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This study investigates how the temporal alignment of prosody and gesture is affected by focus in German, exam-
ining both unimodal (prosodic) and multimodal (gesture-prosody) hyperarticulation. Specifically, we address two
research questions: (i) does the realization of German falling pitch accents vary as a function of focus (versus
background), and (ii) does gesture—prosody alignment vary as a function of focus? Drawing on Hypo- and
Hyperarticulation (H&H) theory which assumes that speakers will adapt the articulatory precision of speech to sig-
nal the importance of specific information to a listener, we hypothesize that focused constituents show tighter uni-

Keywords:

Co-speech gestures modal prosodic and multimodal temporal alignment between gesture and prosody than background constituents.
fO-slopes We conducted a corpus study on German data from the SaGA corpus, running two analyses: a unimodal pro-
Multimodality sodic analysis of the slopes of falling accents (n = 345) and a multimodal analysis of the temporal alignment of

Gesture-prosody coordination
Temporal alignment
Hyperarticulation

Focus

gesture apexes and pitch accents (n = 1801). Both analyses compare cues in focus and in background.
Results on the falling accents show that steeper slopes are produced in (contrastive) focus compared to in back-
ground contexts, indicating a tighter alignment of the fO-fall with the focused constituent. Similarly, results on the
temporal alignment show that gesture apexes are more closely aligned with accents in information and contrastive
focus than in background. This study not only confirms prosodic hyperarticulation in focus marking in German, it
allows H&H-theory to be extended to an additional modality by interpreting the closer apex-accent alignment in
focus as multimodal hyperarticulation.
© 2026 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http:/
creativecommons.org/licenses/by/4.0/).

1. Introduction Hyperarticulated elements are often perceived as more
prominent than other elements, but these concepts are orthog-
onal to each other. Generally, the concept of prominence in lin-
guistics is relational to its context. In other words, “a prominent
element organizes its environment, providing a structure for

the context in which it appears [...]"” (Grice & Kugler, 2021,

In communication, speakers transfer information to their
conversation partner, and they adapt their speech to ensure
that all relevant information of an utterance can be processed
by the interlocutor. This communicative goal is captured in the

Hypo- and Hyperarticulation theory (H&H-theory, Lindblom,
1990), which states that speakers orient their speech towards
their listener by producing a more precisely articulated acous-
tic signal when necessary to convey all important information
(hyperarticulation) and reducing their articulatory effort where
possible (hypoarticulation), for instance when the context facil-
itates the processing of information. Hence, speech varies on a
continuum from hypo- to hyperarticulation.
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p. 253). Prominence is of interest in different linguistic domains
and is situated at their interface, as prominence often aligns
across domains, for instance in prosody and pragmatics. The
relation of prosody and pragmatics is at the core of interest
for the present study. We use focus as the pragmatic domain
of prominence in this article, which is characterized by the
choice of a referent from a set of alternatives. Focus con-
stituents have increased pragmatic prominence compared to
their context, which is usually reflected in prosodic marking:
Focused constituents have been reported to be marked by
increasing prosodic prominence in West Germanic languages
(Baumann et al., 2006; Féry & Kigler, 2008; Kugler & Calhoun,
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2020). More specifically, prosodic prominence refers to the
composition and strength of a set of acoustic features (like
fO, duration or intensity) which make a referent stand out
acoustically from other constituents. Some characteristics of
the prominence dimension are similar to the conceptualization
of H&H-theory, but they need to be clearly disentangled from
each other, since they represent orthogonal characteristics of
prosody.

Communication is inherently multimodal, as it does not
solely rely on the acoustic channel (which would be unimodal),
but also on other modes of communication, like the visual
modality (McNeill, 1992; Perniss, 2018; Wagner et al., 2014).
Visual aspects of communication, like speech-accompanying
gestures, have become a topic of formal linguistics rather
recently (cf. an overview in Gregori et al., 2023). For instance,
in the last decades, researchers have started to investigate the
coordination and alignment of prosody and gestures as an
integral multimodal part of language (McNeill, 1992;
Shattuck-Hufnagel & Ren, 2018; Wagner et al., 2014; Prieto
et al., 2024). Research on the temporal alignment of prosody
and gesture is limited, especially concerning the variation
along different linguistic contexts like focus (see however first
studies on multimodal focus marking, Turk & Calhoun, 2024;
Im & Baumann, 2020). The present study adds to this line of
research, investigating how different pragmatic contexts influ-
ence the precision of articulation in the prosodic and visual
channels of communication. We explore variation in multi-
modal alignment in focus and background, investigating how
prosodic and gestural landmarks (reference points of each
modality) are integrated temporally in the marking of focus.
We examine whether visual cues contribute to the expression
of focus by exploring H&H-theory in a multimodal setting.

2. Background
2.1. Focus

Conceiving focus as a cognitive domain of information
structure (Chafe, 1976; Lambrecht, 2000), we follow Krifka in
defining focus as “indicat[ing] the presence of alternatives that
are relevant for the interpretation of linguistic expressions”
(Krifka, 2008, p. 247). Focus thus signals the importance of a
referent and its selection over other possible candidates in a
discourse.

The discourse context is explicitly or implicitly (e.g., in the
case of Question under Discussion, Roberts, 2012) relevant
when assessing focus. Different focus types have been pro-
posed, and in this study, we consider information focus (which
refers to new or the most important sentence information,
Gotze et al.,, 2007) and contrastive focus (which “evokes a
notion of contrast to another element”, Gotze et al., 2007, p.
178). Contrastive focus has been claimed to bear more promi-
nence than information focus, due to the explicit contrast to
other constituents (Zimmermann, 2008; Repp, 2016,
Cruschina; 2021). Sentence constituents that are not in focus
are background constituents. Generally, the scope of focus
can be narrow (from only one to a few words) or broad (verb
phrase or sentence focus), depending on the discourse con-
text (Ladd, 1980). Prosodic effects of scope size have been
addressed in previous studies (e.g., Baumann et al., 2006;

Hanssen et al., 2008) but are not considered in this study.
Focus is known to be marked by prosody in West Germanic
languages (Kugler & Calhoun, 2020), which is discussed in
detail in the next section.

2.2. Prosodic marking of focus in German

According to Kugler & Calhoun (2020), a focused word is
the most prosodically prominent one in an utterance. Phono-
logically, this prominence is expressed by a pitch accent. Pitch
accents are prosodic landmarks characterized mainly by fun-
damental frequency (henceforth f0) and can be identified
based on local f0-maxima, fO-minima and fO-contours (Ladd,
2008). These features enable the categorization of a finite
number of pitch accent types, which signal differences in
prominence (Baumann et al., 2006; Baumann & Roéhr, 2015).
Pitch accents are associated with stressed syllables in Ger-
manic languages. Specifically relevant for the present study
are falling pitch accents, as it has been found for Dutch that
they show variation in their falling contour related to the prag-
matic context in which they are produced (Hanssen et al.,
2008). Falling pitch accents are characterized in GToBI, the
pitch accent annotation system for German intonation, as an
fO-minimum on an accented syllable which is immediately pre-
ceded by an associated fO0-maximum (Grice et al., 2005).

Differences in prosodic prominence have been shown to be
associated with pragmatic prominence in West Germanic lan-
guages (Kugler & Calhoun, 2020; Baumann & Roéhr, 2015). For
example, high or falling pitch accents tend to be associated
with focused elements rather than with background elements
(see Fery, 1993; Féry & Kigler, 2008; Grice et al., 2009;
Kigler & Calhoun, 2020 for an overview). Based on their gen-
eral ability to “convey ‘post-lexical’ or sentence-level pragmatic
meaning in a linguistically structured way” (Ladd, 2008, p. 4),
we take pitch accents to be indicators of prosodic prominence
in stress accent languages (Beckman, 2010; henceforth into-
nation languages) like German.

While pitch accents are associated with stressed syllables
in traditional phonological theories, studies on tonal alignment
have pointed out the relevance of the timing of f0-maxima and
fO-minima for communicative and cognitive phenomena
(Atterer & Ladd, 2004; Kohler, 2005; Ladd & Morton, 1997;
Niebuhr & Kohler, 2004; Xu & Xu, 2005). For instance,
Hanssen et al. (2008) found for Dutch that the slopes of falling
fO-contours vary as a function of focus, such that steeper
slopes are found in narrow compared to broad focus contexts.
Later (compared to earlier) pitch peaks have often been
described as perceived to be associated with more contrastive
focus types by the aforementioned studies. Further studies on
phonetic aspects of focused constituents in West Germanic
languages (e.g., Baumann et al., 2006, 2007; Sityaev &
House, 2003; Féry & Kugler, 2008; Kugler & Gollrad, 2015;
Kohler, 2005; Elsner, 2000) have found that fO-extrema are
produced later and fO-peaks are higher in focus, and that pitch
accents employ a higher fO-range and a steeper slope in focus.

2.3. Hypo- and hyperarticulation theory and the effort code

A relevant theory for assessing the variation in speech is
hypo- and hyperarticulation theory, which was proposed by
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Lindblom (1990, H&H-theory). H&H-theory claims that speak-
ers adapt their articulation in terms of clarity to conform to
the conversational needs of their interlocutor(s) and, what is
important to our study, to signal the importance of information:
Words or phrases are produced with maximum acoustic infor-
mation (hyperarticulation) when their contribution cannot be
derived or supplemented from the linguistic context. Hyperar-
ticulated elements are produced more clearly, precisely and
generally enhanced, with the goal of differentiating them from
other elements. As a purely phonetic example, when produc-
ing loud speech, speakers not only increase the intensity of
sounds, they also increase sound duration and vocalic dura-
tion, which is necessary to fulfill physiological aspects of loud
speech, like larger jaw openings (Lindblom, 1990; after
Schulman, 1989). In a similar vein, articulatory effort can be
reduced (hypoarticulation), making words or phrases less dis-
tinct or weaker, when the linguistic context already facilitates
comprehension. In the example of loud speech, hypoarticula-
tion can be observed in the surrounding acoustic elements,
which are not only reduced in intensity, but also in duration.
This is done to compensate for the loud elements, but also
because this information has less relevance for the utterance
(Lindblom, 1990; after Schulman, 1989). Hypoarticulation has
a lower limit on how reduced a sound can be, requiring
reduced elements to still be distinguishable from lexical com-
petitors. According to H&H-theory, utterances are situated on
a continuum of hyper- and hypoarticulation. Hyperarticulation
is thus linked to the addressee (e.g., Picheny et al., 1985;
Kuhl et al., 1997) and to the speaking style of the speaker
(Moon & Lindblom, 1994).

Fig. 1 shows a schematic illustration of our interpretation of
hypo- and hyperarticulation. For a given acoustic cue, the vari-
ation in articulation manifests itself as more extreme values in
a tighter distribution around a mean in hyperarticulation,
whereas it appears as less extreme values in a more
spread-out distribution around a mean for hypoarticulation.
Note that the scales in Fig. 1 depend on the type of measure
expressing either higher or lower mean or SD values depend-
ing on which measure indicates higher precision. The graph in
Fig. 1 shows both a higher mean and a smaller standard devi-
ation in the enhanced data, but just one of these measures is
sufficient to signal hyperarticulation.

Evidence for the correlation of prosodic prominence and
hyperarticulation was presented by De Jong (1995), who dis-
cussed that stress in English, induced by linguistic promi-

Hypo- & Hyperarticulation
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Fig. 1. Schematic illustration of the concept of hypo- and hyperarticulation. The left
distribution shows reduced data, with a lower mean value for a given acoustic feature
(dashed line) and a higher standard deviation (wider spread distribution of values). The
right distribution shows enhanced data, with a higher mean value for a given acoustic
cue (dashed line) and a smaller standard deviation (narrower distribution of values).

nence, increases distinctions in sound articulation.
Acoustically prominent elements are frequently hyperarticu-
lated and vice versa, but not always. We consider hyperarticu-
lation and prominence to be orthogonal to each other. For
instance, as prominence is a relational concept, an element
can also stand out, and therefore be prominent, by being artic-
ulatorily reduced and thus hypo- instead of hyperarticulated.

H&H-theory, and especially hyperarticulation, is compatible
with the Effort Code (Gussenhoven, 2002, 2004), which states
that “the amount of energy expended on speech production
can be varied: putting in more effort will not just lead to more
precise articulatory movements, but also to more canonical
and more numerous pitch movements” (Gussenhoven, 2002,
p. 1). Note that there is a difference between physical effort
and communicative effort, which do not necessarily need to
align with one another. Hyperarticulation operates on a com-
municative effort level (as hyperarticulated parts can be
‘easier’ to produce), while the Effort Code covers both aspects.
The Effort Code not only supports the idea that speakers adapt
their productions to vary articulatory precision by varying their
level of effort, but Gussenhoven also transfers the concept of
the Effort Code to intonation in production and meaning. As
an empirical example, Hanssen et al. (2008) conducted an
experimental study on Dutch intonation contours. In their lab
study, participants produced one lexically identical sentence
in different focus contexts eliciting narrow information focus
and corrective focus, or broad focus. This led to the production
of different fO-contours as a marker of focus: target words were
produced with a steeper fO-fall on the accented syllable and
the following syllable in narrow focus than in broad focus con-
stituents. The difference between the falling contours in the
study on Dutch was expressed in terms of slope calculations
done by measuring the difference between fO-height at the
start of the fO-fall up to the first post-stressed syllable. In their
case, narrow focus included information focus and corrective
focus contexts, which showed similar contours. The steeper
fO-falls in focus can be interpreted as a prosodic instantiation
of hyperarticulation within different focus contexts, indicating
a more precise intonational alignment of prosodic landmarks
with segments and syllables. This instantiation of H&H theory
shows a clear indication of acoustic focus marking contrasts
and in addition shows that focus is a source of articulatory vari-
ation. In German, however, prosodic hyperarticulation has not
been addressed in similar terms. The present study therefore
aims to investigate whether similar patterns of fO-slopes of fall-
ing accents are found for German as they were found for
Dutch.

2.4. Gestures and their role in focus marking

In the visual modality, as part of multimodal communication,
gestures have been defined as “visible bodily action” (Kendon,
2004, p. 1) that makes a relevant contribution to communica-
tion. Co-speech gestures are those gestures that accompany
speech (in contrast to pro-speech gestures, which replace
speech; cf. Ladewig, 2011; Schlenker, 2019). Gestures rein-
force or complement speech, for instance by specifying some-
thing that has been said. If a speaker says, ‘My dog picked up
a stick at the beach.’ while accompanying ‘a stick’ with a ges-
ture, the gesture could specify the shape or size of that stick,
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resulting in a more informative utterance. In Fig. 2, the gesture
in picture a) indicates that the stick would be rather small,
whereas the gesture in picture b) would indicate a larger stick.
Therefore, in both cases, the gesture adds information about
the size of the object that is mentioned in speech and produces
a difference in meaning between the two utterances.

Originally, McNeill (1992) first categorized gestures into dif-
ferent types based on their referential (semantic) connection to
speech. Iconic and metaphoric gestures depict a referent in
speech directly or abstractly, deictic gestures provide spatial
information and beat gestures do not have a semantic connec-
tion to speech. The idea of discrete semantic gestural cate-
gories has been revised and superseded by a dimensional
system by McNeill himself (in 2006) due to the original sugges-
tion being restrictive in not allowing gestures to have multiple
semantic and non-semantic functions. More recent gesture
classification systems assume multiple gesture dimensions in
which a gesture receives labels of features in multiple dimen-
sions (e.g., M3D; Rohrer et al., 2025). For instance, the M3D
annotation system allows the superimposition of ‘beat-like’
components onto any type of gesture, calling gestures without
a semantic connection to speech ‘non-referential’. We adopt
this term for this article.

When gesturing, speakers use their hands, torso, head or
eyebrows, potentially in combination. For manual gestures, a
hierarchical structure has been proposed, meaning that they
comprise differently sized components that are nested into
each other (Kendon, 1980). Kendon (1980) claims that the
gestural stroke is the only obligatory component of a gesture,
representing the prominent core movement and carrying the
main communicative contribution. The apex is the peak of a
gestural stroke; it is a point in time and is defined as the kine-
matic goal of the stroke (Rohrer et al., 2025; after Loehr, 2007,
p. 189). It is an end or turning point of a gestural stroke move-
ment or a point of no velocity in the movement and is identified
as the maximum extension of the involved body part (see
Rohrer et al., 2025; Yasinnik et al., 2004). The apex is the
investigated constituent in this article. Other, optional, gesture
phases can enclose a gesture stroke: preparation, hold and
recovery. Together with the stroke, they form a complete ges-
ture phrase. Adjacent gesture phrases then form bigger ges-
ture units. Fig. 3 illustrates the hierarchical composition of
gestures.

The characteristics of a gesture apex make it a suitable
component to relate to fO-extrema of pitch accents since both
are landmarks that represent points in time, making them dis-
crete gestural and prosodic targets.

a)

My dog picked up a stick at the beach.

A number of studies in the field have investigated the ges-
tural marking of information structure. These studies indicated
that the distribution of gestures varies as a function of informa-
tion structure. Concerning the information status of referents,
Im & Baumann (2020) found more gestures on new and acces-
sible referents than on given referents in English. Similar
results have been found for German, English and French by
Debreslioska & Gullberg (2020), Rohrer (2022) and Baills &
Baumann (2025, head gestures). In a broader pragmatic
sense, gestures have been reported to be enhanced in their
kinematic characteristics (size, complexity of the movement,
precision) when accompanying a new discourse referent
(Gerwing & Bavelas, 2005). In terms of focus marking, Turk
(2020) found that in Turkish, gestures associate more fre-
quently with focus (and topic) than with background con-
stituents. Esteve-Gibert et al. (2022) found an increased
number of non-manual gestures on contrastively focused con-
stituents compared to broad focus constituents in French-
speaking children, and Coego et al. (2025) found a similar
trend for manual and non-manual gestures in Catalan-
speaking children. Ebert and colleagues (2011) showed that
gestures are relevant in focus marking, contributing to the dis-
ambiguation and interpretation of sentences. In general, ges-
tures have been found to associate more with pragmatically
stronger discourse referents, resembling an effect of prosody
with strengthened prosodic cues on pragmatically stronger dis-
course referents.

2.5. Focus marking in a multimodal setting

It is widely accepted that communication is multimodal, and
that gestures and speech coordinate with each other. Regard-
ing this coordination, McNeill (1992) proposed three gesture-
speech synchrony rules. In addition to the semantic and the
pragmatic synchrony rule, which state that the semantic infor-
mation and pragmatic function of speech and gestures must
match or complement each other (see also McNeill &
Duncan, 2000), McNeill established the phonological syn-
chrony rule. This rule concerns the integration of prosody
and gesture, and it states that “the stroke of the gesture pre-
cedes or ends at, but does not follow, the phonological peak
syllable of speech” (McNeill, 1992, p. 26; based on Kendon,
1980). This means that gestures and speech have a close tem-
poral relation in the sense that gestural movement (specifically
a stroke phase) associates with prominent syllables, making it
reasonable to investigate whether this relation varies between
different contexts.

b)

My dog picked up a stick at the beach.

Fig. 2. Example of a co-speech gesture providing complementary information (about the size of an object) to a spoken utterance. The utterance in a) denotes a smaller size of the
object, the utterance in b) denotes a bigger size of the object. The line above the phrase ‘a stick’ and the bold font indicate the placement of the gesture.
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Gesture unit

Apex Apex

Fig. 3. The hierarchy of the gestural components following Kendon (1980) in an
exemplary gesture unit.

Following McNeill’s claims, the integration of gesture and
speech has been empirically investigated from different
methodological perspectives, allowing the concrete prosodic
and gestural landmarks that associate with each other to be
specified. Concerning the temporal alignment of gestures with
prosody, it has been generally confirmed that gestures and
prosodic landmarks align on the level of gesture stroke and syl-
lable (Shattuck-Hufnagel & Ren, 2018; Yasinnik et al., 2004).
Several studies found that gesture apexes and pitch accents
are temporally associated with each other, in different commu-
nicative settings (Shattuck-Hufnagel et al., 2007; Leonard &
Cummins, 2011; Loehr, 2012; Esteve-Gibert & Prieto, 2013;
Kugler & Gregori, 2023). For example, Loehr (2012) found syn-
chronization of pitch accents and gesture apexes, and a looser
integration of gesture phrases with intermediate phonological
phrases, considering phrase alignment. Similarly, Turk &
Calhoun (2024) conducted an alignment study in Turkish,
addressing prosodic and gestural phrase overlaps and on-
and offset alignment. They found coordination of phrase on-
and offsets, which changed in different communicative con-
texts. These studies indicate that gestural landmarks coordi-
nate temporally with prosodic landmarks, at least in
intonation languages (but see Fung & Mok, 2018; Rohrer
et al., 2024 for other prosodic anchors in prosodically different
languages). Krivokapi¢ et al. (2017), Pouw and Dixon (2019)
and Pouw et al. (2021) found gesture-prosody synchronization
from a signal-based perspective using articulatory and kine-
matic data.

The three-way interaction between prosody, gestures and
focus is less systematically explored. However, as it has been
shown that both prosody (Kugler & Calhoun, 2020) and ges-
tures (Ebert et al., 2011) show different behavior in focus and
background contexts, it is evident that the interaction of pro-
sody and gesture may vary as a function of focus. To get a
more comprehensive picture of prosody-gesture interaction
and multimodal focus marking, it is crucial to investigate the
alignment of prosody and gesture in different focus contexts.
Initial studies have gained insights into this interaction, agree-
ing that increasing pragmatic prominence (here: focus) is
marked by increasing multimodal cues, concerning cues like
gesture rates, temporal alignment, and the variation in gestural
articulators and referentiality. For example, Im & Baumann
(2020) showed a parallel increase in pitch accentuation and
gesture rate in contrastive focus contexts compared to non-
contrastive contexts for English. Gregori, Sanchez-Ramon
et al. (2024) found by conducting a semi-spontaneous produc-
tion study in Catalan and German that both prosodic and

gestural prominence increase across focus types, indicating
stronger multimodal prominence with a stronger notion of prag-
matic contrast. A similar trend was found by Esteve-Gibert
et al. (2022) and by Coego et al. (2025) with French- and
Catalan-speaking children, respectively. Less is known about
temporal alignment changing in focus, but Kigler & Gregori
(2023) ran a pilot on German iconic gestures that suggests that
both non-referential and iconic gestures display a narrower
alignment in focus than in background, but without distinguish-
ing focus types. Turk & Calhoun (2024) found temporal align-
ment changes in different focus and topic contexts in
Turkish. In line with this, Leheckova et al., (2022) found align-
ment of gesture strokes with foci and topic in Czech, and ear-
lier gesture strokes compared to prosodic peaks in contrastive
focus over information focus.

These findings on prosody, gesture and focus indicate that
multimodal prominence is shaped by the coordination of pro-
sody and gesture to increase a general impression of promi-
nence. This is conceptualized in the framework of the
Cumulative-cue hypothesis (Ambrazaitis & House, 2022,
2023), which suggests that prosodic and gestural cues tend
to increase cumulatively with increasing pragmatic promi-
nence, which is the observed trend in the empirical studies
introduced. The parallelism of the modalities signals an
increase in multimodal prominence, which is realized both
prosodically and gesturally. This can be seen in gesture and
accent occurrence, the number of articulators involved or in
acoustic and kinematic features. Thus, the core idea of the
cumulative-cue hypothesis is that speakers make use of multi-
ple modalities simultaneously in terms of cue strength to con-
vey greater prominence, which is expressed in different
coordinative dimensions. While coordination always entails a
temporal component, the Cumulative-cue hypothesis stays
agnostic of how precise timing relationships can contribute to
prominence. Such a measure of alignment can only exist with
both modalities present together and does not address their
parallel or independent behavior. Thus, the present study
can offer a new perspective to the Cumulative-cue framework
on the precise temporal alignment of prosody and gesture as a
form of coordination and how this alignment can signal
prominence.

2.6. Motivation and research questions

As discussed in the previous sections, while there is a body
of research on the prosodic marking of focus as well as on the
general coordination of prosody and gestures in terms of the
presence and distribution of cues, less is known about the mul-
timodal expression of pragmatic functions by means of the
temporal integration of multimodal cues. Especially the varia-
tion in temporal coordination in pragmatic prominence contexts
requires more attention, for which information-structural con-
texts provide the ideal linguistic environment. The present
study addresses two research questions, one concerning uni-
modal prosodic marking of focus and a second one on the mul-
timodal temporal marking of focus.

Regarding the prosodic analysis, several studies have
found prosody to vary as a function of focus in German
(see Kugler & Calhoun, 2020 for an overview), showing that
prosodic prominence increases in more prominent pragmatic
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contexts. What is unknown for German, however, is whether
the temporal alignment of falling pitch accents with the seg-
mental string varies as a function of focus like in other lan-
guages (e.g., Kohler, 2005; Hanssen et al., 2008; Ladd &
Morton, 1997). Therefore, we investigate the temporal proso-
dic marking of focus. We test this to assess whether hyperar-
ticulation (Lindblom 1990) can be found in prosodic terms in
this dataset, in line with previous studies (Hanssen et al.,
2008). Concretely, we address the following research question:
(Q1) Do the slopes of falling accents differ as a function of
focus in German? We hypothesize that the slope of falling
accents is steeper in focus than it is in background as a result
of more precise (laryngeal) articulation, in line with previous
findings for West Germanic languages.

Studies on the multimodal marking of focus have mostly
concentrated on the presence and distribution of gestural cues
(Im & Baumann, 2020; Esteve-Gibert et al., 2022) and found
that higher pragmatic prominence is associated with a higher
frequency of gestures. We investigate the variation of temporal
alignment of prosodic and gestural landmarks as a function of
focus. We extend the idea of variation in temporal alignment in
focus marking to multimodal cues, taking a novel approach as
temporal alignment of prosodic and gestural landmarks has
not been studied regarding how it varies in focus marking con-
texts. This study thus contributes to gaining a deeper under-
standing of the prosody-gesture link as well as multimodal
focus marking. Concretely, we address the following research
question: (Q2) Does the temporal alignment of gestural and
prosodic landmarks vary as a function of focus? We hypothe-
size that, similarly to purely prosodic focus marking, alignment
of multimodal cues is tighter in focus than it is in background,
as a result of a more precise articulation of both prosodic
and gestural landmarks in contexts of higher pragmatic
prominence.

3. General methods of the corpus study

To address these questions, we conducted a corpus analy-
sis using the Bielefeld Speech and Gesture Alignment corpus
(SaGA corpus, Lucking et al., 2010, 2013), investigating the
relation between prosodic landmarks and syllables on the
one hand (unimodal perspective), and the prosodic and gestu-
ral landmarks (multimodal perspective) on the other hand in a
conversational setting. We consider prosody to be one modal-
ity of communication, in which we investigate the temporal
behavior of prosodic landmarks from a unimodal perspective.
With gestures representing another modality of communica-
tion, the alignment analysis investigates the coordinated
behavior of the two modalities regarding their temporal align-
ment from a multimodal perspective.

3.1. The dataset: SaGA corpus and data preparation

The SaGA corpus is an audiovisual corpus containing 25
dialogues (280 min) of German spontaneous speech and
was recorded in Bielefeld (Lucking et al., 2010, 2013). Two
interlocutors perform a task of giving and following directions
(spatial communication) in an unplanned, but task-directed,
conversation. The direction description task serves the pur-
pose of eliciting gestures, since speaking about a spatial topic

has been shown to elicit more gestures than discussing
abstract or verbal topics (Alibali, 2005). In the task scenario,
one participant (describer) receives a tour through a virtual
reality town using VR glasses prior to a recorded conversation.
During the tour, the describer makes mental notes of five char-
acteristic landmarks (sculpture, town hall, church square, cha-
pel, fountain) as well as the route connecting them. The
describer then explains the tour and landmarks to the second
interlocutor (listener), who is supposed to find their own way
through the VR-town afterwards. The conversation itself is
the target of the corpus, not the successful task completion.
An illustrative sketch of the task underlying the SaGA corpus
data elicitation is provided in Fig. 4.

Every conversation in the SaGA corpus was recorded with
three cameras from three different perspectives (full describer
view, full listener view, total view of conversation). In addition to
a separate audio file, the corpus contains several layers of
annotation. Lexical annotations are provided on the sentence
level in ELAN (Wittenburg et al., 2006; ELAN [Computer
Software], 2024). Regarding gestures, multiple physical char-
acteristics of the gestures are provided in the corpus, as well
as gesture types and gesture phrases (i.e., a bigger gestural
domain, including potential preparation or recovery move-
ments), but gesture phases (gestures split into stroke and
preparation, recovery, hold separately) are provided for iconic
gestures only. Gesture types are largely annotated following
McNeill (1992), distinguishing between ‘iconic’ and ‘deictic’
gestures as well as ‘discourse’ gestures and ‘beat’ gestures.
As the latter two both refer to short, abstract and often rhythmic
gestures which are not semantically connected to speech, we
consider the latter two gesture types to be non-referential ges-
tures following more recent gesture classification systems
(e.g., M3D; Rohrer et al., 2025).

Using a spontaneous speech corpus for this study
increases ecological validity. The speech and behavior of the
participants are more natural and spontaneous than with sen-
tences collected in a controlled experimental setting (for an
example of a very controlled setting, see Roustan & Dohen,
2010). Therefore, a near-to-natural utilization of gestures and
accentuation can be expected.

3.2. Participants and conversations

For the present study, of the 25 SaGA corpus dialogues,
those with available audio, video and annotation files were
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Fig. 4. lllustrative sketch of the SaGA corpus elicitation task. A describer explains the
route of a bus tour through a VR-town environment with five characteristic landmarks to a
listener, who then has to find their way through the town by themself.
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used. After excluding seven dialogues due to missing data, we
analyzed 18 dialogues (204 min) for their prosodic and gestu-
ral behavior in focus and background contexts. The speech
and gestures of both conversation partners were analyzed,
resulting in 36 participants in total. The average duration of a
conversation was 11:33, with the shortest conversation being
5:18 and the longest 19:26. The participants were 16 female
and 20 male speakers (although the majority of describers -
with the major speaking part - were male; n = 14/18). The cor-
pus does not provide any further personal or demographic
information about the participants. However, judging from the
videos, most participants seem to be in the age span of 25—
35 years, and since the corpus was recorded in Bielefeld,
North-Western German most likely was the predominant regio-
nal dialect.

3.3. Annotations and inter-rater reliability

To address our research questions, we added annotations
on the focus dimension of information structure, prosody in
terms of pitch accent types and gesture apex annotations.

The dimension of information structure corresponding to
focus and background was annotated by the first author
according to the LISA guidelines (Gotze et al., 2007) relying
on text annotations only, classifying focused constituents as
information or contrastive focus and distinguishing these from
background constituents. A constituent was labeled as infor-
mation focus if it contained the most important or new sen-
tence information. It was labeled as contrastive focus if it
(explicitly) evoked contrast to another element. As an example,
in (1), the sentence from the SaGA corpus contains back-
ground (B), information focus (IF) and contrastive focus (CF)
constituents based on the sentence context:

(1) Context [...] der Allee folgen und, nee, am Rathaus war das
rechts, genau rechts. [...]

[...] follow the alley and, no, at the town hall it was to
the right, yes to the right. [...]

[Wenn du rechts abgebogen bist]g [eins, zwei
Kurven), [also einmal]g [stark links]ce [und dann]g
[sofort rechts]cr.

[When you have turned right]g [one, two curves]s [so

once]g [sharply left]cr [and then]g [immediately right]cr

Target

All remaining non-focus speech constituents were labeled as
background constituents. Identifiable silences (speech breaks),
disfluencies in speech and unattached filler particles were not
included in the background constituents and thus not consid-
ered for analysis. The size of the constituents was variable.
However, constituent length in the SaGA corpus was similar
among the focus types: background constituents had a mean
duration of 0.73 sec (median = 0.65 sec), information focus
had a mean duration of 0.70 sec (median = 0.65 sec) and con-
trastive focus had a mean of 0.73 sec (median = 0.67 sec).
Maximum duration differed more, as the maximum background
length was 4.22 sec and the maximum information focus length
was 3.60 sec, while the maximum contrastive focus length was
2.10 sec.

The SaGA corpus contains gesture annotation in ELAN
(Wittenburg et al., 2006; ELAN [Computer Software], 2024),
which was done based on the annotation system that Kopp
and colleagues (2004) developed and which is in some
aspects similar to the CoGEST (Trippel et al., 2004) and the
FORM (Martell et al., 2002) annotation schemes. In the pre-
sent study, we analyzed non-referential (comprising ‘beat’
and ‘discourse’ gestures from the corpus) and iconic gesture
apexes, all of which were uni-directional. The corpus already
contained annotations of iconic gesture strokes, but strokes
of non-referential gestures were added for this study by the first
author following the MultiModal MultiDimensional annotation
system (M3D, Rohrer et al., 2025). Apexes of both iconic
and non-referential gestures were also annotated for this study
following M3D. An apex is characterized as the peak of a ges-
tural stroke or, in other words, the kinematic goal of the move-
ment. An apex can be identified by the sharpness of the picture
frame in the video, since the apex is a point of minimum veloc-
ity, represented by little or no movement. All gesture annota-
tions were performed in a video-only setting, thus without
access to the audio.

For prosody, pitch accents were annotated in an audio-only
setting by the first author following GToBI (Grice et al., 2005) in
Praat (Boersma & Weenink, 2024). They were assigned to the
corresponding accented syllable and aligned with the relevant
fO-maximum or fO-minimum. For the prosodic analysis of falling
pitch accents, specifically H+L* and H+!H* accents were con-
sidered (see section 4.1 below), as these have been found to
be associated with focus and show variation in different focus
types (in Dutch, Hanssen et al., 2008). For the multimodal
analysis, pitch accent types were not distinguished as all types
of pitch accents associate with gestures (e.g., Im & Baumann,
2020). However, annotating pitch accent types is relevant for
deciding the positioning of the accents, as pitch accents were
used as the starting point to identify fO-maxima and minima
which in turn are the reference points for measuring and calcu-
lating temporal alignment.

To assess the reliability of annotations, a part of the data-
base was annotated by a second annotator, and we ran
Cohen’s Kappa over the annotations. For focus, constituents
were segmented by the main annotator with the opportunity
for the second annotator to disagree and re-segment, and
6637 constituents (13.3%) were labelled by two annotators
for focus condition. Agreement for focus was high (N = 6637,
kK = 0.783, z = 78.6, p < 0.001). For gestures, 421 apexes
(17%) were annotated by two annotators for their placement
and gesture type (iconic or non-referential) based on the exist-
ing stroke annotation. Agreement was very high (N = 421,
k = 0.805, z = 18.6, p < 0.001). For prosody, pitch accents in
one conversation were annotated by two annotators indepen-
dently, and 327 pitch accents (4.2%) were matched on the
same word. Accents were grouped according to their tonal
target, H* (includes H*,!H* and L+H*), or L* (includes L* and
L*+H), with falling accents assessed as a separate category
due to the relevance for the analysis. There was substantial
agreement for pitch accents (N = 327, k = 0.75, z = 14.7,
p < 0.001). This indicates a good reliability across all annota-
tion dimensions.
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3.4. General statistics

The dataset contains 10,268 constituents, which are dis-
tributed as follows: 6171 background constituents and 4097
focus constituents, which comprise 3363 (82.1%) information
focus constituents and 734 (17.9%) contrastive focus con-
stituents. To account for the imbalance in the distribution of
focus constituents, which naturally emerges from the sponta-
neous speech corpus, we used Bayesian modeling for inferen-
tial statistics. The dataset contains 7795 pitch accents, of
which 5052 accents were produced on focus constituents
and 2743 were produced on background constituents.

For this study, two analyses were performed, a prosodic
analysis of the sLopes of falling contours (see details in section
4.1) and a temporal alignment analysis in terms of the pisTANCE
between apexes and pitch accents (see details in section 5.1).
For both analyses, the predictor variable was Focus, distin-
guishing between information focus, contrastive focus and
background constituents. Statistical analysis was performed
with R, version 4.4.2 (R Core Team, 2024). We used the follow-
ing R packages: tidyverse, version 2.0.0 for data wrangling
(Wickham et al., 2019), ggplot2, version 3.5.1 (Wickham,
2016) and patchwork, version 1.3.0 (Pedersen, 2024) for plot-
ting and brms, version 2.22.0 (Burkner, 2017), bayesplot, ver-
sion 1.11.1.9000 (Gabry & Mahr, 2024) and emmeans, version
1.10.6 (Lenth, 2024) for Bayesian modeling. The detailed mod-
els used for both analyses are presented in the data process-
ing sections, 4.1 and 5.1. The R script used for the analysis
can be found on OSF: https://osf.io/5tzk2.

4. The prosodic analysis

The prosodic analysis addresses the research question
(Q1), whether the slopes of falling accents differ as a function
of focus in German from a unimodal perspective.

4.1. Data processing and statistics

The full dataset contains 390 falling pitch accents (5% of all
accents). For each constituent that was marked by a falling
accent, we annotated the accented syllable with the falling
accent (which contained the local fO0-minimum) and its preced-
ing syllable (which usually contained the local fO-maximum)
which formed the two target syllables for each item. We consid-
ered the two types of falling accents H+L* and H+!H* together,
as H+!H* rarely occurred (two in background, four in informa-
tion focus and one in contrastive focus). We also only included
falling contours as part of pitch accents, excluding falling con-
tours consisting of an H* and boundary tone. We then
extracted the fO at ten points per syllable from the sound file
using the Praat script ProsodyPro (Xu, 2013) to retrieve time-
normalized fO-contours. From these points, we identified the
fO-maxima and fO-minima of the contour. The f0O-slope was cal-
culated as the fO-difference between the maximum and mini-
mum divided by the time difference between the time of the
fO-maximum and that of the fO-minimum.

Of the original 390 data points, 16 (4.1%) had to be
excluded due to pauses between the first and second target
syllable, and 29 (7.4%) additional data points were excluded
as outliers since their slope was outside the range of 25 and

750 Hz/sec. The upper slope limit of 750 Hz/sec emerged as
this limit is two standard deviations (2 x 252 Hz/sec) away
from the mean slope (244 Hz/sec) of the condition with the low-
est mean and standard deviation (background), meaning that it
excludes the most peripheral 5% of the data in the upper limit.
Below 25 Hz/sec, the slope was considered too flat to present
a noticeable difference. This resulted in a total of 45 items
(11.5%) being excluded from the analysis, and 345 items being
included.

We ran Bayesian lognormal models (brms, Burkner, 2017)
to test the steepness of the sLope of falling accent contours
as a function of Focus. We tested background against informa-
tion focus and contrastive focus. Since lognormal models
exclusively run over positive values, we added a constant of
0.0001 Hz/sec to all absolute slope values to compute the
model. None of the models indicated any convergence issues
(Rhat values = 1.00 and no divergent transitions). As priors for
the probability distribution, we used weakly informative priors
with a logarithmic normal distribution and default priors for
intercept and standard deviation. We ran the models with 8
Markov Chain Monte Carlo (MCMC) chains with 8000 itera-
tions each (2000 warmups), which resulted in 48,000 post-
warmup samples. We assessed the model fit with posterior
predictive checks, and we computed estimated marginal
means on the log-scale and exponential values to assess the
difference between the focus distributions. Effects were con-
sidered robust if the 95%-credible intervals (henceforth 95%-
Crl) did not include 0. The models for the prosodic analysis
do not include any random effects (for participants and items)
because the models with random effects did not converge due
to the limited size of the dataset (Bulk ESS was too low and
Rhat value = 1.15). We analyzed raw slope values (Hz/sec)
and those normalized to semitones/sec, but since the analyses
did not show differences in the results, we report the raw
slopes for reasons of readability.

4.2. Results of the prosodic analysis

The following section presents the results of the prosodic
analysis of the sLopes of falling contours across the back-
ground and two focus conditions. In total, 345 falling accents
comprise 197 (57.1%) information focus accents, 54 (15.7%)
contrastive focus accents (251 focus accents in total) and 94
(27.2%) background accents and their sLores are compared.
Fig. 5 displays the time-normalized mean fO-contours of falls
based on the fO-points per syllable (dashed lines) in the three
conditions across the syllable containing the minimum of the
fall and its preceding syllable. The full line represents the
smoothed contour.

The following can be observed: The contours in background
and information focus are alike in many aspects, only diverging
slightly towards the end of the second syllable, and information
focus overall has a slightly higher f0. In contrast, the falling
contour of the accents in contrastive focus differs clearly, which
is most visible in the height of the pitch peak in the first syllable,
before f0 drops down to the same height as the other condi-
tions in the second syllable. The high peaks (maximum f0) of
contrastive focus are on average 25 Hz higher than those of
information focus and background. Concretely, the mean max-
imum fO of contrastive focus is at 211 Hz, while it is at 187 Hz in
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Fig. 5. Mean fO-contours of falling accents in background, information focus and
contrastive focus on the target syllables. The dashed lines represent the contours based
on ten fO0-measurements per syllable; the solid lines are smoothed.

background and 196 Hz in information focus. The mean fO-
minimum of all conditions is at a similar height, being 142 Hz
in background, 146 Hz in information focus and 151 Hz in con-
trastive focus. Table 1 provides an overview of the relevant
mean Hz measures.

A closer look at the slopes of the three conditions shows
that falling accents on contrastive constituents have the steep-
est fall (247 Hz/sec) in comparison to falling accents in back-
ground (198 Hz/sec) and information focus (182 Hz/sec),
which has the flattest slope. The greater fall and steeper slope
in contrastive focus arises from a higher f0-maximum and sim-
ilar f0-minimum. Violin plots in Fig. 6 show the distribution and
means of the slopes of falling accents for each focus condition,
illustrating the steeper slopes in contrastive focus and the sim-
ilarity of distributions in background and information focus.

The Bayesian lognormal models indicate an effect of focus
on the slope of falling contours between background and con-
trastive focus (background: 3 = 5.01, 95%-Crl [4.87, 5.16]; con-
trastive: B = 0.27, 95%-Crl [0.03, 0.51]) and between
information focus and contrastive focus (information:
B =4.97, 95%-Crl [4.87, 5.07]; contrastive: B = 0.31, 95%-Crl
[0.09, 0.52]) with the credible intervals not including 0. There
is no difference in the slopes between background and infor-
mation focus (information: § = 4.97, 95%-Crl [4.87, 5.07]; back-
ground: B = 0.04, 95-%Crl [-0.14, 0.22]) with the credible

intervals including 0. This indicates an effect of Focus on the

sLore of falling accents as the slopes of falling accents are
steeper in contrastive focus than they are in background and
information focus.

Transforming the log-values of the Bayesian models back to
the original slope values (in Hz/sec), the model predicts the fol-
lowing slopes for each of the conditions: 150 Hz/sec (95%-Crl
[129, 172]) for background, 144 Hz/sec (95%-Crl [131, 160])
for information focus and 197 Hz/sec (95%-Crl [161, 236]) for
contrastive focus. The model prediction underlines the steeper
slopes of falling contours in contrastive focus, which are stee-
per by 46 HZ/sec (95%-Crl [92.3, 4.55]) compared to back-
ground and by 52 Hz/sec (95%-Crl [94.7, 13.41]) compared
to information focus. Fig. 7 (left) illustrates the posterior distri-
butions for each focus condition, where a small or no overlap
of the distributions indicates a reliable difference, while a con-
siderable overlap shows the similarity of the posterior distribu-
tions, which indicates that there is no difference between the
conditions. Fig. 7 (right) shows the differences between focus
types as predicted by the model, with the 95%-credible inter-
vals excluding 0 being an indication of a reliable difference pre-
dicted by the model.

4.3. Interim summary

The results of the prosodic analysis reveal that the slopes of
falling contours vary in different focus contexts in German
spontaneous speech. The slopes in contrastive focus are sys-
tematically steeper than they are in background and informa-
tion focus contexts. This difference in slopes is contingent on
a higher fO-maximum and a fall to a similar fO-minimum within
the scope of two syllables in contrastive focus compared to the
other conditions. The steeper fall can be interpreted as more
precise articulation of the fO-contour in the contrastive focus
context, as a bigger fO-fall is produced during the same time
frame. However, due to the difference between contrastive
focus and information focus but not between information focus
and background, this does not appear to be a direct and gen-
eral marker of focus in this dataset, but specifically a marker of
contrast.

The effects found in this analysis are reliable but not very
strong, which may be due to the data being based on sponta-
neous speech — which naturally varies more than controlled
lab speech (e.g., De Ruiter, 2015), and can less well be con-
trolled for balance of items per condition, which is in particular
visible in our contrastive focus condition having only few falls.
In addition, the corpus contained a limited number of falling
accents that were relevant for this analysis. The fact that an
effect of (contrastive) focus on the slopes of falling contours
can be observed nevertheless supports the idea of adapting
articulation as a function of focus.

Table 1
Overview of the relevant mean Hz measures in the prosodic analysis, per condition (background, information focus, contrastive focus).
Condition Number of items fo-Max f0-Min fo-Fall f0-Slope
mean mean mean mean
Background 94 187 Hz 142 Hz 45 Hz 198 Hz/sec
Information focus 197 194 Hz 146 Hz 47 Hz 182 Hz/sec
Contrastive focus 54 211 Hz 151 Hz 60 Hz 247 Hz/sec
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5. The prosody-gesture alignment analysis

The analysis addresses the research question (Q2),
whether the temporal alignment of gestural and prosodic land-
marks varies as a function of focus from a multimodal
perspective.

5.1. Data processing and statistics

For every apex in the corpus, the nearest pitch accent was
identified without further reference to any semantic connection,
as the connection of interest was on a temporal level. The only
restriction was that both had to be on the same focus or back-

Slopes of Falls by Focus type
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Slope of Falls in Hz/sec
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Fig. 6. Violin plots of the slopes of falling contours in background, information focus and

contrastive focus. The plot shows the distribution of falls as well as the mean and median
in Hz/sec.

Posterior Distributions of Model Parameters

background ! info . contrastive

ground constituent (see Turk & Calhoun, 2024 for a similar
approach to investigating prosody-gesture interaction in the
same information-structural domain). In cases where multiple
gesture apexes are present in the same domain, the apex clos-
est to the accent was chosen. Thus, each item consists of a
unique apex—accent pair, for which the distance between the
apex and f0-extremum was measured in milliseconds. A dis-
tance of 0 ms means that apex and extremum of the accent
occur exactly at the same time. Fig. 8 illustrates an example
of the prosodic and gestural annotations performed for this pur-
pose, merged in ELAN, and shows how the annotations of pro-
sody and gesture are temporally related.

To investigate the average distance between apexes and
accents, we focused on the absolute distance between the
two landmarks instead of considering raw distances, which
take into account which of the two landmarks precedes the
other. The sample was then split by Focus to compare the dis-
tances of the apex-accent alignment between background,
information focus and contrastive focus. Pitch accent types
were not considered, as all types of pitch accents may be
associated with a gesture. The annotation of pitch accent types
was still relevant, as the type of pitch accent influences the
temporal positioning of the extremum and therefore accent
annotation; H+L*, for instance, has L* as a temporal reference,
while L+H* has H* as the reference.

In total, 2472 relevant gesture apexes (iconic or non-
referential) were found in the dataset. Of these, 1801 were
considered for analysis, since they formed a pair with an
accent that was situated on the same focus or background
constituent. 671 apexes (27.1%) were excluded from the anal-
ysis in total: 309 gesture apexes (12.5%) were not produced
on speech constituents, but during silences or disfluencies,
and 362 apexes (14.6%) were produced during speech, but
not on a constituent bearing a pitch accent. Regarding gesture
rates, the general occurrence of gestures relative to pitch
accents is comparable to previous studies (Im & Baumann,
2020; Kugler & Gregori, 2023; Rohrer et al., 2023), with this
dataset containing a ratio of approximately one gesture to
three pitch accents.

Model Comparison: Slope diff. by focus type
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Fig. 7. Posterior distributions for each focus condition (left) and estimated differences between focus conditions (right) as predicted by the lognormal models of slopes of falling

contours.
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Fig. 8. lllustration of prosodic and gestural annotations in ELAN of an apex-accent pair with very close temporal alignment. The orange tier and orange vertical bar indicate the position
of the gesture apex; the purple tier and purple vertical bar indicate the position of the associated pitch accent. Since ELAN only allows for annotation in intervals, the corresponding right
boundaries of said intervals are aligned with the apex and accent positions and taken as points of reference. (For interpretation of the references to colour in this figure legend, the

reader is referred to the web version of this article.)

We ran Bayesian lognormal models (brms, Burkner, 2017)
to test the temporal alignment in terms of the absolute pisTaNcE
between gesture apexes and pitch accents as a function of

Focus. We ran a model testing background against information
focus and contrastive focus. Since lognormal models exclu-
sively run over positive values and the current dataset includes
one apex-accent pair with a distance of exactly 0 ms, we
added a constant of 0.0001 ms to all absolute distance values
to compute the model. We added random intercepts for pARTIC-
IPANTS and ITems to the models. None of the models indicated
any convergence issues (Rhat values = 1.00 and no divergent
transitions). As priors for the probability distribution, we used
weakly informative priors with a logarithmic normal distribution
and default priors for intercept and standard deviation. We ran
the models with 8 Markov Chain Monte Carlo (MCMC) chains
with 8000 iterations each (2000 warmups), which resulted in
48,000 post-warmup samples. We assessed the model fit with
posterior predictive checks, and we computed estimated mar-
ginal means on the log-scale to assess the difference between
the focus distributions. Effects were considered to be robust if
the 95%-credible intervals did not include 0.

5.2. Results of the prosody-gesture alignment analysis

The following section presents the results of the multimodal
temporal alignment analysis of the pistaNce between apexes
and pitch accents. 1801 apexes were included in the analysis
— 675 on background constituents (37.5%), 954 on information
focus (63%) and 172 on contrastive focus (9.5%). In general,
apexes and accents occurred temporally associated with each
other, as displayed in the absolute distances in the apex-
accent pairs in Fig. 9. A distance of 0 ms indicates that the

apex and accent occur at exactly the same time. The mean
absolute distance in apex-accent pairs is 227 ms
(SD = 243 ms). The mean distance between apexes and
accents is displayed as the dashed yellow line. A particular
clustering of pairs at the lower end of the scale is visible.

In terms of temporal alignment split by Focus, the results
show that apexes and accents align more closely in focus
than in background contexts, as displayed in Fig. 10. The
distribution of distances in apex-accent pairs is clearly tighter
in both focus types than it is in background and the propor-
tion of tightly aligning pairs is higher in focus than in back-

ground. The mean absolute distance is 328 ms
(SD = 326 ms) in background, opposed to 169 ms
(SD = 148 ms) in information focus and 153 ms

(SD = 125 ms) in contrastive focus. Contrastive focus has
a slightly lower distance than information focus. In terms of
maximal distance in an apex-accent pair, the picture is sim-
ilar, as in background, the maximum distance is 2399 ms, in
information focus it is 980 ms and in contrastive focus it is
604 ms.

We ran a Bayesian lognormal model over the pisTance in
apex-accent pairs as a function of Focus. The model shows
an effect of Focus on the absolute distance between apex and
accent: both information and contrastive focus have a reliably
lower distance between apexes and accents than background
(background: B = 5.27, 95%-Crl [5.17, 5.37]; information: B =
—0.62, 95%-Crl [-0.74, —0.50]; contrastive: B = —0.75, 95%-
Crl [-0.95, —0.55]), with the credible intervals being far away
from and notincluding 0. The models do not indicate reliable dif-
ferences in distances between the focus types (information:
B = 4.65, 95%-Crl [4.56, 4.74]; contrastive: B = —0.13, 95%-
Crl [-0.33, 0.07]) with the credible intervals including 0. See
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Fig. 9. Proportions of absolute distances in apex-accent pairs. The dashed yellow line indicates the mean distance between apexes and accents. The x-axis displays values up to

1800 ms distance. A few apex-accent pairs with distances up to 2400 ms were found, which are not displayed in this plot for reasons of clarity and comparability of the figures. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 10. Proportions of absolute distances in apex-accent pairs split by Focus (background, information focus, contrastive focus). The dashed yellow line indicates the mean distance
between apexes and accents for each distribution. The x-axis displays values up to 1800 ms of distance for all conditions. In background, a few apex-accent pairs with distances up to
2400 ms were found, which are not displayed in this plot for reasons of clarity and comparability of the figures. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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Fig. 11. Posterior distributions for focus conditions (left) and estimated differences between focus types and background (right) as predicted by the lognormal models of absolute
distances in apex-accent pairs.
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Fig. 11 (left) for the posterior distributions. This indicates that
the apex—accent distance is lower on focus constituents than
it is on background constituents. Since there is no overlap
between the background distribution with the focus types, this
effect can be considered to be strong and reliable.

Transforming the log-values of the model back to original
measures of distances in milliseconds indicates that the model
predicts a mean distance of 195 ms (95%-Crl [174.8, 215]) for
background, a mean of 105 ms (95%-Crl [95.6, 114]) for infor-
mation focus and a mean of 92 ms (95%-Crl [75.5, 110]) for
contrastive focus. The model predictions underline the reliable
difference in alignment between background and focus con-
stituents with a distribution difference of 90 ms (95%-Crl
[70.3, 110.7]) between background and information focus and
102 ms (95%-Crl [77.8, 128.0]) between background and con-
trastive focus, as illustrated in Fig. 11 (right).

5.3. Interim summary

The results of the multimodal analysis indicate that temporal
alignment of prosodic and gestural landmarks varies as a func-
tion of focus. Generally, pitch accents and gesture apexes are
temporally associated with each other (with a mean distance
of 227 ms), which indicates that apexes and accents tend to
surround the same word. The distance between pitch accents
and gesture apexes is smaller in focus than it is in background
contexts, and thus their alignment is more precise. Temporal
alignment does not differ reliably across focus types, which
shows that the alignment difference boils down to a distinction
between focus and background. As the mean constituent dura-
tion does not differ between focus types in the whole dataset,
the differences in temporal alignment are associated with the
pragmatic focus context rather than a general constituent
length effect.

6. Discussion

This corpus study investigated the role of temporal align-
ment from both a unimodal and a multimodal perspective in
focus marking in German spontaneous conversations. From
the unimodal perspective, the prosodic analysis of falling FO
slopes revealed steeper falls in contrastive focus compared
to other contexts. From the multimodal perspective, gesture-
prosody alignment was closer in focus constituents than in
background constituents. In the following sections, the results
will be discussed in detail (Sections 6.1 and 6.2 respectively)
and evaluated in terms of Hypo- and Hyperarticulation theory
(Section 6.3).

6.1. Discussion of prosodic findings

The prosodic analysis was concerned with the variation in fO
of falling pitch accents on words in focus and background and
concretely addressed the research question (Q1), whether the
slopes of falling accents differ as a function of focus in German.
The results in background, information focus and contrastive
focus revealed that the slopes are steeper in contrastive focus
than they are in background and information focus. Steeper
slopes in contrastive focus are driven by a higher f0-maximum
on the pre-stressed syllable and a similar fO-minimum in the
stressed syllable compared to the other two contexts. These

findings are in line with previous findings on the prosodic mark-
ing of contrast (e.g., Baumann et al., 2007; Braun, 2006; Féry &
Kugler, 2008), and with results obtained from a perceptual per-
spective (Kigler & Gollrad, 2015).

Furthermore, the evidence that contrastive focus is marked
by steeper falling fO-slopes, mainly caused by differences in fO-
maxima, indicate a variation in effort in different prominence
contexts (e.g., Baumann et al., 2007; Féry & Kugler, 2008).
This finding is in line with H&H-theory (Lindblom, 1990) and
the Effort Code (Gussenhoven, 2002, 2004), as higher prag-
matic prominence causes speakers to use more articulatory
modulation and precision to highlight important information
(e.g., Repp, 2016; Cruschina, 2021). Note, however, that in this
study’s data, this effect is only visible in the most prominent
contexts (contrastive focus), while the slopes of information
focus falling contours rather resemble background contours.

This resemblance of slopes in background and information
focus is not in line with previous findings that background and
focused information are distinguished from each other in pro-
sody. It has been found numerous times that background
and given information is more likely to be deaccented or
reduced in prominence, while focus is often highlighted (e.g.,
Baumann & Hadelich, 2003; Baumann et al., 2006, 2007).
Supporting the expected difference between background and
focus constituents, a relative positioning effect is known for
West Germanic languages: Background or given constituents
often appear in pre- or post-focal position, and accents in this
position have been claimed to be weaker. In particular, pre-
focal accents are described as ornamental (non-functional or
non-obligatory, Buring, 2007; but see Roessig, 2023) or rhyth-
mic (Calhoun, 2010), post-focal constituents are often reduced
or deaccented (Ladd, 2008; Kugler & Feéry, 2017 among many
others). The similarity between background and information
focus in our study may likely be related to the task, which
required memorizing a route. Hence, many repetitions yielding
highlighting of given information are contained in the corpus
because the describer presumably wants to make sure that
the listener remembers the route through the town. This mem-
orizing effect may override a general less prominent marking of
background, resulting in less distinguishable intonation of
background and information focus. Contrastive focus on the
other hand occurred in contexts where explicit comparisons
were drawn or differences between features were explained
(e.g., Tthe left church]cr had a round roof, [the right church]cr
had two towers’), leading to a more distinct intonation with
regard to fO-contours, which is in line with the literature
(Kugler & Calhoun, 2020 for an overview).

Another possible explanation for the strong difference in the
slopes between information focus and contrastive focus could
be related to the type of falling accent primarily used in the
respective categories. Grice et al. (2009) report on differences
in tonal alignment between H+!H* and H+L* falling accents,
which are clearly observable, as the Hz-difference between
the local fO-maxima and fO-minima is smaller for the H+!H*
accent than for the H+L* accent. For our data, this is however
an unlikely explanation, as H+!H* rarely occurred in the data
and no systematic differences between focus types could be
determined based on this accent type distinction. Therefore,
we believe the steepness of slopes to be a context-
dependent effort rather than a distinct tonal specification.
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Overall, the prosodic analysis showed that speakers pro-
duce a steeper slope on falling contours in contexts in which
the conveyed information is more relevant for the comprehen-
sion of the listener (cf. Lindblom, 1990). As this steeper slope
is produced in a comparable time frame to slopes on back-
ground information (namely the stressed syllable and its pre-
ceding syllable), we interpret this observation in terms of
H&H-theory as hyperarticulation by higher accuracy in timing
pitch accents in focused contexts. While similar results of an
increase in precision and effort have been shown in articula-
tory cases (e.g., that prominence increases clearness of sound
articulation, De Jong, 1995), the results of this study indicate
such an increase in laryngeal terms, which we interpret as
close alignment on the contrastively focused constituent since
there is more fO0-movement in the same time frame than in
other conditions. This result and interpretation are in line with
findings on the slopes of falling contours by Hanssen and
colleagues (2008) for Dutch, who found more precisely aligned
intonational contours in narrow (information and contrastive)
focus than in broad focus, i.e., in a bigger focus domain. Note
that our study used a different scale for focus types. While
Hanssen et al. (2008) used a ‘broad focus’ condition as a base-
line to compare more prominent focus realizations, our study
used background constituents for comparison. In our study,
which investigated precisely the time window of the stressed
syllable and the preceding one, the steeper slopes are found
only in the marking of contrastive focus compared to back-
ground but not for the marking of information focus. The study
on Dutch found a more precise alignment of fO-extrema with
the stressed syllable in narrow focus than in broad focus. While
the scope of focus was not the subject of investigation in the
present study, the steeper slopes in the very narrow time frame
of two syllables makes it likely that this finding could be found
in German data as well. With the pattern of steeper slopes of
falling contours in contrastive focus contexts found in this data-
set, we interpret this as an instantiation of prosodic hyperartic-
ulation in German spontaneous speech. Concretely, regarding
the first research question (Q1), this study concludes that
slopes of falling contours are steeper in focus than in back-
ground, but only in a contrastive context. We interpret this as
hyperarticulation because the contrast that the speaker aims
to convey to the listener leads to a higher articulatory effort.

6.2. Discussion of prosody-gesture alignment findings

The multimodal analysis was concerned with the temporal
alignment of prosody and gesture and concretely addressed
the research question (Q2), whether the temporal alignment
of gestural and prosodic landmarks varies as a function of
focus. Specifically, the analysis of the temporal distance
between gesture apexes and associated pitch accents in dif-
ferent focus conditions revealed that prosody and gesture
are aligned more closely in focus than they are in background,
with no reliable difference in alignment between information
and contrastive focus. This finding provides evidence for a
tighter alignment of prosody and gesture in pragmatically more
prominent contexts.

This dataset shows general temporal alignment of gesture
apexes and pitch accents (see Fig. 9), which generally sup-
ports McNeill's (1992) claim of the temporal coordination of

prosody and gesture. This finding is in line with other empirical
evidence on the temporal alignment of prosody (accents and
syllables) and gestures (apexes and strokes) (e.g., Shattuck-
Hufnagel et al., 2007; Loehr, 2012; Esteve-Gibert & Prieto,
2013; Shattuck-Hufnagel & Ren, 2018). The results of our
study do not make any reference to the order of appearance
of gestural and prosodic cues. Whereas McNeill’s phonological
synchrony rule assumes that gestures precede or occur at the
same time as stressed syllables, our data do not indicate which
cue comes first due to the absolute distance measure. As we
do not integrate any semantic restrictions for association of
the cues, a flexible ordering is possible in this study. However,
addressing the order of prosodic and gestural cues is beyond
the scope of this study.

Regarding the effect of focus on apex-accent alignment, the
results showed that the alignment was narrower (meaning a
smaller distance between the landmarks) on focus than on
background constituents. This difference is very clear and
can be seen in the tighter distribution of apex-accent differ-
ences in both focus types and the broader distribution in back-
ground (see Fig. 10), as well as in the mean distance, which
was about half as big in focus than it was in background. This
is true for both information focus and contrastive focus,
whereas the temporal alignment did not differ between the
focus types. We interpret this smaller distance between
apexes and accents as precise alignment and therefore more
precise articulation in focus than in background. In focus, ges-
tures are temporally associated with prosodic landmarks,
demonstrating a more precise multimodal articulation in con-
texts which are more relevant to the listener. These results
are in line with previous studies finding a more precise align-
ment of gestural with prosodic cues in focus (Leheckova
et al., 2022; Kugler & Gregori, 2023; Turk & Calhoun, 2024),
indicating temporal alignment to be a marker of prominence.
The present study differs from Leheckova et al. (2022), who
found alignment differences between information and con-
trastive focus in Czech. This difference may be attributed to
the imbalanced dataset in the present study, which had rela-
tively fewer contrastive focus apex-accent pairs than informa-
tion focus ones. It could also emerge from different analysis
strategies: while this study investigated the absolute distances
between prosodic and gestural landmarks, the Czech study
took order of the cues into account and analyzed the onset
of the gesture, finding that contrastive focus strokes are pro-
duced earlier. Since the onset of the gesture was analyzed in
the Czech study, an earlier gestural stroke does not necessar-
ily lead to a closer alignment with prosody. The general trend of
a closer alignment in focus compared to background is how-
ever confirmed across all studies.

The results of the multimodal analysis support more general
findings that prosody and gesture are involved in focus mark-
ing (e.g., Baills & Baumann, 2025; Coego et al., 2025; Ebert
et al., 2011; Esteve-Gibert et al., 2022; Gregori et al., 2024),
all of which indicate that the two modalities use increased cues
with higher contrastivity. This parallel increase leads to an
increase in the impression of multimodal prominence, which
is addressed by the Cumulative-cue hypothesis (cf.
Ambrazaitis & House, 2022, 2023). The Cumulative-cue
hypothesis assumes a parallel increase of prosodic and gestu-
ral cues in different dimensions to increase the multimodal
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prominence impression. The present study did not investigate
the potential parallel patterns of prominence in prosody and
gesture, but it took a measure of distance, which can only exist
when multiple modalities are used and combined. Thus, while
these data do not directly reflect the cumulation aspects in the
Cumulative-cue hypothesis, and the hypothesis stays agnostic
about temporal aspects, the present results show coordination
of prosody and gesture, as well as a change of this coordina-
tion for the purpose of prominence, which extends on the
Cumulative-cue hypothesis in the temporal domain.

Parallel to the unimodal perspective in the prosodic analy-
sis, we interpret the results of the multimodal analysis as an
instantiation of hyperarticulation: The pragmatic context of
focused constituents, where speakers identify a need to high-
light information results in a closer temporal association of ges-
ture apexes and pitch accents, which we interpret as
hyperarticulated speech. More cognitive effort is put in by the
speaker to achieve a more precise and simultaneous produc-
tion of speech and gesture, which is done with the intention
of emphasizing information for the hearer in multimodal terms.
The observations on the temporal alignment of prosody and
gesture answer the second research question (Q2), conclud-
ing that temporal alignment is more precise in focus than it is
in background.

6.3. The findings in terms of H&H-theory

This study considers hyperarticulation a communicative
phenomenon concerning emphasis and precision of articula-
tion that goes beyond the acoustic modality of speech, where
H&H-theory has been established. Hyperarticulation concerns
the segmental level (Lindblom, 1990), but also the prosodic
level, as studies on intonational contours (Hanssen et al,
2008) and this study’s prosodic analyses of the slopes of fO-
falls show. This study’s multimodal analysis, which evaluated
the timing of prosodic and visual landmarks in relation to each
other, provided evidence for hyperarticulation, as posited by
H&H-theory, being used in a multimodal setting. The data on

the distance between gestural and prosodic landmarks in
focus are an instantiation of multimodal hyperarticulation (in
background multimodal hypoarticulation). As illustrated in
Fig. 12 (which expands on Fig. 1), the general concept of
hyperarticulation predicts a more precise articulation, which
results in a tighter distribution of a measured variable, e.g., for-
mant frequencies of vowels. In more specific uni- or multimodal
hyperarticulation, this precision of articulation can be
expressed in different forms, as for instance in the steepness
of slopes of falling contours or the temporal alignment of ges-
tural and prosodic landmarks. Note, that other measures are
expected to display multimodal hyperarticulation or unimodal
hyperarticulation on the prosodic (e.g., intensity, duration,
spectral features) or the gestural level (e.g., salience, acceler-
ation, number of articulators) and the analyses of this study
work as examples for the respective modes of
hyperarticulation.

Approaching hyperarticulation as a multimodal phe-
nomenon highlights the simultaneity and similarity of the prag-
matic functions that prosody, gesture and their interaction have
in communication. First steps in exploring multimodal hyperar-
ticulation have also been taken in sign language research
(e.g., Mertz, Pagel, Perniss, et al., 2024; Mertz, Pagel, Turco,
et al., 2024), but more research is needed. The marking of
information structure, and focus specifically, is a linguistic func-
tion well suited for investigating hyperarticulation, as these
contexts provide the environment for pragmatic prominence
by calling for highlighting, making hyperarticulation more likely.
At the same time, note that the notion of focus is orthogonal to
hyperarticulation, as focus is highly dependent on the context
and also allows for non-enhanced or reduced productions
(i.e., hypoarticulation) in cases where competing information
is not temporally close in discourse or is no likely alternative.
The fact that there are apex-accent pairs in the data that are
relatively far away from each other in both background and
focus additionally highlights the orthogonal concept of hyperar-
ticulation and prominence. From this, we can deduce that
focus is a domain that is likely to lead to hyperarticulation,
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Fig. 12. Schematic illustration of hypo- and hyperarticulation in general, of unimodal hypo- and hyperarticulation on the prosodic level and of multimodal hypo- and hyperarticulation on

the temporal alignment level.
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but does not mandatorily have to, rendering this relation prob-
abilistic. Identifying temporal alignment of prosody and gesture
as multimodal hyperarticulation in the expression of informa-
tion structure contributes to research on the prosody-gesture-
pragmatics interface. This can be expanded further by explor-
ing other instances of multimodal hyperarticulation, not only
related to temporal alignment, but involving both phonetic
and kinematic features that can be connected in the acoustic
and visual channels (e.g., amplitude, acceleration or velocity
of sound and gesture). The use of these features is subject
to the Cumulative-cue hypothesis, which states that the coordi-
nation of acoustic and visual cues takes place in parallel, lead-
ing to multimodal prominence.

Importantly, the deviation of results between the prosodic
and multimodal analyses, namely that prosodic hyperarticula-
tion distinguishes information and contrastive focus while mul-
timodal hyperarticulation distinguishes background and focus,
highlights the importance of the interplay of prosody and ges-
ture in communication. As this study investigated a phe-
nomenon that is not existent within the channel of (spoken)
language only, this highlights the fundamental role of gestures
in communication. Gestures can contribute to the distinction of
pragmatic contexts (here focus types) that are not distin-
guished by other domains like syntax or prosody (cf.
Debreslioska & Gullberg, 2020; Rohrer, 2022). The interaction
of prosodic and visual cues marks focus, in addition to the pro-
sodic channel. Changes in alignment are more pronounced in
the multimodal data, where the reliable differences between
focus conditions are bigger (i.e., distances between apex
and accent are almost 50% smaller in focus, while fO-slope
is about 20% steeper in contrastive focus). As discussed
above, the missing distinction between background and infor-
mation focus in the prosodic channel may be a task effect
which is connected to memory enhancement. Memory
enhancement refers to a general function of prosody, i.e., high-
lighting information (Gussenhoven, 2004; Ladd, 2008), which
may explain the highlighted background constituents despite
many of them being given in discourse. Parallel operation of
prosody and gesture could lead to the expectation that gestural
marking would also not be reduced in background due to the
memory demand. However, this is not what the data show.
An explanation for this could be that while repeated items
may be reinforced acoustically, this may not be true for corre-
sponding gestural cues, with gestures being either less fre-
quent or produced with less precision, restricting the marking
of repetition to one channel only. This flexible behavior of the
modalities is in line with the modality-neutral prosodic frame-
work hypothesis (Prieto et al., 2024), stating that modalities
need not enhance in parallel but may be expressed individually
to reach a particular communicative goal (cf. Trujillo & Holler,

2023; Zygis & Fuchs, 2023).

The deviating results between the analyses further show
that both unimodal and multimodal hyperarticulation need to
be considered to achieve a full distinction between the three
investigated focus conditions, as both marking strategies only
make a binary distinction: the prosodic analysis discriminates
contrastive contexts from non-contrastive contexts, while the
multimodal analysis discriminates background and focus. Nei-
ther strategy distinguishes all three contexts, which is only
achieved by considering both strategies in combination. This

highlights the benefits and importance of considering unimodal
and multimodal cues in the marking of pragmatic functions.

6.4. Limitations and future work

While this study gave insight into unimodal prosodic align-
ment and multimodal alignment of prosody and gesture, and
its effects in background and focus, some (widely methodolog-
ical) limitations arise. First and foremost, the present study is
based on corpus data, which was not explicitly designed for
this study. Using an existing corpus has many advantages
(e.g., data partially prepared for analysis), but it allows less
control of the data. The underlying task of the corpus (route
description and memory task) may have influenced the ges-
tures that were used, as it may lead to many spatial gestures.
In addition, the task was demanding with substantial repetitive
conversation involved, which may influence information struc-
ture produced in discourse. In particular, the background con-
dition mentioned material that would be considered given
information but that was more highlighted than usual to keep
the interlocutor’s attention. An analysis of segmental reduction
on the repeated tokens could shed light on variation in the
strength of the background condition, adding an independent
acoustic perspective to the prosodic analysis. Finally, another
potential influencing factor on the prosodic analysis that could
not be controlled for were prosodic phrasing, sentence position
or accent status. These factors are known to affect the promi-
nence of an accent and the timing of the f0-extrema (e.g.,
Esteve-Gibert & Prieto, 2013; Suranyi, 2024), especially since
these factors are at interplay with information structure and
should be controlled in future studies where applicable.

Further, this study zoomed in on very specific prosodic and
multimodal features that, while being relevant to prominence
and to the precision of articulation, cannot represent the entire
domain. Hyperarticulation concerns a broad range of cues,
which need to be addressed in future work. On the prosodic
side, not only should other pitch accent types and fO-
contours beyond falling accents be considered, but other pho-
netic cues like duration, intensity or tonal center of gravity are
known to vary in linguistic contexts (e.g., Kochanski et al.,
2005; Kugler, 2008) and may thus be relevant in hyperarticu-
lated speech. On the gestural side, a variety of kinematic fea-
tures should be examined for their variation along the hypo-
and hyperarticulation continuum, including gesture amplitude,
velocity or acceleration. From a multimodal perspective, other
forms of coordination between prosody and gesture (e.g., mag-
nitude) could be hyperarticulated. Even within temporal align-
ment, alternative pairing criteria for accents and gestures
could be considered, referring to different prosodic and gestu-
ral anchors or different decisions regarding pairings across
focus constituent boundaries. While this study imposed the
restriction for the prosodic and gestural cue to occur in the
same focus domain and otherwise focusing on their temporal
connection, this opens the possibility for a close apex-accent
pair to not be paired when they cross a constituent boundary,
which in turn could lead to a higher distance-pairing to emerge,
resembling a spill-over effect. While this decision was made in
accordance with the research question, future studies could
consider different criteria, which may affect or further refine
the results.



A. Gregori, F. Kligler/Journal of Phonetics 117 (2026) 101503 17

7. Conclusion

This study investigated the prosodic and multimodal mark-
ing of focus by means of temporal features in a corpus of Ger-
man multimodal conversational data, showing that the
steepness of slopes of falling accents as well as the temporal
alignment of gesture apexes and pitch accents are more pre-
cise in focus than they are in background contexts. Following
hypo- and hyperarticulation theory (Lindblom, 1990), we inter-
pret both results as instantiations of hyperarticulation. Prosod-
ically, we confirmed hyperarticulation in falling contours as a
function of contrastive focus marking. The concept of multi-
modal hyperarticulation is supported by the observation that
prosody and gesture work together to distinguish focus con-
stituents from background constituents. Only by combining
prosodic and multimodal hyperarticulation could a full distinc-
tion between background, information focus and contrastive
focus be achieved. Multimodal hyperarticulation is a concept
that should be further explored, emphasizing various gestural
features, to assess the similarity of prosodic and multimodal
processes in communication.
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