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ABSTRACT

The perception of voiced fricatives by native speakers of a lan-
guage which lacks those phonemes is studied in this paper. Brasil-
ian portuguese and Galician languages were chosen because they
are historically related. A forced choice test reveals that lis-
teners correctly perceive the place of articulation of the voiced
fricatives. In order to examine whether the perception of frica-
tive manner can be overridden by the voicing characteristics an
open test was carried out. Listeners perceive voiced fricatives as
a voiced phoneme with different manner of articulation and simi-
lar place of articulation or as its voiceless counterpart, depending
on whether vocal-fold vibration extends over the whole obstruent
interval or not. Results are discussed in terms of both historical
phonetic changes and second language adquisition.

1. INTRODUCTION

Galician and Portuguese are two romance languages which
evolved from the latin spoken in the Iberian Peninsula. During
some time both languages belonged to a common branch called
Galician-Portuguese language, which later split when Portugal
became a separate Kingdom. One of the main differences be-
tween their phonetic systems, as spoken in Brazil and Galicia
(Spain), is that Galician language lacks voiced fricatives.

Brazilian portuguese fricatives have the same three places of ar-
ticulation for both the unvoiced (/f/, /s/, /f/) and voiced (/v/, /z/,
/3/) fricatives. The characteristics of Portuguese voiced fricatives
are similar to the corresponding English voiced fricatives, which
have been studied in a number of works (see for instance Baum
& Blumstein, 1987; Stevens er al., 1992). Galician lacks voiced
fricatives and has an additional place of articulation (/6/). Voiced
Galician fricatives may have been lost during its independent evo-
lution, although that question still remains unclear (Fradejas, 97;
Ariza, 94). Nevertheless, voiced phonemes with a manner of ar-
ticulation different from the portuguese fricatives and with similar
place of articulation, may be found in Galician language : /b/ (bi-
labial stop) for /v/ (labiodental fricative), and /j/ (voiced alveolar
affricate) for /3/ (alveolar fricative). The portuguese phoneme /z/
lacks a voiced cognate in Galician language.

The purpose of this paper is to study the perception of the Brazil-
ian portuguese voiced fricatives by Galician speaking subjects, in
order to determine how the listeners of a language which lacks
voiced fricatives perceive those voiced fricatives. Up till now,

most cross-language studies have been devoted to the perception
of vowels (for studies involving Spanish, see for instance Cutler
et al., 1996; Flege & Munro, 1994; Flege, 1991).

Two hypothesis can be considered: 1) Listeners would identify
the voiced fricatives as their unvoiced cognates; 2) Listeners may
perceive some of the voiced fricatives as some other voiced con-
sonants.

In order to test the above hypothesis, closed and open perceptual
tests were carried out. The closed test will give us and indica-
tion of whether the galician listeners are able to correctly perceive
the place of articulation of the voiced fricatives, while the open
test will show whether the perception of fricative manner can be
overridden by the voicing characteristics of the portuguese voiced
fricatives.

2. MATERIALS AND METHOD

The tokens, which were pronounced into a carrier phrase with
meaning in both languages (“digo CV-syllable baixinho™), cor-
respond to CV syllables formed by the combination of the three
fricatives /z, v, 3/ with each of the eight brasilian vowels /a, g, ¢,
i, 0, 0, u/. Tokens were pronounced by one man and one woman.
Stevens ef al. (1992) found that American speakers produced the
voiced fricatives with two forms of voicing: 1) Extended form:
vocal-fold vibration extends over the whole obstruent interval,
and 2) Non extended form: vocal-fold vibration does not overlap
with frication noise during the whole obstruent interval. Inspec-
tion of the tokens revealed that the male speaker produced the
fricatives with the extended form of voicing, while most of the
tokens produced by the female speaker corresponded to the non-
extended form. Tokens of this second form must be considered
with caution, particularly some tokens with /v/ were considered
by the authors to overlap the characteristics of the two groups.
Both forms of voicing can be seen in figures 1 and 2. Thus,
the total number of tokens is: 42 tokens = 2 forms of voicing
x 3 fricatives x 7 vowels.

Tokens were recorded in a soundproof room located in the Insti-
tuto de Estudos Linguisticos (IEL) of the Universidade de Camp-
inas (Brazil), using a DAT recorder, and later digitized with a
frequency of 16 kHz using the CSL system (Computer Speech
Laboratory). The perceptual tests were carried out with a PC-486
computer in the Facultad de Fisica of the Universidad de Santi-
ago.
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Figure 1: Fricative noises for the extended form of voicing. Top:
temporal signal, bottom: spectrum.

Visual and auditory inspection along with spectrograms of the
tokens were used to isolate fricative noises and syllables. For
the isolation of the fricative noises the spectrogram was plotted
and the segment of the consonant which clearly contained high
frequency noise was selected as the fricative noise segment.

3. PERCEPTUAL EXPERIMENTS

Twenty university students with normal hearing, who were na-
tive speakers of galician, served as subjects for the perceptual
experiments. They volunteered to participate in the experiments
for course credit. Three conditions are considered in the percep-
tual experiments. Condition one corresponds to the whole phrase,
condition two corresponds to the syllable and condition three cor-
responds to the fricative. Two test were performed with the 126
tokens (3 fricatives x 7 vowels x 2 forms of voicing x 3 condi-
tions): I) Forced choice test: in order to study confusions of place
of articulation, a three alternative (/s, f, [/) forced choice was per-
formed; II) Open test, with /s, f, [, b, j/ and other as options, in
order to assess the importance of voicing versus manner of ar-
ticulation cues. Because of historical phonetic changes and the
existence of allophones, there is no real agreement about which
fricative or affricate phoneme corresponds to the Galician lan-
guage sound that is included here as option /j/, since some times
that sound is produced as the lateral /\/.

Perceptual experiments were carried out in a normal office at the
Faculty of Physics using a computer program developed at our
laboratory, which controls the whole process. The forced choice
test was carried out prior to the open test. Each test consisted
of the following steps: first, the meaning of the test was ex-
plained to the subjects; second, some tokens of each condition
were presented to the subjects in order to familiarize them with
the sounds they were going to hear, not to train them for that task;
and third, the test was carried out. Subjects were presented the
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Figure 2: Fricative noises for the non extended form of voicing.
Top: temporal signal, bottom: spectrum.

stimuli through SONY MDR-570 headphones. One repetition of
each token was allowed, after which it was mandatory to select
one of the possible options.

3.1. Results

The identification percents for the forced choice test were: 94.5%
in the phrase condition, 95.6% in the syllable condition and
88.8% in the fricative condition. Confusion matrices for the
forced choice test can be seen in Table 1, identification of the
place of articulation for the fricative /v/ being almost perfect:
100.0% for the phrase condition, 99.3% for the syllable condi-
tion and 96.4% for the fricative condition. Identification of the
place of articulation for /z, 3/ is satisfactory either for the phrase
(88.9% and 94.6%, respectively), syllable (92.9% vs. 94.6%) or
fricative conditions (82.5% vs. 87.5%).

An analysis of variance on the correct responses revealed a signif-
icant effect for condition (F'(2,123) = 8.2,p < 0.0005), iden-
tification of place in the fricative condition being significantly
lower than in the phrase and syllable conditions. Also, a sig-
nificant effect for fricative showed up (F(2,123) = 20.0,p <
0.00005), identification being significantly different for each
fricative: place of articulation of /z/ was the worse identified,
whereas place of articulation of /v/ was the best identified. No
significant effect for form of voicing showed up.

Confusion matrices for the open test are shown in Tables 2, 3
and 4 for the phrase, syllable and fricative condition respectively.
The percent of voiceless responses in the phrase condition was
35.2% for the extended form of voicing and 62.6% for the non-
extended form of voicing. In the syllable condition they were
45.0% and 73.6% respectively, and in the fricative condition,
45.7% and 66.9%. This indicates similar results for the three
conditions and that the number of voiceless responses is larger
for the non-extended form than for the extended form. Note that



Ko s gl

N 1000 00 0.0
/14 889 96
I3 04 50 946

N 993 07 00
I 07 929 64
I3/ 07 46 946

vl 964 2.5 1.1
Izl 7.5 825 100
I3/ 1.1 114 875

Table 1: Confusion matrices for the forced choice test. Top:
phrase condition, middle: syllable condition, bottom: fricative
condition

K M s Iff il other

N 271 686 0.0 0.0 0.0 4.3
2l 0.7 07 622 93 5.7 214
/3l 00 0.0 36 164 779 21

v/ 364 614 00 0.0 0.0 22
fz/ 0.0 00 857 8.6 29 2.8
/3l 00 0.0 36 657 300 0.7

Table 2: Confusion matrices for the open test in the phrase condi-
tion. Top: extended form of voicing, bottom: non-extended form
of voicing.

Ko s I

—

other

N 371 543 0.0 0.7 0.0 7.9
fz/ 29 07 757 64 1.4 12.9
/3l 00 0.0 36 221 693 5.0

v 471 507 00 0.0 0.0 21
fz/ 0.0 00 872 50 1.4 6.4
/3 0.7 0.0 29 864 8.6 1.4

Table 3: Confusion matrices for the open test in the syllable con-
dition. Top: extended form of voicing, bottom: non-extended
form of voicing.

K M s Iff il other

N 493 436 0.7 0.7 21 3.6
7l 64 57 572 8.6 0.7 214
/3 0.0 14 57 307 536 8.6
N 529 279 14 0.7 0.0 17.1
2l 0.7 14 772 64 0.7 13.6
I3/ 14 0.7 57 707 93 12.2

Table 4: Confusion matrices for the open test in the fricative con-
dition. Top: extended form of voicing, bottom: non-extended
form of voicing.

for the extended form /z/ which does not have a voiced cognate
is identified as other in the 21.4% of the cases in the phrase and
fricative conditions and in the 12.9% of the cases in the syllable
condition.

For the open test, a significant main effect for form of voicing
(F(1,124) = 56.8,p < 0.0005) showed up, phonemes being
more often identified as its voiceless cognate for the non-extended
form of voicing than for the extended form of voicing. The effect
of fricative (F'(2,123) = 33.5, p < 0.0005) was also significant:
a Scheffé test revealed that /z/ was significantly more identified as
its voiceless cognate (/s/) than /v/ or /3/. There were no significant
differences among the three conditions.

2-way fricative x form of voicing interaction was also significant
(F(2,123) = 14.8,p < 0.0005). In order to study this inter-
action, two separate ONEWAY analysis of variance on correct
responses were carried out. First, the effect of the form of voic-
ing factor was only significant for /z/ (F'(1,40) = 13.6,p <
0.0007) and /3/ (F'(1,40) = 76.8,p < 0.00005). Second,
the effect of the fricative factor was significant both for the ex-
tended (F'(2,60) = 25.7,p < 0.00005) and the non-extended
(F(2,60) = 30.4,p < 0.00005) forms of voicing. For the ex-
tended form of voicing the /z/ phoneme was significantly more
identified as its voiceless cognate (/s/) than /v/ and /3/. This effect
does not showed up in the fricative condition where the identifi-
cation of the three fricatives was not significantly different. For
the non-extended form of voicing the /z/ and /z/ phonemes were
significantly more identified as their voiceless cognates (/s/ and
/f/, respectively) than /v/. This effect was not significant for the
fricative condition where only the identification of /v/ and /z/ was
significantly different. The /v/ fricative was quite well identified
as /b/ in the non-extended form of voicing which might be a con-
sequence of the difficulty of pronouncing this particular fricative
in the non-extended form as it was already noted.

The analysis of the perceptual experiments show that subjects
identify almost perfectly the place of articulation of voiced frica-
tives which they are not accustomed to perceive. Thus, place of
articulation confusion does not explain the results of the open test.
In fact, they may perceive a certain stimuli as being a voiced
phoneme with different manner of articulation, as a voiceless
phoneme with the same manner of articulation, depending on the
form of voicing with which the token was pronounced. In the



case of /v/, listeners may even perceive a slightly different place
of articulation (/b/). For the extended form, voicing is a strong
cue and /z/. which lacks a voiced cognate, is identified often as
other phoneme.

4. DISCUSSION

The results of the forced choice tests indicate that Galician lis-
teners are able to perceive the correct place of articultion in Por-
tuguese voiced fricatives. /v/ is the voiced fricative with the place
of articulation most easily recognized by the listeners, while there
are some confussions between the places of articulation of /z/ and
/3/. Thus, /v/ benefits from the absence of a voiced cognate of the
fricative /6/ in Portuguese, since Galician listeners tend to confuse
/f/ and /6/ quite frequently (Feijéo et al., 1998).

The open tests show a somewhat different picture. The first no-
table effect is a significant difference between the two forms of
voicing. Stevens et al. (1992) found in their work on English
fricatives voicing that there was a great deal of variation in the
production of voicing in fricatives, listeners being sensitive in
different degrees to those differences. In our study, this effect
is stronger in the fricative and syllable conditions, since in those
conditions voicing prior to fricative onset was removed and, as
a consequence, more voiceless responses are given to the non-
extended form stimuli, since their fricative noises have very little
(if any) voicing overlapped with the friction noise. Then, while
in the extended form /3/ tends to be identified as /j/ ( both of them
are voiced phonemes ), in the non-extended form, it tends to be
identified as its voiceless cognate /f/. For /z/, the picture is a lit-
tle different since the phonetic inventory of the listeners lacks a
voiced phoneme wih the same place of articulation. As a result, in
the extended form, where voicing overlaps with the fricative, /z/
is generally recognized as /s/, but there are a considerable number
of “other” responses, indicating that listeners perceived voicing in
this case as a extraneous sound. It is also interesting to observe
that /z/ in the extended form produced quite a number of confu-
sions with other places of articulation in a higher degree than /v/
or /z/, which in some way confirms the above conclusion. In the
non-extended form /z/ was usually identified as /s/. The case with
/v/ is somewhat different from those above. First, there was very
little diference between the results of both forms of voicing. Sec-
ond, the difference between the voiced and voiceless responses
was in general less marked than for the case of /z/, except in the
phrase condition. Listeners showed some preferences for the /b/
responses, though.

These results can be analysed taking into consideration the prob-
able historic changes in sound and phonetic inventory that took
place from the Middle to the Modern ages in the Iberian Penin-
sula. According to Fradejas (1987), /s/ and /z/ coexisted during
sometime and later merged into a single /s/ phoneme, probably
due to the lesser effort needed to produce the voiceless fricative.
Results of the open and closed tests confirm that Galician listeners
associate /z/ only to /s/, since there is no other phoneme with close
acoustic characteristics. For /3/ the situation is more complicated,
since there is no complete agreement as to the changes and the
directions in which those changes took place. /3/ seems to have
lost its voicing characteristics and transformed into /f/. On the
other hand, /3/ is thought to have come from a /x/ (lateral palatal),
which is produced in the Galician region as a voiced affricate /j/,
by a process of acquisition of fricative characteristics. Our re-

sults confirm the perceptual relation between the three phonemes,
which differ among them in voicing and manner of articulation.
The case of /v/ is more obscure, since there is no agreement as
to whether that phoneme really existed in the Iberian Peninsula
(Fradejas, 1997; Ariza, 1994). According to some accounts, /t/
was transformed into the bilabial fricative /3/, which later turned
into /b/. But, since /f/ is labiodental, there is still the possibil-
ity of /f/ having turned into /v/, which later would turn into /b/.
Our results suggest a strong relationship between the perceptual
characteristics of /v/ and /b/.

Actual theories about second language acquisition state that lin-
guistic experience plays a substantial role in the perception of
consonants (Iverson & Kuhl, 1996). Listeners from L1 assimilate
new phonemes of L2 to their native L1 space. Our results show
that this is indeed the case: Although the listeners were instructed
to choose the “other” option whenever they felt that the sound
they heard did not correspond to any of the possible choices, most
of them chose phonemes of their L.1 inventory. Their choices re-
sulted sometimes in a change of manner or place, sometimes in
a change of voicing characteristics, depending upon the phoneme
and the form of voicing (extended, non-extended). So, the ef-
fects of L1 on the perception of 1.2 depend not only on the L1
inventory, but also on the production of 1.2 tokens, at least in the
case of phonemes like voiced fricatives, which can be produced
in different ways depending on the speaker style.
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