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Abstract
Several studies suggest that rhythm affects different aspects in
speech production and perception. For example, in German,
discourse structure is normally marked by pitch accent place-
ment and pitch accent type, however, there is variation that
cannot be explained by purely semantic or syntactic factors.
Prosody-inherent factors, like rhythm, can contribute to this
variation. This becomes evident in prosodically more complex
environments: while the prosody of utterances containing one
focused constituent is well investigated and rather clear-cut, the
prosodic organisation of multiple contrastive foci is less clear.
In double-focus constructions, for example, two focused con-
stituents demand prominence, possibly resulting in the realisa-
tion of two pitch accents. If these pitch accents are required on
adjacent syllables they conflict with rhythmic preferences. We
present a sentence reading experiment investigating the tonal
realisation of two focused constituents and how their contours
affect each other in different rhythmic environments. Specifi-
cally, we tested whether a potential pitch accent clash in a sen-
tence with two corrective foci influences the pitch excursion and
the absolute peak height of the accented syllables. The results
demonstrate that rhythmic constraints affect the organisation of
the tonal marking of corrective focus.
Index Terms: rhythm, prosody, contrastive focus, melodic ef-
fects, F0 parametrisation

1. Background
It is well accepted that information structure and prosody in-
terrelate. For instance, in German, information structure can be
marked by both accent placement and accent type (e.g. [1, 2, 3]).
Focused constituents are (typically) prosodically marked by a
pitch accent, like in “Does Mike eat cakes? – No, he BAKES
cakes.” – where we expect a contrastive accent on “bakes” (cap-
ital letters indicate focus expected to be marked by pitch accent
throughout the paper). However, the actual choice of pitch ac-
cent type as well as the distribution of pitch accents in a phrase
can vary beyond of what discourse structure can explain. Sev-
eral studies suggest that prosody-inherent factors, like rhythm,
contribute to this variation in pitch accent placement. Speakers
apparently use deaccentuation in order to avoid two accented
syllables (e.g. [4, 5]), or two stressed syllables directly follow-
ing each other (e.g. [6, 5, 7]). Therefore pitch accents may be
omitted, or shifted in order to avoid a clash. For instance, [4]
found cases in a German radio news corpus where pitch accents
are shifted from the noun to the adjective in order to prevent
an accent clash due to another accented syllable following the
noun.

The purpose of the present experiment is to investigate
the prosodic realisation of two adjacent contrastive accents in
double-focus environments, like e.g. “Does Mike eat cakes? -

No, he BAKES BREAD”. In particular, we test how double-
accent realisations are influenced by rhythmic factors, namely
the avoidance of pitch accent clashes. Given the findings by
the aforementioned studies, we hypothesise that speakers will
avoid the realisation of a pitch accent when its production would
lead to a clash. To test our hypothesis, an experiment based
on a sentence-reading task was designed to investigate whether
double-focus constructions always surface with two pitch ac-
cents regardless of rhythmic constraints. It is important to note
that for this data, there are no pitch accent labels available yet
– the current analysis solely concentrates on acoustic features.
The parameters we investigate, absolute peak height and pitch
excursion, have been shown to be cues used to convey promi-
nence and to correlate with contrastiveness (cf. e.g. [8, 9, 10]).
We expect that rhythm affects the use of these cues. In double-
focus constructions two foci are expected to be prosodically
marked, potentially by two pitch accents. We expect that it plays
a role how close together they are.

We are aware that we cannot infer from purely acoustic pa-
rameters to perception. Perception will be included in future
work in order to get a comprehensive picture of contrastive-
ness. Nevertheless, the current analysis gives insight into how
the rhythmic environment influences the tonal organisation of
prosodic focus marking. In our test-cases the foci were on
sentential objects which were corrections to previously men-
tioned objects. It has been debated how an accent marking con-
trastive focus looks like phonetically and phonologically (see
e.g. [11, 12]). Our study investigates if prosody-inherent fac-
tors, like rhythm, need to be taken into account in addressing
such questions.

2. Data elicitation
The data for the current study was elicited via a reading produc-
tion experiment.

2.1. Participants

Sixteen (5 men, 11 women) German native speakers participa-
ted in the experiment. Their mean age was 27.25 years (range:
19 to 33) and none of them had known speech or reading disor-
ders. All participants were naı̈ve as to the purpose of the exper-
iment. They were paid for their participation.

2.2. Stimuli

In order to test the prosodic realisation of double-focus envi-
ronments, a set of stimuli was constructed containing question-
answer pairs. The mini-dialogues were designed in such a way
that two objects introduced in the question needed to be cor-
rected in the answer. To investigate influences of the rhythmic
environment, two conditions per sentence type were included:
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one eliciting pitch accents on successive syllables, which there-
fore directly follow each other (clash condition) and one con-
dition in which the potential pitch accents are separated by an
unaccented intervening syllable (no clash condition). Exam-
ples are given in (1); lexically stressed syllables are underlined.
Since phrase length matters in the distribution of accents (cf.
[13]), the stimuli were controlled for number of syllables (8
words and 13 syllables starting from the embedded clause).
In the double-focus conditions, the first object’s final syllable
was the one bearing lexical stress. The second object always
had four syllables with lexical stress on the initial syllable in
the clash condition and lexical stress on the second syllable in
the no-clash condition. In order to avoid a segmental influence
on the tonal marking, which would be especially expected for
stops, there were only continuants in the coda of the first ob-
ject and no voiceless stops in the onset of the second object.
Additionally, all ”contrasting pairs” (first objects and second
objects) were controlled for word form frequency which were
taken from the Leipzig Wortschatz corpus [14].

(1) Context: Hat Melli gesagt, dass Tobi das Schlagzeug
Schülerinnen gegeben hat?
Did Melli say that Tobi has given the drums to pupils?

clash: Nein, sie hat gesagt, dass Tobi das
[KlaVIER]OBJ1[LEHrerinnen]OBJ2 gegeben hat.
No, he said that Tobi has given the piano to teachers.

no clash: Nein, sie hat gesagt, dass Tobi das
[KlaVIER]OBJ1[StuDENtinnen]OBJ2 gegeben hat.
No, he said that Tobi has given the piano to students.

Two control conditions were added to each sentence type, in
order to see the tonal realisations of single-focus constructions.
The control conditions also allow us to get an idea whether the
participants generally processed the context question and un-
derstood the task. In condition F1 only the first object was
corrected while in condition F2 only the second object was
corrected (see examples in (2)). These conditions were also
included in the frequency analysis and matched in number of
syllables and segmental make-up according to the description
above.

(2) Context: Hat Melli gesagt, dass Tobi das Schlagzeug
Schülerinnen gegeben hat?
Did M. say that Tobi has given the drums to pupils?

F1: Nein, sie hat gesagt, dass Tobi das
[KlaVIER]OBJ1 [Schülerinnen]OBJ2 gegeben hat.
No, he said that Tobi has given the piano to pupils.

F2: Nein, sie hat gesagt, dass Tobi das
[Schlagzeug]OBJ1[LEHrerinnen]OBJ2 gegeben hat.
No, he said that Tobi has given the drums to teachers.

2.3. Procedure

Twenty sentences per condition (clash, no clash, F1, F2) were
distributed over 4 lists using a Latin Square Design. The ex-
perimental sentences in each list were pseudo-randomised for
each participant so that the first 3 mini-dialogues were fillers
and that sentences of the same condition were not successive.
One list contained 20 experimental sentences and 40 filler sen-
tences. The context questions of each question-answer pair
had been previously recorded spoken by a female speaker who
was instructed to read the questions neutral as well as natu-
ral. The recordings took place in a sound attenuated chamber.
The mini-dialogues (both question and answer) were presented

on a screen, preceded by instructions and a context story that
was designed to make the question-answer pairs more plausi-
ble. The instructions were also given verbally. The participants
were asked to click on a symbol which triggered playing of the
question on loudspeakers. Participants were instructed to first
silently read the dialogue, listen to the context question and
then produce the answer. They controlled the appearance of
each new dialogue themselves by pressing a key on a keyboard.
They were instructed to repeat their productions in case of mis-
readings.

3. Data processing and analyses
The recordings were automatically segmented into words, syl-
lables and phonemes [15]. The analyses were carried out on the
stressed (and potentially accented) syllable of the target words
(underlined syllables in examples (1) and (2)).

3.1. PaIntE: Parametric Intonation Modelling

We captured details of the shape of the tonal contour on the syl-
lables of interest using the PaIntE model [16], which approxi-
mates a peak in the smoothed F0 contour by employing a model
function operating on a 3-syllable window. There are 6 free pa-
rameters in the function term which are set by the model so that
the actual F0 shape is fit best. They are linguistically meaning-
ful: parameter b locates the peak within the 3-syllable window,
parameter d encodes its absolute height. The remaining param-
eters specify the amplitude and (amplitude normalised) steep-
ness of the rise before, and the fall after the peak (parameters c1
and c2 for the amplitude and a1/a2 for the steepness). Figure 1
illustrates the function.

As mentioned before, we expect potential differences in
pitch excursion and absolute peak height. For pitch excursion,
the relevant PaIntE parameter varies according to the pitch con-
tour: In rising contours, c1 is expected to be higher than c2,
whereas in falling contours, c2 is expected to be higher. Thus,
the higher value of either of them was taken. That is, the anal-
ysis captures changes in pitch excursion independent of pitch
accent type. For absolute peak height we directly employed pa-
rameter d. Since we are looking at adjacent syllables in clash
and F1, the size of the PaIntE approximation window (3 sylla-
bles) is potentially problematic. If a peak is found on any of
these syllables, its values will be encoded for each of the syl-
lables: the values capturing the peak’s shape are expected to
be the same, only the temporal alignment within the 3-syllable
window will differ. Therefore, we reduced our dataset in such
a way, that only syllables were retained, where the b parame-
ter was between 0 and 1.2 ensuring that the peak is not realised
further into the next syllable than 20% of that syllable’s dura-
tion. This reduced the data set considerably (148 of the 638 test
items, i.e. 23% were removed). However, the reduction ensures
that the c and d-values employed match the syllable in question.

3.2. Statistical analyses

For each parameter under investigation, we performed a linear
mixed effects analysis to investigate the relationship between
that parameter and the rhythmic and semantic context. In all
analyses, we tested the following factors as fixed effects: the
experimental condition (clash, no clash, F1, F2), the type of
the object (first object vs. second object), the interaction of
these two factors, and the trial number (to control for possi-
ble learning effects). As random factors, we tested intercepts
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Figure 1: The PaIntE model function operating on a 3-syllable
window with the syllable for which the parametrisation is cur-
rently carried out (σ∗) in the context of its immediate neigh-
bours. The x-axis indicates time (normalised for syllable dura-
tion, i.e. the current syllable spans from 0 to 1) and the y-axis
displays the fundamental frequency in Hertz. Parameters a1
and a2 are not displayed.

for subjects, word and item and by-subject random slopes for
conditions. For each of the analyses, we determined the best
fitting linear mixed model by carrying out model comparisons
using likelihood ratio tests (cf. [17, 18, 19]). All factors were
tested for their significance by comparing the model including
the effect in question to the model without it. Only significant
factors (p < 0.05) were retained in the final models. When a
significant predictor in the model has multiple levels, the vari-
able levels are only compared to the intercept, not amongst each
other, since only the differences to the intercept are encoded.
Therefore we re-levelled the respective variable, so that the ref-
erence level (i.e. the intercept) was changed and all potential
significances could be detected. We determined the effect of the
different variable levels by means of the t-values. We assume
that t-values of > |2| indicate significance. For the statistical
analyses we used R 3.1.2 [20] with the package lme4 [21].

4. Results
The final models for both parameters under investigation had
the same structures in terms of fixed and random effects: they
included the interaction of condition (with the levels clash, no
clash, F1 and F2) and object (with the levels OBJ1 and OBJ2)
as fixed effects. They had random intercepts for subject and
word. The by-subject random slope for condition did not signif-
icantly improve the models, neither did the trial number. We can
therefore assume that there was no habituation effect through-
out the experiment.1

4.1. Pitch excursion

Figure 2 plots the effect of condition on pitch excursion (y-axis)
as obtained from the linear mixed model (using the languageR
package [22]). The relevant syllable of the first object (OBJ1)
and the relevant syllable of the second object (OBJ2) are on
the x-axis. Condition no clash on OBJ1, which is the model’s
intercept (i.e. the reference condition), is about 58 Hz. The dif-
ference between the two objects is encoded in the trajectory of

1Following a reviewer’s comment, we included gender as fixed fac-
tor in a subsequent analysis in order to additionally control for gender
differences. This did not alter the effects.

Figure 2: The effect of condition and object on pitch excursion.
Pitch excursion (y-axis) is given in Hz.
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the lines in the plot. The two conditions with one focus (F1 and
F2) display a greater pitch excursion on the respective focused
object. F1 (dotted line) has a greater excursion on the first ob-
ject (which is focused), compared to the second (non-focused)
object (β= -20.264, SE=7.775 t=-2.606). That is, pitch excur-
sion in object 2 is about 20 Hz smaller than in object 1 where
it is about 66 Hz. F2 (dot-dashed line) has a greater excursion
on object 2 (β = 34.221, SE = 8.020, t = 4.267) compared to
object 1, i.e. pitch excursion in object 2 is about 34 Hz greater
than in object 1 where it is about 32 Hz. In the double-focus
constructions, i.e. conditions no clash and clash, only for the
clash condition the pitch excursion differs significantly between
OBJ1 and OBJ2 (β = 18.775, SE = 7.492, t = 2.506). That is,
in the presence of a potential clash, the pitch excursion is about
19 Hz greater on OBJ2 than on OBJ1. For no clash, the objects
are realised with a similar excursion (β = -1.874, SE = 5.160, t
= -0.363).

For the first object (OBJ1, circles on the left side of the
plot), the results show that all conditions having a focus differ
significantly from the unfocused condition (F2): no clash by
about 26 Hz (SE = 5.976, t = 4.301), clash by about 24 Hz (SE
= 6.218, t = 3.935), and F1 by about 33 Hz (SE = 6.036, t =
5.520), while they do not differ from each other. That is, peak
excursion on OBJ1 reflects the difference between unfocused
first objects (F2) and focused ones (F1, clash, no clash).

For the second object (OBJ2, circles on the right side of
the plot), the unfocused condition F1 differs from all other con-
ditions significantly in that pitch excursion is greater in all the
other cases: by about 13 Hz (SE = 5.923, t = 2.14) for no clash,
by about 21 Hz (SE = 6.042, t = 3.514) for F2, and by about 30
Hz (SE = 6.053, t = 4.998) for clash. Interestingly, among the
focused conditions on OBJ2, only the clash and the no clash
condition differ significantly from each other with respect to
their pitch excursion. In the clash condition, pitch excursion is
about 18 Hz higher than in the no clash condition (SE = 5.352,
t = 3.278). That is, peak excursion on OBJ2 reflects the differ-
ence between the two conditions differing only in their rhythmic
make-up: If the two potential focus markings are on syllables
directly following each other (condition clash), pitch excursion
is greater than when there is an intervening syllable.

4.2. Absolute peak height

Figure 3 illustrates the effect that object and condition have in
the model predicting absolute peak height of the tonal contour
realised on relevant syllable. The difference between the two
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Figure 3: The effect of condition and object on peak height.
Absolute peak height (y-axis) is given in Hertz.
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objects is encoded in the trajectory of the lines in the plot. The
two single-focus conditions, F1 and F2, realise OBJ1 signif-
icantly different from OBJ2: compared to the focused OBJ1
(where the peak reaches about 220 Hz) the peak on the unfo-
cused OBJ2 is realised about 31 Hz lower in condition F1 (SE
= 6.754, t = -4.694). In cases where OBJ2 is focused (F2), the
peak is realised about 29 Hz higher than in the unfocused OBJ1
(SE = 7.876, t = 3.690) where it reaches about 193 Hz. Both
double-focus conditions realise OBJ1 and OBJ2 with similar
peak height.

For OBJ1 (circles on the left side of the plot), the results
show that absolute peak height only significantly differs be-
tween the unfocused condition F2 and the focused ones (F1,
clash, no clash): the peak in condition F2 is at about 193 Hz
and thereby about 22 Hz lower than in the no clash condition
(SE = 5.779, t = 3.814), about 24 Hz lower than in clash (SE =
5.926, t = 4.027) and about 27 Hz lower than in F1 (SE = 5.811,
t = 4.668). The two double-focus conditions clash and no clash
do not differ from each other (t = 0.481).

For OBJ2 (circles on the plot’s right side), the results show
that, as in OBJ1, only the condition in which OBJ2 is unfocused
(F1), differs from the ones, where OBJ2 is focused. The peak on
OBJ2 is at about 193 Hz and thereby about 27 Hz lower than in
no clash (SE = 5.704, t = 4.667) and than in clash (SE = 5.721,
t = 4.782), and about 34 Hz lower than in F2 (SE = 5.502, t =
6.113). The double-focus conditions clash and no clash do not
differ significantly from each other (t = 0.717).

To sum up, while absolute peak height is generally influ-
enced by the focus structure, the differences in rhythm have no
effect.

5. Discussion and Conclusion
We presented stimuli elicited from a production study where we
compared different focus constructions. The parameters inves-
tigated were pitch excursion and absolute peak height, derived
from a parametric intonation model which approximates poten-
tial peaks in the contour. The results have to be interpreted care-
fully for two reasons. Firstly, the analysis is purely acoustic,
i.e. perception is not taken into account and we cannot automat-
ically infer from acoustics to perception. It has been claimed,
however, that a Hertz scale reflects listeners’ prominence judge-
ments the best [10]. Secondly, the analysis is based on purely
tonal features, i.e. other parameters known to influence promi-

nence and, most importantly, pitch accenting, such as intensity
and duration are not taken into account. Nevertheless, this study
presents an insight of how our data is realised and how double-
focus constructions differ, when their rhythmic pattern is ma-
nipulated. The results also clearly show, that focused and un-
focused expressions differ in the analysed parameters. Focus is
reflected by a greater pitch excursion, i.e. greater amplitude of
the rising or falling contour on the syllable (compared to its im-
mediate context), and by a higher peak height, possibly reflect-
ing a pitch accent. That is, the acoustic parameters employed
are suitable to investigate the tonal realisation of focus.

The two conditions that were designed to test rhythm as a
prosody-inherent factor potentially influencing the tonal realisa-
tion of focus, differed in pitch excursion. If accentuation of both
foci in double-focus constructions would lead to a clash, i.e. if
the second focus semantically requires prosodic focus marking
on a syllable directly following the stressed syllable of the first
focus, pitch excursion was higher on the second object. That is,
in cases of a rhythmic clash, speakers alter the tonal realisation
of the focus. Presumably, when the two required prominences
to mark focus are directly adjacent, speakers add prominence-
lending cues to the second one, in order to mark it distinctly.
The difference between the pitch excursions on the first and sec-
ond object in the clash condition (about 19 Hz) is remarkable:
it is about the same difference as between the two objects in
the single focus condition F1 (about 20 Hz). It is highly likely
that F1 was realised with a pitch accent on OBJ1 (induced by
the focus), which results in the difference to the unfocused (and
therefore unaccented) OBJ2. The question is how the same dif-
ference is perceived when it is realised on two foci, in the clash
condition. First results from a prominence-judgement experi-
ment using the recordings of this study show that listeners judge
the first object in the clash condition sig. more often as not
prominent compared to the no-clash condition. This suggests
that the increased excursion on the second object in the clash
condition perceptually removes prominence from the preceding
object.

In the no clash condition, speakers produce the two objects
with similar pitch excursions. The intervening unaccented syl-
lable seems to be enough to realise two distinct contours. In
the above mentioned prominence-judgement task, listeners per-
ceived prominence on both objects more often than in the other
conditions. Further perception experiments are planned to in-
vestigate whether rhythm will affect the acceptability of the pro-
ductions in the double-focus constructions.

The results for absolute peak height clearly show that it is
used to mark focus tonally, as has been shown before (e.g. [23]).
This parameter is employed in single as well as double-focus
conditions. However, it does not seem to be influenced by the
rhythmic environment. That is, the peak height of the contour
on the two objects is the same. Future work will investigate
whether speakers preferably produce both foci in one or in two
phrases by analysing intonation boundaries and the length of
potential pauses. Additionally, we will investigate the timing of
the peak and how it is affected by rhythmic manipulations. Pre-
liminary results suggest that peaks are realised later in the clash
condition than in the no clash condition which corresponds to
the current findings, since delayed peaks are also prominence
lending parameters [24].

To conclude, our study demonstrates that the rhythmic en-
vironment needs to be taken into account in mapping semantic
categories to phonological categories and their phonetic imple-
mentation.
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