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Chapter 2 State of Art

1. General Introduction of Phonetics 

1.1. Definition of Phonetics

As a discipline, phonetics has flourished in the second half of the 20th century, especially as a result of the many new analysis tools that have become available with recent computer techniques. Briefly speaking, phonetics is the study of the perception and production of all the speech sounds in language. Precisely speaking, it is “the science of speech sounds, their production by means of lips, tongue, palate, and vocal chords, their acoustic qualities, their combination into syllables and other sound groups, and finally quantity, stress and intonation. Phonetics thus may be called that part of linguistic science which deals with the outward aspect of language as opposed to the inner or psychological side of language, or it may be looked upon as that part of physics and of physiology which deals specially with sounds as used by human beings to communicate thoughts and feelings to one another” (Otto Jespersen, 1910).

1.2. Importance of Phonetics

According to Ervin-Tripp (1981), the most obvious difference between infants learning a first language and adults learning a second language is that the starting points are not the same. Learners of a second language already know how to converse, and they know how to classify, whereas a baby has to learn what to talk about, the categories that words represent, to participate in conversational turns and how to use language to symbolize and change the world. The second-language learner can be said to be learning new forms for old conversational uses and ideas. That's why they tend to use similar linguistic items in their mother tongue to replace those in the second-language. This can be observed above all in their pronunciation of the second-language.

Language speaking is a matter of firmly established pronouncing habits. The habit of the mother tongue will strongly influence the learner's hearing of the foreign sounds as well as their speaking. As a result of this, the learner does not hear the language through the sound system of foreign language, but filters the foreign sounds through their sound system. This does not apply only to the phonemes of a foreign language such as English, but also to the allophones and their distribution as well as to the suprasegmental features of pronunciation such as stress rhythm and intonation. Therefore, if the learner is not trained to hear the foreign language well they will not only fail in receiving the spoken foreign language, but also in producing it. The result will be partial or unintelligibility between the learner and the people with whom they try to communicate. In other words, a spoken language, both receptive and productive, can not exist without good pronunciation. Almost all linguists agree that the younger the learners the better and the quicker their acquisition of the foreign pronunciation by means of careful listening, imitation and repetition of the teachers words. The more firmly consolidated the basis of a first language becomes and the later in life a second language is begun, the more learners will be subject to resistances and prejudices deriving from the framework of their original language. As we grow older, the acquisition of a new language will normally entail a great deal of conscious, analytical effort, instead of children's ready and facile imitation.(Gimson & A. Cruttenden, 1994). 

Besides, badly established pronouncing habits are very difficult to correct. In other words, it is easier to learn than to correct what has already been learned. This lays a great responsibility upon the teacher, especially in the beginners' courses. In order to do the job well the teacher must be well trained, well qualified and completely engaged in the class. Unfortunately, as we have seen in the first chapter that because of several reasons, the situation of English teaching and learning in China is not yet so satisfactory and in the following chapter we will see that there exist many problems in the Chinese college students' English pronunciation, which the course aims to correct.

1.3. Branches of Phonetics

There are many kinds of phonetics existing. Up to now, the most detailed division of the branches I found is one in the lecture notes compiled by students from the English Department of University of St. C & M - Skopje, R. Macedonia (http://users.unet.com.mk/kocev/phonetics/en_phon_kind_phon.htm).

According to them, phonetics can be divided into the following branches:

1) Articulatory phonetics: It studies the sound of speech from the point of view of the movements of the speech organs necessary for the articulation of the speech sounds. Thus, it is by far the most common branch of phonetics study. This phonetics is valuable in particular to teachers of modern English and to teachers of pronunciation in general. 

2) Acoustic phonetics: It studies phonetics more or less from the point of view of the physicist, i.e. acoustic phonetics concerns itself with the sound and in particular with the scientific measurement of the sound waves in the air which are created when we speak. For this reason, to study acoustic phonetics adequately, it is necessary to have a fair amount of electronic equipment and some knowledge of physics and mathematics. 

3) Experimental/instrumental phonetics: It is closely connected to acoustic phonetics and requires a certain amount of scientific equipment. It concerns itself largely with the measuring and recording of the mechanism of speech in the human individual. Some of the activities that are carried out in this field are of a immense value to the study of the articulatory phonetics. So, instrumental phoneticians have been able to see what is the position of the tongue and jaws for the pronunciation of a given sound by means of x-ray photographs. 

4) Auditory phonetics: It considers phonetics from a point of view of a person speaking. It attempts to find out why the speakers of a given language are able to recognize individual sounds and how they are able to distinguish between two similar and yet different sounds. It also attempts to find out why we tend to miss here certain sounds or words. Usually auditory phonetics concerns itself not so much with organs of speech as with the hearing organs. It tries to find out how we convert in our minds a series of sound waves into a recognizable meaningful unit of speech. 

5) Applied phonetics: It is concerned with the application of phonetics to the teaching of pronunciation and speech in general. Since this involves the establishing of rules, the idea of good and bad pronunciation, this type can also be called prescriptive phonetics. 

6) Historical (diachronic) phonetics: It deals with the phonetics of a language at different periods of its history, sometimes going back more than 1000 years, sometimes more than 10 centuries since there are written records of many languages of that time. 

7) Descriptive (synchronic) phonetics: It is concerned with the description of the sounds of the language of contemporary or present time. 

At the core, phonetics is a science that deals with speech sounds. A spoken conversation is the most frequent manner of communication between human beings. The act of spoken communication usually involves three stages: a) After the speaker has decided which sounds to employ in order to convey his message, he has to produce these sounds using his vocal organs; b) The sounds need to travel through the air and cover the distance between speaker and listener, c) The listener receives sensory input at his ears and has to recover the intended message from those sensory stimuli. Following these lines, phonetics, especially those for actual teaching and learning, may be broken up into three principal branches of articulatory, acoustic, and auditory phonetics. In fact, the articulatory branch of phonetics has the greatest influence on phonetics as a whole, because it is the oldest research into phonetics and therefore many formerly articulatory terms are used to refer to related sounds in the other two phonetics, and what’s more, no complicated experimental setup is needed for initial investigation. Besides, there are considerable agreement between articulatory phonetics and the other two branches of phonetics (as we will see later in this chapter), while the correlations between auditory and acoustic phonetics are not very obvious (Christian Asseburg, 1998). All these contribute to the prominence of articulatory phonetics. Considering the different nature of each of the 3 branches, here we are concerned only with articulatory phonetics and acoustic phonetics, which will serve as the main theoretical and methodological bases for the course to be created. 

1.4. Articulatory Phonetics

Articulatory phonetics researches where and how sounds are originated and thus carries out physiological studies of the respiratory tract, trying to locate precisely at which location and in which manner a sound is produced. It usually begins by describing how speech sounds are made. Therefore, the vocal organs are first of all depicted.

1.4.1 [image: image7.emf]The Vocal Organs/Organs of Speech

According to the Concise Oxford Dictionary of Linguistics, vocal organs refer to “any of the organs involved in the production of speech, from the chest muscles, by which air is expelled or drawn into the lungs, upwards”. 

Sounds are generated in several ways and at several locations in the human vocal tract. The air passages above the larynx are known as the vocal tract. The shape of the vocal tract is a very important factor in the production of speech. The air passages that make up the vocal tract may be divided into the oral tract within the mouth and pharynx, and the nasal tract within the nose as shown in Fig 2-1. 

The parts of the vocal tract that can be used to form sounds are called articulators. The articulators that form the lower surface of the vocal tract often move toward those that form the upper surface. Fig. 2-2 and Fig 2-3 show the principal parts of the upper and lower surfaces of the vocal tract.

The following are detailed descriptions of the different parts of the vocal tract, taken from A Course in Phonetics by Peter Ladefoged (1993): 

The principal parts of the upper surface of the vocal tract (Fig 2-2):

· The lips and teeth are familiar enough structures.

· Alveolar ridge: The part of the upper surface of the mouth immediately behind the front teeth.

· Hard palate: The bony structure or the front part of the roof of the mouth.

· Soft palate or velum: The muscular flap at the back of the mouth that can be raised to press against the back wall of the pharynx and shut off the nasal tract, preventing air from going out through the nose. In this case there is said to be a velic closure. This action separates the nasal tract from the oral tract so that the air can go out only through the mouth.

· Uvula: The small appendage hanging down at the lower end of the soft palate.

· Pharynx: The part of the vocal tract between the uvula and the larynx. The back wall of the pharynx may be considered to be one of the articulators on the upper surface of the vocal tract.
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The principal parts of the lower surface of the vocal tract (Fig 2-3):

· The tip and blade of the tongue are the most mobile parts.

· The front of the tongue: the forward part of the body of the tongue behind the blade, lying underneath the hard palate when the tongue is at rest.

· The center of the tongue: The part of the tongue partly beneath the hard palate and partly beneath the soft palate.

· The back of the tongue: The part of the tongue beneath the soft palate and the root, which is opposite the back wall of the pharynx.

· The epiglottis is attached to the lower part of the root of the tongue.

1.4.2 Consonants vs. Vowels

Every speech-sound belongs to one or the other of the two main classes known as vowels and consonants.

I. Consonants

Consonants are those speech sounds produced by partial obstruction of the air stream with one or more of the mobile articulators in the mouth: lips, teeth, tongue, etc.

According to articulatory phonetics, consonants can be described in terms of three factors: a) state of the vocal cords(voiced or voiceless); b) place of articulation; c) manner of articulatory action.

1) State of vocal cords

“Air form the lungs goes up the windpipe and into the larynx, at which point it must pass between two small muscular folds called the vocal cords. If the vocal cords are apart, as they normally are when breathing out, the air from the lungs will have a relatively free passage into the pharynx and the mouth. But if the vocal cords are adjusted so that there is only a narrow passage between them, the pressure of the airstream will cause them to vibrate, Sounds produced when the vocal cords are vibrating are said to be voiced, as opposed to those in which the vocal cords are apart, which are said to be voiceless.” (Peter Ladefoged, 1993)

The difference between voiced and voiceless sounds is often important in distinguishing sounds, especially in the pairs of words such as “tie, die; pie, buy; safe, save”, etc.

2) Places of Articulation

Articulation refers to the approach or contact of two speech organs, such as the tip of the tongue and the upper teeth. 

In order to form consonants, the airstream through the vocal tract must be obstructed in some way. Therefore, consonants can be classified according to the place and manner of this obstruction. The following are the principal terms for these types of obstruction.

· Bilabial: The two lips of the mouth are closed together to obstruct airflow, as in by, my.
· Labiodental: The upper teeth touch the lower lip to create an obstruction of the airflow, as in fire, view.
· Dental: The tongue tip is positioned between the upper and lower teeth in order to obstruct the airflow, as in thigh, the.
· Alveolar: The tip or the blade of the tongue articulates with the forward part of the alveolar ridge. The airflow is obstructed by the tongue tip or blade touching the alveolar ridge behind the upper teeth, as in tie, die.
· Retroflex: The tip of the tongue articulates with the back of the alveolar ridge, e.g. ray, row.
· Palato-Alveolar: The blade, or the tip and blade, of the tongue articulates with the back of the alveolar ridge and there is at the same time a raising of the front of the tongue towards the hard palate, e.g. shy, beach.
· Palatal: The front of the tongue articulates with the hard palate, as in you, year.
· Velar: The back of the tongue articulates with the soft palate, as in back, bag.
3) Manners of Articulation

While places of articulation refer to where articulation occurs, manners of articulation are several basic ways in which articulation can be accomplished. The airflow is restricted somewhere in the vocal tract. The articulators may completely close off the oral tract for an instant or a relatively long period, they may narrow the space considerably, or they may simply modify the shape of the tract by approaching each other. Consonants are usually divided into six manners of articulation: stops, fricatives, affricates, nasals, liquids, and glides.

· stop: The sound is formed by completely stopping the flow of air somewhere in the vocal apparatus, and then releasing the air, e.g.  the English sounds [(], [(], [(], [(], etc. Since the sudden release of the pent-up air creates a small explosive sound, stops are also called plosives.
· fricative: This sound is produced with air escaping through a small passage, thus producing friction or a "hissing" sound. English fricatives include [(], [(], etc. 

· affricate: These sounds are a combination of a stop and a fricative that make one new sound. The sounds begin with a stop and end in a fricative. 

· nasal: These sounds are similar to stops because they require a complete obstruction in the oral cavity; however, the airflow is forced into the nasal passage because the velum (soft palate in the mouth) is lowered in making a nasal sound. 
· liquid: liquids are similar to both consonants and vowels in how they are made. As in vowels, the airflow moves through the oral cavity with little obstruction. As in some consonants, the tongue is raised towards the alveolar ridge to make the sound. It includes two classes:

Lateral liquid: partial closure at some point in the mouth; airstream escapes around the sides of the closure, e.g. [(].

Central liquid: sides of the tongue approach rear of alveolar ridge; air passes out the center, e.g. [(].

· semivowel/glide: a sound articulated in the same way as a vowel, but not forming a syllable on its own, e.g. [w, j].

Note that the liquids [(, (] and the semivowels [(, (] are also called approximants. The term approximant is based on the articulations involved, in that one articulator approaches another, but the degree of narrowing involved does not produce a turbulent airstream/audible friction.

II. Vowels

Vowels are those speech sounds produced without any obstruction. Different vowels are produced by altering the size and shape of various cavities through which air passes. In the production of vowel sounds none of the articulators come very close together, and the passage of the airstream is relatively unobstructed (Peter Ladefoged, 1993). Vowels can be described in terms of three factors: i) the height of the body of the tongue; ii) the front-back position of the tongue; and iii) the degree of lip rounding. 

i. Height of the body of the tongue:
According to the height of the body of the tongue, vowels can be divided into high (e.g. [(:]), mid(e.g. [(:]) and low (e.g. [(:]) vowels.

ii. Front-back position of the tongue:
In this category, vowels can be divided into:

· front vowels: In these vowels, the highest point of the tongue is in the front of the mouth, e.g. [(:], [(], etc.
· back vowels: In all these vowels, the tongue is close to the upper or back surface of the vocal tract, e.g. [(:], [(:], etc.
iii. Lip rounding:

The lips may either be in their normal position or they may be rounded. The English vowels [(], [(:], [(], and [(:] are rounded. The rest are unrounded.
1.5. Acoustic Phonetics

While articulatory phonetics describes how speech sounds are produced, acoustic phonetics describe them in terms of what we can hear. The way in which we hear a sound depends on its acoustic structure. Sounds with the same length can differ from one another in three ways. They can be the same or different in pitch, loudness, and quality. Two vowel sounds with the same pitch and loudness may differ in that on might be [(] and the other [(]. On the other hand, two sounds with the same vowel quality my differ in that one was said on a higher pitch than the other or that one of them was spoken more loudly.

1.5.1 Sound Waves

Sound consists of small variations in air pressure that occur very rapidly one after another. These variations are caused by actions of the speaker's vocal organs that are (for most part) superimposed on the outgoing flow of lung air. Variations in air pressure in the form of sound waves move through the air somewhat like the ripples on a pond as in Fig 2-4 which shows the waveform of the word "twelve". The small vertical lines in the waveform correspond to the pulses produced by the vibrating cords. We may observe that there is an obvious difference between the voiceless [t] (with small irregular fluctuations of air pressure) and the voiced [v] (with comparatively regular vocal cord pulses). There is a silence at the closure for [t] before changing to the next sound [(].

"It is usually not at all easy to look at the waveform of an utterance and say what sounds occurred. The waveforms of many sounds are much too similar to one another to be analyzable by eye. They can be interpreted only by resolving them into their components .... But if one knows what sounds occurred, it is often possible to look at the waveform and see at which point one sound changed into another. There is, for example, a clear difference between a voiced and a voiceless sound, .... Often there is a noticeable change in the pattern between two different types of voiced sounds, such as a vowel and a lateral or a nasal." (P. Ladefoged, 1993)
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1.5.2 Pitch and Frequency

The pitch of a sound depends on the rate of vibration of the vocal cords. The higher the frequency of vibration in a sound, the higher the pitch of the sound. Because each opening and closing of the vocal cords causes a peak of air pressure in the sound wave, we can estimate the pitch of a sound by observing the rate of occurrence of the peaks in the waveform. To be more exact, we can measure the frequency of the sound in this way. Frequency refers to the number of complete repetitions (cycles) of variations in air pressure occurring in a second. The unit of frequency measurement is the Hertz, usually abbreviated as Hz. If the vocal cords make 220 complete opening and closing movements in a second, we say that the frequency of the sound is 220Hz.

The pitch of a sound is that auditory property that enables a listener to place it on a scale going from low to high, without considering its acoustic properties. In practice, when a speech sound goes up in frequency, it also goes up in pitch.

It is possible to determine the frequency of a sound by counting the peaks of air pressure in a record of its waveform. Computer systems nowadays can provide graphical displays corresponding to the pitch. 

1.5.3 Loudness and Intensity

In general, the loudness of a sound depends on the size of the variations in air pressure that occur. Just as frequency is the acoustic measurement most directly corresponding to the pitch of a sound, so acoustic intensity is the appropriate measure corresponding to loudness. The intensity is proportional to the average size, or amplitude, of the variations in air pressure. It is usually measured in decibels (abbreviated as DB) relative to the amplitude of some other sounds.

We can make a rough assessment of the comparative intensity of two sounds by reference to their waveforms. As we can see in Fig 2-4, the vowel [(] has the highest intensity. The semi-vowel [(] and the lateral [(] have only slightly less intensity than the vowel. The [(] has a fair amount of intensity, but the [(] at the end of the word has very little intensity.

In fact, the actual intensity of a segment will depend on many factors, such as its position in the sentence, the degree of stress on each word, and the personal characteristics of the speaker.

1.5.4 Quality

"The quality of a sound such as a vowel depends upon its overtone structure. Putting this another way, we can say that a vowel sound contains a number of different pitches simultaneously. There is the pitch at which it is actually spoken, and there are the various overtone pitches that give it its distinctive quality. We distinguish one vowel from another by the differences in the overtones that are audible". (P. Ladefoged, 1993)

These characteristic overtones are called the formants of the vowels.

Formant

A formant is a group of overtones corresponding to a resonating frequency of the air in the vocal tract. Vowels are largely distinguished by two formants. The lower of the two is called the first formant (F1) and the higher the second formant (F2). Actually, there is another characteristic overtone, the third formant, which is also present, but there is no simple way of demonstrating its pitch.

The formants that characterize different vowels are the result of the different shapes of the vocal tract. The air in the vocal tract is set in vibration by the action of the vocal cords. Every time the vocal cords open and close, there is a pulse of air from the lungs. These pulses act like sharp taps on the air in the vocal tract, setting the resonating cavities into vibration so that they produce a number of different frequencies, just as if you were tapping on a number of different bottles at the same time. Irrespective of the rate of vibration of the vocal cords, the air in the vocal tract will resonate at these frequencies as long as the position of the vocal organs remains the same. A vowel has its own characteristic auditory quality, which is the result of the specific variations in air pressure due to its vocal tract shape being superimposed on the fundamental frequency produced by the vocal cords. The vocal tract is a kind of filter. Its resonances make its output higher at some frequencies and lower at others. The bands of higher output are called formants. Changing the frequency response of the vocal tract transforms the sound of the glottal source to form the sounds of different vowels. Vowels are produced by making formants at particular frequencies.

Spectrogram

In the late 1940s, the sound spectrograph was invented, which translates a sound into a visual representation of its component frequencies. The result is spectrogram which is a machine-made graphic representation of sounds in terms of their component frequencies, in which time is shown on the horizontal axis, frequency on the vertical axis, and the intensity of each frequency at each moment in time by the darkness of the mark. Fig 2-5 shows a spectrogram of the words "heed, hid, head, had" spoken in a British accent (taken from A Course In Phonetics(Third Edition) with modifications). 

In Fig 2-5 we can easily locate the formants on the spectrogram. Each vowel has a characteristic pattern of formants and each formant has a typical range of frequencies.

A spectrogram is like the fingerprint of a sound. Each vowel and consonant has a unique formant pattern that distinguishes it from all other sounds. Though an individual speaker's physiological characteristics may subtly change the spectrogram of a particular speech sound, the general pattern for that sound will always be the same. 
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1.5.5 Vowel Acoustics

The acoustic source (the place or object that a sound comes from) for vowels is vibration of the glottis (the space between the vocal folds). As it passes through the vocal tract (the body parts used to create speech, especially the respiratory system and the oro-facial organs), the sound of this source is filtered (a device that changes the amplitude of a signal by different amounts at different frequencies; as a verb, to use a filter to make such changes). Each configuration of the vocal tract acts as a different filter and changes the sound of the source into a different vowel.

Spectrograms enable us to measure the durations of vowels and the frequencies of their formants. By describing the formant frequencies and how they change with time, we can accurately describe the vowel sounds a person produces.

One way to describe a vowel phonetically is to show the tongue's position during production of the vowel. We know that raising the tongue or rounding the lips changes the sizes and shapes of the cavities of the vocal tract. This changes the formant frequencies of the vocal tract. Experiments have proved that vowel formant frequencies are related to vowel articulation. F1 is primarily related to tongue height and F2 is related to tongue backness or fronting

One way to study the relationship between the articulatory and acoustic descriptions of a vowel is to plot F1 and F2 on a graph. The convention is to plot the frequency of F2 along the horizontal axis and the frequency of F1 along the vertical axis as shown in Fig 2-6 (taken from A Course in Phonetics Third Edition). Comparing the F1/F2 plot with the vowel quadrilateral (Fig 2-7 Taken from Speech production & Perception I: an interactive multimedia course), we see immediately that the position of each vowel in the F1/F2 plot resembles its position in the vowel quadrilateral as shown in Fig 2-7. Obviously there is a close correspondence between the tongue positions of the vowels and the frequencies of F1 and F2, namely, F1 corresponds to the height of the tongue and F2 corresponds to the position of the tongue, i.e. whether it is anterior or posterior. Table 2-1 shows a summary of the relationship of the tongue positions of the vowels and their formant frequencies. 

The degree of lip rounding also affects formant frequencies. In general, as sounds become more rounded, the frequencies of the higher formants decrease. But the situation is complicated in that the effect is greater in the third formant for front vowels, and in the second formant for back vowels. In the rounded vowels, each formant peak is at a slightly lower frequency. In the rounded vowels, some formants also have lower amplitudes than they have in unrounded vowels.
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Table 2-1 Tongue Positions vs. Formant Frequencies

	Tongue Positions
	Formant Frequencies

	The front of the tongue
	high
	F1 is at a low frequency

	
	low
	In the low vowel, F1 is at a higher frequency than it is in the high vowel.

	The tongue is in a front position
	F2 is at a high frequency in it.

	The tongue is in a back position
	F2 is at a lower frequency when the tongue is in a back position


1.5.6 Consonant Acoustics

Consonants are produced by constricting the vocal tract at different places. Different amounts of articulatory constriction produce different aerodynamic and acoustic effects.

Consonant production, like vowel production, uses the vocal tract as a filter to modify a sound source. Consonants typically involve narrower constrictions than those for vowels. This gives rise to more complex vocal tract shapes and more complex acoustics. The following is a brief introduction to the acoustic characteristics of different kinds of consonants. All the spectrograms are taken from "Speech production & Perception I: an interactive multimedia course" SENSIMETRICS Series in human communication (1994-1997), with modification.
I. Bilabial

In bilabial consonants such as [b], the lips form a constriction of the vocal tract. As the lips move closer and closer together, they produce a greater change in the formant frequencies of the vocal tract. This change in formant frequencies is the formant transition associated with the consonant.

The formant frequencies in bilabial consonants tend to be lower than the formant frequencies in the vowels before and after the consonant. Thus, the formant transition is downward for F1, F2, and F3 at the beginning of the consonant articulation, and upward for F1, F2, and F3 as the consonant articulation ends, as shown in Fig 2-8.
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II. Alveolar

In alveolar consonants such as [ð], the tip of the tongue constricts the vocal tract by approaching the alveolar ridge. As the tip of the tongue moves, it produces a formant transition.

As in all consonants, F1 tends to be lower in alveolars than vowels. F2 tends to be higher, so the F2 transition is upward as the consonant articulation begins, and downward after the consonant. F3 often does not change much, as shown in Fig 2-9.
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III. Palatals

In palatal consonants such as [j] (Fig 2-10), the body of the tongue constricts the vocal tract by moving towards the hard palate. As the tongue moves, it produces a formant transition.

As in all consonants, F1 tends to be lower in palatals than vowels. F2 and F3 tend to be higher. Thus the F2 and F3 transitions are upward as the consonant articulation begins and downward after the consonant. F4 does not change much, but F3 and F2 tend to come relatively close to it.
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IV. Velars

In velar consonants such as [(], the body of the tongue constricts the vocal tract by moving towards the soft palate. As the tongue moves, it produces a formant transition.

Fig 2-11 shows the formant frequencies of the velar consonant [(] with the vowel [(] before and after. As in all consonants, F1 tends to be lower in velars than vowels. F2 tends to be higher, so its transition tends to be upward at the beginning of the consonant articulation and downward at the end. Another noticeable feature of the formants in the spectrogram is the narrowing of the distance between the second and third formants. At the end of the consonant, it is almost as if they went toward a common point. The "convergence" of F2 and F3 is very characteristic of velar consonants. It is also characteristic of velars that the formant transitions take longer than in the corresponding alveolar or bilabial sounds.
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V. Nasals

The articulation of nasal sounds involves the lowering of the soft palate so that the air passage which leads out through the naso-pharynx and the nostrils is open. The acoustic result of opening what is effectively a side-branch of the vocal tract is to change the resonance characteristics of the tract and to introduce an anti-resonance, that is a specific filtering effect. The frequency band affected by this anti-resonance is that in which we find the second formant of most vowel sounds, that is from about 800 up to about 2000 Hz (D. B. Fry, 1979). In syllables where a vowel is immediately preceded or followed by a nasal consonant, we see two marked effects of the anti-resonance in the spectrographic pattern: first, the peak of energy produced by F1 is at a lower frequency in the consonant stretch than in the vowel, and second, there is a more or less sudden change from the high level of energy for the vowel second formant to a very low or zero level of energy for the consonant. These features are clear in the spectrograms of Fig 2-12.
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In nasal consonants the oral branch of the vocal tract is closed off during the time when the nasal branch is open; the nostrils are less effective than the mouth in radiating sound into the outer air and consequently the overall intensity level of nasal consonants is noticeably lower than that of vowels with which they are associated, as can be seen from the fainter traces in the spectrogram in Fig 2-12.
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VI. Voicing

Besides degree of constriction and place of constriction, speech sounds differ in whether the vocal folds are vibrating. This feature is called voicing; consonants may be either voiced or voiceless. The consonants shown above are all voiced. Now we will examine a pair of voiced and voiceless stop consonants [(] and [(], and see their different acoustic features.
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Voiced and voiceless stops have different vocal fold gestures. In voiced stops, the vocal folds remain in the position for voicing throughout, while in voiceless stops, the vocal folds open (abduct) and then close (adduct), returning to the position for voicing. In voiceless stops, the vocal folds reach their greatest opening near the release of the stop articulation and the closure of the vocal folds is later, so voicing begins later (Speech Production & Perception, 1994-1997).

From Fig 2-14 we can see that the voiceless stop [(] is marked by a sharp onset of a burst of noise that appears as a comparatively random pattern in the upper frequencies. Note also that the formant transitions after voiceless stops take place during the period of aspiration and are therefore not as apparent on the spectrogram in Fig 2-14 as they are after the voiced stops in Fig 2-10 and Fig 2-13 which are characterized by the presence of a low-frequency component generally below 250 Hz.

VII. Summary

The acoustic correlates of consonantal features are summarized by P. Ladefoged as shown in Table 2-2 (taken from A Course In Phonetics, 1993). He further points out that these descriptions should be regarded only as rough guides. The actual acoustic correlates depend to a great extent on the particular combination of articulatory features in a sound.
Table 2-2 Acoustic correlates of consonantal features

	Kinds of Consonants
	Acoustic Features

	Voiced
	Vertical striations corresponding to the vibrations of the vocal cords.

	Bilabial
	*Locus of both second and third formants comparatively low

	Alveolar
	Locus of second formant about 1700-1800 Hz

	Velar
	Usually high locus of the second formant. Common origin of second and third formant transitions.

	Retroflex
	General lowering of the third and fourth formants.

	Stop
	Gap in pattern, followed by burst of noise for voiceless stops or sharp beginning of formant structure for voiced stops.

	Fricative
	Random noise pattern, especially in higher frequency regions, but dependent on the place of articulation.

	Nasal
	Formant structure similar to that of vowels but with nasal formants at about 250, 2500, and 3250 Hz.

	Lateral
	Formant structure similar to that of vowels but with formants are considerably reduced in intensity.

	Approximant
	Formant structure similar to that in vowels, usually changing.



* A locus is a formant transition which starts from and goes to a point.

2. English Phonetics

“No two persons of the same nationality pronounce their own language exactly alike. The differences may arise from a variety of causes, such as locality, social surroundings or early influences, and there are often individual peculiarities for which it is difficult or impossible to account. … The existence of all these differences makes it difficult for the foreign learner to know which type of English pronunciation to acquire.”(D. Jones, 1987)

In China, English phonetics teaching has always been on the "received pronunciation (RP), "which is basically the educated speech form of the south-eastern region of Britain. It is the form generally used by news-readers of the BBC and has the advantage (shared by few other forms of British English) of being readily intelligible and acceptable within the English-speaking world" (G. He, 1989). The Chinese students are quite familiar with the description and transcription of this pronunciation system. Thus in the following chapters we will adopt the transcription of the RP system.

2.1 English Vowels

In the RP there are 20 vowels. Among them 12 are simple or pure vowels (during which the organs of speech remain approximately stationary) and 8 are diphthongs (during which the organs of speech perform a clearly perceptible movement). 

2.1.1. Pure vowels

In normal speech, a vowel is defined as a voiced sound in forming which the air issues in a continuous stream through the pharynx and mouth, there being no obstruction and no narrowing such as would cause audible friction. Following this definition, the characteristic qualities of vowels depend on the shape of the open passage above the larynx. The chief organs concerned in modifying the shape of the passage are the tongue and the lips. As we have seen that vowels are usually described in terms of three factors: 1) height of the tongue; 2) part of the tongue which is highest; and 3) position of the lips. A formal description of the manner of forming the vowel [i:] is like the following:

height of tongue: high

part of tongue which is highest: centre of "front"

position of lips: spread or neutral

Therefore [i:] is a high, front, and spread vowel.

Table 2-4 shows the chart of English simple vowels according to the height of the tongue and the part which is raised. 

Table 2-3 Chart of English Pure Vowels

	Height of Tongue
	Part Raised

	
	Front
	Central
	Back

	Heigh
	i:

(
	
	u:

(

	Mid
	e
	ǝ:

ǝ

ʌ
	ɔ:

(

	Low
	æ
	
	ɑ:


In practical teaching, a simplified chart of English vowels as shown in Fig 2-15 is often used, which shows the tongue positions of English pure vowels in Cardinal Vowel diagram.
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2.1.2. Diphthongs

A diphthong is a glide from one vowel to another. It is pronounced as one syllable. Generally speaking, the loudness decreases as the glide goes on, so the second element of the diphthong is only lightly sounded.

There are three groups of English diphthongs: those that end in [(], including [((, ((, ((]; those that end in [(], including [((, ((]; and those that end in [(], including [((,((, ((].

2.2 English Consonants

According to the RP, there are 24 English consonants. They may be classified according to: 1) manner of articulation; 2) place of articulation; and 3) voicing. Table 2-4 shows the chart of the English consonants.

Table 2-4 Chart of English Consonants

	Manner of Articulation
	Voicing
	Place of Articulation

	
	
	Labials
	Labiodentals
	Dentals
	Alveolars
	Alveo-palatals
	Velars
	Glottals

	Stops
	voiceless
	p
	
	
	t
	
	k
	

	
	voiced
	b
	
	
	d
	
	g
	

	Fricatives
	voiceless
	
	f
	θ
	s
	ʃ
	
	h

	
	voiced
	
	v
	ð
	z
	ʒ
	
	

	Affricates
	voiceless
	
	
	
	((
	ʧ
	
	

	
	voiced
	
	
	
	((
	ʤ
	
	

	Nasals
	voiced
	m
	
	
	n
	
	
	ŋ

	Semi-vowels

/Glides
	voiced
	w
	
	
	
	j
	
	

	Laterals
	voiced
	
	
	
	r, (/(
	
	
	


2.3 Acoustic Features of English Sounds

2.3.1. Acoustic Features of English Vowels

Pure Vowels

As we have seen in the former section, all vowel sounds in normal speech are voiced and during their production the vocal tract exhibits at least two and usually three well-marked resonances, the vowel formants, which are indicated by broad, dark bars running through the same stretch denoting high levels of energy in certain frequency regions. Table 2-5 gives the averages of fundamental and formant frequencies of 10 pure vowels by 76 American English in three groups: men (M), women (W) and children (Ch). These figures usually serve as a general standard reference in the field.

In fact, if we don't distinguish the gender and age difference, another group of figures are given by Ladefoged (1993) as shown in graphic in Fig 2-16 which lists the average of a number of authorities' values of the frequencies of the first three formants in eight American English vowels. As the average values suggest, the progression from close front articulation [(:] to open front articulation [(] is marked by the gradual approximation of the bars for F1 and F2. With the shift to back articulation, F1 and F2 come much closer together and for the back vowels tend to move downwards together. 

File: formants-data.doc
Table 2-5 Averages of Fundamental and Formant Frequencies of Vowels by 76 Speakers*

* Taken from G. J. Borden and K. S. Harris (1980), Speech Science Primer (Physiology, Acoustics, and Perception of Speech) 

   Originally by G. E. Peterson and H. L. Barney, Control methods used in a study of the identification of vowels. 

Journal of the Acoustical Society of America 24, 1954, 183



I. Diphthongs

The articulation of diphthongs requires a movement of the tongue and other parts of the speech mechanism from the disposition appropriate for one vowel sound towards that for another. This movement causes a marked change in the formant pattern, as we see from the spectrograms of Fig 2-17. It is clear that the phoneme does present a combination of two of the pure vowels: the formant pattern for [(:] followed by that for [(] as indicated by the dark lines. Notice too the glide of the formants from [(] to [(].

2.3.2. Acoustic Features of English Consonants

The sounds which make up the consonant system are of considerably greater diversity than the vowels since they are differentiated not only by place of articulation but by manner, by the use of noise generation and by the voiced-voiceless distinction. In order to review their acoustic characteristics we shall group together sounds which show some similarities of articulation since this means inevitably that they are likely to have acoustic features in common.

I. Nasal consonants

In a former section, we have discussed the acoustic features of the nasals in general. Here we are going to concentrate on the three English nasals. A comparison of the various nasal consonants represented in Fig 2-18 shows that there is very little in the resonance or formant bars to differentiate them; they all have F1 in the lowest frequency band and a second formant at about the frequency of the vowel F3. The feature which is important for distinguishing the three nasal articulations from each other is to be found in the rapid changes of formant frequency or the formant transitions. In the present context the transitions of F2 are particularly important, the bi-labial articulation, [m], produces a transition of F2 towards a lower frequency, the alveolar, [n], involves rather little transition and the velar, [(], a transition towards a higher frequency.




II. Approximants

1) Semi-vowels/Glides: [(] and [(]





The semi-vowels [(] and [(] are glides from the formant disposition for the vowels [(] and [(] respectively towards the formant positions for a following vowel. Glides are well named for spectrograms of them which, like those of diphthongs, show the formants gliding up or down depending upon context (Fig 2-10 and Fig 2-19). As we have seen in a former section that the [(] is a palatal glide. During [(((], the high first formant frequency for [(] swings down as the mouth constricts, while the second formant swings up, reflecting the resonance of the narrowed front cavity. Production of glides requires movement of the tongue and lips to change vocal tract shape from the starting position (high front tongue at start of [(], and high back tongue and protruded lips at start of [(]) to the next vowel position (G. J. Borden and K. S. Harris, 1980). These glides are formant transitions, changes form one formant frequency to another, but they take place at a rate which is considerably slower than that of the transitions, for example, in a sequence of nasal consonant plus vowel (Fig 2-12). The latter may occupy about 25 ms whereas the former, at a comparable rate of utterance, requires something over 100 ms (D. B. Fry, 1979).

2) Liquids [(] and [(]

In English, two other classes of sound are acoustically akin to the semi-vowels; these are the most commonly used [(] sound and [(] sounds. The frictionless [(] is a glide from a neutral vowel, made with some degree of retroflexion, towards a following vowel and is therefore characterized by formant transitions away from and towards a retroflex vowel pattern. An important feature of the [(] pattern is the marked transition in F3 as well as in F1 and F2. This is apparent in the spectrogram of sorry shown in Fig 2-20, where the intervocalic position of the consonant occasions transitions associated with the preceding and the following vowel.

Compared with those for [(], the transitions for the intervocalic [(] in the word melon (Fig 2-20) are less extensive and less leisurely; this is particularly noticeable in F1 which has quite abrupt transitions in the intervocalic [(]. The most striking difference, however, lies in F3 which shows no change of frequency, in contrast to the extensive transition of F3 in the intervocalic [(] of sorry. All transitions are of course determined by the formant frequencies of preceding and following vowel sounds but this F3 difference between [(] and [(] is maintained in all contexts.



The difference between the clear and dark [(] sounds in English is reflected, as we should expect, in formant differences. It is mainly the disposition of F1 and F2 that is affected, clear [(] having formant frequencies appropriate to a front vowel and dark [(] to a back vowel. Clear [(] in most English pronunciations is somewhat influenced by the vowel which it precedes (D. B. Fry, 1979).

III. Fricatives

The remainder of the consonant sounds are acoustically distinct from the vowels either because of the presence of noise (fricatives) or because they involve a complete interruption of the stream of sound (stops/plosives). The general character of the spectrographic patterns which correspond to these sounds: noise produces a patch indicating energy randomly distributed over some part of the spectrum (fricatives); the interruption due to a stop consonant interposes a blank patch in the spectrogram (stops/plosives). The extent and position of a noise patch on the frequency axis reflects the filtering effect of the vocal tract; the extent of the noise on the time axis will be greatest for fricative consonants and least for the noise bursts occasioned by the release of a plosive consonant. Affricates show noise of longer duration than the plosive burst but shorter than a fricative in a similar context (D. B. Fry, 1979).

In English there are 5 pairs of fricatives and one laryngeal fricative [(]. Some of the differences between a voiced and a voiceless sound have been touched upon before (Fig 2-13 and Fig 2-14); where there is friction noise, its intensity tends to be less in the case of the voiced sound, since some of the energy is being used up by the larynx tone generator. In order to illustrate typical patterns for the fricatives, here we use only examples containing the voiceless member of each pair of sounds, placed in intervocalic position so that the beginning and end of the consonant sound may be seen. Fig 2-21 shows spectrograms for four sounds in these conditions: [(], [(], [(] and [(]. They illustrate a progressive narrowing of the noise band passed by the vocal tract filter. In [(] the noise energy begins quite low in the frequency scale, at about 1800-2000 Hz and extends upwards for a considerable distance, to 6000 Hz and beyond. In [(] the filter suppresses most of the noise energy below about 4000 Hz but the band extends upwards to 8000Hz. Both [(] and [(] have the main noise energy in the high-frequency band from about 6000 to 8000 Hz.

The [(] sound has a different character from the above fricatives because the noise generator in this case is at the level of the larynx and the sound is more in the nature of a whispered vowel; although it consists of noise, it has marked formant bars which correspond very closely in frequency with the formants of the following vowel sound (Fig 2-22).








IV. Plosives/Stops

The occurrence of a plosive consonant is marked by a short silence of near-silence followed by a short burst of noise if the stop is released. According to Fry (1979) the duration of these component parts of the sound depends very much upon the tempo of the utterance; the silence is likely to last something between 70 and 140 ms, being shorter in the voiced sounds than in the voiceless. The burst of noise is of very short duration in contexts where the sound has little or no aspiration; here it may last no more than about 10 or 15 ms. During the burst the noise energy is spread rather widely over the spectrum but peaks of energy tend to occur at different frequency regions according to the place of articulation of the consonant. In the bi-labial sounds, [(] and [(], the maximum is generally in the low frequencies, at about 600-800 Hz; for the velar sounds it is in the region of 1800-2000 Hz and for the alveolars, in the higher frequencies at about 4000 Hz. Here again we pick up the voiceless sounds to illustrate these features (Fig 2-23). 

Besides, in the voiced sounds, [(], [(] and [(], the intensity of the noise burst is much less than in the voiceless sounds, [(], [(] and [(]. This feature can be seen clearly in Fig 2-13 and Fig 2-14 where we showed the voicing features.




V. Affricates

The articulation of an affricate consists in making a complete closure of the vocal tract at some point, as for a plosive consonant, and the production of friction noise at the point where the release occurs. There are two pairs of affricates in the English sound system (Table 2-4) and for all four sounds the stop is made well back on the alveolar ridge; in [((] and [((], the initial sounds of cheap and jeep (Fig 2-24), the friction noise is the same as in fishing (Fig 2-21), that is to say the vocal tract filter imposes a lower cut-off to the noise energy at about 1800-2000 Hz. To achieve this condition the closure for the affricate has to be made a little further back than for the simple [t] and [d]. For the other pair of affricates, [tr] and [dr], the initial sounds in try and dry (Fig 2-25), the articulation is essentially that of the continuant [r] (Fig 2-20), with the tip of the tongue retroflexed; the stop is therefore made further back still and the friction is a fricative version of [r]. The noise now has a lower cut-off frequency at about 1200 Hz.






The duration of the stop in the affricates tends to be about the same as for a simple plosive in similar position but the friction lasts very much longer than the burst of noise that marks the release of a plosive, even where the latter is accompanied by aspiration; it is not, however, as long as a corresponding fricative. 

The differences between the voiced and voiceless affricates are in line with those already noted in other classes of sound. The friction noise has somewhat greater intensity in the voiceless than in the voiced sounds.

2.3.3. Summary

"It can be claimed that speech, like writing, constitutes no more than the transmission phase of language, providing a signaling system for the language's more essential store of items defined in the lexicon and of syntactic rules negated by incompetence in the signaling phase, when the prime medium is speech. Thus, unless a learner expects to deal with English only in its written form, there is no escape from the acquisition of at least the rudimentary elements of English pronunciation. Such a conclusion implies that in any course of English a realistic amount of time should be devoted to practice in the spoken language." (A. C. Gimson & A. Cruttenden, 1994)

It is no doubt that pronunciation plays a crucial role in any language teaching and learning. Thus many kinds of speech science, phonetics, have aroused to analyze speech in different ways and from different aspects of speech. Among the different branches of phonetics, three are more popular: articulatory phonetics, acoustic phonetics and auditory phonetics. Here we are concerned with the first two. In this chapter, we have seen different features of each of them as far as vowels and consonants are concerned. All these features will be applied in the program to be created.

In the following chapter, we are going to conduct a needs analysis of the students in BIT, which the program to be created is aimed at. Besides, some of the recorded sounds of the selected Chinese students studying at Geneva University will also be analyzed and all the acoustic features of vowels and consonants explained in this Chapter will serve as reference in the analyses.

Fig 2-3 The principal parts of the lower surface of the vocal tract.


Taken from "A Course in Phonetics" by Peter Ladefoged (1993)





Fig 2-2 The principal parts of the upper surface of the vocal tract


Taken from "A Course in Phonetics" by Peter Ladefoged (1993)





Fig 2-1 The vocal tract
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Fig 2-4 The waveform of the word "twelve"
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Fig 2-5 A spectrogram of the words "heed, hid, head, had" as spoken in a British accent.


Taken from "A Course in Phonetics" 


by P. Ladefoged (1993)
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Fig 2-6 A formant chart showing the frequency of the first formant on the ordinate (the vertical axis) plotted against the distance between the frequencies of the first and second formants on the abscissa ( the horizontal axis) for eight American English vowels.


Taken from "A Course in Phonetics" by P. Ladefoged (1993)








Fig 2-7 The vowel quadrilateral (Taken from "Speech production & Perception I: an interactive multimedia course" SENSIMETRICS Series in human communication, 1994-1997, with modification.)
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Fig 2-8 The formant frequencies of the bilabial consonant [b] with the vowel [ɑ] before and after
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Fig 2-9 The formant frequencies of the alveolar consonant [ð] with the vowel [ɑ] before and after
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Fig 2-10 The formant frequencies of the palatal consonant [j] with the vowel [ɑ] before and after
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Fig 2-11 The formant frequencies of the velar consonant [g] with the vowel [ɑ] before and after
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[b] is voicing all the time. A low-frequency component is present, generally below 250 Hz.





During the articulatory closure, the vocal folds remain abducted, and voicing stops
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Fig 2-12 The formant frequencies of the nasal consonant [m] with the vowel [ɑ] before and after
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Fig 2-13 The formant frequencies of the velar consonant [b] with the vowel [ɑ] before and after





Fig 2-14 The formant frequencies of the velar consonant [p] with the vowel [ɑ] before and after
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Fig 2-15 Tongue positions of English pure vowels on Cardinal Vowel Diagram (Taken from "Speech production & Perception I: an interactive multimedia course" SENSIMETRICS Series in human communication, 1994-1997, with modification.)
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Fig 2-16 The frequencies of the first three formants in eight American English vowels.


Taken from A Course In Phonetics (third edition) 


by P. Ladefoged (1993) with modification
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Fig 2-17 [((] pronounced by an English woman
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Fig 2-18 "farm, can, hang" read by an English man
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Fig 2-19 "away" pronounced by an English man
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Fig 2-20 "sorry" pronounced by an English woman and "melon" by an English man





1000





2000





3000





4000





5000





6000





0





0.687





0





Time (s)





[          ((                     (             (               (            ]





Fig 2-22 "behind" pronounced by an English man
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Fig 2- 21 "fishing", "lesson", "differ" and "author" pronounced by an English woman





8000





0





0.592





0





Time (s)





1000





2000





4000





6000





8000





0





0.646





0





Time (s)





8000





0





0.712





[   ((            (                (                 (                     ]





0





Time (s)





2000





4000





6000





[((         (              (               (                (              ]





[        ((            (               (                    (              ]





[   ((:                          (                   (                     ]





2000





3000





4000





5000





6000





0





0.846





0





Time (s)





[   (   (       ((         (                   (        (          (   ]





1000





2000





3000





4000





5000





Fig 2-23 "copy", "butter" and "lucky" pronounced by an English man
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Fig 2-25 "try" and "dry" pronounced by an English woman
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Fig 2-24 "cheap" and "jeep"  pronounced by an English woman
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