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Formant Trajectories of English Vowels Produced by American Males
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ABSTRACT

Formant values are the most important acoustic correlates of English vowels. Classical studies on English vowels reported
the first three formant values measured at a single timepoint on a sustained vowel segment. However, many recent studies
revealed that partial onset or offset segments with information of dynamic spectral changes may contribute to the exact
identification of English vowels with an accuracy almost comparable to that by the whole vowel segment or word. The purpose
of this study was to examine formant trajectories of nine English vowels collected by Hillenbrand et al.(1995). Acoustic

analysis was systematically made by a Praat script at six equidistant timepoints over the vowel segment. Results showed that
the first formant trajectories played an important role in distinguishing each vowel within the front- or back-vowel groups. The
second formant trajectories of the back vowels varied more drastically than those of the front vowels. The third formant value
was similar except the high vowel /i/. From the vowel space on F1 by F2 axes, the formant trajectories of each vowel clearly
showed a transition toward the locus of the following consonant /d/. Other acoustic data revealed that there were some vowel
inherent duration or pitch values. From this study we can conclude that the dynamic spectral changes are very important in
specifying acoustic characteristics of the English vowels. Further studies on vowels and diphthongs in different contexts are

desirable.
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Create Strings as file list... fileList E:\men\*. wav
numberlist=Get number of strings
for i from 1 to numberlist
select Strings fileList
name$=Get string... i
Read from file... E:\men\'name$'
endfor

o
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Play
soundID=selected("Sound")
soundID="soundID'+1
soundName$=selected$("Sound")
select Sound 'soundName$'
Edit
editor Sound 'soundName$'
Spectrogram settings... 0 5000 0.005 30
Formant settings... 5000 4.5 0.025 30 1
Intensity settings... 50 100 "mean energy" yes
Pitch settings... 75 500 Hertz autocorrelation automatic
pause Select vowel segment to analyze...
Move start of selection to nearest zero crossing
start=Get start of selection
Move end of selection to nearest zero crossing
end=Get end of selection
dur="end'-'start'
durms=round('dur'*1000)
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Select... start+0.01 end-0.01
avdb=Get intensity
avf0=Get pitch
avfl = Get first formant
avf2 = Get second formant
avf3 = Get third formant
avf4 = Get fourth formant
print 'soundName$"tab$"durms:0"tab$"avdb:0"tab$"av{0:0"tab$'
'avfl:0"tab$"avf2:0"tab$"avf3:0"tab$"avf4:0"tab$' Time
'newline$'
onset='start'+0.0225
offset="end'-0.0225
vowsegment='offset'-'onset’
divider=5
ratio="vowsegment'/'divider'
window=0.0125
for p from 1 to 'divider'+1
timepoint='onset'-'ratio'+'p'*'ratio’
Select... timepoint-window timepoint+window
db=Get intensity
f0=Get pitch
fl = Get first formant
f2 = Get second formant
f3 = Get third formant
f4 = Get fourth formant
print 'soundName$"tab$"p"tab$"db:0"tab$"f0:0"tab$"f1:0"tab$'
'£2:0"tab$"3:0"tab$"f4:0"tab$"timepoint:3"newline$'
endfor
print ---'newline$'
fappendinfo result.txt
Close
endeditor
select 'soundID'

ol BREHL20 )
7|82 0 2= 5000 HzQHNA 4.5709] ZHES 25 mse] ol A
st Fetes AR, AT ZeaibE g gz
Aol B AFeellA, HPZel vehd ~HEZ Y 9
o] HE mo] FAFE AUA &Ge Afole e A
Ha 927t 2L ALolE THE AFE 42 FAHSAY
I ¥ E X7 GAY 929 Fl, R27E0] AUE X
Z5)2] @ AolE 57 = eHE FAHE auq(okmg,
2008b). LAY ~HEZ T 9o AL w7 H FAHS
HoF AWk TUE AHE 1Y o 3dgs ?iﬂv}.

A7 A SAYE RE30e <281>3 2ol AA
st 1 AEle AA okEe] dux 2

FE golrAl & tE, Al
- (start)Z EF-(end) Abole] A|&AIZE
A%o] ZAA Bro g WA Ho A-S SAHES oA X



0:177ae1 0.320670 (3118 / 5 0. 488531

06804

£ ]
5000 Hz| TEy 1 100 d5 600 Ha
9 | .

’wm%’, | I3
a
sl -
e, [T Hz
s T, -
- et

50 dB[FE Hz

0177881 [ 0320670 | 0172094

I 1. m0lae®] B3 A8 A

Figure 1. Selected vowel segment of m0lae
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Figure 2. First and sixth measurement segments of m0lae
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Figure 4. Uncertain F2, F3 formant trajectories of m39ae
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Table 1. Average f0 and formant values of front vowels

2e | A4 | 0 Fl F2 F3
1 133 | 359 283 | 2971
2 | 133 | 3% 2301 | 2988
3 132 | 354 2309 | 2985
! 4 130 | 354 315 | 2977
5 130 | 355 2300 | 2956
6 | 131 | 357 220 | 2868
1 131 | 433 2018 | 2688
2 | 129 | 439 1988 | 2671
3 128 | 453 1944 | 2658
! 4 128 | 467 1891 | 2648
5 127 | 470 1839 | 2657
6 | 127 | 450 1801 | 2674
1 122 | 581 1801 | 2615
2 | 120 | 586 1783 | 2601
3 120 | 59 1762 | 2604
¢ 4 120 | 585 1736 | 2609
5 122 | 569 1734 | 2641
6 | 123 | 516 1735 | 2678
1 122 | 604 1888 | 2633
2 | 120 | 59 1903 | 2620
3 19 | 606 1873 | 2597
® 4 119 | 631 1785 | 2591
5 119 | 634 1710 | 2612
6 | 12 | 564 1698 | 2654
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Figure 5. Formant trajectories of front vowels
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Table 2. Average f0 and formant values of back vowels

2e | A" | B Fl F2 F3
1| 137 | 405 1068 | 2407
2 | 135 | 393 1020 | 2399
30| 133 | 386 999 2405
e 4 | 131 378 998 2415
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s 11| 3 1029 | 2406
6 | 131 | 376 1291 | 2390
1| 130 | 478 1143 | 2499
2 | 127 | 480 162 | 2492
3 126 | 487 1208 | 2477
© 4 | 126 | 4% 1318 | 2463
5126 | 4% 1455 | 2475
6 | 127 | 46l 1616 | 2557
1| 124 | 634 1206 | 2571
2 |12 | el 120 | 2568
3 12 | es 1257 | 2566
A 4 | 122 | el 1336 | 2552
5 12 | 54 1463 | 2556
6 | 124 | 517 1600 | 2634
1| o121 | es7 1022 | 2570
2 |19 | 66 1026 | 2565
300119 | 670 1047 | 2569
’ 4 | us | 674 1080 | 2549
5119 | 6% 124 | 2511
6 | 120 | 575 1463 | 2560
13| 753 1317 | 2535
2 |12t |7 1313 | 2537
3 120 | 755 1326 | 2553
¢ 4 | 1o | 4 1347 | 2530
s 19 | 70 1428 | 2519
6 | 121 | 609 1579 | 2617
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Figure 6. Formant trajectories of back vowels
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vowels
2g AR =e | 0 | = | B
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