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ABSTRACT
In this paper we investigated tonal coarticulation in
German learners’ production of Standard Chinese, as
compared to the production of native speakers. Examination of the f0 contour at the end of target syllables revealed that when syllables were uttered in
isolation, there was more variability across productions for the learners than for the native speakers.
Moreover, this variability increased when the target
syllable was followed by a further syllable to form a
disyllabic word. Thus, German learners exhibit not
only more variability in their production but also
more anticipatory coarticulation than their native
counterparts.
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1. INTRODUCTION
In East Asian tone languages, the phonetic characteristics of tones are influenced considerably by
adjacent tones [1][3][6][8][11][13][15][19][20],
although the directionality, magnitude and temporal
extent of tonal coarticulation vary across languages.
Specifically, it has been argued for Standard Chinese
that coarticulation is predominantly progressive
[20], i.e. a tone is affected by the preceding tone,
regressive coarticulation, also referred to as anticipatory coarticulation, being more subtle. This means
that in native production the f0 of the initial syllable
in a word is relatively similar to the production of
this syllable in a monosyllabic word.
Diverse studies on the acquisition of lexical tones in
Standard Chinese have reported that advanced English learners, who produced lexical tones in isolation
with no difficulty, appeared to have considerable
problems producing lexical tones in sequence
[4][5][12][17][18][22] e.g. in disyllabic words (the
most common structure of words in Standard Chinese). This raises the question as to whether these
difficulties are due to deviant tonal coarticulation
patterns, specifically with regard to anticipatory
coarticulation.
In this study we investigate the f0 in the last 20% of
the initial syllable in disyllabic words comprising
combinations of all four lexical tones. We compare
these productions to productions of the same sylla-

bles in monosyllabic words. We hypothesize that the
f0 values towards the end of the initial syllable in disyllabic words will be more variable in learners’
production than in native production (with the exception of 3rd tone sandhi), indicating that there is
more anticipatory coarticulation in the productions
of German learners than in the productions of the
native speakers.
2. METHOD
2.1. Speech Material
Participants were asked to read aloud three repetitions of target syllables: wēi, wéi, wěi, wèi, māo,
máo, mǎo and mào in two conditions: (a) as monosyllabic words and (b) as the initial syllable in 16
combinations of two syllables and four tones in disyllabic nonce words of the structure weimao, for a
total of 24 items × 3 repetitions × 15 speakers =1080
data points.
2.2. Subjects
Five native speakers of Standard Chinese and ten
German learners participated in this study. The native speakers were born in Beijing and grew up
there. German learners had all been studying Standard Chinese at the University of Cologne for between four and six semesters and had spent a period
in China of between one and twelve months.
2.3. Measurements and Analysis
We explored variability in the last portion of the
tone contour. The extraction procedure employed,
developed by Xu [21], yielded ten equidistant points
for each contour and normalization in the frequency
domain [14]. We focussed on the average values of
the last two points (the last 20%), as a compromise
between the potential unreliability of using the final
point only, and the risk of capturing variability too
far away from the syllable boundary and thus potentially due to factors other than regressive coarticulation (last three points).

3. RESULTS
3.1. F0 contours

For the purposes of illustration Figure 1 shows normalized f0 contours of three repetitions of target
syllables for one native speaker (dotted lines) and
one learner (solid lines). They are produced as monosyllabic words (left column) and as the initial syllable in disyllabic words (right column). Rows represent productions of Tones 1 to 4.
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3.2. Statistical Analyses
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For Tone 1, we can see that for this German learner
there is more variation in the overall height in the
disyllabic condition than in the monosyllabic condition. For this tone, the contours produced by learners
and natives did not differ considerably. For Tone 2
(second row), variation in the learner’s production
was not restricted to the final part of the contour.
Looking at the region halfway into the syllable in the
disyllabic condition (right column) we can detect a
great amount of variation but not the clear low characteristic of Tone 2 and visible in the monosyllabic
condition [20]. The picture for Tone 3 is more complex. In the monosyllabic condition, this native
speaker shows different patterns. In the disyllabic
condition, we can see that this native speaker produce two general patterns, rising when followed by
another Tone 3 and low when followed by other
tones. This is due to the tone sandhi rule, according
to which Tone 3 resembles Tone 2 when followed
by another Tone 3. This is not the case in the learner’s production. Instead, we cannot see a great
amount of variation in comparison to the monosyllabic condition. For Tone 4 the patterns look similar
across the two conditions for both speakers, although learner’s productions are comparatively more
variable than those of the native speaker, especially
in the disyllabic condition towards the end of the
target syllable.
Generally speaking, comparing the f0 contours in
the left and right columns of Figure 1, we can observe that f0 in the final portion of the contours in
the German production (solid lines) shows greater
variation in the disyllabic condition (right column)
than in the monosyllabic condition (left column).
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Figure1: F0 trajectory of three repetitions of target syllables of
one speaker from each group as monosyllables (left column) and
as the initial syllable in disyllables (right column). The grey bars
represent the final portion of the f0 contours that was used

for the quantitative analysis

Figure 2 shows the amount of within speaker Variability in f0 in the final portion of the target syllable
(y-axis) in the production of each Tone (four panels), split by Group (lines) and Condition (as monosyllabic words and disyllabic words, x-axis). Variability is expressed as the average of within-speaker
standard deviations, as calculated over the final 20%
of the f0 contour. For Tone 1, Tone 2 and Tone 4,
standard deviations in the disyllabic condition are
averaged across the four upcoming tones. For Tone
3 they were first calculated separately for the sandhi
and non-sandhi conditions, then averaged. Unsurprisingly, the trends in Figure 2 show that productions of learners are overall more variable than those
of native speakers, for all four tones and in both
conditions. Crucially, the difference in variability
between learners and natives appears larger in the
disyllabic condition, most notably for Tone 1 and

Tone 4. Such a trend is consistent with our hypothesis, according to which learners are more prone to
anticipatory tonal coarticulation than native speakers.
Only for Tone 2 is there an increase in variability
from the monosyllabic condition to the disyllabic
condition for both natives and learners. This is in
line with the results reported in [20] on variation in
Tone 2.

er, the results can be interpreted as suggesting that
the differences between the production of tones by
learners and native speakers are stronger when an
upcoming tone is present, a finding that is consistent
with the hypothesis that learners are more likely than
native speakers to produce anticipatory tonal coarticulation.
4. DISCUSION & CONCLUSION
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Figure 2: Variability in the final portion of the f0 contour. Averaged within-speaker standard deviations (y-axis), split by Tone
(panels), Group (lines: dashed for natives vs. solid for German
learners) and Condition (x-axis: as monosyllabic word vs. as
first syllable of disyllabic word).

Given the unbalanced number of subjects in the two
Groups (5 native speakers vs. 10 German learners),
we refrain from a quantitative evaluation of the impact on variability of the interaction between Group
and Condition. In line with the preliminary results of
[23], however, the final portion of the contours is
indeed affected by the Group:Condition interaction.
The average between the two final f0 values of each
contour was predicted with a mixed-effects model
featuring TONE {1,2,3,4},GROUP {native, learner},
CONDITION {monosyllabic, disyllabic} and their
two- and three-way interactions as fixed factors, and
intercepts for SPEAKER {1,...15} and REPETITION
{1,2,3} as random effects. Likelihood Ratio Tests
did not reach significance when comparing the full
model to a reduced model without the three-way
interaction (χ2(1)=1.09, p=0.77), but reached significance when the crucial Group:Condition interaction
was dropped (χ2(1)=25.18, p<0.0001). Taken togeth-

For native production it has been reported that the
anticipatory effect from the upcoming tone can be
seen in the f0 maximum of the preceding tone and
not in its final portion, if there is an anticipatory
effect at all [20]. This would mean that the most
visible anticipatory effect would not be seen in the
final portion of the f0 contour (except for Tone 2), as
Tone 2 is a rising tone and its maximum is near the
syllable boundary.
Our data, however, showed great variability in L2
production in the last 20% of the preceding syllable.
If there was an anticipatory effect, there were different patterns used by learners than by native speakers.
A possible motivation for this difference is that the
location of an accentual H peak in German is highly
variable and subject to influences such as proximity
to other tones and prosodic edges. Furthermore, H
peaks associated with a stressed syllable can occur
outside this syllable, either before or after it, depending on the phonological specification (i.e. which
pitch accent it belongs to) [7][9][10]. Such variation
is possible in German, as, unlike Chinese, it has a
sparse tonal specification, allowing tones to spread
onto adjacent syllables. From their L1 background,
tonal realization of German learners is thus more
likely to be affected by tonal coarticulation than
native speakers.
Our findings suggest that the presence of an upcoming tone has a different impact on the final portion of
the f0 contours in natives’ and learners’ productions.
Specifically, upcoming tones seem to induce more
variability in the final portion of L2 productions, and
thus more anticipatory tonal coarticulation. A number of studies have, in fact, reported the finding that
learners have difficulties in producing tones in connected speech. This paper explicitly links these difficulties to divergence in tonal coarticulation patterns between learners and native speakers. It is expected that the analysis of differential variability in
production proposed here might also prove useful in
the exploration of other aspects of tonal coarticulation in L2 production, such as the comparison between learners and native speakers with respect to
carry-over effects, i.e. progressive coarticulation.
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