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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.
Keywords: English vowels, formant trajectories, American males, dynamic spectral changes
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Select... start+0.01 end-0.01
avdb=Get intensity
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Aok =52 tholulE mlo]az =33 § 72 kHzolatE AT avf0=Get pitch
g JE 3 YeE ALESl] 129129) Aol 16 kil avIl = Get first formant
o) BEEER AFE AZAch Pslol Ao A W =W avi2 = Get second formant
avf3 = Get third formant
w74 7Rl @ A AAEY Jioh & mReAde AP 24 avfd — Get fourth formant
S 53 o]sE29 EAS Ho|= hayed, hoed9} A/ WS 3 print 'soundName$"tab$"durms:0"tab$"avdb:0"tab$"av{0:0"tab$'
Shatob ¢F & ko] F39] Wishrh gobd e FaHgs T "avf1:0"tab$"av{2:0"tab$"av{3:0"tab$"avf4:0"tab$' Time
& v FAE EolE heardE AQ)Eta F 9o BE&S E4 mewline$'
). onset="start'+0.0225
offset="end'-0.0225
23 SR A v?v.vsegment='offset'—'onset'
divider=5
HEEEY ST 4SS AR v S4EHE ¥ ratio="vowsegment'/'divider'
AzZEaQ ZekE(version 5.1.07)014 T2 EHAtg ¢17] window=0.0125
2AYEZ FYES AR AAZ Eeigit) for p from 1 to 'divider'+1
timepoint="onset'-'ratio'+'p'*'ratio’
Create Strings as file list... fileList E:\men\*.wav Select... timepoint-window timepoint+window
numberlist=Get number of strings db=Get intensity
for i from 1 to numberlist f0=Get pitch
select Strings fileList f1 = Get first formant
name$=Get string... i 2 = Get second formant
Read from file... E:\men\'name$ f3 = Get third formant
endfor f4 = Get fourth formant
print 'soundName$"tab$"p"tab$"db:0"tab$"{0:0"tab$"f1:0"tab$'
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Play
soundID=selected("Sound")
soundID="soundID'+1
soundName$=selected$("Sound")
select Sound 'soundName$'
editor Sound 'soundName$'

Edit
Intensity settings... 50 100 "mean energy" yes
Pitch settings... 75 500 Hertz autocorrelation automatic
Aoz A}

2008b). A}
B47ke AR 5
e 1 AEE A 999 GRS Fobbl @ the, A
A (startyh EH(end) Abole] AR T, 25 mse] ¥
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Spectrogram settings... 0 5000 0.005 30

Formant settings... 5000 4.5 0.025 30 1

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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Table 1. Average f0 and formant values of front vowels

e | A" | P 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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s | AA {0 F1 F2 F3
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5 | 131 | 3 1020 | 2406
6 | 131 | 37 1291 | 2390
1| 130 | 478 1143 | 2499
2 | 127 | 480 162 | 2492
30| 126 | a7 1208 | 2477
© 4 | 126 | 4% 1318 | 2463
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5 1 119 | 6% 1224 | 2511
6 | 120 | 575 1463 | 2560
1| 123 | 753 1317 | 2535
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Figure 6. Formant trajectories of back vowels
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