INTERSPEECH 2015

Perception of French speakers’ German vowels

Frank Zimmerer, Jiirgen Trouvain

Phonetics, Saarland University, Saarbriicken (Germany)

zimmerer|trouvain@coli.uni-saarland.de

Abstract

Despite some similarities in their inventories, German and
French exhibit marked differences in the vowel systems. Most
notably, German uses both tenseness and length to differen-
tiate vowels, whereas in French, vowel length is not distinc-
tive. Therefore, interferences can be expected when French na-
tive speakers learn to speak German. Results of a vowel judg-
ment experiment with vowels in minimal pairs produced by 56
French learners of German, indicate that these learners have in-
deed problems producing German vowels correctly. Advanced
learners manage vowel productions better than beginners. Both
groups show lengthening as well as shortening errors. Further-
more, rounded vowels seem to pose more severe problems in
L2 acquisition than unrounded vowels. These results have im-
portant implications for language learning and teaching, partic-
ularly for individualized computer-assisted pronunciation train-
ing.

Index Terms: Second language acquisition, interference, L2,
speech production, learner corpus, German, French

1. Introduction

Learning a foreign language after childhood is a hard task. Es-
pecially phonetic and phonological aspects of foreign languages
are hard to acquire. One of the reasons for this is the fact that
the native language (L1) has a strong impact on the way new
sounds in the foreign language (L2) are perceived and produced,
e.g. [1, 2, 3, 4,5, 6]. This strong impact is often manifested in
the production and perception of vowels, if the phonological
systems of L1 and L2 are different with respect to their vowel
inventories and the features with which the vowels are differen-
tiated [3, 5, 6, 7]. For instance, Kingston [6] investigated the
perception of German vowels by native English listeners and
showed how perceptual training can improve perceptual prob-
lems in the acquisition of German vowels for English L1 lis-
teners. Similarly, Italian learners of English have been found
to have problems discriminating English vowels, such as /a-a/,
/e-a/, or /i-1/ [5], which are not contrastive in Italian but in En-
glish. In a study investigating both perception and production
of German vowels, Darcy and Kriiger [3] showed that children
whose L1 was Turkish and who started to learn German as L2
had perceptual problems with German vowels but were able to
produce them correctly.

The problems of acquiring new segments are not limited to
perception, but they also affect production. Many speakers have
an audible foreign accent when speaking in L2. Italian learners
of English have been found to produce some vowels not cor-
rectly. In contrast, it has been found that Italian speakers often
lengthen vowels in L2 speech (e.g., they produce something like
eataly instead of Italy). Furthermore, they appear to not shorten
these vowels [8].

Interference from L1 to L2 in production is the focus of
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this article, in which we ask to what extent French learners of
German produce the L2 vowels ‘correctly’. The situation of
French speakers learning German is similar to the one for Italian
speakers speaking English. The German vowel system is an
interesting possibility to study L1-L2 interferences for several
reasons. It shows 16 monophthongal vowels: /i, 1, €1, €1, ¢, a,
a, o1, 0, U, U, ¥1, Y, @1, e, 9/ - the vocalization of /1/ as [e] is not
considered as an underlying monophthong here. Contrary to
French, German uses both tenseness and length to distinguish
these vowels from each other (e.g., [9]).

In this study, German serves as the target language for
French native speakers who learn German as a foreign language.
The French vowel system shows both similarities as well as cru-
cial differences compared to the German system on the phono-
logical and phonetic level [10]. The French vowel system con-
sists of 11 oral monophthongs: /i, e, €, a, y, 8, e, u, 0, 9, 9/,
see e.g. [11]. Thus, concerning height, roundness and laxness,
the two systems are quite similar, although small acoustic dif-
ferences have been identified between the two languages (e.g.
[12]). However, more importantly, French has no long and short
vowel contrasts [11, 10]. Therefore, like Italian learners of En-
glish, native French speakers may have difficulties to acquire
the German contrasts correctly.

The possible difficulties in acquiring the correct pronunci-
ation of German vowels may lead to an audible foreign accent.
This might not be problematic in many cases where context can
be used to disambiguate the two words, however, in some sit-
uations, French speakers might be misperceived. If the vowels
in words like Hohle ‘cave’ and Holle ‘hell’ are not produced
correctly, then a sentence like: Geh zur X ‘Go to(the(CLITIC)-
CASE) X’ may have very different meanings. To examine the
possible difficulties in the vowel production of French learners
of German in more detail, we investigate the following research
questions:

* To what extent do French speakers show problems pro-
ducing German vowels correctly?

e Is there a difference between advanced learners and
learners at the beginner level?

e Can we identify individual tendencies for different
speakers?

* Opverall, do French learners of German behave like Ital-
ian learners of English and only lengthen vowels, or do
they also produce short vowels instead of long ones?

A forced-choice judgment experiment was carried out to
answer these questions. This experiment aims at investigating
to what extent the French speakers were successful to produce
the vowels in such a way that German listeners can identify
them correctly. In the upcoming section, this experiment is de-
scribed in more detail, before the results are presented and dis-
cussed. The article ends with some implications for language
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learning strategies and discuss possibilities for individualized
computer-assisted learning.

2. Vowel judgment experiment

The stimuli used in the vowel judgment experiment are based
on productions of French learners of German from the [IFCASL
corpus [13, 14]. The part of the corpus we are interested in
here consisted of 60 German sentences read aloud by French
speakers. These sentences (i.e., the words in question) were
used as the basis for the judgment experiment which will be
described in the next sections.

2.1. Materials and methods

Overall, 56 (24 female, 32 male) French speakers produced the
items that were used for the judgment experiment. Of these, 22
(12 female, 10 male) were advanced learners (ADV) - B2, C1
according to the European Framework of Reference for Lan-
guages: Learning, Teaching, Assessment (CEFR), whereas 34
were beginners (BEG) - Al, A2, B2; 12 of them female, 22
male. The sentences were recorded in a quiet office with use
of the JCorpusRecorder software [15] at LORIA in Nancy. The
regional background of ADV and BEG were comparable.

In the corpus, 11 minimal pairs occurred in sentences where
the vowel duration and/or quality was the distinctive feature of
the crucial segment. An example is the sentence In Berlin zahlt
man wenig Miete (‘In Berlin, you pay a small rent’). We de-
cided to use the excised words rather than the sentence context,
to avoid any semantic influences. Note that for ease of under-
standing we refer to the first word in the minimal pair as a word
with a ‘long’ vowel, and the second one as a word with a ‘short’
vowel, ignoring differences in tenseness:

e /it/ vs. [1/: Miete ‘rent’, Mitte ‘mid’; schief ‘aslope’,
Schiff ‘ship’;

* /ey/ vs. [e/: Beet ‘bed (gardening)’, Bett ‘bed’; Weg
‘way’, weg ‘away’;

o [ei/ vs. [e/: Tiler ‘valleys’, Teller ‘plate’;

e Jai/ vs. /a/: Kahn ‘barge’, kann ‘can’; Hase ‘rabbit’ and
hasse ‘hate-(1ST PERSON SG.)’!

e /oi/ vs. [o/: Polen ‘Poland, Poles’, Pollen ‘pollen’;

e /yi/ vs. /Y/: Hiite ‘hats’, Hiitte ‘hut’; Wiiste ‘desert’,
wiisste ‘would know’;

o [@:/ vs. lee/: Hohle ‘cave’, Holle ‘hell’;

The words were excised from the sentential context with
PRAAT [16]. In order to avoid clicks, the items were excised
at zero crossings. Of the 1232 possible items (56 speakers * 11
minimal pairs * 2 words), 1157 could be used for the experi-
ment. We discarded 75 items because the word in question was
not produced correctly (for instance, if the /a/ vowel in hasse
was produced as [a1], the item was not used). Of the 748 words
that were uttered by BEG, 58 items could not be used (7.8%),
whereas for ADV 17 items of the 484 utterances had to be dis-
carded (3.5%). After exclusion of mispronounced words, BEG
contributed between 11 and 22 items to the experiment (M:
20.3), whereas individual contributions from advanced speakers
ranged between 15 and 22 items (M: 21.2). Concerning individ-
ual words, the number of items that had been produced correctly

INote that this is a near minimal pair where apart from the vowel dif-
ference, the fricative following the vowel is voiced in the former word,
and voiceless in the latter.
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ranged from all 56 speakers (e.g. Polen ‘Poland, Poles’ and
Pollen ‘pollen’) to 45 (M: 52.6) usable instances (Hdhle *cave’
where most of the excluded items had been produced with a
back vowel). After the exclusion, there were 574 left that had a
long vowel, and 583 items with a short vowel.

2.2. Participants and procedure

Two groups of participants judged the accuracy of vowels pro-
duced by French learners of German. The first group (pho-
neticians) consisted of three trained phoneticians at Saarland
University. They participated without compensation in the ex-
periment. As a second group, six undergraduate Phonetics stu-
dents of the University of Frankfurt (students) took also part
in a vowel judgment experiment. They participated for course
credit. All judges had German as L1.

PRAAT was used to run the experiment [16]. During the ex-
periment, each participant heard a word and was asked whether
the word in question was produced with the long or the short
vowel. At the top of the screen, the two words of the minimal
pair in question were displayed. For instance, if the item that
was played was one member of the Hohle/Holle minimal pair,
at the top of the screen, the question ‘Hohle’ or ‘Holle’? oc-
curred. Then, the participants judged whether the word was the
one with the long or the short vowel by clicking with a computer
mouse on a response box that appeared below the question. Par-
ticipants had the option to replay each item up to three times.
Responses of long/short as well as the confidence rating (for
the phoneticians only) were recorded. The experiment was split
into two parts, but participants could take breaks whenever they
wanted, they could always start with replaying the last item and
then continue. Experimental sessions lasted between one and
two hours. The experiment was set up in a way that participants
were forced to respond to each item. Note that there was no pos-
sibility to change the response once it was given. Participants
were encouraged to click correctly on the buttons, and there was
no time-constraint, to decrease the likelihood of unintended re-
sponses. Therefore, we analyzed all responses as ‘correct’. All
statistical analyses were carried out with JMP, Version 11 [17].
For the analyses, we coded each item as correctly produced, if
the listeners judged the word as the intended item of the mini-
mal pair. For the purpose of statistical analyses, this was coded
with a ‘1’ whereas cases in which the intended word was not
judged correctly were coded as ‘0’.

3. Results
3.1. Overall judgment of vowel productions

A first LME analysis of the responses (was the vowel perceived
as it should have been?) was performed to find out whether
the phonetician group and the student group differed from each
other. Responses (i.e. CORRECTNESS) were the dependent fac-
tor, PARTICIPANT and ITEM were entered as random factor, and
L2LEVEL, VOWELLENGTH and GROUP were entered as fixed
factors. Results showed that the two groups did not differ from
each other significantly. Therefore, the responses of both groups
were combined for all further analyses.

To find out how well the productions of French learn-
ers of German were perceived as the intended words, a
mixed model was calculated with CORRECTNESS as depen-
dent variable, PARTICIPANT and ITEM as random variables,
and VOWELLENGTH (long, short) as fixed factor. Results in-
dicate that long vowels were identified correctly 76.6% of the
time, whereas short vowels were perceived correctly in 63.9%
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Figure 1: Percent of correctly perceived vowels depending on
the L2 level and vowel length.

of the cases. This difference was significant in the model
(F(1,1155)=37.8, p<0.0001). This means that more than one
third of the short vowels were perceived as long, and about 25%
of the long vowels were perceived as short by German listeners.

3.2. BEG versus ADV and individual vowels

The next analysis was carried out to investigate whether ADV
learners produced the vowels more successfully than the BEG
group. Therefore, a mixed model was calculated with COR-
RECTNESS as dependent variable, PARTICIPANT and ITEM
as random variables, as well as VOWELLENGTH (long,short),
L2LEVEL (ADV, BEG) and their interaction as fixed factors. The
words with long vowels produced by BEG were perceived as
long in 69.5% of the cases, their short vowels were perceived as
short in 58.4%. The correct perception of ADV productions was
86.9% for long vowels, and 72.2% for the short ones (see Fig-
ure 1). Both VOWELLENGTH (F(1,1153)=39.6, p<0.0001), and
L2LEVEL (F(1,1153)=57.7, p<0.0001) were significant factors,
the interaction, however, was not.

In a next step, the model was changed to include
the VOWEL as factor instead of VOWELLENGTH, all other
factors (and the interaction) was kept identical. In this
model, VOWEL (F(12,1131)=15.9, p<0.0001) and L2LEVEL
(F(1,1131)=72.5, p<0.0001) were significant factors. The in-
teraction was also not significant, but a trend could be identi-
fied (F(12,1131)=1.71, p=0.0588). As can be seen in Figure 2,
ADYV produced all vowels more successfully then BEG, but not
all vowels showed the same differences.

Therefore, we separated rounded and unrounded vowels
and added the factor ROUNDNESS into a model, together with
VOWELLENGTH, L2LEVEL, and all their two-way interactions
as fixed factors. Dependent variable and random factors were
the same as before. Results indicate that all factors were signifi-
cant: VOWELLENGTH (F(1,1150)=77.38, p<0.0001), L2ZLEVEL
(F(1,1150)=64.8, p<0.0001), ROUNDNESS (F(1,1150)=47.71,
p<0.0001); furthermore, the interaction of VOWELLENGTH
and ROUNDNESS was significant (F(1,1149)=74.26 <0.0001).
This was driven by the relatively poor performance for the
short, rounded vowels (43%) which were perceived signifi-
cantly worse than the other vowels (short unround: 75%, long
round: 79%, long unround: 76%), which did not differ signifi-
cantly from each other.
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Figure 2: Percent of correctly perceived vowels depending on
the vowel and L2 level. The vertical line separates unrounded
from rounded vowels. ADV are grey, BEG are black.
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3.3. Learner-specific vowel productions

In a final analysis, we investigate whether we can iden-
tify patterns for individual speakers. We therefore entered
into the mixed model CORRECTNESS as dependent variable,
PARTICIPANT and ITEM as random variables, and SPEAKER,
VOWELLENGTH and their interaction as fixed factors. Re-
sults indicate that all factors (including the interaction) were
significant: SPEAKER, (F(55,1045)=2.98, p<0.0001), VOW-
ELLENGTH (F(1,1045=36.06, p<0.0001) SPEAKER X VOW-
ELLENGTH (F(55,1045=2.79, p<0.0001). Figure 3 depicts the
different patterns for ADV, whereas Figure 4 shows how the
productions of BEG were perceived. Some speakers (e.g. 30)
were almost always perceived correctly (long: 95%, short:
98%). Some speakers show relatively low correct perception
rates (e.g. 51, long: 52%, short: 56%). Many speakers follow
the overall tendency that long vowels were perceived better than
short ones (e.g. 09, 17). Some speakers show also the reverse
tendency, where the short vowels are perceived better than the
long ones (e.g. 01).

4. Discussion and conclusions

The results reported here can shed some light on the research
questions that were posed in the Introduction section. First,
it has been shown that French speakers do in fact have some
problems to produce German vowels correctly. This problem
affects both long and short vowels, although to a somewhat dif-
ferent degree. Overall, the words that had been produced by
French learners of German were correctly perceived in about
70% of the time. In the other cases, German listeners misidenti-
fied these members of a minimal pair. Since vowel length is not
distinctive in French, such problems were expected. Overall,
French learners had less problems with long vowels than with
short ones. Words with long vowels were correctly identified
by German listeners in 77% of the cases, the words with short
vowels were identified in about 64% of the learners’ utterances.

Interestingly, French speakers seem to have more problems
with the correct pronunciation of short rounded vowels than
with long rounded vowels or with unrounded ones. The number
of items is rather limited, however, and therefore, far-reaching
interpretations should not be made. Yet, one possible explana-
tion lies in the acoustic and articulatory differences between the
languages, where, for instance, French /y/ seems to be realized
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Figure 4: Percent of correctly perceived vowels depending on the speaker and vowel length for the BEG group.

more front than the German /y:/ [18]. This could lead to a per-
ception of a tense vowel interpreted as /y:/ by German listeners
if French speakers also produce [y] more front.

The finding that French speakers shorten and lengthen vow-
els is somewhat different from the behavior of Italian learners
of English, who have been found to only lengthen short vow-
els, but do not shorten long ones [8] (citing [19]). The data
from French learners of German suggests that this learner group
both lengthens and shortens vowels, with a tendency towards
the behavior of Italian speakers, though. Further studies need
to be carried out to investigate the reason for both this tendency
as well as the difference between the speakers of the two lan-
guages. The finding that French speakers do not necessarily
produce vowel contrasts which are part of their native language
vowel system more successful than vowels which are not, may
be connected. For instance, French has both /¢/ in words like
deux ’two’ and /ce/ in words like neuf 'nine’. However, the
production seems to be not more successful than /iz/ and /1/,
where there is no contrast in French. One possible caveat of
this study is the difference of context (both sentential as well as
segmental) of the vowels. Studies have shown that context is a
crucial factor (e.g. [7, 12]). Also, the acoustic differences of
comparable phonemes could be important here (e.g. [18, 12]).

Furthermore, we have shown that increased proficiency in
the L2 (as measured by the L2-Level, based on the CERF scale),
leads to an increase in correct pronunciations. The patterns
concerning the correct production of long and short vowels re-
mained the same, however, for the two groups. In the results,
speaker performance ranged between 53% and 97% (the former
being BEG, the latter being ADV). The perception of the vowels
of the French learners with the lowest number of correct words
was at about chance level for the German speakers. However,
as can be seen in Figure 3, there are ADV speakers that show
problems with at least one vowel length (e.g., 09 or 23).

The results reported here can be seen as indicating that
training of German vowels is a crucial task for French learners,
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especially for BEG. However, there were also quite a number of
ADV speakers who show some problems in the production of
vowels. Therefore, this kind of training needs to be maintained
at higher proficiency levels, depending on the ability of the in-
dividual learner. Training the pronunciation of vowels is not
only important to reduce foreign accent, but it is crucial also for
intelligibility. Considered from a broader psycholinguistic as-
pect there is evidence that depending on whether native speak-
ers are familiar with mispronunciations from L2 speakers, they
can hinder word recognition (e.g. [8]).

One possibility to tailor language training individually is to
use computer-assisted language learning platforms. Depending
on the level and knowledge of the learner, the program can se-
lect exercises for L2 training. If successful vowel production
and perception is to be addressed, such platforms need to train
both vowel quality as well as vowel quantity. If the software
was to focus on the improvement of learners’ productions, for
instance, easy to understand feedback needs to be given to lan-
guage learners (e.g. [20]).

Finally, this article raises further questions to be addressed.
The relation between perception and production needs to be
studied further. For instance, Strange and Bohn have shown
that patterns of perceptual similarity patterns are not easily pre-
dicted by acoustic similarity [7, 12]. Therefore, it is crucial to
know whether the problems in production can be traced back to
perceptual problems on the learner side. Furthermore, the du-
ration and formant cues have to be investigated in more depth:
for instance, results of Strange and colleagues suggest that both
cues may be used to a different extent in second language ac-
quisition [7], or that in absence of spectral counterparts in an
L1, listeners may pay more attention to duration cues [21].
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