1 cm of the tongue tip is not visible in
the production of alveolar sounds due to the acoustic
shadow of the jaw. Similarly, the tongue root may be
obscured due to the acoustic shadow of the hyoid bone.
Stone (2005) provides an extensive tutorial regarding
recording and interpretation of ultrasound images.

Ultrasound images of the midsagittal plane of the
tongue were taken during production of speech sounds
and words. Figure 1–2 shows the tongue at rest, which
can be used as a comparison with the other ultra-
sound images in Speech Sounds: A Pictorial Guide to
Typical and Atypical Speech. The bright white line is
the surface of the tongue. The air shadow can be seen
above this bright white line and the muscles and fatty
tissue of the tongue can be seen below the white line.
Chapter 38 describes the creation of the ultrasound
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Figure 1–2. Ultrasound image of the tongue at rest.



images and the use of a purpose-built helmet to ensure
stability of the ultrasound probe so that each image
within this book can be compared with one another.
In each image an arrow cursor has been included at
approximately the level of the nose (top right quad-
rant), so that comparisons can be made.

The tongue tip is on the right for the ultrasound
images. As for the schematic line drawings, it is also

important to note that the ultrasound images only rep-
resent the midsagittal plane. It is important to compare
the ultrasound images with the EPG images to deter-
mine the location and movement of the lateral margins
of the tongue. Again, this is particularly important for
the production of the alveolar sounds: /t, d, n, s, z, l/.

Figure 1–3 illustrates the relationship of the tongue
to the palate in the ultrasound image of the production
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/n/

/p/

Figure 1–3. Ultrasound image of /n/ and /p/ with the palate drawn in the image.
Note the bright white line representing the tongue. The tip of the tongue is at
the right of the image. The tongue tip is up for /n/ and down for /p/.



of /n/ and /p/. At the beginning of the simultaneous
ultrasound and electropalatograph recording, the
speaker swallowed so that the imprint of the palate
could be drawn; this was then superimposed on the
subsequent image of the productions of /n/ and /p/.
Below the bright white line of the tongue, there are
diagonal lines reflecting muscles and fat within the
tongue. There is also an air shadow above the tongue
in this image.

Figure 1–4 compares simultaneous productions
of ultrasound and electropalatographic images of the
sentence “I see pop again.” Readers can observe the
difference in tongue position on the midsagittal ultra-
sound images and the coronal electropalatographic
images. Readers also can compare the difference in
tongue position for each sound within the sentence.
For example, the tongue tip is up for production of 

/s/ and /n/, but down for production of the vowels,
/p/ and /�/.

Researchers of typical speech production have
used the ultrasound to study aspects such as:

◆ tongue surface of English consonants and
vowels (Stone, Faber, Raphael, & Shwaker,
1992; Stone & Lundberg, 1996)

◆ protrusion, grooving, and symmetry of the
tongue during speech (Bressmann, Thind,
Uy, Bollig, Gilbert, & Irish, 2005)

◆ production of schwa in /z/+ consonant
sequences (Davidson, 2005)

◆ trough effect in coarticulatory sequences
(Vazquez Alvarez, Hewlett, & Zharkova,
2004)

◆ swallowing (Chi-Fishman, 2005).
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Swallow /a/ / / /s/ /i/ 

     

/p/ / / /p/ / / /g/ / / /n/ 

Figure 1–4. Simultaneous ultrasound and electropalatographic images of the sounds in “I see pop again.” Note:
The right of the ultrasound image corresponds with the tip of the tongue. The palate trace has been drawn on
the ultrasound images based on the swallow image to demonstrate the range of tongue movement. The top of
the EPG image corresponds with the palate immediately behind the front teeth.



Researchers of people with speech impairment have
used the ultrasound to study aspects such as:

◆ vowel production of adolescents with
hearing impairment (Bacsfalvi, Bernhardt, &
Gick, 2007)

◆ consonant production (/s, z, l, r/) of
adolescents with hearing impairment
(Bernhardt, Gick, Bacsfalvi, & Ashdown,
2003).

Electropalatography: Single Frames

The electropalatograph (EPG) records tongue contact
with the palate during speech production, providing a
printout of activated electrodes every 10 milliseconds.

The EPG has an artificial palate (Figure 1–5) that
is individually molded to fit the roof of the mouth. The
Reading/WINEPG used to create the images in this
book has 62 electrodes that record tongue contact
with the surface of the palate. The Reading/WIN
palate is usually around 1.5 millimeters thick. The EPG
provides a printout of the electrodes that are activated
during speech. These are taken every 10 millisec-
onds. Figure 1–5 shows one frame. The black squares

represent the activated electrodes where tongue to
palate contact has occurred. The white squares indi-
cate that no contact has occurred. The areas of the
palate can be separated into three zones: alveolar,
palatal, and velar (Hardcastle & Gibbon, 1997). These
are also presented in Figure 1–5. It can be seen that
the top of the EPG frame corresponds with the alveo-
lar region immediately behind the front teeth. The
final row of squares corresponds with the juncture
between the hard and soft palates. The maximum
point of contact is often selected for analyzing the
place of articulation for individual speech sounds as it
provides a point of comparison (Hardcastle & Gibbon,
1997). This is selected by identifying the frame that
has the highest number of contacted electrodes. An
example of the maximum contact frame for /s/ is
shown in Figure 1–5.

Electropalatography: Cumulative Frames

A cumulative EPG display is created by accumulating
data from maximum contact frames for each conso-
nant. Chapter 38 describes the study of eight speakers’
productions of speech sounds that have been used in
this book (McLeod, 2003). Figure 1–6 presents the
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Figure 1–5. An example of an EPG frame for the production of /s/ juxtaposed with an EPG palate. The black
squares represent the contacted electrodes. The zoning scheme is adapted from Gibbon (1999b). The EPG
frame, EPG palate, and dental cast are from the speaker who produced the EPG images for Speech Sounds: A
Pictorial Guide to Typical and Atypical Speech.



cumulative display for /t/ for eight typical adults as
shown in Chapter 4.The darker the shading on rectan-
gle (representing the electrode) the greater proportion
of tongue/palate contact. The number in each box
indicates the percentage of occasions each electrode
was activated by all the participants during their pro-
ductions of /t/. For example, the bottom left-hand
electrode was contacted 95% of the time by the par-
ticipants during their productions of /t/.

Electropalatography: Single Frames
Demonstrating Intra- and Interspeaker
Variability

A range of EPG studies have been published that
describe typical and impaired productions of vowels
and consonants. A summary is provided in Tables 1–2
and 1–3. As can be seen, some sounds have received 
a large amount of attention. Others have received
none. Gibbon and Paterson (2006) indicated that the
most commonly treated sounds using the EPG were
/s, z, t, d/ and this is evident in Table 1–3.

It was considered important to demonstrate vari-
ability in the images presented in research. Many of 
the following chapters include additional EPG images
from others’ research in order to demonstrate variabil-
ity in the production of speech sounds across English
accents, languages other than English, children, and
people with speech impairment. Specifically, Speech
Sounds: A Pictorial Guide to Typical and Atypical

Speech includes images of differences between stud-
ies of:

◆ adults speaking English,
◆ children speaking English,
◆ adults speaking languages other than

English, and
◆ people with speech impairment.

The selected images have been redrawn with per-
mission to simplify the complexity and individuality
of the published images. A simplified EPG template
was created. A black rectangle indicates that that elec-
trode was contacted at least 67% of the time in the
originally published EPG image. A gray rectangle indi-
cates that that electrode was contacted less than 67%
of the time. There are a few exceptions to this where
the published studies have used different criteria (for
example, Guizik and Harrington (2007) used a crite-
rion of 50%); however, any departure from the 67% is
mentioned in the text.

INTERPRETING DYNAMIC IMAGES OF
CONSONANTS AND VOWELS

In Chapters 2 through 36, dynamic images are pre-
sented to depict speech sounds while they are being
produced contextually. Each English consonant is pre-
sented in one or more contexts in a meaningful word
(initial, within word, and/or final positions). Each of
the vowels and diphthongs is presented within mean-
ingful words to show the influence of consonants on
vowel formants. For example, Chapter 2 depicts the
English phoneme /p/ at the word-initial and word-final
positions in the word “pop” as well as /p/ at the word-
initial and within-word positions in the word “puppy.”
A careful study of these two words independently and
simultaneously provides a better understanding of the
phoneme /p/.

Each chapter contains at least 3 different dynamic
representations of a given speech sound: (1) filmstrip,
(2) sound spectrogram, and (3) a series of electro-
palatography frames. By carefully studying these three
segments, the reader can develop an understanding of
the correlation between articulation and acoustics.
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Figure 1–6. Cumulative EPG display for eight English
adults’ productions of /t /.





Most of the energy for the phoneme /p/ in the initial
position is concentrated around 1000 Hz, which is 
relatively low for a consonant. The first and second
formants for the vowel /ɑ/ are somewhat indistin-
guishable, whereas there is an appreciable distance

between the second and third formants. The final con-
sonant /p/ is denoted by the transitional elements of
the first two formants of the vowel /ɑ/. Both the F1
and F2 show a downward slant accommodating the
final consonant /p/, which has energy in the low-
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A. Filmstrip B. Spectrogram

Figure 2–2. Dynamic images of /p/ in word-initial and word-final contexts: “pop.” continues



frequency areas. Although the articulatory gesture of
lip closure is denoted by these formant transitions,
there is an absence of any noticeable consonant energy
at the final position. This is permissible in English,
because stops in the final position in a word may or
may not be released. It is clear from this sound spec-
trogram that, once the information regarding place of
articulation (labiality) is conveyed by the downward
slope of these formants, it is not necessary for the acous-
tic information signifying a plosive burst to appear.
Although there is a significant amount of aspiration
noise present for the initial voiceless-labial-plosive
consonant, it is absent in the final position.

Electropalatograph: /ppɒɒpp/ “pop”

The dynamic series of EPG palates for the production
of the word /pɒp/1 “pop” is presented in Figure 2–2C.
The word “pop” was extracted from the sentence “I
see a pop again.” Within this sentence context, the
word “pop” took 0.209 seconds to produce. Each EPG
palate in the dynamic series shows minimal tongue
contact palate throughout the whole word, with only
one electrode being contacted at the bottom left of
the palate. Tongue contact with the palate is not a fea-
ture of the production of the consonant /p/, nor the
vowel /ɒ/.

/p/ in Within-Word Context: “puppy”

Filmstrip: / ��pp��ppii/ “puppy”

The criterion phoneme /p/ is at the initial and medial
positions of the word / �p�pi/. The first three frames of
the filmstrip in Figure 2–3A show the complete lip
closure for the initial /p/, and the middle four frames
(11 through 14) show the complete lip closure for the
medial /p/. Because the vowel /�/ following the initial
/p/ is more open than the vowel /i/ following the
medial /p/, the lip opening following the initial /p/ is
relatively greater and more round (see frame 4) than
the flat and small lip opening following the medial /p/
(see frame 15). At both the initial and medial posi-
tions, the acoustic tracing of /p/ starts after the lips
have opened into the vowel.

Sound Spectrogram: / ��pp��ppii/ “puppy”

The phoneme /p/ is presented in both the initial 
and medial positions in the spectrogram of the word
“puppy” (Figure 2–3B). The plosive nature of this con-
sonant is marked by the presence of a plosive burst of
energy in both the initial and medial positions. At the
initial position, the energy starts at the very base of
the sound spectrogram and terminates at over 4000 Hz.

/p/ 31

C. Electropalatograph

Figure 2–2. continued

1/pɒp/ is the Australian English pronunciation of “pop.”




