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ABSTRACT

The aim of this work is to determine the relative
importance of nasal features in the perception on
vocalic nasality by francophones and Spanish-speakers,
granted that French has nasal vowels as phonemes and
Spanish does not. In a first experiment (phonetic) a
representative French /A/ and a French /A $/  were
synthesized and varied in their nasal features step-
wise. Spanish-speaking and French-speaking listeners
were asked to tell whether they perceived nasality or
not. The results for Spanish show that the separation
between the nasal pole and zero is predominant on the
formant frequency in the perception of nasality. The
influence of bandwidth is negligible. The results for
French show an important influence of the pole-zero
pair and formant frequency. In a second experiment
French-speaking subjects were asked to evaluate the
same stimuli as vocalic categories. The results show
that the subjects base their judgements on the same
criteria, but the level of them  must be higher.

1. INTRODUCTION

Since Delattre [1], nasality and nasalization were the
object of many studies from an acoustical and a
perceptual point of view. Delattre explains nasality by
the weakness of the first formant with an increased
bandwidth. Flanagan [2] and Stevens [3] also noticed
this acoustic aspect as a consequence of separate nasal
poles and zeros in the spectrum. They also mention
that the nasalization process involves formant
frequency shifts. Our goal was to determine the
relative importance of the said parameters on
perception of nasality as a phonetic and phonological
feature. We also wanted to know whether the
sensibility to these parameters is conditioned by the
listener's phonological system, depending on the
presence of nasal vowels in the said system..

In an experiment carried out with Japanese-
speakers and French-speakers, Bognar and Fujisaki [4]
compared the perception of /E/ and /~~´ /.  They found
that two parameters are necessary for the perception of
a nasal vowel. The French listener based his judgment
almost equally on the shift of formant frequencies and
the pole-zero separation, whereas the Japanese listener
bases his own more on the pole-zero separation.

Based on Bognar and Fujisaki´s experiment, we
explored systematically both the formant shifts, the
pole-zero separation and also the bandwidth
component, and compared the perception of /A/ and
/ A$/  by Spanish-speaking listeners of Buenos Aires
and French-speaking listeners of Montreal.

2. PHONETIC EXPERIMENT

2.1 Method
We recorded several occurrences of / A/ and / A$/
pronounced by a francophone of Montreal; in the best
recording conditions. The digital recordings were then
analyzed [5] in order to select the most stable and
representative realizations of the phonemes. Parting
from the acoustical values provided by the analysis, we
synthesized the French /A/ and /A$/ . Our synthesis
tool was a graphic interface [6] to the Klatt [7,8]
synthesizer where we can draw lines over the
spectrogram and main temporal contours besides the
numeric control of these parameters. The following
parameters were used:
For /A/: F1 of 760 Hz, bandwidth of 100 Hz;

F2 of 1180 Hz, bandwidth of 100 Hz;
F3 of 2710 Hz, bandwidth of 160 Hz;
Nasal pole and zero coincident at 270 Hz.

For /A$/ : F1 of 620 Hz, bandwidth of 255 Hz;
F2 of 1060 Hz, bandwidth of 140 Hz;
F3 of 3190 Hz, bandwidth of 320 Hz;
Nasal pole at 170 Hz, nasal zero at 390 Hz.

For both vowels, a fourth formant was set at 3200 Hz.
The F0 was set around 220 Hz, the overall energy at 70
dB and the duration at 350 ms.
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Fig. 1. Representation of the structures of the boundary
stimulus #1 and #6 for formant, pole-zero and

bandwidth values.

Structures 1 2 3 4 5 6
F1 760 730 700 670 640 620
F2 1180 1160 1130 1110 1085 1060
F3 2710 2800 2885 2980 3080 3190
Nasal pole 280 260 230 210 190 170
Nasal zero 280 300 320 345 370 390
F1 bandwidth 100 140 190 255
F2 bandwidth 100 115 130 140
F3 bandwidth 160 210 260 320

Table 1: Linear representation of the values in Hz of the parameters that served to create the 42 stimuli

Then we created intermediate sounds by varying
separately each parameter by equal steps in Mels.
Table 1 shows the value of each parameter of the
formant structures in Hz (first three lines), nasal-pole-
zero structures (lines 4 and 5) and bandwidth
structures (last three lines). We prepared stimuli using
the six formant structures of Table 1 (FOR) times the
six pole-zero separation structures (FPZ), with the
bandwidth structure of column 1 (BAN), giving thirty
six stimuli. Other stimuli were made combining the
two formant structures of columns 1 and 6 (FOR) times
the three remaining bandwidth structures of columns 2,
3 and 4 (BAN), giving six more stimuli.

To verify the parameter values and to prevent any
distortion from the synthesis process each stimulus was
listened in soundproof conditions. Stimuli were
presented all together in two experimental sessions. A
pretest was conducted before the first session in order
to familiarize the Ss with the test material and the
experimental conditions. The overall duration of the
experiment was about 30 min. per S. Ten native
Spanish-speakers of Buenos Aires with no known
hearing disorders and knowledge of French grammar or
pronunciation were selected for the experiment. For
the Montreal experiment, 10 native francophones with
no known hearing disorders were also selected. The Ss
had to answer if the sound they heard was nasal or not.
They specified their choice on a machine that
generated stimuli in pseudo-random order with four
repetitions of each stimulus and ISI of four seconds.

2.2 Results
2.2.1 Argentine subjects. For the FORxFPZ
combination, as it can be seen in the shadowed area of
Table 2, both formant structure and pole-zero
separation contribute to the perception of nasality by
the Argentine listeners1.
An analysis of variance applied on a model of repeated
measures with adjustments2 was performed for the
FORxFPZ combination. Both parameters show to be
significant for the responses given by the Spanish
subjects. The shift in formant frequencies is significant
with a value of F=6.67 for p=0.0001, but the increase
of the pole-zero separation is even more significant

with a value of F=33.67 for p=0.0001. The interaction
of both parameters, which was at F=1.64, p=0.0325,
did not prove to be significant after an H-F adjustment
(p=0,0849). The mean of all results seems to indicate a
much greater sensibility of the Ss to the pole-zero
separation, but detailed analysis of each Ss response
profile shows that this parameter is neither relevant for
some Ss nor the main one for some others.

Oral 1 2 3 4 5 6 FPZ
1 0 5 47,5 55 70 68
2 7,5 8 47,5 53 90 83
3 33 28 72,5 65 85 95
4 20 23 35 78 75 100
5 23 33 62,5 63 93 93
6 33 50 67,5 83 93 100

FOR Nasal
Table 2. Results in % of nasal responses for Spanish-

speaking Ss, for the FOR x FPZ combination.

For the FORxBAN, both parameters show to be
significant. The shift in formant frequencies is
significant with a value of F=9.03 for p=0.0148, and
more powerful than the increase of bandwidth with a
value of F=3.52 for p=0.0284 (see Table 3 for the % of
nasal responses). Interaction of both parameters is
more or less significant its F= 3.58 for p=0.0268, but
H-F and G-G adjustments increasing the p value
respectively to p=0.0437 and p=0.0562.

Oral 1 2 3 4 BAN
1 15 0 45 30
6 42,5 50 47,5 70

FOR Nasal
Table 3. Results in % of nasal responses for Spanish-

speaking Ss, for the FOR x BAN combination.

2.2.2 Montreal subjects. For the French-speaking
subjects the results are similar regarding FORxFPZ as
it can be seen on Table 4.

Both parameters show to be significant for the
responses given by the French-speaking subjects. The
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shift in formant frequencies is significant with a value
of F=19.18 for p=0.0001, but the increase of the pole-
zero separation is again more significant with a value
of F=51.22 for p=0.0001. The interaction of both
parameters is now significant with F=2.87 for
p=0.0001.

Oral 1 2 3 4 5 6 FPZ
1 2,5 5 20 32,5 52,5 42,5
2 2,5 2,5 12,5 22,5 82,5 72,5
3 20 7,5 20 60 92,5 85
4 17,5 10 20 70 92,5 92,5
5 22,5 35 52,5 67,5 90 92,5
6 55 32,5 60 82,5 100 100

FOR Nasal
Table 4. Results in % of nasal responses for French-
speaking Ss. for the FOR times FPZ combination.

For the FORxBAN, again both parameters show to be
significant. The shift in formant frequencies, F=11.88
for p=0.0073, is less significant than the increase in
bandwidth which is at F=45.09, p=0.0001. Interaction
of FORxBAN is significant for francophones even after
the adjustments: F=3.91 for p=0.0193 (GG: p=0.0444
and HF: p=0.0328). See also Table 5.

Oral 1 2 3 4 BAN
1 10 5 72,5 47,5
6 55 57,5 72,5 87,5

FOR Nasal
Table 5. Results in % of nasal responses for French-

speaking Ss, for the FOR x BAN combination.

The general results seem to indicate a much greater
sensibility of the Ss to the pole-zero separation, but
again a detailed analysis of each Ss response profile
shows that Ss have different strategies to identify
nasality.

2.3. Comparison between groups of subjects
The comparison of table 2 and 4, and table 3 and 5
could permit us to conclude that a difference between
groups of listeners exists, because the data show
different patterns of parameter sensibility. In order to
verify if both groups of subjects answer in fact
differently to the stimuli, a statistical analysis between
groups was performed. This analysis does not confirm
that the two groups are different, FORxFPZ with an
F=1.68 for p=0.2117 and FORxB1 with an F=2.01 for
p=0.1737. The specific evaluation of each parameter
and their interaction between groups is still not
significant:

FOR: F=1.89 for p=0.1038;
FPZ: F=1.86, p=0.1098;
FORxFPZ: F=1.50, p=0.058.

When a similar analysis was performed for the
combination FOR and B1, again values reflected no
significance:

FOR: F=0.15 for p=0.0700;

B1: F=2.36 for p=0.0816;
FORxB1: F=0.28 for p=0.8415

The fact the differences between groups did not prove
to be significant does not mean that such a difference
in the phonetic perceptions is irrelevant or non
existent. These results should probably be attributed to
the great variability between the Ss of each group. This
important variation makes the statistical analysis more
complicated by disabling significant confirmation of
hypothesis that the phonological system of a speaker
can influence his phonetic perceptions. Such an
hypothesis was confirmed by Bognar and Fujisaki and
still remains a plausible one.

3. PHONOLOGICAL EXPERIMENT
3.1. Method
Only the francophones participated to this experiment.
It took place the day after the first one, thus allowing
the Ss to rest without having to be completely trained
again. The second experiment was conducted with the
same experimental conditions as the first one, but the
Ss were asked to classify the phonological segment
they heard as representative of: the archiphoneme /A/,

the phoneme /A$/ , another French vowel or another
sound.

3.2 Results
We converted the results of this experiment into an
/A$/  versus non /A$/  form. As it can be seen in Table
6, the results were quite different from the first
experiment for the same stimuli. For the FORxFPZ
group of stimuli, the Ss seem to be more selective with
respect to their criteria of identification of the nasal
vowel and were mostly sensible to the pole-zero
separation. They based their judgement on the same
parameters, but only the higher levels of them were
agreed for a given stimulus to be considered as a nasal
vowel phonologically distinct from its oral counterpart.

Oral 1 2 3 4 5 6 FPZ
1 0 0 2,5 2,5 32,5 35
2 0 0 15 17,5 42,5 50
3 5 0 5 15 57,5 42,5
4 0 0 7,5 7,5 60 55
5 5 0 7,5 37,5 65 70
6 2,5 0 7,5 30 62,5 60

FOR Nasal
Table 6. Results in % of /A$/  responses for French-
speaking Ss. for the FOR times FPZ combination.

The analysis of variance show a weaker influence of
the formant structure to identify a vowel as nasal: the
F=19.18 for p=0.0001, for the phonetic perception,
dropped to F=2.36 for p=0.0550, for the phonological
analysis. The increase in the pole-zero separation still
has a strong influence: the F=51.22 for p=0.0001, for
the phonetic perception, dropped only to F=28.57 for
p=0.0001, for the phonological analysis. The
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interaction FORxFPZ was not very significant: F=1.55
for p=0.0507.

The analysis of variance for the results obtained
for FORxBAN is comparable to those of the FORxFPZ
one. The shift in formant frequencies is at F=2.30 for
p=0.1636, but the increase in bandwidth is: F=4.87 for
p=0.0078. See also Table 7. The interaction
FORxBAN was not significant: F=1.37 for p=0.2731.

Oral 1 2 3 4 BAN
1 0 12,5 20 25
6 2,5 0 12,5 10

FOR Nasal
Table 7. Results in % of /A$/  responses for French-

speaking Ss, for the FOR x BAN combination.

This phonological analysis confirms Bognar and
Fujisaki's findings that the pole-zero separation is the
main parameter causing the perception of nasal
phonemes.

4. CONCLUSIONS
For the perception of nasality and nasal phonemes, the
pole-zero separation is the main parameter that
Spanish-speaking and French-speaking subjects used.
Bandwidth shows also to be a cue in such
identification, but only for the francophones. For the
phonetic perception of nasality, formant shifts were
also significant for both groups of speakers, but this
criterion always came in second.

As for the francophones, the criteria they use
to detect nasality in a vowel and to identify a vowel as
phonemically nasal are the same, but in the second
case the level of them must be much higher.

Bognar and Fujisaki's findings may be
extended to the /A/-/A$/  pair with Montreal French-
speakers and Buenos Aires Spanish-speakers.
Although the bandwidth did not prove to be an
important parameter for the perception of nasality and
nasal phonemes in their experiment, our findings do
attribute some importance to it. As earlier mentioned,
we did not find general tendencies in the perception of
nasality neither for the Buenos Aires Ss nor for the
Montreal Ss; it would therefore be interesting in
another study to explore the different types of
perception profiles, if there are any. Moreover,
additional data would be necessary to confirm that
speakers whose language contains nasal vowel and
speakers whose language does not contain such vowels
really react in a similar or in a different manner in the
detection of nasality in vocalic sounds.
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NOTES
1. On Table 2 and all the following, the entry numbers are the
heading numbers of Table 1.
2. The adjustments (Greenhouse and Geisser, and Huyn and
Feldt) gave two supplementary p values, which are more reliable
than the p value provided by the original method.
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