Speech Prosody 2024
2-5 July 2024, Leiden, The Netherlands

Prosodic and gestural marking of focus types in Catalan and German

Alina Gregori'®, Paula G. Sanchez-Ramoén'>", Pilar Prieto®? & Frank Kiigler!

!Goethe University Frankfurt, 2Universitat Pompeu Fabra, SICREA
*Shared first authorship

gregori@lingua.uni-frankfurt.de,

Abstract

Prosody and gesture coordinate with each other in speech. This
study investigates the contribution of prosody and gesture to the
marking of focus types comparing Catalan and German. We hy-
pothesize that multimodal prominence increases along increas-
ing layers of pragmatic meaning in focus, namely background
(no focus) < information < contrastive < corrective. To test this,
we conducted a semi-spontaneous production experiment in
Catalan and German, that systematically varied eliciting con-
texts for each focus type, in which participants (n per lan-
guage = 15) interacted with a digital character. Target focused
adjectives (791 items) were annotated for pitch accentuation
and gesture presence, as well as degrees of perceived prosodic
and gestural prominence.

Results suggest that while target adjectives are systemati-
cally produced with pitch accentuation across focus types in
both languages, the number of head gestures tends to signifi-
cantly increase with focus pragmatic strength in both languages.
Crucially, a significant positive correlation was found between
focus types and degrees of perceived prosodic and gestural
prominence in both languages. In short, an increasing multi-
modal marking was observed across focus types, in terms of
number of gestures produced and perceived prosodic and ges-
tural prominence, which indicates an integrated behavior of
prosody and gesture in speech.

Index Terms: Multimodality, Focus, Gesture-Prosody link,
Prominence, semi-controlled production

1. Introduction

Multimodal research builds on the premise that speech and ges-
tures constitute an integrated system in communication (e.g.,
[1], [2] among others). This can be observed in the temporal
coordination between speech and gesture (cf. [3]) or through
prominence patterns (e.g., [4]). The present cross-linguistic
study examines the influence of different focus types on the
prosody-gesture link in Catalan and German, two languages
with distinct prosodic systems.

An assessment of the multimodal marking of focus types
will need to target both acoustic and visual cues to prominence.
In linguistic terms, prominence can be interpreted as a relational
property that structures an element within its context ([5]). In
general, greater linguistic prominence is expected to be empha-
sized in speech e.g., by the use of increasing values of acoustic
cues that signal prominence ([6], [7], [8], [9]). A few studies
have started to explore methods to pin down the cues that con-
tribute to perceived prosodic prominence (e.g., [10]), showing
that intonation (pitch accentuation) is an important reflection of
prosodic prominence. For gesture, the term of gestural promi-
nence refers to the saliency of a communicative bodily move-
ment and is associated with its kinematic cues ([11]). In addi-
tion, [12] found that alignment patterns between pitch
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accentuation and gestures were used to mark prominence, but
that the relation between prosodic and gestural prominence
goes beyond pitch accentuation. In the present study, we inves-
tigate the multimodal marking of linguistic prominence in the
form of focus constituents cross-linguistically in two languages
with distinct prosodic systems.

We understand focus as a cognitive domain of information
structure that “indicates the presence of alternatives that are rel-
evant for the interpretation of linguistic expressions”
([13]:247). While certain constituents in a sentence are focused,
others are so-called “background” constituents ([13]). Focused
constituents can display different layers of pragmatic meaning,
which can be categorized in different focus types. “Information
focus” commonly applies to the most important information in
a sentence ([13]). If an additional layer of pragmatic meaning is
added, constituents can evoke a notion of contrast, which is usu-
ally called “contrastive focus”. Adding another layer of disa-
greement to a previous statement in contrastive focus, results in
the expression of “corrective focus” ([14]). The more layers of
pragmatic meaning (conceived here as a scale of pragmatic
strength) a focus constituent carries, the more communicative
effort is expected to be taken to express this constituent.

Research on the relationship between information structure
and prosody has shown that focused information is marked by
higher levels of prosodic prominence ([15]), while background
constituents tend to be prosodically reduced or unaccented (e.g.,
[6], [7] for German). Among focus types, contrastive or correc-
tive focus constituents have been suggested to be marked by
higher levels of prosodic prominence (e.g., [6], [16], [17], [18])
compared to information focus. For instance, [19] suggest that
higher f0 is perceived as more prominent and developed a
“pitch accent prominence scale” for German. Additionally, in
Romance languages, focused information has been found to be
located in the right periphery of the sentence (e.g., [20], [21],
[22]). Typologically, Catalan and German differ in their rhythm
class and their accentuation patterns ([23], [24]).

Recent studies assessing the relationship between infor-
mation structure and gesture have shown that gestures per-
formed by different articulators (e.g., head nods, eyebrows
movements or hand movements) act as discourse markers, such
as focus (e.g., [1], [25], [26], [27]). Gestures have also been
shown to play a role in the marking of information status, such
that new referents are more likely to be accompanied by a ges-
ture than given referents (e.g., [28], [29], [30], [31]). Studies
that have jointly assessed prosody, gesture and information sta-
tus have also found that new information is marked by a higher
number of gestures and pitch accents than given information,
while indicating an independent contribution of gesture to in-
formation status marking ([4], [32], [33]).

A few studies have considered focus and the prosody-ges-
ture link. For example, [34] found that gestures align more
closely with pitch accents on focused constituents than on non-
focus constituents in German. In children’s narrative speech,
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manual gestures were reported to associate more often with fo-
cus than with background constituents in Catalan ([35]). On the
perception side, [36] found that head nods and eyebrow move-
ments are essential in the marking of contrastive focus in Cata-
lan (see also [23], [37] for production), pointing towards an in-
ter-layered contribution of pitch accentuation prominence and
gestural prominence to the perception of contrastive focus. Fi-
nally, the only study to our knowledge that has addressed the
multimodal marking of focus types is [38] on 24 French-speak-
ing children. The authors found that head gestures were signif-
icantly used to mark focus, with the highest number of gestures
occurring in corrective focus, and the lowest number of gestures
occurring in broad focus. They also found that focused words
co-occurring with gestures had a longer syllable duration and a
wider pitch range compared to focused words produced without
gestures.

All in all, the previous studies provide evidence of a poten-
tial unique contribution of gesture in the marking of information
structure. Given that this evidence is mostly based on the pres-
ence of gesture and pitch accentuation, the present study has the
goal of broadening this description by investigating the role that
prosody and gesture take in the marking of focus types by not
only assessing prosodic and gestural cues, but also including the
perceived levels of prosodic and gestural prominence. Thus, we
address the following research question: Are focus types re-
flected in multimodal prominence in Catalan and German? We
hypothesize that focus types do reflect gestural and prosodic
prominence, meaning that multimodal prominence should in-
crease along focus types with increasing layers of pragmatic
meaning: Information focus < Contrastive focus < Corrective
focus. This is expected for both Catalan and German since, de-
spite their different prosodic patterns of focused NPs (cf. [23]),
in this study we examine the focused element, which usually
receives the strongest accent in both languages.

2. Method

2.1. Participants

In total, 30 healthy adults, 15 per language, were recorded in
Barcelona and Frankfurt (Catalan-Spanish bilinguals, mean
age =21,06; 3m, 12f; German, mean age = 28,8; 6m, 91). 93,3%
of the Catalan speakers reported themselves as being Catalan-
language dominant. None of the speakers reported any speech
or hearing disorders. All were paid 10 € for participation.

2.2. Procedure

We adapted the focus elicitation task by [38] to adult speakers
to elicit four conditions (background (no focus), information fo-
cus, contrastive focus or corrective focus). To encourage the use
of target productions, participants are asked to naturally interact
with a digital character that is a language learner (named Maria)
and to speak using short instructions. In each trial, the speaker
instructs Maria to take a certain colored item from her bag. All
elicited sentences contain a noun (target object) and an adjec-
tive (color of the object), and the narrow focus is on the color
adjective in each sentence. In order to elicit the different focus
types, the target item and competitor items in Maria’s bag
change. See Figure 1 for an example of the contrastive and cor-
rective focus conditions. Participants see a context picture in
which the target object is introduced, and afterwards, they see
the bag and are prompted to produce a sentence instructing Ma-
ria to take the correct item. Maria either takes the correct object
(information and contrastive focus) or makes a mistake and
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needs to be corrected (corrective focus) before moving on. In
information focus, there is no competitor item in the bag. In the
case of the background condition, the focus is shifted from the
object to a certain action to make the object non-focused.

1. Object(s) prompted and instruction
from the participant (contrastive focus)
Maria, take the yellow glasses.

2. Maria makes a mistake and the
participant corrects her (corrective focus)
No, Maria, take the yellow glasses!

3. Maria takes the correct object.

Figure 1: Example trial of the study — contrastive and
corrective focus item, preceded by a context slide.

Participants were recorded using a camera (Sony HDR-
CX625 Camcorder) and an external microphone (RODE Wire-
less Go for Catalan, Sennheiser MD46 for German), sitting on
a high chair and looking at an electronic visual display.

2.3. Data coding and analysis

Data were annotated in Praat ([39]) and ELAN ([40]). In a first
step, target noun phrases (TP) were identified, segmented into
adjective and noun as well as their accented syllables. For
acoustic annotation, we labelled ToBI pitch accents types in the
TPs for each language (using GToBI [41] and CatToBI [36]) as
well as prosodic prominence of nouns and adjectives on a scale
from 0 - 3 (following DIMA [42]). For gestural annotation, we
identified manual gesture strokes, head movements and eye-
brow movements overlapping with the TP following the M3D
system ([11]). Gestural prominence was annotated on each ad-
jective and noun on a scale from 0 (low prominence) to 3 (high
prominence) ([11]). In case there were no gestures occurring in
the word, this was annotated as “no gesture”.

For the current analysis, we investigated the multimodal
cues occurring on the adjective (focused item) of the TP. We
first extracted the number of acoustic and visual prominence
cues - pitch accents, manual gestures, head movements and eye-
brow movements occurring on the adjectives of each focus
type. Then, we extracted the perceived prosodic prominence
and perceived gestural prominence ratings per focus type. We
analyzed the data inferentially with R ([43]). To determine the
relation between focus types and prosodic and gestural varia-
bles, 12 Spearman correlation tests were applied. Spearman
tests were set to analyze the relation between the focus type or-
dinal variable (4 levels) and each of the ordinal variables,
namely “pitch accent type” (6 levels), “hand gesture” (2 levels),
“head movement” (2 levels), “eyebrow movement” (2 levels),
“prosodic prominence” (4 levels) and “gestural prominence” (5
levels). Correlation coefficients and their significance are re-
ported below.

3. Results

3.1. Presence of prosodic and gestural cues

The results presented in this section comprise the analysis of
791 target adjectives within the focused noun phrases (395 in
Catalan and 396 in German) across the four conditions, which
are ordered from weakest to strongest multi-layered focus type
(background < information focus < contrastive focus < correc-
tive focus). We assess the counts of prosodic cues (number of
pitch accents, pitch accent types) and gestural cues (hand ges-
tures, head movements, eyebrow movements) that occur on the
target adjectives in the four focus conditions.



Regarding pitch accent presence, in both languages every
target adjective in all focus types was accented (with the excep-
tion of two data points in German). Figure 2 shows the distri-
bution of pitch accent types across focus conditions.
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Figure 2: Distribution of pitch accent types per condi-
tion, split by language.

An inspection of the data plotted in Figure 2 reveals no clear
pattern of pitch accents across focus types, neither for Catalan
nor for German. For example, the most prominent pitch accent
types (e.g., L+H* and H* cf. [19]) do not seem to represent the
most frequent types in the pragmatically strongest focus types.
In Catalan, the most prominent pitch accents primarily occur in
Background, followed by Corrective focus, while Information
and Contrastive focus are mainly marked by less prominent ac-
cents like L*. In German, the pitch accent distribution across
conditions is similar, although Information and Contrastive fo-
cus more often receive more prominent pitch accents than
Background and Corrective focus. Statistically, the two Spear-
man correlation tests show a weak significant negative correla-
tion between pitch accent types and focus types for the two lan-
guages (Catalan: p = -0.24, p <0.0001; German: p=-0.13,
p <0.05).

The distribution of gestural cues per focus condition (see
Table 1) shows a tendency for all cues to increase in number
with increasing layers of pragmatic meaning in focus types in
both Catalan and German. Starting with hand gestures, Catalan
speakers used a total of 101 hand gestures across conditions.
They used roughly the same number of hand gestures in Back-
ground and Information focus, but the number increases from
Information focus to Corrective focus, leading to a weak posi-
tive correlation between hand gestures and focus types
(p=0.13, p <0.05). German speakers used 151 hand gestures
in total, for which the proportion increased from Background to
Contrastive focus, but not to Corrective focus and the correla-
tion is not significant (p = 0.05, p = 0.28). Concerning head
movements, Catalan speakers used 84 head movements in the
data set, which are positively correlated with increasing prag-
matic strength of the focus types (p=0.19, p <0.0001). German
speakers used head movements more frequently with a total
number of 339. The use of head movements in German in-
creases from Background to Contrastive focus but decreases for
Corrective focus, leading to a significant but very weak positive
correlation between focus type and head movement in German
(p=0.01, p <0.05). Finally, Catalan speakers used 25 eyebrow
movements in total, which do not show a clear significant in-
creasing pattern of occurrence across focus types, although they
used the least eyebrow movements in Background and the most
in Corrective focus (p = 0.03, p = 0.54). In the German data, 54
eyebrow movements were produced. The occurrence of
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eyebrows increased from Background to Contrastive focus, but
decreased for Corrective focus, as observed in the other gestural
cues. The correlation is not significant (p = 0.00, p = 0.99).

Table 1: Proportions (%) of gestural cues per condi-
tion (B = Background, I = Information focus,
C = Contrastive focus, R = Corrective focus), split by

language.
Cue Catalan German
B 1 C R B 1 C R
Hand 19,8 18,8 26,7 347 | 179 29,1 298 232
Head 9,5 25 274 38,1 15,6 289 31,6 239
Eyeb. 20 28 20 32 18,5 27,8 389 148

While in general the number of gestural cues show a more
consistent tendency to increase along focus types than pitch ac-
centuation presence or type, neither the presence of eyebrow
movements in Catalan nor hand gestures or eyebrow move-
ments in German seem to behave as primary predictors of focus
type. Only the presence of head movements shows a positive
correlation with focus types in both languages. Since the joint
assessment of multimodal cues shows systematic pitch accent
presence and inconclusive use of pitch accent types as well as
tendencies for focus marking by gestural cue presence, this
highlights the need for adding analyses of prosodic and gestural
prominence measures that go beyond pitch accentuation (in line
with [12]) and gesture presence, which are provided in sections
3.2 and 3.3.

3.2. Perceived Prosodic Prominence

The stacked bar chart in Figure 3 shows the distribution of per-
ceived prosodic prominence levels (0-1-2-3) across focus types
for Catalan (left) and German (right). A visual inspection of the
data shows a positive correlation in the expected direction of
increased prominence for pragmatically stronger focus types,
with small differences across languages. In Catalan it shows
similarity across Background, Information, and Contrastive fo-
cus, but a strong increase of high prominence ratings for the
corrective focus compared to the other focus types. In German,
an increase can be observed across Background, Information
and Contrastive focus, while a more similar picture is shown
between the Contrastive and Corrective conditions. Spearman
correlation tests reveal a significant positive relation between
levels of prosodic prominence ratings and increased layers of
pragmatic meaning for both languages (Catalan: p = 0.29,
p <0.0001; German: p=0.33, p <0.0001).
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Figure 3: Perceived prosodic prominence ratings (0-3)
per condition, split by language.



3.3. Perceived Gestural Prominence

The stacked bar chart in Figure 4 shows the distribution of per-
ceived gestural prominence levels (0-1-2-3) across focus types.
Again, a visual inspection of the data shows a positive correla-
tion in the expected direction of increased prominence for prag-
matically stronger focus conditions. A similar trend can be ob-
served for both languages. Results of two Spearman correlation
tests show a significant positive relation between levels of ges-
tural prominence ratings and increased layers of pragmatic
meaning for both languages (Catalan: p=0.20, p < 0.0001;
German: p=0.12, p <0.05).
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Figure 4: Perceived gestural prominence ratings (0-3)
per condition, split by language.

4. Discussion

This multimodal production study aimed to assess the prosodic
and gestural marking of focus types cross-linguistically in Cat-
alan and German. We developed a study design and elicitation
method that allow for a semi-controlled production of sentences
according to the expected focus types while leaving room for
spontaneous behavior by mimicking an interaction as natural
but controlled as possible. Importantly, the interactive setting
of teaching a digital character led to a high number of sponta-
neous target adjective productions (94,2%) while at the same
time eliciting a frequent use of gestures.

Our results on multimodal cues showed that both pitch ac-
cent presence and pitch accent types did not indicate increasing
layers of pragmatic meaning in any of the languages. With re-
gard to gestural cues, only the occurrence of head movements
showed a positive correlation with strength of the focus type in
both languages (in line with [38]), in addition to hand gestures
in Catalan. However, the mere presence of pitch accentuation
and gestural cues do not seem to be a consistent marker of fo-
cus, which is why an assessment of the patterns of perceived
prosodic and gestural prominence was conducted. Focusing on
those results, crucially, we found a positive correlation between
focus types and an increase in the ratings of perceived prosodic
and gestural prominence in both languages (with prosodic
prominence showing a stronger correlation). This result is di-
rectly relevant to our main research question, namely, whether
focus types are reflected in multimodal prominence in Catalan
and German. We can thus say that perceived multimodal prom-
inence (assessed separately for gesture and prosody) increases
along layers of pragmatic meaning in focus in both languages.

The dataset of this study has allowed us to assess the main
research question of the study and offers many possibilities for
further studies on the prosody-gesture link in semi-spontaneous
production. Nevertheless, the elicitation method also has its
limitations. The teaching scenario might have an influence on
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the expressiveness of prosody and gesture, leading to higher ac-
centuation rates. An example of that could be the background
sentences in our data, which had a higher-than-expected accen-
tuation rate and a similar prominence to information focus due
to its prenuclear position, especially in Catalan. Further, polite-
ness as a factor might have influenced the degree of accentua-
tion of some of the focus conditions (especially corrective fo-
cus). That is, speakers might have expressed correction in a re-
strained way due to wanting to be polite to a language learner,
even though they were instructed to use short and precise sen-
tences. A second limitation of the study is the novel use of the
perceived prominence scales in both languages, which would
need to be further explored. Regarding prosody, we applied a
prominence rating system (DIMA [42]) that has been used for
German, but not for Catalan before. Thus, the rating system
may need more fine-grained graduation in prominence levels
for Catalan. The gestural prominence rating system ([11]) is a
rather new system which may need more empirical testing in
order to offer specific guidelines. We are currently conducting
inter-rater reliability analyses for both scales in both languages.
While this study provides an insightful first assessment on
prosodic and gestural marking of focus types in Catalan and
German, more research is needed to get a comprehensive over-
view of multimodal focus marking. Assessing the joint contri-
bution of prosody and gesture is important not only for focus
marking but also for a more detailed examination of the pros-
ody-gesture link. In addition, further research will be needed to
assess precise acoustic features (e.g., f0, intensity, duration) and
kinematic features (e.g., amplitude, velocity, position in space,
combination of gestural articulators) that contribute to the per-
ception of multimodal prominence in general. Further, from a
language-comparison point of view, it would be relevant to as-
sess prosodic and gestural behavior not only on the focused ad-
jective, but also across the whole NP or even bigger domains,
where language-specific differences are expected to be found
with regard to rhythm and de-accentuation patterns ([23]).

5. Conclusions

This study assessed the prosodic and gestural marking of focus
types in Catalan and German. We developed a method that
comprises a semi-controlled setting and the elicitation of multi-
modal data, and we established a database for further studies
investigating focus and the prosody-gesture link. While the use
of pitch accents and gestures were not stable markers of the dif-
ferent focus types in neither the Catalan nor the German data,
perceived prominence ratings for both prosodic and gestural
prominence showed positive correlations with increasing layers
of pragmatic meaning in the form of focus types (information <
contrastive < corrective) in the two languages. Concerning the
prosody-gesture integration, our data shows that both prosodic
prominence and gestural prominence increase across focus
types which may suggest a related but independent behavior of
prosody and gesture in speech.
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