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ABSTRACT 
Tools for teaching phonetics were considered. We 
especially focused on two types of tools: physical and 
computer-based. There are several important aspects of 
each type. For physical tools, 1) they are real and they 
enable students to understand the material intuitively; 2) we 
can show students phenomena in real-time; and 3) students 
can use them for hands-on experiments. For 
computer-based tools, 4) we can deal with complex and/or 
high-speed phenomena virtually; 5) we can visualize 
unseen phenomena; 6) multi-media environments are 
possible; and 7) we can effectively use the World Wide 
Web. In this paper, existing physical and computer-based 
tools were evaluated in the light of the seven points above. 
In addition, a new attempt was proposed, an integration of a 
physical model of the human vocal tract and a 
computer-based model. Although there are many of tools 
already in existence, we need to develop tools that are 
particularly suited for teaching phonetics. 

 

1. INTRODUCTION 
These days, a variety of tools for teaching phonetics are 
widely available including textbooks, recordings, databases, 
physical tools, and computer-based tools. People are 
paying more and more attention to education in Acoustics 
and Speech Science (e.g., [1,2]); we have reported our 
attempts at several conferences [3-9]. 

Important aspects of physical and computer-based tools are 
as follows. 

For physical tools, 

1) They are real, enabling students to understand the 
material intuitively; 

2) we can show students phenomena in real-time; and 
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dents can use them for hands-on experiments. 

mputer-based tools, 

 can deal with complex and/or high-speed phenomena 
tually; 

 can visualize unseen phenomena; 

lti-media environments are useful (e.g., images / 
eo, audio and texts can be displayed); and 

 can effectively use the World Wide Web. 

 paper, we will demonstrate each of the above aspects 
aluating existing tools, and we will discuss their 
es and propose future usage of tools for teaching 
tics. 

2. PHYSICAL TOOLS 
cal tools are, in general, useful for intuitive learning, 
eir demonstration is usually done in real time. Some 
 used for hands-on experiments. 

 simple demonstrations of speech aerodynamics are 
le with one end of a straw inserted into a glass of 
and the other end between the speaker's lips. This 

nstrates oral air pressure during various sounds [10].  

emonstrating standing waves, Kundt’s experiment is 
. A “Slinky” (coiled spring) is also useful for this 
se (with the concept of traveling and reflection 
). Furthermore, the nodes and antinodes in the 
ng waves, and the difference between longitudinal 
ansverse waves, can also be illustrated. 

w may also be used to demonstrate the Bernoulli 
, that is, the pressure is lower in a moving air stream 
n a stationary air stream. 
Fig. 1: Physical models of the human vocal tract 



Showing measurements related to phonation and 
articulation may also be instructive. The PCquirer & 
Macquirer systems allow one to measure aerodynamic data 
(e.g., air pressure and oral / nasal airflow [11]. In addition, 
electroglottograph (EGG) may be used to evaluate 
fundamental frequency and voice quality, and an 
electropalatograph for place and manner of articulation 
[12,13]. 

The examples so far are intuitive and are performed in real 
time. The use of real-time teaching tools is valuable 
because students can directly observe the association 
between a cause and resulting sounds. Spectrograms can 
also be obtained in real time (e.g., Kay DSP Sona-Graph 
[13]). 

Other examples of real-time demonstrations which are 
extremely important for intuitive learning are physical 
models of the human vocal tract. Figure 1 shows some 
examples of the models we have developed recently. 
Designing such models is not new (see [14]); Chiba and 
Kajiyama (1941) made models based on their measurement 
[15]. Umeda and Teranishi (1966) also made a physical 
model with several sliding bars, so that an arbitrary 
configuration of the vocal tract can be implemented [16]. 
Some museums have physical models of the human vocal 
tract (e.g., Exploratorium in San Francisco under 
supervision of Prof. John Ohala [17]). 

In 2001, Arai replicated Chiba and Kajiyama’s precise 
models and showed that they are extremely effective in the 
class [3]. Arai (2001) proposed a simple but powerful 
demonstration of vowel production using physical models 
([3-9]; see also [18]) and an electrolarynx, an effective tool 
for demonstrating the source filter theory [19]. 

 

3. COMPUTER-BASED TOOLS 
3.1 Software tools for analysis/synthesis 

Many speech tools analyze speech 
sounds and display results, such as FFT / 
LPC spectrum, spectrogram, formant 
tracking, f0/power contour. Some of 
them can make formant plots 
(PlotFormants [20]). 

Modifying speech sounds allows one to 
observe which speech parameters govern 
speech perception. Using the 
Computerized Speech Lab. (CSL) with 
ASL for LPC resynthesis, one may 
change various segmental and 
supra-segmental parameters [13]. 
Recently, Praat is widely used for 
education [21]. 

The Klatt synthesizer may also be used to 
demonstrate the importance of formants 
[22]. With the HLsyn, a high-level 
formant sythesizer, one may manipulate 

articulatory para
synthesizer, such
for teaching the 
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Fig. 2: Baldi in the CSLU Tookit. 
meters [23]. Applying a Text-to-Speech 
 as Mbrola [24], is educational, especially 

role of prosody. 

me tools 

 Section 2, real-time demonstration is key. 
isplays on-line spectrograms in real time 

 [23]). 

 environments 

environments, several modalities can be 
e time, such as images, video, audio and 
s of the World’s Languages illustrates the 

00 languages under investigation at UCLA 
y sounds of various languages by native 
ilable, annotated with the symbols of the 
al Phonetic Alphabet), so that students can 
nciation and auditory discrimination. 

on and Perception I is a CD-ROM course 
nce designed for undergraduates [23]. 
ception Simulation Programs [13] is an 
 for acoustic phonetic and communication 
ces. Since these multimedia tools are 
nts can learn materials at their own paces. 
teractive Introduction to Phonetics and 
s students to learn about phonetics and 
 

 interaction between audio and visual 
peech, the McGurk effect may be the best 
. 

 is a program on the Web for specifying 
 seeing the resulting vocal tract shape and 

the corresponding IPA symbol [30]. 

 

3.4 Corpus and Labeling 

Collecting speech data and compiling 
speech corpora / databases (such as, 
[31-33]), are meaningful not only for 
research purposes but also for education. 
Labeling phonetic / phonemic 
information as well as prosodic [34] and 
other linguistic information pertaining 
to the speech data is also crucial. 

 

3.5 Visualization 

With computer simulation, we can deal 
with complex and/or high-speed 
phenomena by applying a visualization 
technique. For example, revealing 
speech organs on a computer display 



which are normally hidden from view may be educational 
for students, in addition to the “Anatomical Charts & 
Models.” 

A talking head such as “Baldi” in the CSLU Toolkit [32] 
allows us to see the movement of articulators through the 
skin (Fig. 2). By changing a parameter, the skin becomes 
transparent, so that users can determine where the tongue is 
located, etc. This feature is also useful for second language 
learners and hearing-impaired children [35]. 

 

3.6 Utilizing the World Wide Web 

The OpenCourseWare project at MIT provides the 
Web-based course “Laboratory on the Physiology, 
Acoustics, and Perception of Speech” for all to use 
including cineradiographic motion pictures [36]. There are 
more movies of the vocal tract and vocal cords in action in 
[37-39].  

 
4. INTEGRATING PHYSICAL AND 

COMPUTER-BASED TOOLS 
As shown in Sections 2 and 3, both physical and 
computer-based tools are advantageous for teaching 
phonetics. If we integrate them, great benefit may be 
expected. Figure 3 shows an example of such integration. 
On a computer, we can simulate a vowel sound from the 
area function of a human vocal tract [40]. From the same 
data, we can also design a physical model of the vocal tract, 

which
signal
pheno

 

Existi
In add
a phy
many
develo
suited

 

I wou
variou
Suzan
Jackso
John 
Shiny
Steve

 

[1] h

[2] h

 

 also produces a vowel sound. By comparing the two 
s, students are able to determine whether a physical 
menon is supported by a theory. 

5. SUMMARY 
ng physical and computer-based tools were evaluated. 
ition, something new was proposed, an integration of 
sical and a computer-based tool. Although there are 
 of tools already in existence, we need to continue to 
p tools and education methods that are particularly 

 for teaching phonetics. 
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