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ACOUSTICAL ANALYSIS OF ENGLISH VOWELS UTTERED IN SPONTANEOUS SPEECH

1.  Introduction

The aim of this research is to discuss some problems concerning the relation between phonetics and phonology. The hypothesis being tested is that spontaneous speech is inconsistent with most of the predictions of abstract phonological models because of the existence of enormous variability in the surface forms (i.e. phonetic realisations)[1,2,3].

In order to confront the hypothesis of phonological theories with some more variegated data from spontaneous speech, we carried out an acoustical analysis of the 12 vocalic sounds of the English RP
 system uttered in CVC tonic syllables in conversational speech.

Conversational speech was analysed as it is not only more dynamically variable, but also representative of actual human interaction.

Through the analysis of the values of F1 and F2 of the vowels actually uttered in connected speech, it was attempted to answer the following question: does it make sense to consider the vowels as static sounds as the phonological descriptions state? Or would it be better to state that they have internal dynamics? [4]

2.  General method

2.1.Materials
A homogeneous group of six English, male speakers was selected from some audio tapes produced by the magazine Speak Up
.

The six subjects all have a RP-English pronunciation, they are all in their late 40s and they were all recorded in an informal interview. All those factors which may have influenced the results of the research, such as difference in sex, age, education, accent and speaking styles were avoided. The corpus analysed
 consisted of 360 vocalic segments (5 for each type, for 6 speakers) representing the twelve English relatively pure vowels all in stressed position except shwa.

2.2. Analysis
The first two formants of all the vocalic segments were measured using both static analysis and dynamic analysis. 

The static analysis consisted in the measurement of the first (F1) and second formant (F2) (FFT average power spectrum) in the apparently most stable part of the segment (usually the central part) by means a Kay DSP Sonagraph 5500, sampling rate 10240 converted into 12 bits, with a wide band filter (300 Hz) to show the formants. 

The following editing criteria were adopted to extract the vocalic segments:

a) the beginning of the target sound was excised from the stream of speech at the end of the transition with the previous consonantal sound; 

b) the end point of the targets were excited at the beginning of the transition with the following consonantal sounds.

We decided to leave out the transitions in order to avoid to take into account the phenomena due to the raising or lowering of F2 due to the place of articulation of the preceding or following consonantal sound. None of the vocalic targets were in final-word position as to avoid both the reduction phenomena due to the end of the articulation and the lengthening phenomena due to the pre-pausal lengthening[5,6]. Attention was paid to cut the waveform where the value of the zero crossing was as closest to zero as possible.

The dynamic analysis, conducted by LPC procedure (by means of CSL Kay Elemetrics co.), involved dividing every vowel into 5 equidistant bits whose length depended on the duration of the segment.

The type of LPC analysis used is characterised by an algorithm with 12-14 coefficients, frame length syncronous with pitch, and windows without overlapping.[4] This kind of analysis is attested to be the most used especially to analyse male voices and non stationary vocalic sounds (diphthongised vowels and spontaneous speech vowels). 

This analysis provided the measure of F1 and F2 in 5 time-points.

3. Results

3.1. Results of the static measurements
For all the formant values of the vowels collected by means of static analysis it was calculated the mean and the standard deviation which are shown in the following table:

	vowel
	F1
	standard deviation of F1
	F2
	standard deviation of F2

	i:
	286
	44
	2110
	103

	I
	353
	39
	1782
	62

	e
	509
	77
	1681
	86

	{
	607
	55
	1592
	122

	V
	582
	49
	1260
	99

	A:
	569
	51
	1130
	66

	Q
	497
	42
	1003
	62

	O:
	436
	37
	987
	99

	U
	393
	40
	992
	66

	u:
	385
	44
	1191
	192

	@
	441
	38
	1402
	69

	3:
	490
	37
	1407
	60


Table 1: Mean and standard deviation for all the vowels for all the speakers
. 

Table 1 shows standard deviation values quite high for some vowels, which indicates a large inter-speaker and intra-speaker variability. The speech of an individual is not a constant either in terms of those properties that result primarily from the physical mechanism of speech or in terms of those that are a function of the linguistic system. A person’s speech can vary because of the different timing and amplitude of the movements of the speech articulators involved in the production, as a consequence the same word or the same sound produced by the same speaker in different occurrences and under different conditions can be very variable. 

The differences among speakers usually lie in the anatomy of vocal tracts and vocal cords, and it can depend also on the different  dialects and/or regional pronunciations, social class, educational level and speech idiosyncrasies; but in selecting the speakers for our corpus we tried to avoid these differences  in order to obtain a  homogeneous group of speakers.

The reduction phenomena consist mainly of the divergence of formant patterns from those characteristics of a specific vowel category towards those characteristic of a less differentiated mid-central vowel [i.e. @], when compared to vowels from isolated words (see the values published in Gimson[7] ). Plotting the values of F1 and F2 of all the vocalic sounds uttered by all the speakers on a diagram, it is obtained the so-called vocalic quadrilater (fig.2), which  appears not very “geometrical” compared to those proposed by the handbooks of phonology (see Gimson 7 ), due both the inter-speaker and intra-speaker variability and the reduction phenomena.  

Variability and reduction phenomena were expected, since the speech material was  made of   conversational speech, which  is spoken more rapidly, is generally less carefully articulated, more intentionally varied and more influenced by coarticulation with surrounding sounds, compared to words or syllables uttered in isolation. 
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Fig.1 Existence areas of the 12 vowels, each area is represented by 18 repetition of the same phoneme (3 repetitions for each of the 6 speakers).

2.2 Results of the dynamic measurements
Using the vowels time-varying formant frequencies extracted by means of the LPC procedure, time/frequency graphs showing the formant patterns were produced (fig.2 for an example). 
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-Fig.2 Time/frequency representation of a realisation of /i:/ (length 80 ms)

The graphs show that long vowels are not always perfectly stable. This instability is sometimes due to a change in the quality (gliding) of sound along the time axis: /i:/ > /i:J/;  sometimes the observed instability is not  due to a change of quality, but simply to the aleatority of the measurements (some errors can occur in the computation of F1 and F2 values by means of LPC procedure) and to the fact that in its physical nature even a "steady state" sound, such as a "pure" vowel, can be  unstable. This probably depends on the speech organs, which simultaneously have to perform different gestures such as raise or lower the tongue and move it backward or forward along the vocal tract. Plotting the values of F1 and F2 for all the points taken into account by the LPC analysis we obtain a “trajectory” rather than a static point, for most of the vowels, as shown in fig.3. 


Fig. 3 Example of the trajectory drawn by a realisation of /i:/

The phonological description of vocalic sounds in terms of absolute formant frequencies does not seem to offer the right format to deal with these sounds uttered in connected  speech; time-varying formant frequencies seem to be better cues to vowel quality analysis and  some vowels would be better described as trajectories through the vowel space rather than static points.

Duration

The mean of duration for all the vocalic segments was measured in two ways, as reported in table 2: 

	
	duration
	st.dev

	with transitions
	77 msec
	15 msec

	withouth transitions
	100 msec
	20 msec


Table 2. Mean of duration and standard deviation of vocalic segments.

The most variable duration was encountered for the two long vowels /A:/ and /i:/ which always have a longer duration compared to the short vowels: 82 msec without transitions and 105 msec with transitions. 

The shortest vowel is  /@/ that shows a mean duration of 62 msec,  this value is probably due to the fact that /@/ is the only unstressed vowel in our corpus.   

4.Conclusions
Once again the analysis of spontaneous speech shows the inadequacy of phonological models to experimentally observable phonetic substance: current phonological models are in fact built from an "abstract" phonetic form existing only in the mental representations of researchers and in the laboratory realisations of speakers[8], while observing spontaneous speech we can observe an enormous variability, which seem to be the output of a large number of alternative rules which are difficult to foresee. We believe then that  the study of spontaneous speech is necessary to eventually confront all the hypotheses made on a simplistic basis with more variegated data and it will surely open new horizons by forcing phonologist to look more at those dimensions of speech variation which are otherwise more or less neutralised in their descriptions.
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� RP stands for Received Pronounciation, which represents the “standard” pronunciation in United Kingdom.


� Speak up is a magazine for advanced students of English issued monthly together with a tape containing recording of  real conversations between native English speakers.


� The corpus used for this study is part of a wider corpus  used by the author for her final dissertation research project in 1992: “Analisi acustica del sistema vocalico dell’inglese RP, con particolare attenzione ai centring diphthons” tesi di Laurea Università degli studi di Napoli Federico II, ottobre 1992. 


� The CSL cannot analyse segments shorter than 60 ms. For this reason we had to chose only  vocalic  segments longer than 60 msec.


� Phonetic transcription is in SAMPA convention.
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