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ABSTRACT 

Studies of English have shown that con- 
textual nasalization is perceptible [8], 
and is used in spwch processing [10]. 
However, when measured at single 
points in time, the spectral effects of 
contextual nasalization can appear quite 
subtle [7]. This suggests that time- 
varying properties of contextually 

' vowels may be important to 
the perception of nasalization. This 
paper reports on acoustic and perceptual 
studies of changes in F1 prominence 
over time in contextually nasalized 
vowels of English. The results indicate 
that degree of F1 prominence, and 
change in F1 prominence over time, ‘ 
affect perception of nasality on vowels. 
1. INTRODUCTION 
Much research has gone into trying to 
characterize the acoustic effects of nasal ' 
coupling, and to determine which of 
these acoustic properties is important 
for the perception of nasalization. The 
effort is complicated by the fact that the 
spectral effects of nasalization can be 
relatively subtle [6,7], and that the 
perception of nasalization is closely 
boynd up with the perception of vowel 
helght [1,2]. We believe that the 
phonetic characterization of nasalization 
must take into consideration the possible 
role that time-varying properties of 
these vowels may play in their 
perception. Several researchers have 
§uggested that change over time may be 
Important to perception of nasalization 
9n vowels [9,4], but little systematic 
Ingestigation has been done in this area. 
This paper reports on acoustic and 

rceptual studies of change over time 
m contextually nasafiwd vowels in 
English. These studies focus on the 
degree of F1 prominence, a spectral 
property which is consistently affected 
by nasal coupling. Although changes in 
F1 amplitude are frequently observed 
with vowel nasalization [5,6], their 
contribution to the perception of 
nasalization has been given relatively 
little attention. 
2. Fl PROMINENCE IN NATURAL 
STIMULI 

- Before running perceptual experiments, 
we conducted an acoustic study to 
determine how Fl prominence was af- 
fected by contextual nasalization in 
natural speech. For the acoustic study, 
two male speakers of American English 
were recorded producing words of the 
form bVC, where C was either ld/ or 
/n/, and V was one of seven vowel 
qualities: [i, I, ei, E, ae, o, u]. The 
data were digitized at 10,000 samples 
per second, and then DFI‘ spectra were 
computed for the vowels at 10 msec 
intervals. 
In the DFI‘ spectra, we quantified F1 
pgominence by calculating Al-Hl, the 
dlfference in relative amplitude of Al 
(the .harmonic in F1 with the highest 
amphtude) and the fundamental. Figure 
1 illustrates how Al-Hl was measured, 
and §hows how Al-Hl decreases as 
nasalgzation increases on a contextually 
nasahzed vowel. 
To examine changes in F1 prominence over nme on contextually nasalized 
vowels, we plotted Al-Hl for each 
spectral frame during the vowel. To 
better judge which effects on F1 were 
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attributable to nasalization as opposed to 
other factors, we plotted the data for the 

‘nasalized vowels along with simi!ar data 
‘for comparable oral vowels. Flgure 2 
shows some examples of these 
combined plots, for one speaker._ The 
second speaker showed a Slmflar 
paueni 

early in vowel 
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Figfiré l. I DFI' spectra for tw_o points. in 311a 
vowel of “bin“. An increase 111 nasahzatn 
over 20 msec malts in a 3 dB decrease m 
Al-Hl. 

The data in Figure 2 show that, as_ we 
would expect, the contextually 
vowels had a smaller Al-Hl (less 
prominent F1), overall than 'the oral 
vowels. It should also be pomted out 
that Al-Hl values change over the 
course of the oral vowels as well as the 
nasalized vowels, suggestin that the 
prominence of ' F1 18 cted by 
articulatory factors other than Just nasal 
lcoupling. This undersgores the 
'importance of making relauve, rather 

than absolute, measures of the. spectral 
effects of nasalization [3]. Fmally, 1t 
should be noted that Al-Hl tends t9 dc;- 
crease over the vowel, though .thls 18 
true only for the latter half of [1]. On 
average, Al-Hl decreases by at least 4 
or 5 db over the course. of a 
contextually nasalized vowel. Gwen the 
patterns in the natural stimuli, we used 
synthetic speech to invcsngate the role 
of average Fl prominence". and qhange 
in F1 - prominence over ume, 1n the 
perception of nasalization on vowels. 
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Figure 2. Al-Hl over time (10 msec 
intervals) for oral (open circles) and con- 
textually nasalized vowels (filléd circles), 
for one speaker of English. 

3. PERCEPTION EXPERIMENT I: 
STATIC n mom CE 
The first experiment with synthetic 
speech focussed on how changes_ 111 
average F1 prominence affect percelved 
nasalization. Stimuli were produced by 
starting with a synthesized orgl vowel, 
and then decreasmg F1 prommencg by 
increasing Fl bandwidth. lfor _a glvcn 
vowel quality, several stunuh were 
produced, with different degrees of F1 
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prominence. For eagh item, Fl 
prominence was essentxally constant 
over the duration of the vowel. The 
synthetic stimuli were chogen to have 
Fl prominence values whlch covered 
the range observed in natural spegch 
items with the same vowel quahty. 
Stimuli were constructed using 2 vowel 
qualities: [1], and [I]. Listeners heard a 
synthesized l/ syllable, followed by a 
vowel, and were instructed to choose 
which of two full words they felt the 
syllable could be an excerpt from. So, 
for example, on hearing [b1], the 
listener would circle either ”bead” 91' 
”bean“. 17 listeners participated in thls 
experiment. The results of the tests are 
given in Figure 3, which shows the 
percentage of nasal responses for syn- 
thetic syllables having differing degrees 
of F1 prominence (as measured by A1- 
H1). 
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Figure 3. Percent nasal mponsa for 
' synthetic lbil syllables (a) and MI syllables 

' (b), with static F1 prominence, at various 
values of Al-Hl. 

The majority of the time, the stimuli 
were heard as oral. However, the 
results suggest that decreased F1 

prominence can contribute to profiuction 
of a nasal percept. For stimuh made 
with the vowel [i], the percentage of 
times stimuli were heard as nasal in- 
creased with decreasing Al-Hl values, 
from about 25% nasal responses for a 
vowel with an Al-Hl typical of an oral 
vowel (12.7 dB), to about 40% nasal re- 
Sponses, for a vowel with an F1 that is 
about 5.5 dB lower. There is a similar 
pattern for [I], though the data appear to 
be a bit noisier. 
4. PERCEPTION EXPERIMENT II: 

' VARYING Fl PROMINENCE 
We tested the effect of change in F1 
prominence over time on percepgon of 
nasalization by comparing hstener 
judgements of the nasality of stimulus - 
pairs which were matched for vowel- 
quality and overall average Al-Hl, but 
which differed in having either an un- 
changing FI prominence, as in the 
previous experiment, or a time-varying, 
decreasing, Fl prominence. 
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Figure 4. Percent nasal responses for 
stimuli with time-varying Fl  prominence 
versus stimuli with static Fl prominence, 
llrllftgw for average Al-Hl, for [if (a) and 
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The time-varying vowel stimuli were 
synthesized with F1 prominence 
decreasing throughout the vowel. (The 
drop from vowel beginning to end was 
about 4 dB). Listeners heard synthetic 

_ l/ syllables containing these vowels 
within the same paradigm used in the 
previous experiment. 
Figure 4 presents compafisons of the 
percentage of nasal responses for the 
stimuli with time-varying Al-Hl on the 
vowel, and their counterparts with static 
Al-Hl on the vowel. The time-varying 
stimuli show a higher percentage of 
nasal rcSponscs than the static stimuli, 
indicating that a decrease in F1 
prominence over the course of the 
vowel results in more nasal responses 
than a simple, static reduction of F1 
prominence. 
5. SUMMARY ‘. 
To conclude, we have seen that change 
in F1 prominence over time influences 
the perception of nasalization. B 
comparing perception of stimuli wi 
static and time-varying F1 prominence, 
we determined that change over time is 
important, and that it is not just average 
F1 prominence which determines 
perceived nasalization. This is evidence 
for the importance of dynamic 
information in the perception of vowels. 
It also may have implications for 
predicting the likelihood of sound 
changes in which a contextually 
nasalized vowel becomes a contrastively 
nasalized vowel. Since apsfisiological 
adjustments other than :1 coupling 
can affect F1 prominence, it is possible 
that changes in F1 prominence over 
time which come with diphthongization 
or laryngeal adjustments for voicing 
could contn‘bute to a percept of 
nasalization. In combination with 
contextual nasalization, such effects 
could result in a stronger percept of 
nasalization, such that the language 
learner will be more inclined to posit a 
nasal vowel in that position, providing 
that other grammatical considerations do 
not prevent such an analysis. These 
questions await future research. 
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