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A number of factors influences the acoustical
realization of the voicing contrast. Kuzla et al [6] showed
prosodic effects on the duration and amount of glottal
vibration in German word-initial fricatives /f,v,z/ in
assimilatory and non-assimilatory devoicing contexts.
Moreover, in languages with voicing neutralization in final
position, neutralization appears to be often incomplete [7] and
the extent of this phenomenon was found to be dependent on
sentence position, phonetic environment, orthography and
speaking styles, among other factors (see [8] for a review).

Abstract
We analyzed the realizations of French voiced fricatives /,Ʒ/
by German non-native and French native speakers, in final
position of an accentual group, a position where German
fricatives are devoiced. Three speaker levels (from beginners
to advanced speakers) and different boundary types
(depending on whether the fricative is followed by a pause, a
schwa, or is directly followed by the first phoneme of the
subsequent group), are considered. A set of cues, among
which periodicity, fricative duration, and intensity in low
frequencies, is used for voicing analysis. Results show that
German realizations vary significantly with language,
speakers’ level and boundary type, and argue in favor of an
influence of L1 (German) final devoicing on non-native
realizations. We discuss these effects as well as the influence
of orthography (the presence of a schwa at the end of words).
Index Terms: Phonetic transfer, fricatives, voicing
neutralization, prosodic boundaries, German/French.

The aim of this study is to examine interferences
between L1 and L2 in the case of French voiced fricatives in
final positions pronounced by German non-native speakers.
The fricatives appeared in final position of an accentual group
but not at sentence final position. We pay a special attention to
the way speakers realized the prosodic boundary at the
vicinity of the fricative and discussed the effects of the
boundary type and the speaker level on periodicity and
consonant duration. As native and non-native speakers
recorded the sentences, German realizations have been
systematically compared to French ones. Preliminary results
concerning the periodicity of the signal during fricatives by
German non-native speakers have been reported in [9], and,
for the consonant /Ʒ/ in sentence final position, in [10].

1. Introduction
We investigate a typical example of L1-L2 interference
concerning the realization of the French voiced fricatives /z,Ʒ/
in final position by German learners of French. In German,
the opposition between voiced and unvoiced obstruents
(fricatives and stops) is neutralized in final position in favour
of the realization of unvoiced consonants [1], whereas in
French the voicing feature is distinctive in final position. This
difference between both systems is known to be a source of
error for German speakers, who tend to produce unvoiced
obstruents in final position when speaking French instead of
the expected voiced consonants.

2. Experimental Protocol
2.1. Corpus
We extracted a set of French sentences containing fricatives in
final position of a group of words (an accentual group, in
French) from a bilingual corpus which was recorded by French
learners of German and German learners of French in their
native and second languages [11]. This corpus has been built
under the framework of the IFACSL ANR project
(www.ifcasl.org).

The voicing feature, which makes a phonological
contrast between obstruents sharing identical features but the
voicing one (i.e. /f-v/, /s-z/, /ʃ-Ʒ/, for fricatives) does not rely
only upon the presence or absence of voicing –the articulatory
phenomenon corresponding to vocal fold vibration and
generating periodicity in the acoustic signals. Other
articulatory correlates, such as articulatory strength (associated
to the fortis/lenis distinction, and very important in German
stop production), play also a role in the categorization of both
kind of consonants [2]. From an acoustical point of view,
many cues are associated with the voicing contrast [3] [4],
such as, for fricatives, the periodicity of the signal during the
consonant production, the duration of the consonant, the
duration of the preceding vowel, as well as noise intensity [5] .
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The subjects were seated in a quiet room and read
the sentences from the screen of a Windows laptop, with a
headset microphone (AKG C520) connected to an Audiobox
(M Audio Fast track). Fourty German learners of French and
fourty French speakers recorded the corpus. The non-native
speakers were classified by German teachers of French in
three categories: beginners (15 speakers), intermediate (13
speakers) and advanced (12 speakers), corresponding to A, B
and C levels, respectively.
We analyzed the fricatives /z/ and /Ʒ/ embedded in
sentences. There was one sentence per fricative, and each
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sentence was uttered once by each speaker, which gave a total
amount of 160 sentences. Some data have been removed due
to spelling mistakes and the acoustical analysis was based
upon 154 sentences. The sentences were made up of three
noun phrases and a verb phrase in that order: NP1 VP NP2
NP3, where NP1 was a subject, NP2 a direct object and NP3
an adverbial phrase beginning with a preposition. The fricative
was at the end of the last word of NP2, was preceded by the
vowel /a/ and the preposition (i.e. the word following the
fricative) began with the vowel /a/. The first sentence was
“Mon ami a perdu ses bagages à la gare” (My friend lost his
luggage at the railway station), and the second one “Les élèves
doivent cocher la bonne case avec un feutre” (Pupils have to
tick the right case with a felt pen). The broad transcription of
the standard dialect form for the context surrounding the
fricative /Ʒ/ is either /aƷa/, /aƷ#a/, or, although less frequent,

2.4. Acoustic cues
The periodicity has been estimated by Praat "Voicing Report"
function which provides the fraction of locally unvoiced
frames, from which we deduced the fraction of voiced frames
(the percentages of voiced frames during the fricative
duration). The estimation of periodicity during fricatives,
sounds with often intense noises, being especially difficult
[12], we checked the results manually, and corrected them
when necessary (there was very few corrections, made for
obvious mistakes). The duration of the fricative was provided
by segmentation.

3. Results and discussion
We analyse the periodicity of the speech signal and consonant
duration for the fricatives /z,Ʒ/ as a function of the language,
L1 and L2, and, for non-native speakers, the speakers’ level,
and examine possible effects of boundary types on these
factors. Results for /z/ and /Ʒ/ have been combined for
statistical purposes. Statistical analyses have been made with
R.

/aƷǝ#a/ (same remark for /z/).

2.2. Segmentation and labelling at AG boundaries
We segmented sequences at AG (accentual group) boundaries
manually and very carefully with Praat. The labelling of
acoustic events was made using precise acoustic criteria; we
present below those retained for schwas.

G1 G2 G3 G4
A 6
1 16 5
B 7
1 12 5
C 13 1
7
3

At NP2-NP3 boundaries (the fricatives analysed
here are at the end of NP2), we observed the following
possible events: a schwa [], a silence [#], a glottal stop [],
aspiration [h], as well as the presence of very weak voiced
segments at the end of the fricative, noted [hh]. The presence
of creaky voice during the vowels was indicated by a diacritic.
The distinction between schwas and weak periodic events has
been made on the following basis: the duration of schwas must
last at least 30 ms, their mean intensity must be no more than
10 dB under that of the vowel preceding the fricative, and they
must have a visible formant structure.

G1 G2 G3 G4
G (levels A, B, C) 26 3 35 13
F 55 1 19 2

Table 1 Number of realizations of G1, G2, G3 and G4
boundaries, as a function of German non-native
speakers’ levels (A, B, C), and speakers’ first language
(G for German and F for French)

3.1. Boundary types.
Table 1 presents the frequency of each boundary types,
(defined in section 2.3), as a function of languages and, for
L2, speaker levels. We used the Pearson’s chi-squared test
analysis to compare the results. The differences between
French and German speakers with respect to boundary types is
-5
highly statistically significant (p < 2x10 ).

We observed a special sequence, produced by nonnative speakers but for two cases: a schwa, in general
relatively long and intense, directly followed by the vowel /a/.
In almost all cases, at least one of both vowels was creaky.

2.3. Boundary types

Almost all realizations of French speakers, and most
realizations of German speakers fall into G1 and G3 groups.
For most French speakers, the fricative is directly followed by
the first vowel of the last accentual group (55 realizations in
G1 vs 19 in G3) whereas the reverse is true for most German
speakers (26 realizations in G1 vs 35 in G3). This difference is
highly statistically significant (p < 1.8x10-4). Among German
speakers, we observe that advanced speakers (C) used more
G1 boundary types than G3 ones, as French speakers do,
although to a lesser extent, whereas the reverse is true for
beginners (A). This difference between A and C speakers is
significant (p < 0.02). Fluency, due to a better mastering of the
language, probably explains why French speakers produced
less G3 boundary types (i.e. less pauses) between NP2 and
NP3 accentual groups than German non-native speakers. This
explanation holds also for the difference observed between
advanced speakers and beginners.

From observations made during segmentation of the fricative,
we considered four types of boundary:
1) the fricative is directly followed by the following
vowel, as in /aƷa/,
2) the fricative is followed by a schwa, and a pause,
as in /aƷǝ#a/, the pause being either a silence, either an
aspiration, or a glottal stop,
3) the fricative is followed by a pause (silence,
glottal stop, or aspiration), as in /aƷ#a/,
4) the fricative is followed by a schwa and then by
the vowel /a/, as in /aƷǝa/.
The sentences have been split into four groups as a
function of their boundary type : G1, G2, G3 and G4; the
number assigned to each group matching the rank of the
boundary type in the above list.

The low number of items in the second group (G2),
for French and German speakers, shows that before a pause,
there are very few sufficiently clear evidences of a schwa,
whatever the speaker nationality. However, results for G4
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shows that German speakers pronounced a (relatively long and
intense, in general) schwa directly followed by the first vowel
of the next accentual group in 17% of the cases (vs only 3%
for French speakers).

Such results demonstrate very clearly the influence of L1
(German) on L2 (French) realizations. If we remove G4, so as
to keep only fricatives which are without doubt in word final
position for German speakers, the distribution is very similar
to the one represented in Figure 1, but with a reduced amount
of fully voiced realizations for German speakers, which
increases the level of significance (p < 5x10-11).

Before analyzing acoustic cues, let us comment
results for G4. In French, fricatives in (oral) final position are
followed by a “e” in writing, as in the word “neige” (“snow”).
This schwa is either not pronounced (/nƷ/) or very weak

p
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(/nƷ/) in standard French. In similar contexts (fricatives
followed by a “e” in writing at the end of a word), the schwa is
pronounced in German and tend to be more intense than the
French schwa, although always in unstressed position, and
this difference in both languages might be the source of
mistakes. If German speakers, influenced by German spelling
rules, pronounced the word containing the fricative the
German way, as it might be the case in G4 when the schwa is
intense, then this fricative is not in final position for these
speakers.
Interestingly, we observed that the voicing
distribution for consonants in this group is particular: all
percentages are above 40%, and 62% of the data are fully
voiced (against 15% on the averaged for fricatives in other
groups).
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Figure 2. Frequencies of fractions (in percentages) of
voiced frames for beginners (A), intermediate (B) and
advanced German speakers (C).
The percentages of voicing during fricatives vary also in a
statistically significant manner as a function of speakers’ level
(the p_value is equal to 0.037, when all levels are taken into
account, and 0.014, when only advanced speakers and
beginners are considered). The differences between
realizations due to speakers’ levels are slighly more significant
when data from the fourth group are removed. Thus, as might
be expected, more advanced speakers realized more “voiced”
realizations than beginners (see Figure 2).

Since we have pointed out that fricatives in G4
might not be in devoicing position for German speakers, and
since G2 contains very few items, we will analyze and
comment results with and without G4 and G2.

3.2. Periodicity
The fractions of locally voiced frames observed during
fricative productions have been split into 10 or 5 intervals in
figures 1 and 2. For the statistical analysis used for periodicity
analysis (Chi2), it was necessary to reduce the number of
intervals to have a sufficient number of data in each case, and
we considered two intervals [0,50] and ]50, 100].

The question arises as to whether boundary types
have an effect on voicing. For French speakers (Figure 3,
Left), we have to split the data into fully voiced (percentage of
voiced frames equal to 100) and non fully voiced consonants,
since there is few non fully voiced consonants. The ratio of
fully to non-fully voiced fricatives is above 10 for consonants
in G1, and less than 1 for consonants in G3, which tends to
show that consonants, even at word boundary, are more voiced
between two vowels, than before a pause. However, the
number of data for non-fully voiced consonants in G3 just falls
short to allow us to use the result from Chi2 test (p < 0.001)
without violating prerequisites for this analysis. We are
presently working on another set of data for French speakers,
so as to obtain an exploitable result. For German speakers
(Figure 3, Right), with data split into [0,50[ and [50,100]
intervals, results are significant (p < 0.014, three levels taken
into account), which might be due to different causes: first,
the position of the fricatives (at the end of a word but
nevertheless between two vowels in G1 vs before a pause in
G3); secondly, the higher number of advanced speakers in G1.

Figure 1 Frequencies of fractions of voiced frames for
French speakers (L1, in black) and German non-native
speakers (L2, in grey). On the x-axis, “1”stands for the
interval [0-10%], “2” for ]10-20%] ...

If we consider results as a function of the speakers’
levels for G1 and G3 separately, we found statistically
significant differences among advanced speakers and
beginners in G1, but not in G3. Indeed, based upon the
observation of voicing frame distributions, we split the data
into [0-25] and ]25-100] intervals, and found that the number
of “slightly” voiced consonants with respect to “more voiced”
consonants was less important for advanced speakers than for

There are strong and very significant differences between
French and German realizations of French voiced fricatives in
word final position. As shown by Figure 1, which represents
the frequency of voiced fractions for the fricatives /z,Ʒ/,
German realizations are on average less “voiced” than French
ones: there are more slightly voiced and less fully voiced
realizations for German than for French speakers (p < 2x10-9).
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beginners (p < 3x10-3). We will comment this result in the
following paragraph.

Relative Frequencies

Fractions of
voiced frames

0-19

20-39

40-59

60-79

fluency might explain this difference between advanced
speakers and beginners in G1. The same kind of relation has
also been observed for periodicity: in G1, advanced speakers
realized more voiced fricatives than beginners. Thus, advanced
speakers perform better (are closer to French speakers) than
beginners in G1, whatever the acoustic cue considered
(consonant duration or periodicity). Such a difference,
statistically significant, between speakers, is not found in G3.
Since there are few and unbalanced data in G3, we prefer to be
cautious before claiming that the boundary type G3, contrary
to G1, do not induce statistically significant differences
between advanced speakers and beginners. More data would
be necessary to confirm this hypothesis.

80-100
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80%
60%
40%
20%
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N = 55

N = 19

N = 26

N = 35

French Speakers

German Speakers

Figure 3. Fractions of voiced frames for French
speakers and German speakers as a function of G1 and
G3 boundary types.

3.3. Consonant duration

F

Table 2 provides the median and the mean for the duration of
the consonants, as a function of languages (L1 and L2),
speakers’ level (A, B and C, for L2) and boundary types (G1
and G3). Figure 4 shows the boxplots for consonant duration
as a function of the same factors. We used pairwise
comparisons using Wilcoxon rank sum test for the statistical
analysis, with Benjamini, Hochberg [13] correction for
multiple comparisons (Table 3). On the left of table 3, we can
see that for a same group (G1 or G3), consonants pronounced
by native speakers are always significantly shorter than those
pronounced by non-native ones (see French G1 vs German
G1 and French G3 vs German G3). This result can be
attributed either to categorization problems, due to L1L2
interference -voiceless fricatives tend to be longer than voiced
ones-, or to lack of fluency. We believe both factors play a
role here. For a given language, French or German, duration in
G1 is significantly shorter than duration in G3 (see French G1
vs French G3 and German G1 vs German G3), which can be
explained by the fact that the last syllable of an accentual
group is longer before a pause. There is no statistical
difference between duration for French G3 and German G1,
which underlines the importance of the type of boundary on
native and non-native realizations.
Medians
G1 G3 G4 Tot.
G
A 131 134 106 125
E
B
83 135 71 86
R
M
C
78 87 70 79
A
Tot.
81 126 77 92
N
French
63 80 53 66
Tot. G+F
68 94 73 78
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Figure 4 Boxplots of consonant durations (in ms) as a
function of language, Levels and Groups. In red, the
medians of table 2.

Tot.
119

4. Conclusions

75 78.6

92.7 99.3 82.7

G1

Level A

We are presently studying the duration of the preceding
vowel, which is also, as expected, very interesting with respect
to this study.

85 70.8 78.3
109

German

Table 3 P-values for pairwise comparisons. On the left
side, groups G1 and G2 crossed with first languages
French and German. On the right side, groups crossed
levels for German speakers

Means
G1

G1

French

We analyzed the realizations of French voiced fricatives
/,Ʒ/ embedded in sentences and appearing in final position of
an accentual group, as a function of German speakers’ levels
and boundary types. Results show that German speakers
produced consonants which are less voiced –with respect to
signal periodicity- and longer than French speakers, which
demonstrate the influence of L1 (fricatives in final position are
devoiced in German) on L2. Results depend upon speakers’
level (advanced speakers performing better than beginners) but
also upon boundary types: the presence or absence of a pause
after the fricative affect the realizations. We also found an
effect of L1 spelling rules on L2 realizations, since German
speakers pronounce 17% of fricatives followed by a (relatively
intense and long) schwa, and in this context, fricatives tend to
be fully voiced.

90

64.9
81
53 64.8
73.8 94.8 78.7 75.4

Table 2 Summaries for consonant duration (expressed
in ms).
Let’s now talk about speakers’ level and groups. On the
right of table 3, results show, not surprizingly, that there is a
very significant difference between realizations of advanced
speakers in G1 and realizations of beginners in G3. More
interestingly, advanced speakers realized shorter consonants
than beginners when there is no pause after the consonant (G1
group). Once again, we believe categorization problems and
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