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Abstract

This study investigates the possible errors related to ldand
tone perception and production by German speakers. In a pre-
liminary test, 23 German listeners should identify the ®oé

186 monosyllables. Results show that exposure to Mandarin
Chinese can help to discriminate lexical tones as highly ex-
pected. Inthe main experiment, 17 German subjects were aske
to take part in a perception and production test. Stimulymeof
ception involves 48 monosyllables uttered by a standarfipro
sional Chinese speaker, acoustic measures were condacted t
analyze the production of 72 monosyllables for each subject
Besides common mistakes found in previous literature, @arm
speakers have much smaller fO range than Chinese nativie-spea
ers. Findings can provide implications for cross languagd-s

ies and teaching practices.

Index Terms: Mandarin tones, Mandarin and German

1.

Because of the increasing contact between Europe and China,
German learners demonstrate a growing interest in speaking
Chinese. For speakers whose native languages are non-tonal
tones can present a great difficulty [8]. A number of cross-
linguistic studies have been conducted to examine if and how
non-tonal speakers process the tones differently [10,t8}se
studies, however, were mainly focused on English learners
[8, 13], the examination of German learners has received lit
tle attention. This paper aims to extend the investigatiotne
German learners.

Both English and German are intonation languages, which
employ prosodic variations at the sentence level to express
communicative intentions. Compared with English, German
tone inventory is much simpler, and less steeper than Americ
speakers [7]; German truncates falling accents, fallimgs$de-
come gradual and simply end earlier in comparison to British
English [6]. On the other hand, as a tone language, Mandarin
Chinese uses tonal variations at lexical level, and is dhara
ized by rich and steep pitch movements.

Mandarin includes four lexical tones, Chao [2] used a letter
notation system to distinguish among these tones, in wHich *
represents the lowest and ‘5’ represents the highest paiad |
of the speaker’s pitch range. When pronounced in isolation,
these four tones have shapes that ideally look like thogeisee
Figure 1.

It is obvious that large pitch changes in very short time is
characteristic in Mandarin, however, gradual pitch movetse
are typical for German intonation. Our previous acoustjmeex
iments also provided implications [4, 5], that Chinese kpea
usually transfer the Chinese realization of lexical toreetheir
German production with larger pitch movements, resultingt
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Figure 1: Canonical pitch forms of 4 tones produced in isotat

in foreign-accented German. On the other hand, German speak
ers also try to realize Chinese tones with their German produ
tion, which can deviate from that of native Chinese speakers

2. Method

One preliminary experiment of tone identification was aatri

out to find whether German beginners can discriminate tha ton
differences of Mandarin correctly. In the main experimeet-
ception and production studies were conducted by learnighns w
higher levels. The perception study was investigated imser

of identification of the tonal categories. The productiondgt

was conducted in comparing the acoustic parameters between
German learners and Chinese native speakers.

2.1. Subjects

In the preliminary test, participants are 23 German learier
Chinese beginner’s courses. Their age ranges from 21 to 67,
there are 12 females and 11 males. The test was carried out at
the very beginning of the course before they began to leain Ch
nese. In the main experiment, subjects are 17 German adults,
including 7 females and 10 males, who had learned Chinese for
about 12 months with two hours of courses every week. Their
age range is between 18-55. All the subjects have no speech,
language, or hearing disorders.

In the production study, another four Mandarin speakers are
also included. The ages of the two female and two male Man-
darin speakers are between 24 and 43, they are native Chinese
speakers with standard pronunciation.

2.2. Stimuli and procedure of the perception test

The stimuli for the preliminary identification test includ&4
(46 different syllables x 4 tones) monosyllabic words wtepy

a female professional Chinese native speaker. Becauseofost
the participants were not acquainted with Mandarin tones, i



structions were provided for about 45 minutes until all afrth
had acquired the knowledge of the tone contours with some
practising exercises. They were asked to choose the mdst pro
able lexical tone for the syllable they had heard.

In the main experiment, the stimuli for the perceptual study
consist of 48 (12 different syllables x 4 tones) monosytabi
words uttered by the same professional speaker. Just lée th
preliminary experiment, the listeners were asked to atdohe
mark to the syllable in the perceptual test.

For both preliminary and main experiments, pinyin tran-
scription was presented in the test paper. The syllables wer
arranged in a random order of tones, so that no tonal rhythm ex
isted in the perception process. All the sound files weregulay
at a sampling rate of 44.1Hz. The stimuli were presented at a
comfortable listening level.

2.3. Stimuli and procedure of the production test

The reading material includes 72 (18 different syllables x 4
tones) monosyllables. These 18 syllables are designed so as
to cover different syllable structures and different votygles.

The speech samples were recorded using a digital tape
recorder (Tascam), and a low noise microphone (Sennheiser
MDA421). The recordings were digitalized at sampling rate of
44.1kHz. The recording gain level was set to ensure similar
recording level among the subjects with no clipping.

The 72 monosyllables in pinyin transcription and with tones
were presented to speakers in a randomized order for reading

2.4. Analysis

While the test papers of perception could be simply evatlate
with the choices of the participants, the statistics of prtitn

was very complicated. Because some productions are so am-
biguous, it is difficult to put them into a certain categorpuF
Chinese native speakers were organized to evaluate thagrod
tion. If there is any disagreement, the decision favors the m
jority. Then the acoustic analysis was carried out with PRAA

[1] software on the computer.

To accommodate the pitch range differences among female
and male, German and Chinese speakers, fO was normalized for
each speaker across four tones. The fO values obtained from
each speaker were converted to their logarithms, using-a for
mula commonly adopted for such purposes [10]:

g X -1gL

TX) = lgH —lg L

@)

where H and L are the highest and lowest fO for a given
speaker, and X is any given point of a pitch contour. The dutpu
(T) is a value between 0 to 5, which is similar to the 5-point
pitch scale for Mandarin tones proposed by Chao [2].

To adjust for differences in speaking rate, duration was nor
malized per tone across speakers. The longest pitch comtsur
first determined, all other pitch contours for that tone vtaen
stretched by interpolation.

The fO of each utterance was estimated at five positions of
vocalic segments (0% (initial), 25%, 50%, 75%, 100% (final))
so that the vocalic segment was divided into four consegutiv
sections of equal duration to permit a componential anslysi
fO changes within tones.
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Figure 2: The identification accuracy of Mandarin tones by-Ge
man beginners

3. Results
3.1. Preliminary identification experiment

The accuracy of the tonal identification ranges from 7% to 73%
of beginners. Subjects are divided into 3 groups according t
exposure degree to Mandarin Chinese: $iipjects with little
exposurevho have never heard Chinese spoken beforeS(®)
jects with average exposukgho have had some contact with
Chinese colleagues or friends; Subjects with high exposure
who have made trips to China. They are further divided into
three groups according to age: (Aye Group lare learners
from 21-35; (2)Age Group 2are learners from 36-50; and (3)
Age Group 3are learners from 51-67. The results can be ob-
served in Figure 2.

The results show that not all German beginners are "deaf”
to Mandarin tones. A further investigation has revealed tha
listeners who have high exposure to Chinese can achieve-an ac
curacy over 45% even before they begin to learn Chinesegthos
who have little exposure can only identify less than 25% ef th
tones correctly. Actually the chance of accurate identificeis
about 25% by choosing one tone category out of four. It means
subjects with less than 25% accuracy can hardly discriminat
the lexical tones, their tonal confusion also exhibits rgutar
patterns, all confusion among these 4 tones are possible. We
can conclude, that exposure to Mandarin Chinese can &teilit
tonal identification. But whether there is any discrepanty i
perception and production between German learners of more
advanced level and Chinese native speakers is the focug of ou
main experiment.

3.2. The relationship between perception and production

A comparison of perception and production confusion paster

is shown in Figure 3. The perception test includes 48 tokens,
while the production test includes 72 tokens of each speaker
that the accuracy of perception and production is repredent
terms of percentage here. As shown in the figure, the accuracy
of tone perception is highly correlated [r=0.83] with th&¢o
production, and the correlation is significapt{ 0.0001].

3.3. Perception experiment

For the perceptual identification tasks, there are 48 talms f
17 speakers, resulting in a total of 816 tokens (48 tokens x 17
listeners), with 204 tokens for each tone. Table 1 shows the
perceptual pattern of tones.

Tone 1 and tone 4 are identified more accurately than tone
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Figure 3: The relationship between perception and prodacti

Table 1:Perception results of German learners

Target| Perceived

Tone 1 Tone 2 Tone 3 Tone 4
Tone 1| 171 (84%)| 15 (7%) 8 (4%) 10 (5%)
Tone 2| 28 (14%) | 114 (56%)| 46(22%) | 16 (8%)
Tone 3| 18 (9%) | 43 (21%) | 132 (65%)| 11 (5%)
Tone 4| 15 (7%) | 14 (7%) 4 (2%) |171(84%)

2 and tone 3. The accuracy of tone 1 and tone 4 are both 84%,
while the accuracy the tone 2 and tone 3 are 56% and 65% re-
spectively.

Because a high-level tone (tone 1) is not a normal pattern
for German native speakers, it can be easily identified. A-ig
falling tone appears only in final position of a declaratieas
tence in German, tone 4 becomes unfamiliar to German listene
when it occurs in isolation, and could be easily identifiechas
monosyllable in the experiment.

It is noted that if a tone 3 is a modal tone, this tone 3 is more
frequently misperceived as tone 2 than the correspondeatzo
is incorrectly perceived as tone 3. But a creaky and breaitny t
3 as shown in Figure 4 is usually correctly perceived as tone 3
As the professional female speaker involved in the peroepti
test is characterized by having a glottalized period in thd m
dle of many third tones [3], the accuracy of tone 3 perception
(65%) is thus higher than tone 2 (56%), and tone 2 is more fre-
quently misperceived as tone 3 (46%) than tone 3 is incdyrect
perceived as tone 2 (43%). That means glottalization sexses
a cue to the identification of tone 3 for the German subjects.

Figure 4: Waveform and pitch contour of creaky 3rd tone "da3”

3.4. Production experiment

The overall results of the production evaluation is preseii
Table 2. It is observed, that the production of tone 4 aclsieve
the best result (83%), tone 2 (78%) the second, tone 1 the thir
(76%), the worst is tone 3 (46%). A high-falling tone is al-
though not usual in isolation, but it does exist in Germarespe
[11]. This falling tone is less confused with other tonesg,shb-
jects can correctly produce it with some efforts.

Table 2:Production results of German learners

Target Identified by Chinese native speakers
Tone 1 Tone 2 Tone 3 Tone 4
Tone 1| 233 (76%)| 54 (18%) | 8 (2%) 11 (4%)
Tone 2| 38 (12%) | 238 (78%)| 17(6%) | 13 (4%)
Tone 3| 5(2%) | 158 (51%)| 140 (46%)| 3 (1%)
Tone 4] 4 (1%) | 44 (15%) | 4 (1%) |254(83%)

Although there are different syllable structures and there
exist some speaking rate difference among speakers, tone co
tours will not be systematically changed, which is also demo
strated in [14]. Therefore we can plot the fO contours of all
types of syllables with the average values of the speakdrs. T
confusion of misproduced tones will be analyzed with the il-
lustration of the pitch contours and pitch height of the Gamm
speakers compared with the native norms. The pitch contours
of all subjects are normalized for fO and duration. Pitchugal
are represented on a 5-point scale as T values.

As shown in the following figures, the German speakers
display a different pitch contour and pitch height than the n
tive Mandarin speakers, which serves as an explanatioméor t
mispronunciation of the tones.

The high-level tone (tone 1) is shown in Figure 5, the
T values remain relative constant for Mandarin speakerh wit
AT=0.27 from beginning to the end, fO contour of German
speakers has a little rise with7'=0.35, so that some high-level
tones (18%) would be identified as rising tones. Moreover, th
German speakers keep their tone level a little lower than the
native speakers with an fO range Afl'=1.1. It indicates that
German speakers’ production of level tone is influenced biy th
non-tonal intonation system: it is unusual to start a toneigh;
itis also difficult to keep the tone level than to raise thelpitas
if they were reading the monosyllabic words in an enumegatin
way.
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Figure 5: Pitch contours of Tone 1 (‘de’ means German speak-
ers, ‘cn’ means Chinese speakers)

The mid-rising tone (tone 2) is presented in Figure 6, the
starting point for native speakers is 3, but for the Germaakp
ers is 2.2. Although fO range of native speakefsTE1.7) is
smaller than the German speakeisI(=2.0), the pitch contours
are quite different. The native speakers show a straighisiat
rising of the pitch, while the German speakers have a viguall
spanned continuum of lower pitch before rising, which letads
the unambiguous production of tone 2 as tone 3.

The low-falling-rising tone (tone 3) is illustrated in Figu
7, both German and native speakers start at approximately th
same point, German speakers have a higher ending (4.3) than
Chinese native speakers (3.2), so that they display a l&dger
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Figure 6: Pitch contours of Tone 2 (‘de’ means German speak-
ers, ‘cn’ means Chinese speakers)

range AT=2.4 in contrast taA7'=2.0). But the native speak-
ers have a deeper falling (T=1.3) than the German speakers
(T=2.0). Lack of the deep falling, the pitch contour of tone 3
resembles that of tone 2, which accounts for the worst produc
tion of tone 3. More tone 3 are mispronounced as tone 2 (51%)
than are rightly pronounced as tone 3 itself (46%).
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Figure 7: Pitch contours of Tone 3 (‘de’ means German speak-
ers, ‘cn’ means Chinese speakers)

The high-falling tone is presented in Figure 8, both German
and native speakers demonstrate falling pitch contoursthgu
native speakers have a much larger fO rand&€3.4 in con-
trast toAT=1.4), German learners just truncate the highest part
and simply end earlier, as is observed in comparison to Emgli
[6]. Because the average pitch range is not large enough, the
production of tone 4 can only achieve 83% accuracy.
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Figure 8: Pitch contours of Tone 4 (‘de’ means German speak-
ers, ‘cn’ means Chinese speakers)

It seems that the German subjects tend to apply their into-
nation system to the reading of Chinese tones. In summary, to
start tone 1 and tone 4 high proves to be unusual for them, to
raise the pitch right away for tone 2 and to have a deep logerin
of tone 3 are the main errors for these German subjects.

4. Conclusion

The variation of Chinese lexical tones in words and sentence
is very complicated [12] and difficult to learn. With a preilim
nary test, however, we suggest that the tonal variatiorxatde
level in isolation can be learned by German adult speakers if
they have enough exposure to Chinese language. A further ex-
amination of pitch height and pitch contour reveals that@Ger
learners have difficulty in changing pitch movement rapidly
a very short time because of typical gradual pitch movement i
German, which leads to some confusion in production.

The aim of this investigation is to provide implications for
language teaching and statistical guidelines to build teraa-
tive Mandarin Chinese learning system, which is also jpiat}
tempted by [9]. With the help of speech technology, the prenu
ciation mistakes can be presented to learners visually ¢by ¢
paring pitch contours) and audibly (by listening to the st)uim
many repeated sessions, the brain of the learners can averco
the constraints of mother tongue and develop a system tg+eco
nize and produce Chinese tonal categories successfulithdfu
investigations should be carried out for disyllabic ansyitabic
words as well as for some typical sentence structures.
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