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Foreword

The fourth edition of Gesture and Speech in Interaction(GESPIN) was held in Nantes, France. After
Poznan in Poland, Bielefeld in Germany and Tilburg in the Netherlands, it has been our pleasure to host
this international conference. With more than 40 papers, these proceedings show just what a �ourishing
�eld of enquiry gesture studies continues to be. Although the majority of the participants were Euro-
pean, we were delighted that non European countries were represented as well. This shows the will of
researchers � both junior and senior � to come together to present the �ndings of their research in what
is a very exciting and thriving domain.

The keynote speeches of the conference addressed three di�erent aspects of multimodal interaction:
gesture and grammar, gesture acquisition, and gesture and social interaction. In a talk entitledQualities
of event construal in speech and gesture: Aspect and tense, Alan Cienki presented an ongoing research
project on narratives in French, German and Russian, a project that focuses especially on the verbal and
gestural expression of grammatical tense and aspect in narratives in the three languages.Jean-Marc
Colletta 's talk, entitled Gesture and Language Development: towards a uni�ed theoretical framework,
described the joint acquisition and development of speech and early conventional and representational
gestures. InGrammar, deixis, and multimodality between code-manifestation and code-integration or why
Kendon's Continuum should be transformed into a gestural circle, Ellen Fricke proposed a revisited
grammar of noun phrases that integrates gestures as part of the semiotic and typological codes of in-
dividual languages. From a pragmatic and cognitive perspective,Judith Holler explored the use of
gaze and hand gestures as means of organizing turns at talk as well as establishing common ground in a
presentation entitled On the pragmatics of multi-modal face-to-face communication: Gesture, speech and
gaze in the coordination of mental states and social interaction.

Among the talks and posters presented at the conference, the vast majority of topics related, quite
naturally, to gesture and speech in interaction � understood both in terms of mapping of units in di�erent
semiotic modes and of the use of gesture and speech in social interaction. Although it would be too long to
quote every single author and paper in this short foreword, we will give the reader an outline of the variety
of approaches presented at GESPIN this year. Several presentations explored the e�ects of impairments
(such as diseases or the natural ageing process) on gesture and speech. The communicative relevance of
gesture and speech and audience-design in natural interactions, as well as in more controlled settings like
television debates and reports, was another topic addressed during the conference. Some participants
also presented research on �rst and second language learning, while others discussed the relationship
between gesture and intonation. While most participants presented research on gesture and speech from
an observer's perspective, be it in semiotics or pragmatics, some nevertheless focused on another impor-
tant aspect: the cognitive processes involved in language production and perception. Last but not least,
participants also presented talks and posters on the computational analysis of gestures, whether involving
external devices (e.g. mocap, kinect) or concerning the use of specially-designed computer software for
the post-treatment of gestural data. Importantly, new links were made between semiotics and mocap data.

Finally, we would like to take this opportunity to acknowledge the work of a certain number of people
at the University of Nantes who were crucial to the successful hosting of this conference. Firstly there
is Myriam Lecoz, the secretary of our research laboratory (LLING), who provided us with continuous
advice and support and dealt with many key administrative tasks. Secondly, there are our wonderful
student volunteers: Anne-Laure Besnard, Quentin Brisson, Manon Lelandais, and Benjamin Lourenço,
without whose help the logistical organization of the three conference days would have been impossible.
Many thanks also go to the members of the scienti�c committee, who did a very �ne job in ensuring the
reviewing process went as smoothly as possible. We are also grateful to theLinguistics Laboratory of
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Nantes (LLING) , the English Department of our university, the University of Nantes itself, as well as to
the Infrastructure de Recherche pour les Corpus Oraux et Multimodaux (IRCOM), all of whom granted
us funding. In doing so, they enabled this conference to take place. We sincerely hope that is has been
as enjoyable for every participant as it has been for us.

September 2015
Gaëlle Ferré & Mark Tutton
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Qualities of event construal in speech and gesture: Aspect and
tense

Alan Cienki
a.cienki@vu.nl

This talk will present preliminary results of an international project on verbal and co-verbal means of
"event construal" (understood as per Langacker 1987 and Croft 2012). The project is based at Moscow
State Linguistic University but involving teams of colleagues from France and Germany as well as Rus-
sia. The choice of French, German, and Russian as languages for analysis was motivated by the di�ering
morphological and/or lexical means that are used, or not, in the three languages (and in some other
members of the Romance, Germanic, and Slavic language families) for talking about di�erent types of
events. Whereas French and German rely on a variety of tense forms, particularly to talk about events in
the past, German pre�xes on verbs additionally highlight numerous distinctions of manner of action (Ak-
tionsart or "lexical aspect"), while Russian's simple tense system (past, present, future) is complemented
by a distinction of two grammatical aspect categories as well as categories of Aktionsarten marked by
verbal a�xes.

The results reported on here will focus on the relations of grammatical aspect and tense to the qual-
ities of speakers' coverbal gestures. In previous research, Duncan (2002) showed that the duration of
gesture strokes tends to be longer and more agitated with event descriptions in the "imperfective" than
with those using "perfective" verb forms in English and in Mandarin Chinese, �ndings that were further
con�rmed for English by McNeill (2003) and Parrill et al. (2013). In the present study, narratives about
di�erent types of events were elicited using a protocol from Becker et al. (2011) with native speakers of
French, German, and Russian. Coverbal gestures were analyzed using a system of "boundary schemas"
developed for this project, based on (Müller 2000). These have to do with whether the stroke of a given
gesture phrase involves a pulse of e�ort ("bounded") or not ("unbounded"). Bounded gestures, hypoth-
esized to correlate more with perfective aspect and perfect tenses, show greater e�ort markedly exerted
at the onset of the stroke, the o�set, both, or repeated throughout the stroke. Unbounded gestures, by
contrast, involve e�ort spread evenly over the stroke. The analysis of e�ort involves attention to kine-
siological parameters (Boutet 2010) based on physiological features, e.g., the relation of the form of the
movement to the structure of the hand, wrist, arm, etc. Initial �ndings suggest that certain grammatical
distinctions concern qualities of event structure that are also expressed in patterns of speakers' coverbal
motoric behavior. The results will be compared to �ndings from PhD research by Wang (VU Amsterdam
& Xiamen U.) on the use of gesture in Mandarin Chinese with clauses with aspectual particles (e.g.,le
marking actualization of an action, zai marking progressives,zhemarking duration).

While the categories customarily used to characterize event construal in grammar, such as di�erent
aspectual distinctions, show certain connections to speakers' use of gesture, they do not carry over to
gesture in a straightforward way. We see from these studies how research on gesture from a linguistic
perspective (Müller et al. 2013) can provide more nuanced insights into a process Slobin (1987) charac-
terized as "thinking for speaking", investigated here in terms of how the construal of events appears in
embodied expression while speaking.

Abbreviated references:

� Becker, R., Cienki, A., Bennett, A., Cudina, C., et al. 2011. Aktionsarten, speech and gesture.

� Boutet, D. 2010. Structuration physiologique de la gestuelle: Modèle et tests.

� Croft, W. 2012. Verbs: Aspect and causal structure.

� Duncan, S. 2002. Gesture, verb aspect, and the nature of iconic imagery in natural discourse.

� Langacker, R. 1987. Foundations of cognitive grammar. Volume 1. Theoretical prerequisites.

� McNeill, D. 2003. Aspects of aspect.

� Müller, C. 2000. Zeit als Raum.
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� Müller, C., Ladewig, S., & Bressem, J. 2013. Gestures and speech from a linguistic perspective.

� Parrill, F., Bergen, B., & Lichtenstein, P. 2013. Grammatical aspect, gesture, and conceptualization.

� Slobin, D. 1987. Thinking for speaking.

Gesture and Language Development: towards a uni�ed theoretical
framework

Jean-Marc Colletta
jean-marc.colletta@u-grenoble3.fr

Children communicate their needs through bodily behavior and begin to gesture way before talking. To-
gether with expressions of emotions, gestures, such as pointing or waving goodbye, constitute the principal
means of interacting with others before the emergence of the �rst words. Children continue to gesture
during their second year as they start talking and gesturing in bimodal language production. Older chil-
dren carry on using speech associated gestures through to adulthood as their language repertoire ful�lls
new social-interactional needs and incorporates new discourse genres. Thus, as a number of studies have
demonstrated over the past twenty years, verbal language does not replace gestures as children grow up.
Rather, language is to be considered as a compound of audio-linguistic signs and visual-kinesic signs
whose use and forms evolve together in the course of age.

To present an overview of early and later gesture and language acquisition is too big a scope for this
presentation, considering today's vast literature on the subject. In this presentation, I will rather present
a set of a priori unrelated observations and results on early emblems and representational gestures, ges-
tures of the abstract, changes in gesture production and in the relation between speech and gesture during
childhood, gesture variation in situational and discourse context, as well as teacher's gestures during lan-
guage and maths class. I will then discuss these results within a uni�ed theoretical framework that builds
on "mimesis theory" as introduced by Marcel Jousse in his "Anthropologie du geste" (Calbris, 2011), René
Girard's mimetic theory and Jordan Zlatev and collaborators's work on mimesis (Zlatev, 2002; Zlatev et
al., 2008). Language acquisition is then to be seen as an embodied process fully embedded into sensory
and motoric experience of both the physical and the social world, and gesture as a shared representa-
tion mechanism that both grounds and extends linguistic means for communication among human beings.

References:

� Calbris, G. (2011). Elements of Meaning in Gesture. Amsterdam/Philadelphia: John Benjamins
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Grammar, deixis, and multimodality between code-manifestation
and code-integration or why Kendon's Continuum should be trans-
formed into a gestural circle

Ellen Fricke
ellen.fricke@phil.tu-chemnitz.de

Until recently, the idea that a multimodal approach to grammar is necessary was by no means evident.
Most grammarians so far focused their grammatical analyses on written and spoken language without
considering co-speech gestures. Yet the progress in gesture studies o�ers a new perspective on the gram-
matical capacity of gestures accompanying speech (Fricke 2008, 2012, 2013, 2014a, b, c; Harrison 2008,



GESPIN 4 15

2009; Ladewig 2011; Bressem 2012). Not only is human speech composed of articulations of the mouth,
primarily perceived by ear, but also of visible articulations of other body parts a�ecting the eye (e.g.,
Kendon 2004; Müller 1998, McNeill 1992, 2005, for an overview see Müller, Cienki, Fricke et al. 2013
and 2014). In this regard, the movements of the hands play a special role: the sign languages of the deaf
show that movements of the hand alone can function as articulators of fully established languages (Wundt
[1900] 1904). If it is the case that movements of the hand inherently have the potential for establishing
a grammar, what are the grammatical implications of all those hand movements that accompany the
speech of hearing people?

Are single languages like French, English, or German partially multimodal? How far is the faculty of
language bound to a particular mode of manifestation? If we conceive multimodality as a global dimen-
sion of linguistic and semiotic analysis which is generally applicable to language and other systems of signs
then we have to broaden our perspective by also including grammars of single languages and the human
faculty of language. With respect to linguistics and by focusing on the example of noun phrases, I will
show that this extension of perspective on multimodality reveals two basic principles: Firstly, multimodal
code-integration of gestures within grammars of single languages on the level of the language system; sec-
ondly, processes of multimodal code-manifestation of certain structural and typological aspects on the
verbal and gestural level provided by the codes of single languages as well as the general human faculty
of language.

With regard to gesture studies, evidence of multimodal grammatical structures and functions (e.g.,
multimodal modication in noun phrases or constituency and recursion in syntax (Fricke 2012, 2013))
could challenge the current view of Kendon's Continuum (McNeill 1992) as a straight line from left to
right. If spoken langages are conceived of as being basically multimodal, then it is necessary to take into
consideration speech and co-speech gestures as a uni�ed whole when comparing them to sign languages.
In the light of these �ndings, we propose transforming the straight line that joins them in Kendon's
Continuum into a gestural circle, which may more adequately represent their close relation.
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On the pragmatics of multi-modal face-to-face communication:
Gesture, speech and gaze in the coordination of mental states and
social interaction

Judith Holler
Judith.Holler@mpi.nl

Coordination is at the heart of human conversation. In order to interact with one another through
talk, we must coordinate at many levels, �rst and foremost at the level of our mental states, intentions
and conversational contributions. In this talk, I will present �ndings on the pragmatics of multi-modal
communication from both production and comprehension studies. In terms of production, I will throw
light on (1) how co-speech gestures are used in the coordination of meaning to allow interactants to
arrive at a shared understanding of the things we talk about, as well as on (2) how gesture and gaze
are employed in the coordination of speaking turns in spontaneous conversation, with special reference
to the psycholinguistic and cognitive challenges that turn-taking poses. In terms of comprehension, I
will focus on communicative intentions and the interplay of ostensive and semantic multi-modal signals
in triadic communication contexts. My talk will bring these di�erent �ndings together to make the
argument for richer research paradigms that capture more of the complexities and sociality of face-to-
face conversational interaction. Advancing the �eld of multi-modal communication in this way will allow
us to more fully understand the psycholinguistic processes that underlie human language use and language
comprehension.
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Abstract 

While a growing body of research suggests that gestures 
have an impact in the teaching/learning process, few have 
explored gestures produced by teachers to understand how 
instructors cope with the intrinsically polyfocal dimension 
of class interactions. This paper reports on an empirically 
grounded account of both how and in what circumstances 
teachers conduct multimodal orchestration, and the 
interactional issues it raises. Because it is based on video-
recorded corpora of two instructors each teaching both 
French to native and to non-native students, my study also 
tackles the issue of the context-sensitivity of teaching 
gestures. 

Index Terms: teaching gestures, two-handedness, co-
enunciative ubiquity, context, nonverbal orchestration 

1. Theoretical framework 

1.1 Teaching gestures 

A growing body of research has tackled the topic of teaching 
gestures in instructional and non-instructional contexts. 
These studies have mostly shown the impact of teaching 
gestures in different areas of the learning process. For 
example, we can consider the role of gesturing in the 
comprehension of math instructions or math problems ([1], 
[2], [3], [4]). Alibali et al. [3] for instance provided a math 
teacher with a tutorial about ways to use gestures in 
connecting ideas in instruction. The results demonstrate that 
students benefit more from the teacher who expresses linked 
ideas using both gestures and speech than from a teacher 
who does not. In language teaching contexts, a range of 
research has examined the impact of gestures in L1 or L2 
teaching and learning ([5], [6], [7], [8], [9], [10], [11], [12]). 
In an empirical study Sime [10] sought to understand what 
�O�H�D�U�Q�H�U�V�� �P�D�G�H�� �R�I�� �W�K�H�L�U�� �W�H�D�F�K�H�U�V�¶�� �J�H�V�W�X�U�H�V����She showed that 
they made a distinction between relevant and irrelevant 
gestures among those that their teachers produced, and they 
were able to attribute the relevance of these nonverbal 
actions within the learning process as they enhanced 
comprehension and provide feedbacks. Others have 
considered more specific aspects, like the role of gestures in 
memorization ([13], [14], [15]) or error correction ([16], 
[17]). For example, Tellier [13] experimentally examined 
the impact of gesture on second language memorization in 
teaching vocabulary to 5 year-old learners. She showed how 
�W�K�H�� �W�H�D�F�K�H�U�¶�V�� �J�H�V�W�X�U�H�V���� �D�Q�G�� �H�V�S�H�F�L�D�O�O�\�� �W�K�H�L�U�� �U�H�S�U�R�G�X�F�W�L�R�Q�� �E�\��
the learners helped the latter remember the words they were 
taught. Muramoto [16] considered the role of gestures in 
providing error correction so as to �F�R�Q�W�U�L�E�X�W�H�� �W�R�� �V�W�X�G�H�Q�W�V�¶ 
successful self-correction. He analyzed the gestures of three 
instructors in a university Japanese second language 
classroom and distinguished two sorts of gestures in class: 

specific language error correction gestures and general 
foreign language classroom gestures. 
Yet, despite this impressive body of research, it seems that 
few studies have been interested in considering the gestures 
as a way for teachers to organize class turn-taking and deal 
with overlapping talks ([18], [19], [20]) rather than a means 
to enhance learning. �$�]�D�R�X�L�¶�V��empirical study [20] is based 
on a mimo-gestural analysis of both a corpus of filmed 
classroom interactions led by the same teacher in two 
different instructional contexts (French to native students 
and to non-natives) and video-recordings of students 
confronted with extracts of lessons they participated in. He 
sought to understand how, when and why the teacher reacts 
�W�R�� �W�K�H�� �V�W�X�G�H�Q�W�V�¶�� �G�L�V�U�X�S�W�L�R�Q�� �R�I�� �W�K�H�� �L�Q�W�H�U�D�F�W�L�R�Q�D�O�� �Q�R�U�P�V���� �E�X�W��
also how and why the students break this conversational 
organization [21]. The results show �W�K�D�W�� �W�K�H�� �W�H�D�F�K�H�U�¶�V��
motivations are twofold: �W�K�H�� �L�Q�V�W�U�X�F�W�R�U�¶�V��verbal and 
nonverbal actions contribute both to the progress of the 
lesson plan and the prevention of �W�K�U�H�D�W�V�� �W�R�� �W�K�H�� �V�W�X�G�H�Q�W�V�¶��
face [22].  

1.2 Classroom polyfocal interactions 

Coping with multiple simultaneous actions is the reality of 
many teachers in classroom. Thus, it seems more accurate to 
�F�R�Q�V�L�G�H�U���F�O�D�V�V�U�R�R�P���L�Q�W�H�U�D�F�W�L�R�Q�V���D�V���W�\�S�L�F�D�O�O�\���³�S�R�O�\�O�R�J�D�O�´��[23] 
(i.e., more than three persons usually speak at the same time; 
consequently interventions may overlap) - rather than 
looking at them as if they followed a regular three-part 
pattern [24]. �,�I�� �³�W�U�L�O�R�J�X�H�V are potentially more conflicting 
organizations than �G�L�D�O�R�J�X�H�´��[25:6] because participants 
may struggle even more for the floor, one can easily imagine 
what the situation may be like during polylogues where 
intrusions and overlapping turns may occur more 
spontaneously and frequently. In addition, classroom 
interactions can be said to be polyfocal as several foci of 
interaction may simultaneously take place [26:66]. 
Consequently, there is barely a moment when teachers do 
not produce several gestures at the same time (head/hand 
gestures, right hand/left hand gestures). So, as much as we 
can say that students have a polyfocal attention, to the extent 
that they very rarely �³direct their attention in a focal, 
�F�R�Q�F�H�Q�W�U�D�W�H�G���Z�D�\���W�R���D�Q�\���V�L�Q�J�O�H���W�H�[�W���R�U���P�H�G�L�X�P�´�����6�F�D�O�O�R�Q���H�W��
al, cited in [27:28]�������W�H�D�F�K�H�U�V�¶���D�W�W�H�Q�W�L�R�Q��can also be qualified 
as being polyfocal. Since they have to manage various 
actions at the same time, Kress proposed the term 
�³�R�U�F�K�H�V�W�U�D�W�L�R�Q�´�� �W�R�� �Q�D�P�H�� �W�K�H�� �³�S�U�R�F�H�V�V�� �R�I��
assembling/organizing/designing a plurality of signs in 
different modes into a particular configuration to form a 
�F�R�K�H�U�H�Q�W�� �D�U�U�D�Q�J�H�P�H�Q�W�´��[28:162]. If  we pay attention to the 
way this orchestration is conducted, we can notice that it 
takes various forms and has implications for the 
interactional process.  
These are the issues this paper proposes to tackle. It sets out 
to provide an empirically grounded account of both how and 
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in what circumstances teachers conduct this orchestration, 
and what the interactional issues are. 
I will first present the methodology of this research. Then, I 
will examine the results in two separate but complementary 
sections: I will explore the notion of two-handedness, 
understood as the production of two-handed independent 
gestures, and that of co-enunciative ubiquity, which refers 
here to the teacher�¶�V nonverbal ability to be the co-utterer 
with at least two students simultaneously. 

2. Methodology  

2.1 Participants  

My research is based on the analysis of two native French 
secondary school teachers from the South of France 
(Toulouse and Montpellier). They both teach French to 
native learners (FL1) and French to non-native students 
(FL2). The initial idea was to analyze how these teachers 
dealt with school norms (i.e., linguistic and interactional 
norms) according to the contexts and students they taught.  
The Toulouse �W�H�D�F�K�H�U�¶�V French students were aged 14 
whereas the Montp�H�O�O�L�H�U�� �W�H�D�F�K�H�U�¶s were 11. Both had 28 
students per class on average. As for their non-native 
students, the classes they teach gather students from 
different origins and ages. In Toulouse, the class consisted 
of 12 different nationalities. The average age of the non-
native students was 12.5 while �0�R�Q�W�S�H�O�O�L�H�U�¶�V��FL2 class was 
composed of non natives aged 13 or so who came from 4 
different countries. 

2.2 The corpora and the coding 

To carry out this study the data were gathered empirically 
([29], [30], [31]) by filming each teacher in action in her two 
classes. I recorded some 20 hours of classroom interactions 
among which 6h30 were fully transcribed and coded using 
ELAN [32]. 
It included the transcribing of the speech of the teachers and 
the students on separate tiers, the annotating of �W�K�H���W�H�D�F�K�H�U�V�¶ 
gesture dimensions, and the annotating of their mimics. I 
designed my typology of gesture and mimic dimensions and 
functions based on various works ([33], [34], [35]).  
As far as gestures were concerned, I annotated emblems, 
deictics, metaphorics, beats, and iconics. As for the facial 
mimics, I coded the following dimensions: orientation of the 
gaze, frown, raise eyebrows, smile, nod, tilt. Combinations 
of two or three of these facial movement dimensions were 
possible. Follow�L�Q�J�� �7�H�O�O�L�H�U�¶�V�� �W�\�S�R�O�R�J�\ [35], I considered 
three main teaching gestures functions: informing, managing 
and assessing. I adapted the latter considering that it also 
concerned assessing the way students took the floor in 
compliance or not with school rules [36]. 

2.3 The analysis tools 

I mostly draw my analysis tools from the talk-in-interaction 
framework espoused by Kerbrat-Orecchioni [37]. The 
author emphasizes on the need to analyze interactions by 
merging theoretical tools proposed by discourse and 
conversational analysis, which implies calling upon 
�*�R�I�I�P�D�Q�¶�V�� �L�Q�W�H�U�D�F�W�L�R�Q�D�O�� �D�S�S�U�R�D�F�K���� �H�W�K�Q�R�J�U�D�S�K�\�� �R�I��
communication and language act theory. This stance may 
seem to combine incompatible theories (e.g. language act 
theory and conversational analysis), yet according to the 
author only the combination of these approaches will 
facilitate a thorough understanding of the embodied 
(inter)actions. This approach generated the following results. 

3. Results 

It is possible to distinguish two aspects of nonverbal 
orchestration: two-handedness and co-enunciative ubiquity. 
Both will be studied in the following lines.  

3.1 Two-handedness, one mode yet two functions 

Two-handedness will not be understood here as the use of 
the two hands to produce a single gesture serving one of the 
three previously mentioned functions [38]. Rather, as each 
hand may generate gestures occurring within separate 
gesture units, the two hands may produce two different 
dimensions to serve two independent and complementary 
functions. 
In the first example, the class is talking about the 2012 
�)�U�H�Q�F�K�� �H�O�H�F�W�L�R�Q�V�� �I�R�U�� �S�U�H�V�L�G�H�Q�F�\���� �7�K�H�� �Z�R�U�G�� �³�G�H�E�D�W�H�´�� �K�D�V��
come up during the discussion and non-native students are 
trying to define the word. This episode illustrates how, in 
less than 4 seconds, two-handedness can be used to assess a 
�V�W�X�G�H�Q�W�¶�V�� �L�Q�W�H�U�Y�H�Q�W�L�R�Q and allocate the next turn to another 
student: 
 

 Corpus M-FL2 
1 T debate +++ what does this word mean�Ç 
2 Nolan �,���G�R�Q�¶�W���N�Q�R�Z 
3 T �\�R�X���G�R�Q�¶�W���N�Q�R�Z�Ç 
4 Antonio I know 
5 T you know�Ç �R�N���Z�H�¶�U�H���O�L�V�W�H�Q�L�Q�J���W�R���\�R�X 
6 Antonio like uhm::: 
7 Nolan two persons 
8 Antonio the the persons speak 
9 T persons speak�Ç 
10 Nolan some ++ some some  
11 T �\�R�X�¶�U�H almost there good �\�R�X�¶�Y�H���J�R�W���L�W 
12 Nolan [some some  
13 Antonio many things uhm:::: one thing X 
14 T but more precisely + go ahead (to Nolan)�Ç 
15 Nolan when ++ two ++ persons speak] about a 

topic 
16 T  exactly ++ exactly two persons talking about 

the SAME topic 

 

Figure 1: Two-handedness in FL2 context, turns 12-15.  
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Frames a to d illustrate the teacher producing an emblem 
with her right hand to assess the intervention of Antonio 
(turn 13), who is interrupted in turn 10 by Nolan at whom 
the teacher nevertheless points her left hand to give the floor 
(frames e-g). Interestingly, the teacher keeps her right hand 
oriented towards Antonio as if not to break the interaction 
initiated with him. This enables her both to build an 
interpersonal relationship with the two students and to 
accomplish shared understanding. She then retracts her right 
hand to mime the verbal explanation given by Nolan to 
whom she finally pays full attention as illustrated by the 
orientation of her head, gaze, body and hands (frames i-j). 
The second example is extracted from the French to native 
instructional context. As the teacher is explaining the 
functioning of end-of-term school reports, a student 
(Loubna) interrupts her. 
 

 Corpus M-FL1 
1 Youssef Hum:::: are we not handed over the end-

of-term school report after the second term 
�W�H�D�F�K�H�U�V�¶��conference 

2 T No ++ during the meeting the teachers 
give their opinion + we talk about the 
student [and then// 

3 Loubna there are the class reps, too 
4 T we give 
5 Serge there only is XX 
6 T Hush, will you please not intervene (to 

Loubna) ++++ and the hea]d teacher, in 
other words me, writes down this + the 
decision + ok 

 

Figure 2: Two-handedness in FL1 context, turns 2-6.  

Frame a shows the teacher producing an iconic gesture that 
was meant to accompany her verbal explanation now 
postponed in turn 6 ���³�Z�U�L�W�H���G�R�Z�Q�´�������6�K�H���L�V���L�Q�W�H�U�U�X�S�W�H�G���L�Q���K�H�U��
verbo-gestural explanation by Loubna, which accounts for 
the emblem she produces with both hands to ask the student 
to stop speaking (frames d to g). This pragmatic function is 
emphasized by the fixed gaze illustrated in frame i. She 
holds her left arm extended to literally keep the student at 
bay while she resumes her verbal-gestural explanation 
where she had previously left it. The two-handedness 
complementary functions are obvious in frames j and k: her 
right hand produces an iconic gesture to inform the students 

about the functioning of end-of-term school reports, and her 
left arm prevents Loubna from speaking.  
An interview I had with this teacher opens an enhanced 
window onto this gestural action. She explained how useful 
this two-handedness was both on a pedagogical level to 
organize simultaneous interactions and on a more personal 
psychological perspective since it helped her relieve her 
voice and the inner turmoil she felt.  

3.2 Shift of attention and co-enunciative1 ubiquity  

Nonverbal orchestration is made even more evident when 
�W�H�D�F�K�H�U�V�¶�� �D�F�W�L�R�Q�V��are analyzed in a combined approach of 
deictic gestures and gaze. In this paragraph I will examine 
how the interplay of these media enables the teacher to 
�³�P�X�O�W�L�S�O�\�´�� �K�H�U�V�H�O�I��so as to be the co-enunciator of several 
students almost simultaneously. This ability, which I termed 
co-enunciative ubiquity [39], is illustrated in the following 
examples. They will enable me to demonstrate that besides 
the interpersonal relationship it helps to build, this ability 
has an impact on the interaction level.  
This first extract of class interactions follows an excursion 
the FL2 class had to the theatre the previous week. The 
teacher is not pleased with the behavior her students had, 
and she wants them to reflect over their attitude. 
 

 Corpus T-FL2 
1 T the problem already happened in class 
2 Omar I know, Miss 
3 T yes 
4 Ericka not quarrel 
5 Maria no right to [use the cellphone] 
6 Omar XXX  

 

Figure 3: Co-enunciative ubiquity in FL2 context, turns 2-6. 

Three students speak out almost simultaneously. The 
�L�Q�V�W�U�X�F�W�R�U�¶�V initial gaze orientation (frame a) informs us   
about the attention she pays to the utterance of a student 
(Omar) seated at the back of the class. At the same time, 
�(�U�L�F�N�D�¶�V���R�Y�H�U�O�D�S�S�L�Q�J���W�X�U�Q���P�D�N�H�V��the teacher orient her gaze 
towards her student and produce a deictic gesture to indicate 
the interest she gives to her idea (frames b and c). This is 
confirmed by the superimposed beat gesture (frames c and 
d). Finally, as she retracts her pointing gesture, she briefly 
looks at Maria, who is acknowledged as a co-participant of 
the interaction (frame d). This description aims to 
�S�U�R�J�U�H�V�V�L�Y�H�O�\�� �X�Q�U�R�O�O�� �W�K�H�� �P�X�O�W�L�P�R�G�D�O�� �W�H�D�F�K�H�U�¶�V�� �D�F�W�L�R�Q and to 
show how this teacher copes with the intrinsic polyfocal and 
polylogal dimensions of class interactions.  

The following example taken from the FL1 class enables us 
�W�R�� �S�X�U�V�X�H�� �W�K�H�� �G�H�P�R�Q�V�W�U�D�W�L�R�Q�� �R�I�� �W�K�H�� �W�H�D�F�K�H�U�¶�V�� �F�R-enunciative 
ubiquity and its implications. Here, the teacher is working 
on a short story about totalitarianism.  

                                                                 
1 �7�K�H�� �Q�R�W�L�R�Q�� �³�F�R-�H�Q�X�Q�F�L�D�W�L�Y�H�´�� �L�Q�V�L�V�W�V�� �R�Q�� �W�K�H�� �V�L�P�X�O�W�D�Q�H�R�X�V��
work of both participants of the interaction [40:44]. 
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First, she asks her students to describe the image they have 
of the characters in the story. She then overtly allocates the 
turn to one specific student, as confirmed by the use of the 
�V�W�X�G�H�Q�W�¶�V���Q�D�P�H���D�Q�G���W�K�H��orientation of her gaze (frame a). An 
overlapping intervention coming from the left side of the 
class draws her attention and makes her briefly shift her 
head and eye orientation towards another student, Albert 
(frames b and c).  
 
 Corpus T-FL1 
1 E so why do you think the character is about 

fifty years old (to Pierre)�Ç 
2 Albert [�K�H�¶�V���W�K�H���D�Y�H�U�D�J�H���P�D�Q��in the street  
3 Pierre no + �,�� �G�R�Q�¶�W�� �N�Q�R�Z��+ about fifty or sixty I 

�G�R�Q�¶t have a clue 
4 E XX ++ yes Albert] a little louder  
5 Albert �K�H�¶�V���W�K�H���D�Y�H�U�D�J�H���P�D�Q���L�Q���W�K�H���V�W�U�H�H�W 
6 E right �������K�H�¶�V���W�K�H���D�Y�H�U�D�J�H���P�D�Q���L�Q���W�K�H���V�W�U�H�H�W 

 

Figure 4: Shift of attention and co-enunciative ubiquity in 
FL1 context. 

While considering the frames, it is important to remember 
�W�K�D�W�� �³no one would dispute the close connection between 
movements of our eyes and shifts �R�I�� �D�W�W�H�Q�W�L�R�Q�´��[41:5], no 
matter how restricted it may be. Posner [42:26] subdivided 
attention into three separate but interrelated functions���� �³���D����
orienting to sensory events; (b) detecting signals for focal 
(conscious) processing, and (c) maintaining a vigilant or 
alert s�W�D�W�H�´�� The first one is of some particular interest for 
our understanding of the interaction under study. Indeed, 
Lamargue-Hamel [43:10] explains that orienting to sensory 
events is implied in the selection and focalization of relevant 
pieces of information in a given task. Consequently, it is 
possible to give �W�K�H���W�H�D�F�K�H�U�¶�V��re-orientation of her gaze and 
head an intentional purpose that serves her pedagogical 
interest. It also illustrates the ability to divide her auditory 
attention: she seems to be constantly filtering external 
stimuli according to their relevance for the current 
interaction. Additionally, frames d, e and f illustrate the 
almost simultaneous combined gesture/gaze disjunction. As 
her gaze comes back to focusing on Pierre she starts a 
pointing gesture with her right hand indicating Albert at the 
back of the class. The beat she produces on her deictic 
gesture (frame e) informs us about the relevance of his 
intervention.  
The first analysis we can make is that this action exemplifies 
the �L�Q�V�W�U�X�F�W�R�U�¶�V��ability to pay attention to (at least) two 
students at the same time. Additionally, the two channels 
have two separate functions: her gaze has a managing 
function (attributing the turn) while her pointing gesture 

�D�V�V�H�V�V�H�V�� �$�O�E�H�U�W�¶�V�� �X�W�W�H�U�D�Q�F�H����A second analysis concerns the 
instructional technique the teacher uses. It corroborates the 
divided attention we mentioned since the co-enunciative 
ubiquity she performs helps her select the utterance that best 
fits her lesson planning. Note that the hand gesture may also 
serve as a way to �³�S�U�R�Y�L�G�H�� �W�K�H�� �U�H�F�L�S�L�H�Q�W�V�� �Z�L�W�K�� �D�� �µ�I�R�U�Z�D�U�G-
understanding�¶, i.e., an anticipation, of what will come next�´��
[44:226]. In other words, it anticipates the following 
exchange with Albert; and the other students are thus 
informed about the next locus of interest. 
This nonverbal action also has consequences on the 
interactional level. Indeed, research on interaction has often 
recognized the use of gaze as a means to indicate the ratified 
interlocutor ([45], [46], [47]). It is here confirmed by the 
�W�H�D�F�K�H�U�¶�V use of the name Pierre to overtly designate her 
privileged interlocutor. Yet, the combined analysis of the 
�J�H�V�W�X�U�H���J�D�]�H�� �G�L�V�M�X�Q�F�W�L�R�Q�� �D�Q�G�� �W�K�H�� �W�H�D�F�K�H�U�¶�V�� �X�W�W�H�U�D�Q�F�H�� �W�H�O�O�V�� �X�V��
what is really at stake in the extract. An interpretation that 
can be hypothesized is that this hand gesture/gaze action 
entails a �³communicational �W�U�R�S�H�´��[45:92], i.e., the inversion 
of �W�K�H���K�L�H�U�D�U�F�K�\���R�I���W�K�H���L�Q�W�H�U�O�R�F�X�W�R�U�V�����3�L�H�U�U�H�¶�V���X�W�W�H�U�D�Q�F�H���O�R�V�H�V��
its interest, the teacher hardly paying attention to the end of 
his sentence (turn 4). Right from the beginning her attention 
�L�V�� �S�R�O�D�U�L�]�H�G�� �E�\�� �$�O�E�H�U�W�¶�V�� �L�Q�W�H�U�Y�H�Q�W�L�R�Q�� �Z�K�L�F�K�� �L�V�� �P�R�U�H�� �L�Q��
compliance with what she wanted her students to understand 
and keep in mind.  

4. Conclusion 

To summarize, in this paper I have focused on how teachers 
resorted to multimodal resources to cope with polyfocal 
classroom interactions which require organizing turn-taking, 
informing, and assessing several students simultaneously.  
I first explored the production of two-handed independent 
gestures. The results show that they serve distinctive yet 
complementary teaching functions: assess verbal proposal 
and allocate turn, or inform and assess unauthorized 
intervention. By producing two independent gestures, the 
teacher is able both to build an interpersonal relationship 
and progress in her lesson plan. The �W�H�D�F�K�H�U�¶�V���F�R�P�P�H�Q�W�V��that 
I collected during an interview enabled to expand this 
analysis. They draw our attention to the importance of two-
handedness on a more intrapersonal and psychological level. 
Secondly, I have examined the nonverbal orchestration a 
step further by investigating the production of hand gestures 
in collaboration with gaze orientation. I have paid attention 
to what I termed co-enunciative ubiquity, i.e., the 
multimodal ability to manage polyfocal and polylogal class 
interactions. The interplay of gaze and deictic gestures also 
�V�H�U�Y�H�G���W�K�H���W�H�D�F�K�H�U�¶�V���L�Q�W�H�Q�W�L�R�Q���W�R���K�D�Y�H���V�W�X�G�H�Q�W�V���D�Q�W�L�F�L�S�D�W�H���W�K�H��
next focus of attention. Additionally, reference to attention 
theory enabled me to show how this ability attested the fact 
that the teacher selected the intervention that best suited her 
pedagogical purpose. This was confirmed by the 
interactional consequence of this multimodal action, namely 
a reversal in the hierarchy of the addressed which follows a 
teaching goal: showing interest to the most appropriate 
answer.  
Interestingly, the results also show that the instructional 
context has no impact on how the teacher handles this 
nonverbal orchestration. Two-handedness and co-
enunciative ubiquity compose each instructor�¶�V���³teaching 
style�  ́ ([48], [36]). This term refers to the fact that while 
some teaching actions may be adapted to the specificity of a 
given context, others may be recurrent from one pedagogical 
context to another both in the form they take and in their 
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pedagogical intent. These unvaried actions compose the 
�³teaching style�  ́of some teachers. In this perspective, and as 
far as our teachers are concerned, no matter the instructional 
context (FL1 or FL2), there is no difference neither in the 
way they conduct this orchestration nor in the motivations 
behind it. I believe these examples of orchestration are not 
specific to the language teaching classes and may be 
observed also in other instructional contexts. 
Finally, this study corroborates the need to analyze teaching 
gestures in natural teaching contexts. It enables the opening 
of an enhanced window onto the complexity of �W�H�D�F�K�H�U�V�¶��
nonverbal actions. 
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T   Teacher 
�Ç   upward intonation 
underlining overlapping 
++   pause 
XX   inaudible utterance 
:::::   stretching of sound 
//   interruption 
[   ]   gesture production 
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Abstract
The annotation of recordings is related to many Linguistics sub-
�elds as Phonetics, Prosody, Gestures or Discourse... Corpora
are annotated with detailed information at various linguistic lev-
els thanks to annotation software. As large multimodal corpora
become prevalent, new annotation and analysis requirements
are emerging. This paper addresses the problem of exploring
annotations in order to extract multimodal data in the linguis-
tic �eld ranging from general linguistic to domain speci�c in-
formation. The answer choose to ful�ll this purpose is a user-
oriented approach: the data can be extracted without any spe-
ci�c knowledge or skill. The paper exposes two ways to �lter
the annotations by a predicative approach: 1/ single �lters, i.e.
search in one tier depending of the data content, by the extrac-
tion of the time values and the duration; 2/ relation �lters, i.e.
search on annotations of a tier in time-relation with annotations
of another one. This system is distributed in SPPAS software,
under the terms of a public license.
Index Terms: software, multi-levels annotations, �ltering

1. Introduction
When people communicate: gestures, postural shifts, facial ex-
pression, backchannel continuers such as “mm-hmm”, spoken
turns and many more, all together work in concert to bring about
mutual understanding. Annotating recordings of people com-
municating may therefore involve many Linguistics sub�elds
such as Phonetics, Prosody, Gestures or Discourse... As a con-
sequence, the last ten years or so have witnessed a real increase
of linguistic annotated data. Whereas few years ago it was com-
mon to formulate linguistic models on the basis of rather lim-
ited data, today it is becoming more and more expected for lin-
guists to take into account large quantities of empirical data,
often including several hours of recordings. As a consequence,
a number of software for the manual annotation of audio and/or
video recordings have become available, such asAnvil [1], Elan
[2], Praat [3], Transcriber[4] or Exmaralda[5], to name just
some of the most popular tools, all of which are both free and
multi-platform. Furthermore, linguists need tools for the auto-
matic annotation, including the alignment of the speech record-
ing with a phonetic transcription of the speech, as SPPAS [6].

As large multimodal corpora become prevalent, new anal-
ysis requirements emerge. Multimodal analysis has become a
crucial part of research, teaching and practice for a wide range
of academic and practical disciplines. The dif�culties of multi-
modal analysis are visible in most of the works that explore this
�eld. Multimodal annotation requires the possibility to encode
many different information types, from different domains, with
different levels of granularity [7].

”Corpora that include time-based data, such as video and
marking gestures, make annotation and analysis of language

and behavior much more complex than analysis based solely
on text corpora and an audio signal” [8]. Thus, nowadays one
of the biggest barriers with which the linguists must cope, is not
the storage of data, nor its annotation, but ratherits exploration.
In addition to annotation, some tools provide statistical analy-
sis capabilities. A minimum capability required is to search for
annotated entities and their relationships [8]. Generally, differ-
ent annotation tools are designed and used to annotate the audio
and video contents of a corpus that can later be merged in query
systems or databases [9]. With the help of multimodal corpora
searches, the investigation of the temporal alignment (synchro-
nized co-occurrence, overlap or consecutivity) of gesture and
speech has become possible [9]. ”Obviously, the raison d'être
of annotation in general is to allow linguists to retrieve all and
only all instances of a particular phenomenon” [10].

The question of multi-levels �ltering for linguistic anno-
tated resources covers different aspects. It �rstly requires a
representation framework making it possible to compare, and
eventually merge, different annotation schemes from different
annotation tools. The basic structures of speech/video annotated
data are “tiers” or “tracks” of annotations. Thus, speech/video
annotation tools rely on this formalism because theTier repre-
sentation is appropriate to any multimodal annotated data given
its genericity and �exibility and that it simply maps the anno-
tations on the timeline. In the context of such tools, aTier is a
series ofAnnotationinstances, each one de�ned by a temporal
localization (an interval or a point) and a label. Obviously, due
to the diversity of linguistic phenomena, annotation tools lead
to a variety of models, theories and formalisms. This diversity
results in heterogeneous description formats, each tool devel-
oping its own framework. Then, even if some are compatible,
none of the annotation tools are directly interoperable, each one
using a native format, some of them on top of XML, some oth-
ers developing anad hocmarkup language. The heterogeneity
of such annotations has been recognized as a key problem lim-
iting the interoperability and re-usability of Natural Language
Processing tools and linguistic data collections.

This paper focuses on the problem ofsearching and retriev-
ing data from multi-levels annotated corpora. After a review of
the main tools allowing to built queries in a multimodal anno-
tated corpus, this paper presents the speci�cations of a software
development according to eight criteria it must respect. The
system proposed in this paper is a component named DataFilter
in SPPAS software [6], described in Section 3. The method to
search and retrieve data is based on a predicative approach al-
lowing the de�nition of 2 types of �lters: 1/ single �lters, i.e.
search in one tier depending of the data content, by the extrac-
tion of the time values or the duration (Section 4); 2/ relation
�lters, i.e. search on annotations of a tier in time-relation with
annotations of another one (Section 5). Finally, Section 6 shows
with a concrete study the bene�t of the proposed software.
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2. Background and motivations
A query is a request for a subset of all annotation elements,
given some constraint. A query language (QL) is a program-
ming language allowing to write queries. In the context of
extracting multi-levels annotated data, multi-levels annotations
can quickly become cluttered, so that the user needs query func-
tionality to ef�ciently �nd relevant information. The following
explores some popular and freely available tools.

Praat allows to paint intervals in green color, labels match-
ing a given pattern with one of the following criteria: is equal
to, is not equal to, contains, does not contain, starts with, does
not start with, ends with, does not end with, matches a regular
expression.

EXAKT (EXMARaLDA Analysis- and Concordance Tool)
is the query and analysis tool for EXMARaLDA corpora, and
can also be used for corpora created with other tools as Tran-
scriber or Elan. Labels of annotations can be search in the cor-
pus using regular expressions. It allows to save query results
(HTML, text) or export them to other applications (e.g. Excel).

Elan proposes an advanced search form. It allows cascading
constraints on the labels of the annotations and/or on relations
between intervals. The relations are: is inside, overlaps, over-
laps only begin time, overlaps only end time, is within...around,
is within...around begin time of, is within...around end time of.
The result is a list of �ltered annotations the user can click on
to visualize; it can also be saved as text �le.

ANVIL internally maps the user's annotations to a tempo-
rary SQL database that is kept in sync at all times. Constraints
can be formulated in SQL syntax. Labels of annotations can
be queried using regular expressions. ANVIL also implements
seven of the Allen relations [11] to compare intervals: equals,
before, meets, overlaps, starts, �nishes and during. In addition,
the user can specify a tolerance limit in seconds. To spare the
user from using long and complex SQL expressions, it imple-
ments a special syntax to ask for annotations from two tiers that
are characterized by a certain temporal relationship.

The ANNIS2 system [12] proposes a query language (QL)
including exact and regular expression matching on words
forms and annotations, together with complex relations between
individual elements, such as all forms of overlapping, contained
or adjacent annotation spans, hierarchical dominance (children,
ancestors, left- or rightmost child etc.) and more. Alternatively
to the QL, data can be accessed using a graphical query builder.
The result can be saved as text �le or ARFF �le.

To sum-up, the previously mentioned annotation tools offer
the possibility to search or to retrieve annotations given some
constraints. However, none of them ful�lls the whole list of the
following speci�cations a system should includes:

� allowing to import multi-levels annotated data from most
of the existing annotation tools;

� providing the �ltered result in the form of a new annota-
tion tier;

� dealing with interval tiers as well as point tiers;
� allowing to export the �ltered tier(s) in most of the exist-

ing annotation tools;
� allowing to �lter multiple �les at once;
� proposing both a scripting language and a Graphical

User Interface (GUI);
� being powerful enough to meet the reasonable needs of

end-users;
� can be used without requiring any XML-related or QL-

related knowledge or skill;

3. DataFilter in SPPAS

The system proposed in this paper is implemented as a compo-
nent named DataFilter in SPPAS [6], a software for ”Automatic
Annotation of Speech” and distributed under the terms of the
GNU Public License. It is implemented using the programming
language Python. This software ful�lls the speci�cations listed
in [13]: it is a linguistic tool, free of charge, ready and easy to
use, it runs on any platform and it is easy to install, the mainte-
nance is guaranteed and it is XML-based.

Our proposal is to use the simplest level of representation
, which is independent from the constraints of the coding pro-
cedure and the tools. Requests are based on the common set of
information all tool are currently sharing. Basic operations are
proposed and their combination allows the data to be requested,
even by non-experts. Such a system ful�lls the eight speci�ca-
tions mentioned in Section 2.

The framework implemented in this software to represent
multi-levels annotated data is particularly suitable in the context
of this paper to compare bounds of intervals or points between
the various tiers: SPPAS solves the problem of the imprecision
of annotations for each domain. Indeed, it allows to represent
a bound as a tuple(M; R ), whereM is the midpoint value and
R is a radius value, i.e. the vagueness of the point, as described
in [14]. Consequently, each boundary of the annotations is rep-
resented as an uncertain time value: it makes it possible to ac-
count explicitly for the imprecision of input data. For example,
the radius value can be �xed to 40-80ms in case of Gestures
annotations and 5-10ms in case of Phonetics. This representa-
tion allows robust comparisons of multi-levels annotations over
time. SPPAS also allows annotations to contain more than one
label, each one associated with a score: the one with the highest
score is considered as the main label, and the others as alter-
natives. Moreover, labels can be of 3 types: string, number or
Boolean.

Actually, it is also quite easy to read some existing annota-
tion �le formats and to instantiate them into the SPPAS frame-
work. Among others, it allows to open and save �les fromPraat
[3], Phonedit[15], Elan[2]; HTK [16] andSclite[17] and some
subtitles formats. It also allows to import data fromAnvil [1]
andTranscriber[4].

The common denominator of most of the �le formats con-
sists in the basic building blocks (e.g. labels with start and end
times, or labels and one time point) plus the additional structural
entities (tiers). So, the system proposed in this paper is exploit-
ing only these information: it allows to request all annotations
regardless the input �le format or the annotation type.

The exploration method is based on the creation of 2 differ-
ent types of predicates. These latter are then respectively used
in 2 types of �lters:

1. single �lters (Section 4), i.e. search in a tier depending
on the data content, the time values or the duration of
each annotation;

2. relation �lters (Section 5), i.e. search on annotations of
a tier in time-relation with annotations of another one.

4. Filtering annotations of a single tier

The main principle here is to create a predicateSel, or a com-
bination of predicates, that will be used as parameters to create
a �lter on a tier, namedSingleF ilter (predicate; tier ).
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4.1. Filtering on the annotation labels

Pattern selection is an important part to extract data of a corpus
and is obviously an important part of any �ltering system, as
shown in Section 2. Thus, if the label of an annotation is a
string, the following predicates are proposed:

� exact match:Sel(exact = P) is true if the label of an
annotation strictly corresponds to the patternP ;

� contains:Sel(contains = P) is true if the label of an
annotation contains the expected patternP ;

� starts with,Sel(startswith = P) is true if the label of
an annotation starts with the expected patternP ;

� ends with,Sel(endswith = P) is true if the label of an
annotation ends with the expected patternP .

All these matches can be reversed to represent respectively: not
exactly match, not contains, not starts with or not ends with.
Moreover, this pattern matching can be case sensitive or not.
For complex search, a selection based on regular expressions is
available for advanced users, asSel(regexp = R), whereR
is the expected regexp. Moreover, in case of numerical labels,
we implemented:Sel(equal = v), Sel(greater = v) and
Sel(lower = v), and in case of Boolean:Sel(bool = v).
Finally, this pattern matching can be optionally applied either
on the label with the highest score, which is the default, or on all
labels of an annotation (i.e. the better label and its alternatives).

4.2. Filtering on annotations durations or on a time-range

Another important feature for a �ltering system is the possibility
to retrieve annotated data of a certain duration, and in a certain
range of time in the timeline. Therefore, the same predicateSel
can be used on match duration of an interval, compared to a
valuev, as follow:

� lower: Sel(duration lt = v);

� lower or equal:Sel(duration le = v);

� greater:Sel(duration gt = v);

� greater or equal:Sel(duration ge = v);

� equal:Sel(duration e = v);

Search can also starts and ends at speci�c time values in a
tier by usingSel predicate withbegin geandend le.

4.3. Multiple selections

A multiple pattern selection as well as duration or time selec-
tions can be expressed with the operator ”j” to represent the
logical ”or” and the operator ”&” to represent the logical ”and”,
for example:
Sel(startswith = P1) & Sel(duration gt = v).

5. Filtering on relations between two tiers
Regarding the searching , linguists are typically interested in
locating patterns on speci�c tiers, with the possibility to relate
different annotations a tier to another. The proposed system
offers a powerful way to request/extract data, with the help of
Allen's interval algebra. The main principle here is to create a
predicateRel that will be used as parameter to create a �lter on
a tier: RelationF ilter (predicate; tier 1; tier 2).

5.1. Framework: Allen's interval algebra

In 1983 James F. Allen published a paper [11] in which he pro-
posed 13 basic relations between time intervals that are distinct,
exhaustive, and qualitative. They are distinct because no pair of
de�nite intervals can be related by more than one of the rela-
tionships; exhaustive because any pair of de�nite intervals are
described by one of the relations; qualitative (rather than quan-
titative) because no numeric time spans are considered. These
relations and the operations on them form Allen's interval alge-
bra.

SPPAS extended Allen's work to its framework that can
handle relationships between intervals withprecise as well as
imprecise bounds. This results in a generalization of Allen's 13
interval relations that are also applicable when the bounds of the
intervals are imprecise. Table 1 indicates the Allen's relations
between TimeIntervalX = [ X � ; X + ] andY = [ Y � ; Y + ],
whereX � ; X + ; Y � ; Y + are TimePoint instances, as de�ned
in [14]. This generalization preserves the 3 properties of Allen's
original algebra mentioned above.

X relationY Description
before (X + < Y � )
after (X � > Y + )
meets (X + = Y � )
met by (X � = Y + )
overlaps (X � < Y � ) ^ (X + > Y � ) ^ (X + < Y + )
overlapped by (X � > Y � ) ^ (X � < Y + ) ^ (X + > Y + )
starts (X � = Y � ) ^ (X + < Y + )
started by (X � = Y � ) ^ (X + > Y + )
during (X � > Y � ) ^ (X + < Y + )
contains (X � < Y � ) ^ (X + > Y + )
�nishes (X � > Y � ) ^ (X + = Y + )
�nished by (X � < Y � ) ^ (X + = Y + )
equals (X � = Y � ) ^ (X + = Y + )

Table 1: Allen's relations between two imprecise intervalsX; Y

The proposed framework was also developed to include
time annotations represented by a single TimePoint (mainly
used in the Prosody domain). The relations can be extended to
such time representation, as we propose in Table 2 between two
TimePoint instances. Tables 3 and 4 show relations between a
TimePoint and a TimeInterval. Each table considers all possible
relations (each table forms a complete relation system).

X relationY Description
before (X < Y )
after (X > Y )
equal (X = Y )

Table 2: Relations between two imprecise pointsX andY .

These relations can then be used to search annotations of
any kind in time-aligned tiers. It is particularly favorable in
the context of multimodal annotations, where annotations are
carried out thanks to various annotation tools, each one using
its own representation of time. The proposed framework solves
this problem in a clear, well-suited and well-de�ned way.
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X relationY Description
before (X + < Y )
after (X � < Y )
starts (X � = Y )
�nishes (X + = Y )
contains (X � < Y ) ^ (X + > Y )

Table 3: Relations between an imprecise intervalX and an im-
precise pointY .

X relationY Description
before (X < Y � )
after (X > Y � )
starts (X = Y � )
�nishes (X = Y � )
during (X > Y � ) ^ (X < Y + )

Table 4: Relations between an imprecise pointX and an impre-
cise intervalY .

5.2. Filtering with time-relations

For the sake of simplicity, only the 13 relations of the Allen's
algebra are available in the GUI. We withal implemented in
Python the 25 relations proposed by [18] in the INDU model.
This model �xes constraints on INtervals with Allen's relations
and on DUration - duration are equals, one is less/greater than
the other.

Moreover, both our experience while using the proposed
system and the user comments and feedback have led us to add
the following options:

1. a maximum delay for the relations ”before” and ”after”,

2. a minimum delay for the relations ”overlaps” and ”over-
lapped by”.

All the above mentioned relations were im-
plemented as predicates. With this proposal,
a predicate can be for examplepredicate =
Rel(" overlaps") jRel(" overlappedby") to �nd witch
syllables stretch across two words, and then by creating the �l-
terRelationF ilter (predicate; tiersyllables; tiertokens ).

6. Illustrations
DataFilter of SPPAS has been already used in several studies as
to �nd correlations between speech and gestures [19], to �nd
which gestures are produced while pausing [20] or to extract
lexical feedback items [21] just to cite some of them.

While using the GUI, the user starts �ltering tiers by run-
ning DataFilter and loading �les of a corpus. The user selects
the tier of each �le that will serve as basis, and click on the ap-
propriate ”Filter” button (either Single or Relation). The user
has then to de�ne the predicates and to apply such �lters. The
program will generate new tiers with the matching annotations;
each one is automatically added to its corresponding �le.

In order to illustrate possible queries using SPPAS, the fol-
lowing request is processed in this section:What speech and
hand gestures the locutor produces right before, during and
right after the interlocutor produces multimodal feedbacks ver-
sus verbal feedbacks only?

We performed this request on 6 �les of a corpus created
by and belonging to the Institut Paoli-Calmettes (Marseille,
France). This corpus is an authentic corpus of training sessions
for doctors involved in role plays with an actor playing the role
of a patient. The corpus is annotated on different levels of gran-
ularity. Tiers contain annotations of vocabulary, hand gestures,
gaze, among other. In the context of this article, we will con-
sider only 3 tiers:

1. P - Feedback: feedback produced by the patient

2. M - IPUs: speech produced by the doctor and segmented
into Inter Pausal-Units

3. M - Dimensions: hand gestures produced by the doctor

To perform the illustration request, the �rst stage consists
in �ltering the ”P - Feedback” tier of each �le to create an in-
termediate result with a tier containinghead and oral feedback
(”P + T”) andoral feedbackonly (”P”).

While using the GUI, this predicates are �xed as repre-
sented in Figure 1. It allows to enter multiple patterns at the
same time (separated by commas) to mention the system to re-
trieve either one pattern or the other, etc.

Figure 1: Frame to create a �lter on annotation labels. In that
case, labels that are exactly matching ”P + T” or ”P” strings.

So, here the patterns are ”P + T, P”. Finally, the user has to
select the tier name for the result as shown in Figure 2 and must
click either to ”Apply all” or ”Apply any”. The user has now
one �ltered tier by �le, each one containing onlyoral feedbacks
andoral and head movements feedbacks.

To complete the original request, the previous tiers must be
unchecked. The user must now �nd annotations of speech and
hand gestures that occur right before, during and right after the
feedbacks previously �ltered. To do so, the newly �ltered tiers
must in turn be checked and the user must click on the ”Rela-
tionFilter” button. Then, he/she selects ”M - IPUs” in the ”X”
windows, and the �ltered tier previously created in the ”Y” win-
dow in the list of proposed tiers, as he/she wants to �lter speech.
Finally, the Allen's relations must be selected: see a glimpse
in Figure 3. Regarding the example, quite every relations are
needed. Though, the relations ”Before” and ”After” must be
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customized. The user needs to extract IPUs before and after the
feedbacks. Customizing the delay allows the user to chose the
exact delay between the feedback utterance and the nearer IPUs
the user wants to take into consideration. To complete the �lter-
ing process, it must be clicked on the ”Apply �lter” button and
the new resulting tiers are added in the annotation �le(s).

In order to answer the question �rstly asked, the user must
complete the �lter loop once again. He/she must click again
on the ”Relation Filter” button and select ”M - Dimensions”
in the ”X” windows, and the previously �ltered tier in the ”Y”
window, as the user wants, this time, to �lter hand gestures in
the list of proposed tiers. Then, the relations must be selected
afresh. As the user does not want hand gestures produced out of
the IPUs window, the user must check: Starts, Started by, Fin-
ishes, Finished by, Contains, During, Overlaps, and Overlapped
by. Then, it must be clicked one last time on the ”Apply �lter”
button and the new resulting tiers are added in the annotation
�le(s). The last resulting tier therefore contains the annotations
of hand gestures produced by the locutor while speaking, right
before, during and right after the interlocutor producedoral or
oral and head movementsfeedback.

The user can keep or delete intermediate tiers and click on
the ”Save” button. The �les are saved in their original �le for-
mat and can therefore be opened in the annotation tool used to
create the �les in the �rst place. They can also be opened by
”Statistics” component proposed in SPPAS.

7. Conclusions
This paper described a system to �lter multi-levels annotations.
It is based on the de�nition of predicates that are used to create
�lters. These later are applied on tiers of many kind of input
�les (TextGrid, eaf, trs, csv...). The search process results in a
new tier, that can re-�ltered and so on. A large list of predicates,
applied on a single tier, is available and allows to �lter annota-
tions of various label types (string, number, Boolean). The full
list of binary relations of the INDU model are also available to
�lter the annotations of a tier in relation with the annotations
of another one. Moreover, this request system can be used ei-
ther on precise or unprecise annotations. It is available as a
Python Application Programming Interface, and with a GUI.
Since the proposed system has been developed in a constant ex-
change with users from various Linguistics �elds, we expect it
to be especially intuitive.
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Figure 2: Example of the Single �lter frame. For the purpose of an exhaustive illustration, 3 predicates are described here 1/ to select
patterns, 2/ to create a �lter on annotation duration and 3/ on a time-range.

Figure 3: Frame to create a �lter on time-relations
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�$�E�V�W�U�D�F�W 
Speakers adapt their speech to their interlocutors and when 

they talk to an elderly person, they tend to engage in elderspeak.  
In this paper, we explore with a new approach how 

caregivers adapt their use of gesture space in a vocabulary 
explanation task with older and younger adults. Preliminary 
results on one caregiver show that she tends to occupy a larger 
gesture space when speaking to a senior than when addressing 
a younger partner. Thus, caregivers could spontaneously 
accommodate their discourse and their gestures to help 
interlocutors when they have difficulties or when caregivers 
think seniors have difficulties. 

 
�,�Q�G�H�[�� �7�H�U�P�V�����X�V�H�� �R�I�� �J�H�V�W�X�U�H�� �V�S�D�F�H�����H�O�G�H�U�V�S�H�D�N�����F�D�U�H�J�L�Y�H�U����
�V�H�Q�L�R�U�����J�H�V�W�X�U�D�O���D�F�F�R�P�P�R�G�D�W�L�R�Q 

 

1. �,�Q�W�U�R�G�X�F�W�L�R�Q 
 
�7�K�H���S�U�R�S�R�U�W�L�R�Q���R�I���W�K�H���Z�R�U�O�G�¶�V���S�R�S�X�O�D�W�L�R�Q���R�Y�H�U���������L�V���S�U�R�M�H�F�W�H�G��
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1.1. �$�F�F�R�P�P�R�G�D�W�L�R�Q���W�K�H�R�U�\ 

�6�R�F�L�D�O�� �L�Q�W�H�U�D�F�W�L�R�Q�V���R�F�F�X�U�� �L�Q�� �H�Y�H�U�\�G�D�\�� �V�L�W�X�D�W�L�R�Q�V�� �D�Q�G��
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�V�S�H�F�L�D�O�L�]�H�G�� �V�S�H�H�F�K���F�D�O�O�H�G���E�D�E�\�� �W�D�O�N���>���@���� �,�I���V���K�H���V�S�H�D�N�V���W�R�� �D��
�I�R�U�H�L�J�Q�H�U�����V���K�H�� �Z�L�O�O�� �X�V�H���D���V�S�H�F�L�D�O�L�]�H�G�� �V�S�H�H�F�K�� �F�D�O�O�H�G���I�R�U�H�L�J�Q�H�U��
�W�D�O�N���>���@�� 

�&�R�Q�F�H�U�Q�L�Q�J���D�F�F�R�P�P�R�G�D�W�L�R�Q���Z�L�W�K���H�O�G�H�U�O�\���S�H�U�V�R�Q�V�����W�K�H�U�H���D�U�H��
�G�L�I�I�H�U�H�Q�W�� �P�R�G�H�O�V���W�K�D�W�� �D�W�W�H�P�S�W���W�R�� �X�Q�G�H�U�V�W�D�Q�G���K�R�Z�� �D�G�X�O�W�V�� �D�G�D�S�W��
�W�K�H�L�U�� �G�L�V�F�R�X�U�V�H�� �G�X�U�L�Q�J�� �L�Q�W�H�U���L�Q�G�L�Y�L�G�X�D�O�� �L�Q�W�H�U�D�F�W�L�R�Q�V���>���@�����7�K�H�V�H��
�P�R�G�H�O�V���D�U�H���F�O�R�V�H�O�\���U�H�O�D�W�H�G���W�R���V�R�F�L�D�O���L�G�H�Q�W�L�W�\���W�K�H�R�U�\���>���@���E�H�F�D�X�V�H��
�V�S�H�D�N�H�U�V�� �D�G�D�S�W�� �W�K�H�L�U�� �S�H�U�F�H�S�W�L�R�Q�V���� �W�K�H�L�U�� �D�W�W�L�W�X�G�H�V�� �D�Q�G�� �W�K�H�L�U��
�E�H�K�D�Y�L�R�U�����7�K�X�V���� �F�R�P�P�X�Q�L�F�D�W�L�R�Q�� �V�W�U�D�W�H�J�L�H�V�� �R�I�� �V�S�H�D�N�H�U�V�� �F�K�D�Q�J�H��

                                                 
1���:�R�U�O�G���+�H�D�O�W�K���2�U�J�D�Q�L�]�D�W�L�R�Q����
�³�K�W�W�S�������Z�Z�Z���Z�K�R���L�Q�W���D�J�H�L�Q�J���D�E�R�X�W���I�D�F�W�V���H�Q���´�� 
 
2���2�O�G�H�U���D�G�X�O�W �����F�R�Q�F�H�S�W�X�D�O�L�]�D�W�L�R�Q�V���R�I���R�O�G���D�J�H���L�V���G�H�I�L�Q�H�G���E�\���W�K�U�H�H��
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�D�J�H�� ���U�H�I�O�H�F�W�V�� �W�K�H�� �L�P�D�J�H�� �R�I�� �S�H�R�S�O�H������ �,�Q�� �W�K�L�V�� �S�D�S�H�U�� �Z�H�� �Z�L�O�O�� �X�V�H��
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�G�H�S�H�Q�G�L�Q�J�� �R�Q���W�K�H���V�R�F�L�D�O���U�H�S�U�H�V�H�Q�W�D�W�L�R�Q�V���W�K�H�\�� �K�D�Y�H���R�I���W�K�H�L�U��
�D�G�G�U�H�V�V�H�H�V�� 
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�S�U�R�G�X�F�H�� �D�Q�� �L�Q�D�G�H�T�X�D�W�H�� �D�F�F�R�P�P�R�G�D�W�L�R�Q���Z�K�H�Q�� �W�K�H�\�� �V�S�H�D�N�� �W�R��
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�>���@���Z�D�V���G�H�Y�H�O�R�S�H�G���W�R���S�U�R�Y�L�G�H���Z�L�W�K���D���V�R�O�X�W�L�R�Q���W�R���W�K�H���&�3�$�����P�R�G�H�O��
�O�L�P�L�W�D�W�L�R�Q�V���� �7�K�L�V�� �P�R�G�H�O�� �I�R�F�X�V�H�V�� �R�Q�� �S�R�V�L�W�L�Y�H�� �V�W�H�U�H�R�W�\�S�H�V�� �R�I��
�D�J�L�Q�J�����,�W���S�U�R�S�R�V�H�V���W�K�D�W���Z�K�H�Q���D�G�X�O�W�V���D�V�V�H�V�V���V�H�Q�L�R�U�V���L�Q�G�L�Y�L�G�X�D�O�O�\����
�D�S�S�U�R�S�U�L�D�W�H�� �F�R�P�P�X�Q�L�F�D�W�L�R�Q�� �V�W�U�D�W�H�J�L�H�V�� �F�D�Q�� �E�H�� �V�H�O�H�F�W�H�G�� �D�Q�G��
�S�R�V�L�W�L�Y�H���V�W�H�U�H�R�W�\�S�H�V���R�I���D�J�L�Q�J���F�D�Q���E�H���G�H�Y�H�O�R�S�H�G���D�Q�G���U�H�S�U�R�G�X�F�H�G������ 

�/�D�V�W�����W�K�H���$�J�H���6�W�H�U�H�R�W�\�S�H�V���L�Q���,�Q�W�H�U�D�F�W�L�R�Q�V���0�R�G�H�O�����$�6�,�����>���@���L�V��
�D�Q���H�[�W�H�Q�V�L�R�Q���R�I���W�K�H���&�3�$���P�R�G�H�O�����$�G�X�O�W�V���F�D�Q���G�H�Y�H�O�R�S���V�W�H�U�H�R�W�\�S�H�V��
�D�F�F�R�U�G�L�Q�J���W�R���S�H�U�V�R�Q�D�O���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�����D�J�H�����F�R�J�Q�L�W�L�Y�H���F�R�P�S�O�H�[�L�W�\��
�D�Q�G�� �T�X�D�O�L�W�\�� �R�I�� �F�R�Q�W�D�F�W������ �L�Q�W�H�U�O�R�F�X�W�R�U�V�¶�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V��
���S�K�\�V�L�R�J�Q�R�P�L�F���F�X�H�V���W�R���D�J�H�����S�H�U�V�R�Q�D�O���D�S�S�H�D�U�D�Q�F�H�����S�K�\�V�L�T�X�H�����D�Q�G��
�W�K�H���F�R�Q�W�H�[�W�� �R�I���W�K�H���L�Q�W�H�U�D�F�W�L�R�Q���� �7�K�H�V�H���V�W�H�U�H�R�W�\�S�H�V�� ���S�R�V�L�W�L�Y�H�� �R�U��
�Q�H�J�D�W�L�Y�H�����L�Q�I�O�X�H�Q�F�H�� �E�H�O�L�H�I�V�� �D�E�R�X�W�� �F�R�P�P�X�Q�L�F�D�W�L�R�Q�� �Z�L�W�K�� �R�O�G�H�U��
�D�G�X�O�W�V���D�Q�G���Q�H�J�D�W�L�Y�H���V�W�H�U�H�R�W�\�S�H�V���O�H�D�G���W�R���X�V�H���D���V�S�H�F�L�D�O�L�]�H�G���V�S�H�H�F�K��
�V�W�\�O�H�� 

 

1.2. �(�O�G�H�U�V�S�H�D�N 

�(�O�G�H�U�V�S�H�D�N4���L�V�� �D�� �S�D�U�W�L�F�X�O�D�U�� �V�S�H�H�F�K�� �V�W�\�O�H�� �X�V�H�G�� �E�\�� �\�R�X�Q�J�H�U��
�D�G�X�O�W�V���Z�K�H�Q���D�G�G�U�H�V�V�L�Q�J���R�O�G�H�U���D�G�X�O�W�V���>���@�����,�W���L�V���F�K�D�U�D�F�W�H�U�L�]�H�G���E�\��
�V�L�P�S�O�L�I�L�H�G�� �J�U�D�P�P�D�U�� �D�Q�G�� �Y�R�F�D�E�X�O�D�U�\�����V�O�R�Z�H�U�� �V�S�H�H�F�K���� �K�L�J�K�H�U��
�S�L�W�F�K�����H�[�D�J�J�H�U�D�W�H�G�� �L�Q�W�R�Q�D�W�L�R�Q�����L�Q�F�U�H�D�V�H�G���O�R�X�G�Q�H�V�V���� �X�V�H�� �R�I��
�U�H�S�H�W�L�W�L�R�Q�V�����H�Q�G�H�D�U�L�Q�J���W�H�U�P�V���D�Q�G���W�D�J���T�X�H�V�W�L�R�Q�V���>���@�� 

�,�Q���D�G�G�L�W�L�R�Q���W�R���Y�H�U�E�D�O���I�H�D�W�X�U�H�V�����Q�R�Q���Y�H�U�E�D�O���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���D�U�H��
�S�U�H�V�H�Q�W���D�Q�G���³�L�Q�F�O�X�G�H�� �J�D�]�H���� �V�X�F�K�� �D�V�� �D�� �O�D�F�N�� �R�I�� �H�\�H�� �F�R�Q�W�D�F�W���� �H�\�H��
�U�R�O�O�V���� �R�U�� �Z�L�Q�N�L�Q�J���� �S�U�R�[�H�P�L�F�V���� �V�X�F�K�� �D�V�� �V�W�D�Q�G�L�Q�J�� �W�R�R�� �F�O�R�V�H�� �W�R�� �D��
�S�H�U�V�R�Q���R�U���V�W�D�Q�G�L�Q�J���R�Y�H�U���D���S�H�U�V�R�Q���Z�K�R���L�V���V�L�W�W�L�Q�J���R�U���O�\�L�Q�J���L�Q���E�H�G����
�I�D�F�L�D�O�� �H�[�S�U�H�V�V�L�R�Q�V�� �D�Q�G�� �J�H�V�W�X�U�H�V���� �V�X�F�K�� �D�V�� �I�U�R�Z�Q�V���� �H�[�D�J�J�H�U�D�W�H�G��
�V�P�L�O�H�V�����K�H�D�G���V�K�D�N�H�V�����V�K�R�X�O�G�H�U���V�K�U�X�J�V�����K�D�Q�G�V���R�Q���K�L�S�V���R�U���F�U�R�V�V�H�G��
�D�U�P�V�����D�Q�G���W�R�X�F�K�����V�X�F�K���D�V���S�D�W�W�L�Q�J���W�K�H���R�O�G�H�U���S�H�U�V�R�Q�¶�V���K�H�D�G�����K�D�Q�G����
�D�U�P�����R�U���V�K�R�X�O�G�H�U���´�����S���������>���@�������(�Y�H�Q���L�I���Q�R�Q���Y�H�U�E�D�O���D�F�F�R�P�P�R�G�D�W�L�R�Q��

 
3���&�D�U�H�J�L�Y�H�U�V �F�D�Q���E�H���S�U�R�I�H�V�V�L�R�Q�D�O���R�U���I�D�P�L�O�L�D�O�����W�K�H�\���K�H�O�S���D�Q�R�W�K�H�U��
�S�H�U�V�R�Q���L�Q���Q�H�H�G���� 
 
4���,�Q�� �W�K�L�V�� �V�W�X�G�\���� �Z�H�� �H�P�S�O�R�\�� �W�K�H�V�H�� �W�H�U�P�V�� �D�V�� �V�\�Q�R�Q�\�P�R�X�V�� ����
�H�O�G�H�U�V�S�H�D�N�����S�D�W�U�R�Q�L�]�L�Q�J���V�S�H�H�F�K�����V�H�F�R�Q�G�D�U�\���X�V�H���R�I���E�D�E�\���W�D�O�N���D�Q�G��
�R�Y�H�U�D�F�F�R�P�P�R�G�D�W�L�R�Q 
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�Z�K�H�Q���L�Q�W�H�U�D�F�W�L�Q�J���Z�L�W�K���V�H�Q�L�R�U�V���K�D�V���E�H�H�Q���V�W�X�G�L�H�G�����W�K�H���D�G�D�S�W�D�W�L�R�Q��
�R�I���F�R�Y�H�U�E�D�O���J�H�V�W�X�U�H�V���W�R���R�O�G�H�U���S�D�U�W�Q�H�U�V���U�H�P�D�L�Q�V���X�Q�H�[�S�O�R�U�H�G�� 

 

1.3. �*�H�V�W�X�U�D�O���D�F�F�R�P�P�R�G�D�W�L�R�Q 

 
�$�V���I�D�U���D�V���J�H�V�W�X�U�H�V���D�U�H���F�R�Q�F�H�U�Q�H�G�����Z�H���Y�L�H�Z���W�K�H���U�H�O�D�W�L�R�Q�V�K�L�S��

�E�H�W�Z�H�H�Q���J�H�V�W�X�U�H���D�Q�G���V�S�H�H�F�K���W�K�U�R�X�J�K���D���0�F�1�H�L�O�O�L�D�Q���S�H�U�V�S�H�F�W�L�Y�H��
�>�����@�����7�K�X�V���� �Z�K�H�Q�� �D�G�X�O�W�V�� �D�F�F�R�P�P�R�G�D�W�H���W�K�H�L�U���V�S�H�H�F�K���W�R�� �W�K�H�L�U��
�L�Q�W�H�U�O�R�F�X�W�R�U�����W�K�H�\���V�K�R�X�O�G���D�O�V�R���D�G�D�S�W���W�K�H�L�U���J�H�V�W�X�U�H�V�����,�Q���W�H�U�P�V���R�I��
�J�H�V�W�X�U�D�O���D�F�F�R�P�P�R�G�D�W�L�R�Q�����V�S�H�D�N�H�U�V���D�G�D�S�W���W�K�H�L�U���J�H�V�W�X�U�H���D�F�F�R�U�G�L�Q�J��
�W�R���Z�K�H�W�K�H�U���W�K�H�\���V�K�D�U�H���F�R�P�P�R�Q���N�Q�R�Z�O�H�G�J�H���Z�L�W�K���W�K�H�L�U���D�G�G�U�H�V�V�H�H�V��
�R�U���Q�R�W���>�����@�������Z�K�H�W�K�H�U���V�S�H�D�N�H�U�V�� �V�H�H���W�K�H�L�U���L�Q�W�H�U�O�R�F�X�W�R�U�V���R�U���Z�K�H�Q��
�W�K�H�\���D�U�H���R�Q���W�K�H���W�H�O�H�S�K�R�Q�H���>�������������@�������Z�K�H�Q���D�G�G�U�H�V�V�L�Q�J���W�R���D���K�X�P�D�Q��
�Y�H�U�V�X�V���D���P�D�F�K�L�Q�H���>�����@�������Z�K�H�Q���W�K�H�\���W�D�O�N���W�R���D���Q�D�W�L�Y�H���S�D�U�W�Q�H�U���R�U���D��
�Q�R�Q���Q�D�W�L�Y�H���S�D�U�W�Q�H�U���>�����@���R�U���D�F�F�R�U�G�L�Q�J���W�R���W�K�H�L�U���S�D�U�W�Q�H�U�¶�V���O�R�F�D�W�L�R�Q��
�L�Q���V�S�D�F�H���>�����@�� 

�0�R�U�H�� �V�S�H�F�L�I�L�F�D�O�O�\�����7�H�O�O�L�H�U�� �D�Q�G�� �6�W�D�P���>�����@���K�D�Y�H�� �V�W�X�G�L�H�G��
�J�H�V�W�X�U�H�V���S�U�R�G�X�F�H�G���E�\���I�X�W�X�U�H���W�H�D�F�K�H�U�V���Z�K�H�Q���H�[�S�O�D�L�Q�L�Q�J���Z�R�U�G�V���W�R��
�Q�D�W�L�Y�H���D�Q�G���Q�R�Q���Q�D�W�L�Y�H���S�D�U�W�Q�H�U�V5�����7�K�H�\���I�R�X�Q�G���W�K�D�W���I�X�W�X�U�H���W�H�D�F�K�H�U�V��
�D�G�D�S�W�H�G���W�K�H�L�U�� �G�L�V�F�R�X�U�V�H�� �D�Q�G�� �W�K�H�L�U�� �J�H�V�W�X�U�H�V���G�H�S�H�Q�G�L�Q�J�� �R�Q�� �W�K�H�L�U��
�L�Q�W�H�U�O�R�F�X�W�R�U�����7�K�H�\�� �D�Q�D�O�\�]�H�G���J�H�V�W�X�U�H�� �U�D�W�H�����J�H�V�W�X�U�H���G�L�P�H�Q�V�L�R�Q�V����
�G�X�U�D�W�L�R�Q�� �D�Q�G���W�K�H�� �X�V�H�� �R�I���J�H�V�W�X�U�H�� �V�S�D�F�H���� �5�H�V�X�O�W�V�� �V�K�R�Z�H�G���W�K�D�W��
�I�X�W�X�U�H�� �W�H�D�F�K�H�U�V�� �W�H�Q�G�H�G�� �W�R�� �X�V�H�� �J�H�V�W�X�U�H�V�� �W�K�D�W���Z�H�U�H���P�R�U�H��
�L�O�O�X�V�W�U�D�W�L�Y�H�����O�D�U�J�H�U���D�Q�G���O�D�V�W�H�G���O�R�Q�J�H�U���Z�K�H�Q���W�K�H�\���H�[�S�O�D�L�Q�H�G���Z�R�U�G�V��
�W�R�� �Q�R�Q���Q�D�W�L�Y�H�� �O�L�V�W�H�Q�H�U�V�� �W�K�D�Q���Z�K�H�Q���W�K�H�\���D�G�G�U�H�V�V�H�G�� �Q�D�W�L�Y�H��
�L�Q�W�H�U�O�R�F�X�W�R�U�V���� �7�K�L�V�� �D�G�D�S�W�D�W�L�R�Q�� �W�D�N�H�V�� �S�O�D�F�H�� �W�R�� �I�D�F�L�O�L�W�D�W�H�� �W�K�H��
�G�H�F�R�G�L�Q�J�� �R�I�� �V�S�H�H�F�K�� �E�\�� �Q�R�Q���Q�D�W�L�Y�H�� �L�Q�W�H�U�O�R�F�X�W�R�U�V�� �E�H�F�D�X�V�H�� �W�K�H�\��
�P�D�\�� �H�Q�F�R�X�Q�W�H�U�� �G�L�I�I�L�F�X�O�W�L�H�V�� �L�Q�� �R�U�D�O�� �F�R�P�S�U�H�K�H�Q�V�L�R�Q���� �7�K�H�� �I�X�W�X�U�H��
�W�H�D�F�K�H�U�V���D�G�D�S�W���W�K�H�L�U���J�H�V�W�X�U�H�V���E�\���S�U�R�M�H�F�W�L�Q�J���Q�H�H�G�V���D�Q�G���S�R�W�H�Q�W�L�D�O��
�G�L�I�I�L�F�X�O�W�L�H�V���R�Q�W�R���W�K�H�L�U���S�D�U�W�Q�H�U�����W�K�H�\���F�D�Q���E�H���E�D�V�H�G���R�Q���V�W�H�U�H�R�W�\�S�H�V��
�R�I���H�[�S�H�U�L�H�Q�F�H���R�I���F�R�P�P�X�Q�L�F�D�W�L�R�Q���Z�L�W�K���D���Q�R�Q���Q�D�W�L�Y�H���� 

�6�L�Q�F�H�� �V�H�Q�L�R�U�V�� �L�Q�W�H�U�O�R�F�X�W�R�U�V�� �P�D�\�� �D�O�V�R�� �H�Q�F�R�X�Q�W�H�U��
�F�R�P�S�U�H�K�H�Q�V�L�R�Q�� �S�U�R�E�O�H�P�V�� ���G�X�H�� �W�R�� �Z�H�D�N�� �D�X�G�L�W�L�R�Q�� �R�U�� �V�O�R�Z�H�U��
�U�H�D�F�W�L�R�Q���W�L�P�H���I�R�U���I�H�H�G�E�D�F�N�����I�R�U���L�Q�V�W�D�Q�F�H�������R�X�U���U�H�V�H�D�U�F�K���J�R�D�O���L�V���W�R��
�I�L�Q�G�� �R�X�W�� �Z�K�H�W�K�H�U�� �W�K�H�� �V�D�P�H�� �J�H�V�W�X�U�D�O�� �D�G�D�S�W�D�W�L�R�Q�� �R�F�F�X�U�V�� �Z�K�H�Q��
�F�D�U�H�J�L�Y�H�U�V�� �D�G�G�U�H�V�V�� �R�O�G�H�U�� �S�D�U�W�Q�H�U�V�� ���D�V�� �R�S�S�R�V�H�G�� �W�R���\�R�X�Q�J�� �R�X�U��
�P�L�G�G�O�H���D�J�H�G���D�G�X�O�W�V���� 

 
�,�Q���W�K�L�V�� �S�D�S�H�U���� �Z�H�� �I�R�F�X�V���V�S�H�F�L�I�L�F�D�O�O�\���R�Q���W�K�H���X�V�H�� �R�I���J�H�V�W�X�U�H��

�V�S�D�F�H�����Z�K�L�F�K�� �K�D�V�� �E�H�H�Q�� �K�D�U�G�O�\�� �D�G�G�U�H�V�V�H�G�� �L�Q�� �W�H�U�P�V�� �R�I���J�H�V�W�X�U�D�O��
�D�F�F�R�P�P�R�G�D�W�L�R�Q���� 

���0�F�1�H�L�O�O���>�����@���G�H�Y�H�O�R�S�H�G���D���J�H�V�W�X�U�H���V�S�D�F�H���G�L�D�J�U�D�P�����)�L�J�X�U�H��������
�E�D�V�H�G���R�Q���G�D�W�D���F�R�O�O�H�F�W�H�G���G�X�U�L�Q�J���D���Q�D�U�U�D�W�L�Y�H���W�D�V�N���W�R���D�Q�D�O�\�]�H���Z�K�H�U�H��
�W�K�H���V�W�U�R�N�H6���R�I���J�H�V�W�X�U�H�V���Z�D�V���S�U�R�G�X�F�H�G�����+�H���I�R�X�Q�G���W�K�D�W���W�K�H���X�V�H���R�I��
�J�H�V�W�X�U�H���V�S�D�F�H���Z�D�V�� �G�L�I�I�H�U�H�Q�W�� �G�H�S�H�Q�G�L�Q�J�� �R�Q�� �W�K�H���G�L�P�H�Q�V�L�R�Q�V�� �R�I��
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2.1.2. �'�H�V�L�J�Q 

�,�Q���W�K�L�V���V�W�X�G�\�����Z�H���U�H�S�O�L�F�D�W�H�G���W�K�H���S�U�R�W�R�F�R�O���X�V�H�G���E�\���7�H�O�O�L�H�U���D�Q�G��
�6�W�D�P�� �>�����@�� �L�Q�� �W�K�H���*�H�V�W�X�U�H�� �D�Q�G�� �7�H�D�F�K�H�U���7�D�O�N���V�W�X�G�\�� ���*�7�7�������,�W��
�F�R�Q�V�L�V�W�V���R�I���D���O�H�[�L�F�D�O�� �H�[�S�O�D�Q�D�W�L�R�Q�� �W�D�V�N���R�I���������)�U�H�Q�F�K���Z�R�U�G�V�� ������
�Q�D�P�H�V���� ���� �Y�H�U�E�V���������D�G�M�H�F�W�L�Y�H�V���D�Q�G������ �D�G�Y�H�U�E�V���Z�L�W�K���W�Z�R���F�R�Q�F�U�H�W�H��
�D�Q�G���R�Q�H���D�E�V�W�U�D�F�W���F�R�Q�F�H�S�W���I�R�U���H�D�F�K���F�D�W�H�J�R�U�\�������&�D�U�H�J�L�Y�H�U�V���K�D�G���W�R��
�U�D�Q�G�R�P�O�\���G�U�D�Z���W�K�H���Z�R�U�G�V���I�U�R�P���D���E�R�[���D�Q�G���V�X�F�F�H�V�V�L�Y�H�O�\���H�[�S�O�D�L�Q��
�W�K�H���Z�R�U�G�V���W�R���V�H�Q�L�R�U���D�Q�G���\�R�X�Q�J�H�U���S�D�U�W�Q�H�U�����7�K�H���L�Q�W�H�U�O�R�F�X�W�R�U�V���K�D�G��
�W�R���J�X�H�V�V���W�K�H���Z�R�U�G�V�� 

�7�K�H�� �R�U�G�H�U�� �R�I�� �H�[�S�O�D�Q�D�W�L�R�Q�V���Z�D�V�� �F�R�X�Q�W�H�U���E�D�O�D�Q�F�H�G������ �I�R�X�U��
�F�D�U�H�J�L�Y�H�U�V���I�L�U�V�W���H�[�S�O�D�L�Q�H�G���W�K�H���Z�R�U�G�V���W�R���D���\�R�X�Q�J�H�U���D�G�X�O�W���D�Q�G���W�K�U�H�H��
�F�D�U�H�J�L�Y�H�U�V���I�L�U�V�W���W�R���D���V�H�Q�L�R�U�����(�D�F�K���S�D�U�W�L�F�L�S�D�Q�W���V�L�J�Q�H�G���D�Q���L�Q�I�R�U�P�H�G��
�F�R�Q�V�H�Q�W�����2�Q�F�H���W�K�H���S�D�U�W�L�F�L�S�D�Q�W�V���Z�H�U�H���L�Q�V�W�D�O�O�H�G�����Z�H���J�D�Y�H���W�K�H�P���W�K�H��
�L�Q�V�W�U�X�F�W�L�R�Q�V���I�R�U���W�K�H�� �W�D�V�N���� �7�K�H�U�H���Z�D�V�� �R�Q�O�\�� �R�Q�H�� �F�R�Q�V�W�U�D�L�Q�W������
�F�D�U�H�J�L�Y�H�U�V���Z�H�U�H�� �Q�R�W�� �W�R���X�V�H�� �D�Q�\�� �Z�R�U�G�V�� �I�U�R�P�� �W�K�H�� �V�D�P�H�� �Z�R�U�G��
�I�D�P�L�O�\���� �7�K�H�\�� �F�R�X�O�G���X�V�H���D�Q�\���Y�H�U�E�D�O�� �D�Q�G���Q�R�Q���Y�H�U�E�D�O���P�H�D�Q�V���W�R��
�H�[�S�O�D�L�Q�� 
 

2.2. �&�R�G�L�Q�J���V�F�K�H�P�H 

�'�D�W�D���Z�D�V���F�R�G�H�G���D�Q�G���D�Q�D�O�\�]�H�G���X�V�L�Q�J���V�R�I�W�Z�D�U�H���F�D�O�O�H�G���(�/�$�1��
�>�����@�����:�H���W�U�D�Q�V�F�U�L�E�H�G���W�K�H���V�S�H�H�F�K���R�I���D�O�O���L�Q�W�H�U�O�R�F�X�W�R�U�V�����V�H�J�P�H�Q�W�H�G��
�J�H�V�W�X�U�H�V���� �D�Q�Q�R�W�D�W�H�G���J�H�V�W�X�U�H���V�S�D�F�H���� �J�H�V�W�X�U�H���S�K�D�V�H�V�����K�D�Q�G�H�G�Q�H�V�V��
�D�Q�G���J�H�V�W�X�U�H���G�H�S�W�K���� 

 

2.2.1. �$�Q�Q�R�W�D�W�L�R�Q���R�I���J�H�V�W�X�U�H�V 

�7�K�H�Q���� �Z�H�� �V�H�J�P�H�Q�W�H�G���H�D�F�K�� �F�R�Y�H�U�E�D�O�� �J�H�V�W�X�U�H�� �S�U�R�G�X�F�H�G���E�\��
�F�D�U�H�J�L�Y�H�U�V���� �*�H�V�W�X�U�H�V���E�H�J�L�Q���Z�K�H�Q���W�K�H�\�� �O�H�D�Y�H���W�K�H�L�U���U�H�V�W���S�R�V�L�W�L�R�Q��
�D�Q�G���H�Q�G���Z�K�H�Q���W�K�H�\���U�H�W�X�U�Q���W�R���W�K�H���U�H�V�W���S�R�V�L�W�L�R�Q���R�U���Z�K�H�Q���W�K�H���Q�H�[�W��
�J�H�V�W�X�U�H���L�V���L�Q�L�W�L�D�W�H�G�� 
 

2.2.2. �$�Q�Q�R�W�D�W�L�R�Q���R�I���J�H�V�W�X�U�H���V�S�D�F�H 

�7�K�H�� �J�R�D�O�� �R�I�� �W�K�L�V�� �U�H�V�H�D�U�F�K�� �L�V�� �W�R�� �D�Q�D�O�\�]�H���W�K�H���X�V�H�� �R�I�� �J�H�V�W�X�U�H��
�V�S�D�F�H���G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���L�Q�W�H�U�O�R�F�X�W�R�U�����7�R���U�H�D�F�K���W�K�D�W���J�R�D�O�����Z�H���G�R��
�Q�R�W���O�R�R�N���D�W���Z�K�H�U�H���W�K�H���J�H�V�W�X�U�H���L�V���S�U�R�G�X�F�H�G���E�X�W���K�R�Z���W�K�H���J�H�V�W�X�U�H��
�V�S�D�F�H���L�V���R�F�F�X�S�L�H�G���E�\���J�H�V�W�X�U�H���S�U�R�G�X�F�W�L�R�Q�����:�L�W�K���W�K�L�V���P�H�W�K�R�G�����Z�H��
�G�R���Q�R�W���I�R�F�X�V���R�Q���Z�K�H�U�H���J�H�V�W�X�U�H�V���D�U�H���O�R�F�D�W�H�G���E�X�W���K�R�Z���O�D�U�J�H���W�K�H�\��
�D�U�H�����7�K�X�V�����W�K�H���P�R�U�H���]�R�Q�H�V���F�U�R�V�V�H�G�����V�X�F�K���D�V���F�H�Q�W�H�U���F�H�Q�W�H�U�����F�H�Q�W�H�U����
�S�H�U�L�S�K�H�U�\�� �D�Q�G�� �H�[�W�U�H�P�H���S�H�U�L�S�K�H�U�\������ �W�K�H�� �O�D�U�J�H�U�� �R�F�F�X�S�D�W�L�R�Q�� �R�I��
�J�H�V�W�X�U�H���V�S�D�F�H�� 

�:�H�� �H�G�L�W�H�G���D�� �V�\�V�W�H�P�D�W�L�F�� �D�S�S�U�R�D�F�K���� �:�H�� �D�G�G�H�G���0�F�1�H�L�O�O�¶�V��
�G�L�D�J�U�D�P���>�����@���R�Q���D���Y�L�G�H�R�����)�R�U���W�K�D�W�����Z�H���X�V�H�G���S�K�R�W�R�J�U�D�S�K�L�F���H�G�L�W�L�Q�J��
�V�R�I�W�Z�D�U�H�����3�K�R�W�R�I�L�O�W�U�H���������W�R���G�U�D�Z���W�K�H���G�L�D�J�U�D�P���D�Q�G���Z�H���X�V�H�G���Y�L�G�H�R��
�H�G�L�W�L�Q�J���V�R�I�W�Z�D�U�H�����:�R�Q�G�H�U�V�K�D�U�H���9�L�G�H�R���(�G�L�W�R�U�����������������W�R���D�G�G���W�K�L�V��
�G�U�D�Z�L�Q�J���W�R���W�K�H���Y�L�G�H�R�����7�K�H���V�F�K�H�P�H���P�X�V�W���E�H���W�K�R�U�R�X�J�K�O�\���S�O�D�F�H�G����
�D�Q�G���I�R�U���W�K�D�W���Z�H���X�V�H�G���W�K�H���V�D�P�H���F�U�L�W�H�U�L�D���D�V���0�F�1�H�L�O�O���>�����@�����7�K�H���I�L�U�V�W��
�V�T�X�D�U�H�� �L�V�� �S�O�D�F�H�G�� �L�Q�� �W�K�H�� �F�H�Q�W�H�U�� �R�I���W�K�H���V�S�H�D�N�H�U���� �7�K�H�� �V�H�F�R�Q�G�� �L�V��
�S�O�D�F�H�G���D�W���W�K�H���O�H�Y�H�O���R�I���W�K�H���V�K�R�X�O�G�H�U�V���D�Q�G���W�K�H���W�K�L�U�G���L�V���S�O�D�F�H�G���D�W���H�\�H��
�O�H�Y�H�O���� �6�R�P�H�� �V�W�X�G�L�H�V���V�L�P�S�O�L�I�\�� �W�K�L�V���J�H�V�W�X�U�H���V�S�D�F�H�� �Z�L�W�K���R�Q�O�\�� �W�Z�R��
�]�R�Q�H�V���>�����@���R�U���Z�L�W�K���W�K�H���I�R�X�U���P�D�L�Q���]�R�Q�H�V���>�������������@�����+�R�Z�H�Y�H�U���I�R�U��
�R�X�U���U�H�V�H�D�U�F�K���L�W���L�V���L�P�S�R�U�W�D�Q�W���W�R���N�H�H�S���D�O�O���W�K�H���]�R�Q�H�V���R�I���W�K�L�V���V�F�K�H�P�H�� 

�2�Q�F�H���W�K�H���G�L�D�J�U�D�P���L�V���V�H�W���R�Q���W�K�H���Y�L�G�H�R�����Z�H���F�D�Q���L�P�S�R�U�W���L�W���L�Q�W�R��
�(�/�$�1���I�R�U���D�Q�Q�R�W�D�W�L�R�Q�����7�K�H���F�R�G�L�Q�J���R�I���J�H�V�W�X�U�H���V�S�D�F�H���L�V���V�L�P�S�O�L�I�L�H�G��
�W�K�D�Q�N�V���W�R���W�K�L�V���V�F�K�H�P�H���S�O�D�F�H�G���R�Q���W�K�H���Y�L�G�H�R�����7�R���F�R�G�H���D���J�H�V�W�X�U�H�¶�V��
�R�F�F�X�S�D�W�L�R�Q�� �R�I�� �J�H�V�W�X�U�H�� �V�S�D�F�H���� �Z�H�� �F�R�X�Q�W�� �K�R�Z���P�D�Q�\�� �]�R�Q�H�V�� �D�U�H��
�F�U�R�V�V�H�G���E�\���H�D�F�K���J�H�V�W�X�U�H�����I�U�R�P���L�W�V���E�H�J�L�Q�Q�L�Q�J���W�R���L�W�V���H�Q�G���� 

 
�,�I���D���J�H�V�W�X�U�H���L�V���S�U�R�G�X�F�H�G���Z�L�W�K���R�Q�H���K�D�Q�G���R�U���W�Z�R���K�D�Q�G�V���L�Q���W�K�H��

�V�D�P�H���]�R�Q�H�����Z�H���F�R�G�H���R�Q�H���]�R�Q�H�����(�[�D�P�S�O�H�������� 
 

 
�(�[�D�P�S�O�H�����������7�K�H���O�H�I�W���K�D�Q�G���K�R�O�G�V���D���S�D�S�H�U���E�X�W���G�R�H�V���Q�R�W���P�R�Y�H�����7�K�H��
�U�L�J�K�W�� �K�D�Q�G�� �P�R�Y�H�V���� �V�R�� �Z�H�� �F�R�X�Q�W�� �K�R�Z���P�D�Q�\�� �]�R�Q�H�V���D�U�H�� �F�U�R�V�V�H�G����
�'�X�U�L�Q�J���W�K�H���S�U�R�G�X�F�W�L�R�Q���R�I���W�K�L�V���J�H�V�W�X�U�H�����W�K�H���K�D�Q�G�V���U�H�P�D�L�Q���L�Q���W�K�H��
�V�D�P�H���]�R�Q�H���� 

 
�,�I���D���J�H�V�W�X�U�H���L�V���S�U�R�G�X�F�H�G���Z�L�W�K���R�Q�H���K�D�Q�G���W�K�D�W���P�R�Y�H�V���W�K�U�R�X�J�K��

�V�H�Y�H�U�D�O���]�R�Q�H�V�����Z�H���F�R�X�Q�W���W�K�H���Q�X�P�E�H�U���R�I���]�R�Q�H�V���L�Q�F�O�X�G�L�Q�J���W�K�H���I�L�U�V�W��
�R�Q�H�����I�U�R�P���Z�K�H�U�H���W�K�H���J�H�V�W�X�U�H���V�W�D�U�W�V�������(�[�D�P�S�O�H�������� 

 

 
�(�[�D�P�S�O�H�����������7�K�H���O�H�I�W���K�D�Q�G���G�R�H�V���Q�R�W���P�R�Y�H�����7�K�H���U�L�J�K�W���K�D�Q�G���O�H�D�Y�H�V��
�I�U�R�P���W�K�H���P�L�G�G�O�H���]�R�Q�H���W�R���J�R���X�S�����F�U�R�V�V�L�Q�J�������]�R�Q�H�V�����,�Q���W�K�L�V���H�[�D�P�S�O�H����
�W�K�H���J�H�V�W�X�U�H���H�Q�G�V���Z�K�H�Q���W�K�H���V�S�H�D�N�H�U���K�D�V���K�H�U���K�D�Q�G���L�Q���W�K�H���D�L�U�����Z�K�L�F�K��
�L�V���D�� �W�\�S�L�F�D�O�� �S�K�H�Q�R�P�H�Q�R�Q�� �Z�K�H�Q�� �W�K�H�U�H�� �D�U�H�� �P�D�Q�\�� �F�R�Q�V�H�F�X�W�L�Y�H��
�J�H�V�W�X�U�H�V�����,�I���W�K�H���J�H�V�W�X�U�H���U�H�W�X�U�Q�V���W�R���W�K�H���U�H�V�W���S�R�V�L�W�L�R�Q�����Z�H���F�R�X�Q�W���W�K�H��
�Q�X�P�E�H�U���R�I���]�R�Q�H�V���F�U�R�V�V�H�G���G�X�U�L�Q�J���U�H�W�U�D�F�W�L�R�Q�� 
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�K�D�Q�G���G�U�D�Z�V���D�Q���D�U�F�K�����,�I���E�R�W�K���K�D�Q�G�V���I�R�U�P���W�K�H���V�D�P�H���J�H�V�W�X�U�H�����W�K�H��
�I�L�U�V�W���]�R�Q�H���L�V���F�R�X�Q�W�H�G���R�Q�O�\���R�Q�F�H���������J�H�V�W�X�U�H���]�R�Q�H�V���L�Q���W�K�L�V���H�[�D�P�S�O�H���� 
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�H�P�S�O�R�\�L�Q�J���F�D�V�X�D�O���O�D�Q�J�X�D�J�H���Z�L�W�K���W�K�H���\�R�X�Q�J�H�U���D�G�X�O�W���D�Q�G���I�R�U�P�D�O��
�O�D�Q�J�X�D�J�H���Z�L�W�K���W�K�H���R�O�G�H�U���D�G�X�O�W�����(�[�D�P�S�O�H�������	 ����8�������� 

���������:�L�W�K���W�K�H���\�R�X�Q�J�H�U���D�G�X�O�W �����© �D�O�R�U�V������ �O�H���F�R�Q�W�U�D�L�U�H���G�H������
�G�R�X�F�H�P�H�Q�W�������H�X�K���X�Q���E�R�O�L�G�H���L�O���H�V�W���W�U�q�V �ª 
���������:�L�W�K���W�K�H���R�O�G�H�U���D�G�X�O�W �����© �F�¶�H�V�W���F�R�P�P�H�Q�W�������F�¶�H�V�W���H�X�K���X�Q�H��
�Y�R�L�W�X�U�H�������H�O�O�H���S�H�X�W���D�O�O�H�U���H�X�K���W�U�q�V���W�U�q�V���Y�L�W�H �ª 
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3.2.2. �*�H�V�W�X�U�D�O���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���R�I���H�O�G�H�U�V�S�H�D�N 

�&�R�Q�F�H�U�Q�L�Q�J�� �J�H�V�W�X�U�D�O�� �D�F�F�R�P�P�R�G�D�W�L�R�Q���� �W�K�H�� �F�D�U�H�J�L�Y�H�U��
�S�U�R�G�X�F�H�G���I�H�Z�H�U���J�H�V�W�X�U�H�V�� �Z�L�W�K���W�K�H���\�R�X�Q�J�H�U���D�G�X�O�W�� �S�D�U�W�Q�H�U�� ��������
�J�H�V�W�X�U�H�V���� �W�K�D�Q���Z�L�W�K���W�K�H���R�O�G�H�U���S�D�U�W�Q�H�U�������������J�H�V�W�X�U�H�V������ �+�R�Z�H�Y�H�U��
�J�H�V�W�X�U�H�� �U�D�W�H�� ���W�K�H�� �Q�X�P�E�H�U�� �R�I�� �J�H�V�W�X�U�H�V���S�U�R�G�X�F�H�G���G�L�Y�L�G�H�G�� �E�\���W�K�H��
�Q�X�P�E�H�U�� �R�I�� �Z�R�U�G�V�����L�V�� �W�K�H�� �V�D�P�H�� �L�Q���E�R�W�K���F�R�Q�G�L�W�L�R�Q�V�� ����������������
�&�R�Q�F�H�U�Q�L�Q�J���J�H�V�W�X�U�H���G�X�U�D�W�L�R�Q���� �U�H�V�X�O�W�V�� �D�U�H�� �V�L�P�L�O�D�U�� ���J�H�V�W�X�U�H��
�G�X�U�D�W�L�R�Q���P�H�D�Q���Z�D�V�������������V�H�F�R�Q�G�V���Z�L�W�K���W�K�H���\�R�X�Q�J�H�U���D�G�X�O�W���S�D�U�W�Q�H�U��
�D�Q�G�������������V�H�F�R�Q�G�V���Z�L�W�K���W�K�H���R�O�G�H�U���S�D�U�W�Q�H�U���� 

�,�Q�� �W�H�U�P�V�� �R�I���W�K�H���X�V�H�� �R�I�� �J�H�V�W�X�U�H�� �V�S�D�F�H�����)�L�J�X�U�H�� �����V�K�R�Z�V�� �W�K�D�W��
�J�H�V�W�X�U�H�V���Z�H�U�H���O�D�U�J�H�U���Z�L�W�K���W�K�H���R�O�G�H�U���S�D�U�W�Q�H�U�����—� �������������6�'� ������������
�W�K�D�Q���Z�L�W�K���W�K�H���\�R�X�Q�J�H�U�� �S�D�U�W�Q�H�U�� ���—� ������������ �6�'� �������������� �:�H�� �X�V�H�G���D��
�6�W�X�G�H�Q�W�¶�V���W���W�H�V�W���D�Q�G���I�R�X�Q�G���D���V�L�J�Q�L�I�L�F�D�Q�W���G�L�I�I�H�U�H�Q�F�H���R�Q���R�F�F�X�S�D�W�L�R�Q��
�R�I�� �J�H�V�W�X�U�H�� �V�S�D�F�H���G�H�S�H�Q�G�L�Q�J�� �R�Q���W�K�H�� �L�Q�W�H�U�O�R�F�X�W�R�U�V���>�W� ���������������� ����
�G�I� �������������S�����������@�����7�K�X�V�����R�X�U���K�\�S�R�W�K�H�V�L�V���R�I���O�D�U�J�H�U���R�F�F�X�S�D�W�L�R�Q���R�I��
�J�H�V�W�X�U�H�� �V�S�D�F�H�� �Z�L�W�K���W�K�H���R�O�G�H�U�� �L�Q�W�H�U�O�R�F�X�W�R�U�� �L�V���Y�D�O�L�G�D�W�H�G���I�R�U�� �W�K�L�V��
�V�S�H�F�L�I�L�F���G�\�D�G�� 

 

 

�)�L�J�X�U�H�����������8�V�H���R�I���J�H�V�W�X�U�H���V�S�D�F�H���G�H�S�H�Q�G�L�Q�J���R�Q���D�J�H���R�I��
�W�K�H���L�Q�W�H�U�O�R�F�X�W�R�U 

�0�R�U�H�R�Y�H�U�����L�Q�� �E�R�W�K�� �F�R�Q�G�L�W�L�R�Q�V�����W�K�H���F�D�U�H�J�L�Y�H�U�� �X�V�H�G���P�R�U�H��
�V�L�Q�J�O�H���K�D�Q�G�H�G���J�H�V�W�X�U�H�V�� �W�K�D�Q���E�L�P�D�Q�X�D�O���J�H�V�W�X�U�H�V�����7�K�L�V�� �F�D�Q�� �E�H��
�D�W�W�U�L�E�X�W�H�G���W�R���W�K�H���I�D�F�W���W�K�D�W���W�K�H���F�D�U�H�J�L�Y�H�U���F�D�Q�Q�R�W���S�U�R�G�X�F�H���J�H�V�W�X�U�H�V��
�Z�L�W�K���W�K�H���V�D�P�H���K�D�Q�G���W�K�D�W���L�V���K�R�O�G�L�Q�J���K�H�U���S�D�S�H�U�����)�L�J�X�U�H������ �V�K�R�Z�V��
�W�K�D�W���J�H�V�W�X�U�H�V���Z�H�U�H���P�R�U�H���E�L�P�D�Q�X�D�O���L�Q���W�K�H���V�H�Q�L�R�U���F�R�Q�G�L�W�L�R�Q���W�K�D�Q��
�L�Q���W�K�H���\�R�X�Q�J�H�U���D�G�X�O�W���F�R�Q�G�L�W�L�R�Q���D�Q�G���W�K�H���X�V�H���R�I���J�H�V�W�X�U�H���V�S�D�F�H���Z�D�V��
�V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �G�L�I�I�H�U�H�Q�W�� �G�H�S�H�Q�G�L�Q�J���R�Q���K�D�Q�G�H�G�Q�H�V�V�� �Z�L�W�K���D��
�S�U�R�S�R�U�W�L�R�Q���W�H�V�W�����>�$�ð��������� �������������������S�������������@�����$�V���Z�H���F�R�X�Q�W�H�G���D�O�O���W�K�H��
�F�U�R�V�V�H�G�� �]�R�Q�H�V���� �J�H�V�W�X�U�H�V�� �P�D�G�H�� �Z�L�W�K�� �E�R�W�K�� �K�D�Q�G�V���Z�H�U�H��
�V�L�J�Q�L�I�L�F�D�Q�W�O�\���O�D�U�J�H�U���W�K�D�Q���W�K�R�V�H���P�D�G�H���Z�L�W�K���R�Q�H���K�D�Q�G�����7�K�X�V�����W�Z�R��
�K�D�Q�G�H�G���J�H�V�W�X�U�H�V���Z�H�U�H���P�R�U�H�� �Y�L�V�L�E�O�H���W�K�D�Q���R�Q�H���K�D�Q�G�H�G�� �J�H�V�W�X�U�H�V��
�H�Y�H�Q���L�I���W�K�H���R�S�S�R�V�L�W�H���F�D�Q���V�R�P�H�W�L�P�H�V���E�H���R�E�V�H�U�Y�H�G������ 
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�L�Q�W�H�U�O�R�F�X�W�R�U 

�)�X�U�W�K�H�U�P�R�U�H�����W�K�H���S�U�H�V�H�Q�F�H���R�I���L�Q�L�W�L�D�O���R�U���I�L�Q�D�O���S�K�D�V�H�V���K�D�V���D�Q��
�H�I�I�H�F�W�� �R�Q���W�K�H���X�V�H�� �R�I�� �J�H�V�W�X�U�H���V�S�D�F�H�����,�Q�G�H�H�G���� �J�H�V�W�X�U�H�V�� �S�U�R�G�X�F�H�G��

�Z�L�W�K���S�U�H�S�D�U�D�W�L�R�Q���D�Q�G�� �U�H�W�U�D�F�W�L�R�Q���Z�H�U�H���O�D�U�J�H�U�� �W�K�D�Q�� �J�H�V�W�X�U�H�V��
�S�U�R�G�X�F�H�G���Z�L�W�K���S�U�H�S�D�U�D�W�L�R�Q���R�U���U�H�W�U�D�F�W�L�R�Q���S�K�D�V�H�V�����+�R�Z�H�Y�H�U�����W�K�H�U�H��
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�W�K�H���\�R�X�Q�J�H�U���D�G�X�O�W���F�R�Q�G�L�W�L�R�Q���Z�K�H�U�H�D�V���W�K�H�U�H���Z�H�U�H���������R�F�F�X�U�U�H�Q�F�H�V��
�Z�L�W�K�� �W�K�H�� �R�O�G�H�U�� �S�D�U�W�Q�H�U���� �7�K�X�V���� �J�H�V�W�X�U�H�V�� �L�Q�� �I�U�R�Q�W�� �R�I�� �W�K�H�� �V�S�H�D�N�H�U��
�Z�H�U�H���P�R�V�W���R�I�W�H�Q���X�V�H�G���Z�L�W�K���W�K�H���V�H�Q�L�R�U���L�Q�W�H�U�O�R�F�X�W�R�U�����+�R�Z�H�Y�H�U�����W�K�L�V��
�G�L�I�I�H�U�H�Q�F�H�� �L�V�� �Q�R�W�� �V�L�J�Q�L�I�L�F�D�W�L�Y�H�� �E�X�W�� �R�Q�O�\�� �D�� �W�H�Q�G�H�Q�F�\�� �>�$�ð������� ��
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4. �'�L�V�F�X�V�V�L�R�Q 
 

�7�K�L�V�� �V�W�X�G�\�� �L�V�� �D�� �S�U�H�O�L�P�L�Q�D�U�\�� �V�W�H�S�� �W�R�� �U�H�W�K�L�Q�N�L�Q�J���W�K�H�� �X�V�H�� �R�I��
�J�H�V�W�X�U�H�� �V�S�D�F�H�� �L�Q�� �W�H�U�P�V�� �R�I�� �R�F�F�X�S�D�W�L�R�Q�� �R�I�� �V�S�D�F�H�� �U�D�W�K�H�U�� �W�K�D�Q�� �W�K�H��
�O�R�F�D�W�L�R�Q���R�I���J�H�V�W�X�U�H���D�W���R�Q�H���S�R�L�Q�W���R�I���L�W�V���S�U�R�G�X�F�W�L�R�Q���� 

�7�K�L�V�� �P�H�W�K�R�G�R�O�R�J�L�F�D�O�� �U�H�I�O�H�F�W�L�R�Q�� �P�X�V�W�� �F�R�Q�W�L�Q�X�H���I�R�U�� �W�Z�R��
�U�H�D�V�R�Q�V���� �)�L�U�V�W���� �W�K�L�V���V�F�K�H�P�H���L�V�� �X�V�H�G�� �I�R�U���D���V�H�P�L���F�R�Q�W�U�R�O�O�H�G��
�D�S�S�U�R�D�F�K�����W�K�H���W�Z�R���V�S�H�D�N�H�U�V���V�L�W���R�Q���F�K�D�L�U�V���D�Q�G���F�D�Q�Q�R�W���P�R�Y�H�����7�K�X�V����
�L�W���L�V���Q�R�W���D�G�D�S�W�H�G���I�R�U���D�O�O���W�\�S�H�V���R�I���F�R�U�S�R�U�D�����)�R�U���H�[�D�P�S�O�H�����$�]�D�R�X�L��
�D�Q�G�� �'�H�Q�L�]�F�L�� �>�����@�� �U�H�D�G�D�S�W�H�G���W�K�H���]�R�Q�H�V�� �G�H�I�L�Q�H�G���R�Q���0�F�1�H�L�O�O�¶�V��
�G�L�D�J�U�D�P���E�H�F�D�X�V�H���W�K�H�\���X�V�H�G���H�F�R�O�R�J�L�F�D�O���G�D�W�D���R�I���W�H�D�F�K�H�U�V���L�Q���D�F�W�L�R�Q����
�D�Q�G���D�P�S�O�L�W�X�G�H���L�V���O�D�U�J�H�U���Z�K�H�Q���V�S�H�D�N�H�U�V���D�U�H���V�W�D�Q�G�L�Q�J���W�K�D�Q���Z�K�H�Q��
�W�K�H�\���D�U�H���V�L�W�W�L�Q�J�����0�R�U�H�R�Y�H�U�����L�I���V�S�H�D�N�H�U�V���P�R�Y�H���� �Z�H���P�X�V�W���U�H�S�O�D�F�H��
�W�K�H���G�L�D�J�U�D�P�����6�H�F�R�Q�G�O�\�����W�K�H���X�V�H�� �R�I�� �J�H�V�W�X�U�H�� �V�S�D�F�H�� �G�H�F�U�H�D�V�H�V���L�Q��
�F�R�Q�V�H�F�X�W�L�Y�H�� �J�H�V�W�X�U�H�V�� �E�H�F�D�X�V�H���Q�R�W���D�O�O�� �J�H�V�W�X�U�H�V�� �K�D�Y�H�� �D�O�O���W�K�H��
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1. Abstract 
Head gestures play an integral role in human communicative 
action. Speakers regularly employ head movements to convey 
approval, disagreement, or uncertainty, or to modulate the 
meaning of their utterances in other ways. Head gestures may 
also serve as backchanneling signals from the listener to the 
speaker. Due to their diverse discourse functions, head gestures 
have been investigated with a variety of foci (e.g., [1], [2], [3], 
[4]). This paper presents a novel methodology employing 
motion-capture technology to investigate the forms and 
functions of head gestures. The focus is on a) the extraction and 
analysis of specific physical and dynamic features found in 
head gestures and b) possible differences between speaker and 
listener head gestures. 

1. Introduction  
 
Head gestures are an integral part of communicative action 
performed by both speakers and listeners. Since they may 
modulate meaning expressed verbally and serve multiple 
discourse functions, head gestures have been analyzed with a 
variety of foci. As Heylen [2] �V�W�D�W�H�V�����³[w]hen one turns to the 
literature on head movements [...], one is faced with a 
bewildering list of functions and determinants of all the kinds 
�R�I�� �K�H�D�G�� �J�H�V�W�X�U�H�V�� �>�������@�³�� �'�H�V�S�L�W�H�� �W�K�L�V�� �E�U�R�D�G�� �V�S�H�F�W�U�X�P���� �K�R�Z�H�Y�H�U����
head shakes and nods are the most commonly observed, 
conventionalized head gestures, exhibiting different forms and 
functions depending on the conventions of a given culture (e.g., 
[3]; [5]).  

Combining qualitative and quantitative research methods, 
this paper investigates the basic form parameters of head 
gestures accompanying German discourse. It presents a 
methodology implementing motion-capture-technology aided 
extraction and analysis of these physical parameters. Special 
attention is paid to the difference in communicative action 
performed by speakers and listeners, as well as to the specific 
�Q�D�W�X�U�H�� �R�I�� �O�L�V�W�H�Q�H�U�V�¶�� �Y�H�U�V�X�V�� �V�S�H�D�N�H�U�V�¶��head gestures. Motion-
capture technology has proven apt at capturing and analyzing 
comparatively small manual movements and head gestures ([6], 
[7]). Our data set stems from the HumTec Multimodal Speech 
& Kinetic Action Corpus (MuSKA), consisting of multiple 
stream recordings (Motion Capture (MoCap), video, audio) of 
dyadic communicative situations in which participants 
performed three different tasks designed to engage them in 
natural conversation.  

To account for the kinematics of the head movements and 
to derive initial motion-capture data profiles for distinct kinds 
of head gestures, the data analysis included basic physical form 
parameters such as amplitude, velocity and duration. For this 
pilot study, only conventional head gestures, namely head nods, 
shakes and tilts (towards the shoulder), were considered and 
coded. Speaker and listener gestures were distinguished 

depending on the local conversational role of person who 
performed the head gesture in question. Cross-referencing form 
parameters with the type of head gesture and their 
characterization as speaker or listener gesture allowed us to 
establish preliminary profiles for the communicative head 
action performed by speakers and listeners in dialogic 
exchanges.  

Preliminary results show that both listeners and speakers 
use head nods frequently, albeit with a stronger predominance 
in the listener role. Moreover, the assumption of relatively 
higher complexity of speaker head gestures in comparison to 
listener head gestures was supported. Listener head gestures 
showed a shorter mean time of execution compared to speaker 
gestures; the latter more often consisted of composite gesture 
events exhibiting sequences of different gesture types. These 
first findings call for a more in-depth analysis of speaker and 
listener gestures. Subsequent work shall include the numerical 
analysis of spatial parameters of head gestures and their 
semantic and pragmatic relation to both the synchronously 
produced speech and manual gestures.  

The paper begins by reviewing previous research on head 
gesture, and then presents the research question and 
methodology developed for the present study. In the final 
section, the first insights provided by this work are discussed, 
and avenues for follow-up studies are laid out.   
 

2. Insights from previous research on 
head gestures 

To date, much more research has been done on manual gestures 
as compared to head gestures. Previous work on head gestures 
has often focused on the form and function of prototypical or 
emblematic gestures such as head nods and head shakes. 
Kendon [3], for instance, suggests that �± at least in Western 
cultures �± �K�H�D�G�� �V�K�D�N�H�V�� �V�H�H�P�� �W�R�� �E�H�� �W�L�J�K�W�O�\�� �F�R�Q�Q�H�F�W�H�G�� �W�R�� �³�D��
�µ�W�K�H�P�H�¶���R�I���Q�H�J�D�W�L�R�Q�´��and modulate the meaning of utterances 
without being easily translatable into speech. Head nods 
represent another highly conventionalized and culture-specific 
communicative practice, which may be used emblematically for 
�µ�\�H�V�¶���R�U���W�R���J�H�Q�H�U�D�O�O�\���H�[�S�U�H�V�V���D�I�I�L�U�P�D�W�L�R�Q����[8], [9]). In his paper 
�³�0�R�W�R�U���V�L�J�Q�V���I�R�U���µ�<�H�V�¶���D�Q�G���1�R�¶�´����Jakobson [10] put into relief 
the relation between �W�K�H���F�H�Q�W�U�D�O���(�X�U�R�S�H�D�Q���F�R�Q�Y�H�Q�W�L�R�Q���R�I���µ�Q�R�G-
for-�\�H�V�¶���D�Q�G���W�K�H���R�S�S�R�V�L�Q�J���V�\�V�W�H�P���X�V�H�G���L�Q���%�X�O�J�D�U�L�D�����Z�K�H�U�H��nods 
are associated with negation. Other research into the linguistic 
functions of head movements has shown various ways in which 
they may serve deictic expressions, feedback requests, or as 
modality markers of uncertainty [5].  

Head movements have also been ascribed the function of 
�E�D�F�N�F�K�D�Q�Q�H�O�L�Q�J�����³�%�D�F�N�F�K�D�Q�Q�H�O���V�L�J�Q�D�O�V���Z�H�U�H���L�Q�L�W�L�D�O�O�\���L�G�H�Q�W�L�I�L�H�G��
�L�Q�� �<�Q�J�Y�H�¶�V�� �V�W�X�G�\�� �R�I�� �W�X�U�Q-taking and were conceptualized as 
vocal or gestural expressions of the listener that do not signal 
his desire or �L�Q�W�H�Q�W�L�R�Q���W�R���D�V�V�X�P�H���W�K�H���I�O�R�R�U�´���>���@��  
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Motion-capture technology has been previously employed 
in head gesture research. Utilizing motion-capture aided 
methods, Kousidis et al. [11] observed a comparatively wide 
range of gesture inventories in co-speech head gestures 
produced by speakers in contrast to those performed by 
listeners. The authors further proposed a more fine-grained 
differentiation between head gestures produced by participants 
holding the floor in conversational exchanges and those 
produced by participants assuming the listener role. In spite of 
the often found focus on conventionalized and quasi-
emblematic uses, Kousidis et al. [11] called attention to the fact 
that, similarly to manual gestures, head gestures tend to occur 
in concatenated units with up to 10 individual phases 
comprising different gesture types. It follows that these 
composite head gestures should also be treated as complex 
gesture units [12]. Furthermore, Ishi et al. [13] argue that, at 
least for Japanese speakers, the incidence rates for head 
gestures may also vary depending on the social relationship 
between the dialogue partners. 

3. Motivation and research objectives 
The aim of this research is to enhance our understanding of the 
form variants and communicative functions head gestures may 
exhibit in dialogic exchanges. Combining traditional video 
annotations with motion-capture data analyses opens up new 
avenues in gesture research in that we may analyze both single 
events in great detail (i.e., to the level of the millisecond and 
millimeter) and also search for patterns emerging from more 
extensive data sets.  

By cross-referencing the temporal and spatial parameters of 
head motion provided by the numerical motion-capture data 
with the main types of the head gestures, head nods, shakes and 
tilts, our aim is to systematically investigate differences in the 
kinetic parameters of these different communicative behaviors. 
We �D�U�H���L�Q�W�H�U�H�V�W�H�G���L�Q���K�R�Z���H�[�D�F�W�O�\�����I�R�U���L�Q�V�W�D�Q�F�H�����³[h]ead shakes 
vary in terms of the amplitude [...], in the number of rotations 
and in the speed [...]. There is no doubt that these variations in 
performance intersect with and modify the meaning of the 
gesture�³�� �>���@. In addition, our approach allows us to look for 
systematic differences in the distribution of these 
conventionalized head gestures and to correlate their 
occurrence �Z�L�W�K�� �W�K�H�� �J�H�V�W�X�U�H�U�¶�V�� �U�R�O�H��as assumed in the 
conversation, that is, to distinguish between speaker and 
listener gestures. Based on the numerical data, differences in 
the kinematic characteristics of head gestures can be extracted 
and related to the conversational role as well, for example 
pertaining to a shorter/longer duration or lower/higher 
amplitude of head movements. Drawing on previous work 
([11], [6]), our assumption is that nods are typical listener 
gestures, while speakers tend to employ a higher variety of head 
gestures.  

It could further be observed that speakers seemed to cluster 
gestures and concatenate different types of head gestures into 
sequences, a practice that is a lot less frequently observed in 
listener gestures. This again raises the question whether there 
are systematic differences in the utilization of head gestures 
depending on the communicative role of the performer. The 
present study will provide first insights into these issues. We 
are aware, however, that to arrive at a well-founded conclusion, 
a larger dataset needs to be be analyzed in follow-up studies. 
This would also compensate for the idiosyncratic differences 
that are common and extensive in gestural behavior [7].  

 

4. Methods of data collection and 
analysis 

The video and motion-capture data used for this study stem 
from the HumTec Multimodal Speech & Kinetic Action Corpus 
(MuSKA). The corpus consists of recordings (MoCap, video, 
audio) of dyadic communicative situations in which different 
tasks were designed to encourage free conversation between the 
participants. Video and MoCap data were recorded by fourteen 
infrared cameras in the Vicon Nexus optical Motion Capture 
System, two Basler high-speed cameras (100Hz), two HD video 
camera and one SD video camera. Each participant wore a 
wireless microphone to record audio and a set of thirty-one 
infrared reflecting markers to track body movement with the 
help of the MoCap system. 
 
 

 

Figure 1: Position of participants in the MoCap volume 

For this study, data from four head markers, one neck marker 
and two shoulder markers were extracted and analyzed. The 
head markers are connected to a head band for easier 
application and are aligned with the neck and sternum markers. 
This is to simplify the calculation of the head�¶s direction in 
further studies. The participants were positioned opposite each 
other with a distance of about 1.2 m between their chairs. This 
relatively close setup was chosen to also encourage interactive 
gestures, thus creating a shared gesture space. Generally, the 
MoCap system delivers more accurate results for a confined 
region of interest rather than a larger volume. The corpus 
encompasses recordings of conversations in both American 
English and German. For the study reported on here only 
German data were used.  

For the first unstructured task, participants were asked to 
become acquainted with one another, should they not have met 
before, or to collaboratively remember a shared experience if 
they knew each other rather well. For the second task, the 
participants were instructed to collaboratively plan an Interrail 
journey through Europe. The conditions they had to work with 
were a limited budget, a three-week time limit and a maximum 
of 5 stays in places of their choice within the given time span. 
The participants were asked to agree on the itinerary of the trip 
and to discuss what kind of vacation they would prefer: for 
example, a sightseeing tour, a beach vacation or a hiking trip. 
As part of the third task, each participant was shown a short 
movie that they had to retell to their conversational partner. The 
data analyzed in this study only stem from the first two tasks. 

For analysis, the video data were first viewed and annotated 
in ELAN for head movements regardless of their 
communicative function. These annotated gestures were 
reviewed for their predominant form and categorized as 
predominant nods, shakes, or tilts. A gesture was annotated 
from the beginning of the movement phase until the head 
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stopped. In case of multiple cycles, for example in prolonged 
head shakes, they were counted as one occurrence of a gesture 
of the type head shake. An analysis of the number of cycles 
shall be part of further studies. Gestures that did not fit into the 
three categories were disregarded and will be investigated in a 
subsequent study. Body posture shifts and self-adaptors were 
not annotated.  

The next step involved dividing all annotated gestures into 
speaker and listener gestures. A gesture accompanying ongoing 
speech production was considered a speaker gesture, while 
listener gestures typically were produced by the person not 
holding the floor. The latter are neither accompanied by speech 
nor aligned with the onset of speech. The timestamps of the 
beginning and end of each of these qualifying gestures were 
then used to identify the periods of interest in the motion-
capture data that were subsequently analyzed in terms of the 
�K�H�D�G�¶�V���V�L�[�� �G�H�J�U�H�H�V���R�I�� �I�U�H�H�G�R�P���� �Y�H�O�R�F�L�W�\�� �D�Q�G���D�P�S�O�L�W�X�G�H����These 
degrees are composed of three axes and two types of movement, 
translations and rotations on each of them. Figure 2 illustrates 
the six degrees. Translations along the three translation axes 
result in the typical directions forward�² backward, up�² down, 
right�² left. The three rotational movements around the 
respective axis are pitch, yaw and roll ; these are equivalent to 
the movements that are more commonly called nod, shake and 
tilt  in head gestures. To compensate for upper body movements 
(ventral/dorsal and lateral), e.g. posture shifts or repositioning 
on the seat, simultaneously to performing a head gesture, the 
�K�H�D�G���P�D�U�N�H�U�¶�V���P�R�W�L�R�Q���Z�D�V���F�D�O�F�X�O�D�W�H�G���U�H�O�D�W�L�Y�H���W�R���W�K�H���P�R�W�L�R�Q���R�I��
the neck marker. To compensate for rotational body movement, 
the shoulder markers were also used to generate a time dynamic 
�U�H�S�U�H�V�H�Q�W�D�W�L�R�Q���R�I���W�K�H���E�R�G�\�¶�V���R�U�L�H�Q�W�D�W�L�R�Q�� The shoulder markers 
build a moving axis throughout the recording for each frame 
and in combination with the neck marker they constitute a 
moving coordinate-system. The head movement is always 
calculated relative to the adapting coordinate system. The 
amplitude of each gesture equaled the difference between the 
maximum and minimum coordinates on each axis for a given 
time period.  

 

Figure 2: Six degrees of freedom 

 
In addition to the video data, the MoCap system recorded 

all occurrences of head gestures in high temporal and spatial 
resolution, allowing for a numerical analysis of the form 
parameters of single gestures, as well as of recurrent types of 
gestures. Using the numerical data provided by the MoCap 
system, all identified gestures we�U�H���F�R�G�H�G���L�Q���W�H�U�P�V���R�I���W�K�H���K�H�D�G�¶�V��
six degrees of freedom, velocity, amplitude and duration of 
motion. By coding all speaker-turns, we were further able to 
subdivide the observed behavior into speaker and listener head 
gestures, thus comparing the respective form parameters and 
deriving first profiles for each group. 

5. Results 
For this study, about 30 minutes of dialogue from four 
conversational tasks were annotated and labeled as described. 
This resulted in a total of over 740 occurrences of head gestures 
that qualified for further analysis. 

Figures 3, 4 and 5 show examples of each gesture type. In 
particular, a listener�¶ head tilt gesture, a listener nod and a head 
shake performed by a speaker. The system draws traces of 
selected markers for the period in which the gesture occurs. 
 

 

Figure 3: Trace of a tilt  gesture performed by a listener 

 

Figure 4: Trace of a nod gesture performed by a listener 

 

Figure 5: Trace of a shake gesture performed by a speaker 

Of these head movements 130 were considered listener 
gestures. A more detailed distribution of head gesture type and 
mean duration is presented in Table 1 below. Each gesture type 
was separately categorized as a speaker or a listener gesture. So 
the total of 611 speaker gestures is subdivided into 327 nods, 
191 shakes and 93 tilts. For each subcategory, the mean 
duration of all occurrences was calculated as well.  
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Type Quantity  
Mean duration 

[seconds] 
Speaker nods 327 0,78 
Speaker shakes 191 0,79 
Speaker tilts 93 0,65 
Speaker total 611 0,75 
   
Listener nods 93 0,61 
Listener shakes 11 0,62 
Listener tilts 26 0,66 
Listener total 130 0,62 
   
Total 741 0,72 

Table 1: Quantity and mean duration of head gestures 

Head nods were the most frequent gesture type with a 
comparably stronger predominance in listener behavior. A 
distinctive feature of this data set was the low number of head 
shakes attributed to the listener role. A possible explanation 
might be that the participants are instructed to get to know each 
other and to work collaboratively in order to come up with a 
joint solution to the travel task. In ligh�W�� �R�I�� �W�K�H�� �³�µ�W�K�H�P�H�¶�� �R�I��
�Q�H�J�D�W�L�R�Q�´��that Kendon [3] attributes to head shakes, 
participants might have been inclined to reduce them to a 
minimum to avoid slowing down or compromising the ongoing 
activity. 

 

 

Figure 6: Distribution of gesture types 

 

Figure 7: Distribution of listener and speaker gestures 

The amplitude of the analyzed gestures varied greatly for 
all axes and for all gesture types. As such, the question 
regarding the range of motion of listener head gestures in 
comparison to speaker head gestures remains open. However, 

the data did show a tendency towards stronger, longer and more 
articulated speaker gestures. Figures 8 and 9 show data 
examples of a multi-cyclic head nod respective head shake 
performed by a speaker. The data show the velocity of one head 
marker over the duration of the head gesture. The time 
resolution is 100 frames per second; the velocity is split into the 
three axes. Nods and shakes show stronger activation on their 
primary axis.  

 

 

Figure 7: Velocity of cyclic head nod (speaker) 

 

Figure 8: Velocity of cyclic head shake (speaker) 

�7�K�H���V�S�H�D�N�H�U�V�¶���W�H�Q�G�H�Q�F�\���W�R�Z�D�U�G�V���D���P�R�U�H���D�F�W�L�Y�H���H�P�S�O�R�\�P�H�Q�W��
of head gestures also presents itself in the utilization of complex 
head gesture units [11]. Complex head gesture units are 
concatenations of two or more gestures without pause. 45 of 
those units were identified. Even with this small data sample it 
becomes apparent that these units have a strong predominance 
in the speaker role. About 85% of these units corresponded with 
the speaker role, and they were rarely identified in the listener 
role (see Table 2). This assumption fits with the observed slight 
tendency toward shorter mean duration in listener gestures, 
making listener gestures appear overall more subtle and 
singular in their execution.   

 

Type Quantity  Percentage  
Complex HGU 
Speaker 61 84,7  
Complex HGU 
Listener 11 15,3  

Total 72   

Table 2: Distribution of complex head gesture units 
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6. Discussion  
Our analysis has revealed differences in listener and speaker 
gestures not only in terms of their frequency and distribution, 
but also regarding their manner of execution. However, the 
results obtained in this pilot study only reveal tendencies. In 
particular, the strong variation in the range of motion makes it 
difficult to draw conclusions concerning systematic, form-
specific distinctions between head gestures that depend on the 
�S�H�U�I�R�U�P�H�U�¶�V�� �F�R�Q�Y�H�U�V�D�W�L�R�Q�D�O�� �U�R�O�H���� �6�S�H�F�L�I�L�F�D�O�O�\���� �W�K�H�� �R�E�V�H�U�Y�H�G��
listener and speaker gesture characteristics for frequency and 
distribution, in addition to the observed relatively higher 
complexity of speaker head gestures, calls for further in-depth 
analyses of the internal structure and multiple functions of both 
speaker and listener gestures. As a first step, the methods should 
be adapted to account for larger data sets and to tackle the strong 
variation in the amplitude of the gestures.  

Furthermore, the analysis of concatenating head gestures 
should be extended to sequences, since this phenomenon was 
observed to show a regular and strong bias towards the speaker 
role. The segmentation of all the annotated head gestures into 
different phases that can be analyzed individually might be one 
approach, as has also proven useful in the case of manual 
gestures ([14], [15]). This would further improve the integration 
of concatenated head gestures and enable a more fine-grained 
analysis of their relation to the synchronously produced speech 
as well as manual gestures. Moreover, the analysis of a larger 
data set would enable us to test for statistical significance and 
allow for the investigation of smaller subsets, such as head 
shakes and tilts performed by the listener. Finally, extending the 
numerical analysis of dynamic spatial parameters to head 
gestures that do not exactly fit the conventional types or consist 
of combined profiles is a promising avenue for further research 
in the domain of communicative action performed with the 
head, arms and torso by both speakers and listeners.  

 

7. Concluding remarks 
Motion-capture aided tracking of head gestures and the 
subsequent generation of head gesture data profiles showed 
promising results. Firstly, the numerical data reflects the 
conversational role in which the gesture was uttered. 
Differences in the data profiles for listener and speaker head 
gestures occurred systematically and encouraged the separate 
analysis of these conversational roles. Secondly, the data 
profiles of gesture types within one conversational role are 
employable to distinguish singular gesture types. 

Through further elaboration of the data extraction and 
profile generation methods these profiles may be employed for 
semiautomatic segmentation or structuring of conversations as 
well as fine-grained qualitative analysis of singular gesture 
occurrences. However, the overlapping of gesture units, the 
high variation in amplitude and velocity as well as idiosyncratic 
gesture styles make a fully automated characterization of these 
gestures difficult . Moreover, the inventory of head gestures 
reaches beyond the scope of the simplified selection presented 
here. The method propsed in this paper can nonetheless be 
adapted to a more fine-grained analysis with a larger inventory 
of gesture types and their respective data profiles. The next 
steps of this research will include the refinement of data profile 
generation, with a focus on the normalization of the data and 
the development of methods to analyze larger datasets to enable 
further statistical analysis.  
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Abstract 
Based on a study investigating gestures used for the 
expression of refusal, rejection, exclusion and negation in 
Savosavo, a Papuan language spoken in Solomon Islands in 
the Southwest Pacific, the article discusses how a particular 
type of pragmatic gesture, the holding away gesture, may 
highlight and structure the spoken utterance. It will be shown 
that the holding away gesture assumes three functions on 
different levels of discourse: It emphasizes the speakerÕs focus 
on the conclusion and change of a topic. It highlights the 
contrast between two propositions or emphasizes that the 
speaker is inserting additional information. The article 
demonstrates that holding away gestures operate on the 
spoken utterance and take over speech-performative function 
as they draw attention to the communicative act the speaker is 
engaged in and, at the same time, make this communicative 
action visually accessible to the hearer. 
 
Index Terms: multimodality, speech, pragmatic gestures, 
discourse markers, discourse structure, Savosavo 

1. Introduction  
Particles fulfill a range of functions in spoken language. 
Modal particles, such as denn, halt, or eben in German, for 
instance, operate on the pragmatic-functional level of the 
utterance and Òintegrate utterances into the realm of 
interaction. [With modal particles], speakers can refer to 
shared knowledge, to assumptions or expectations of speakers 
or hearers, a particular reference to a preceding utterance can 
be marked or the significance that the speakers attest to the 
utterance can be marked. Modal particles thus modify 
illocutionary types in particular waysÓ [1: 2, translation 
authors]. Furthermore, particles assume a major function in 
the regulation of interactional processes and display the 
discursive structure of the utterance. In English, discourse 
particles or discourse markers, well, but, unless, or then, for 
instance, are expressions connecting parts of discourse. 
Similar to modal particles, they do not express propositional 
content but rather contribute to the interpretation of the 
utterance because Òthey signal a relationship between the 
segment they introduce, S2, and the prior segment, S1Ó [2: 
950]. They connect messages and may either emphasize 
contrast (but), a quasi-parallel relationship between messages 
(furthermore) or they mark elaborations (well) and inferences 
(then). Furthermore, discourse particles may not only connect 
messages but rather topics and as such are of importance for 
managing discourse. ÔTopic change markersÕ [2] highlight a 
thematic excursion or the reintroduction of a previous topic. 
These functions can, as Schiffrin notes, not only be realized by 

verbal expressions but also by paralinguistic elements (e.g., 
prosody) and gestures [3].  
Research has shown that gestures with pragmatic functions are 
able to Òrelate to features of an utteranceÕs meaning that are 
not a part of its referential meaning or propositional contentÓ 
[4]. As such, gestures fulfill  performative function by 
indicating a request, a question or refusal [e.g., 4, 5, 6]. 
Furthermore, they may Òserve in a variety of ways as markers 
of the illocutionary force of an utterance, as grammatical and 
semantic operators or as punctuators or parsers of the spoken 
discourse.Ó [4: 5]. By taking over modal function, gestures 
indicate the speakerÕs stance towards the proposition uttered 
[4-8]. They qualify something as negative, obvious or 
particularly noteworthy and thus operate on the speakerÕs own 
utterance. Accordingly, researchers have argued that such 
gestures show functional analogies with modal particles [7-9]. 
However, gestures with pragmatic function may not only be 
an indication for the speakerÕs attitude towards the proposition 
of the utterance but also have the capability of highlighting 
properties of discourse. By taking over ÔparsingÕ [4] or 
ÔinteractiveÕ function [10], gestures contribute to the marking 
of various aspects of the structure of spoken discourse and 
provide visible anchor points for connecting or separating 
parts of discourse [see also 11]. Accordingly, Kendon [12: 
248] has discussed pragmatic gestures with discursive function 
as Ôdiscourse unit markersÕ, highlighting the fact that gestures 
may be able to Òmark discourse units differentially as topic in 
contrast to commentÓ and may serve to Òmark discourse units 
which are 'focal' to the theme or argument of what is being 
saidÓ. In doing so, gestures with pragmatic functions may have 
the same functions as discourse markers or rising intonation in 
spoken language [10].  
The present article ties in with existing research on the 
discursive nature of pragmatic gestures. Based on a study 
investigating gestures used for the expression of refusal, 
rejection, exclusion and negation in Savosavo, a Papuan 
language spoken in Solomon Islands in the Southwest Pacific 
[13, 14], the article discusses how a particular type of gesture, 
the holding away gesture (see Figure 1), may highlight and 
structure the spoken utterance. The holding away gesture has 
been discussed in a range of studies on pragmatic gestures. 
Bressem and MŸller [15] present an analysis of the gesture as 
part of the away family, gestures used by German speakers to 
express negation, refusal and negative assessment. The authors 
show that the holding away gesture is used to reject topics of 
talk, to stop arguments, beliefs or ideas from intruding into the 
realm of shared conversation and to stop the continuation of 
unwanted topics. Moreover, it qualifies the rejected topics as 
unwanted ones. 
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Figure 1: Holding away gesture in Savosavo 
 
In a similar vein, Kendon discusses the holding away gestures 
as part of his account of gestures used by speakers of English 
and Italian Òin contexts where something is being denied, 
negated, interrupted, or stoppedÓ [4: 248]. With the Open 
Hand Prone VP, the speaker establishes a barrier, pushes back 
or holds back things moving towards him- or herself. The 
gesture indicates the speakerÕs Òintent to stop a line of actionÓ 
[4: 262]. Depending on the position of the hands, the gesture 
specifies the kind of action to be stopped: 1) close to the body: 
stopping ones own action, 2) in front of the body: stopping the 
action of the speaker and the interlocutor, 3) movement 
towards the interlocutor: stopping the action of the 
interlocutor. Also for speakers of English, Harrison identifies 
different variants of the gesture by which speakers may refuse 
or interrupt themselves or others (PVraise), express positive 
evaluation, apology or negation (PVoscillate, PVhorizontal) 
[16]. For speakers of French, the gesture is also documented 
as carrying the semantics of rejection and being used by 
speakers to actively refuse something [17: 200].   
Research thus demonstrates that the holding away gesture is 
characterized by a variety of forms and functions across 
different Indo-European languages. However, these studies 
have primarily concentrated on its performative or modal use. 
The gesturesÕ relevance for marking various aspects of the 
structure of spoken discourse has not yet been addressed in 
detail. The present article aims to fill  this gap by presenting a 
first analysis of the discursive function of holding away 
gestures in Savosavo.  

2. Savosavo language 
Savosavo is the easternmost of only four (at best distantly 
related) non-Austronesian (Papuan) languages spoken among 
more than 70 Austronesian languages in Solomon Islands. The 
Savosavo speech community comprises about 3,500 people 
living on Savo Island, a small volcanic island approximately 
35km northwest of the capital Honiara.  

3. Database and methods 
The holding away gestures were identified in a corpus 
consisting of 68 hours of video recordings from 84 different 
speakers (52 male, 32 female), ranging in age from about 20 to 
about 85, collected during WegenerÕs PhD fieldwork and the 
Savosavo Documentation Project (see [13] and the project 
website http://dobes.mpi.nl/projects/savosavo/ for more 
detail). It is stored in the DoBeS archive at the Max Planck 
Institute for Psycholinguistics in Nijmegen, and can be 
accessed under 
https://corpus1.mpi.nl/ds/imdi_browser/?openpath=MPI55379

9%23. For the analysis of the holding away gestures, 6 hours 
of video recordings from the total of 68 hours of video 
recordings were chosen, consisting of mostly narratives, some 
procedural texts as well as a few interviews. The corpus 
comprises monologic, dyadic as well as group constellations 
of altogether 14 male speakers ranging in age from 39 to about 
80. Altogether, 56 instances of the holding away gesture were 
identified. The holding away gestures were analyzed within a 
form-based linguistic approach also adopted for analyses of 
holding away gestures in German [15]. Accordingly, the 
analysis of the sweeping and holding away gestures in 
Savosavo consisted of a 4-step procedure [18]. The gestures 
were first annotated and coded in their form. Subsequently, the 
gestures were analyzed in relation to the verbal utterance. 
Here the gesturesÕ meaning and function was examined with 
respect to the sequential, syntactic, semantic as well as 
pragmatic information given by speech but also by semantic 
and pragmatic information conveyed by adjacent gestures. In a 
next step, the analysis of the local context, i.e. the interactive 
environment of a gesture, was combined with an analysis of its 
context-of-use, the broader discursive situation in which a 
recurrent gesture occurs [4, 19]. The determination of the 
contexts-of-use built the basis for the fourth step, i.e. the 
distributional analysis of the gestures, the identification of 
gestural variants and the detection of a systematic correlation 
of context-of-use and variations of form [20]. The gesture 
annotation was either incorporated into existing ELAN files 
with morpho-syntactic annotations [13] or new ELAN files 
were set up. In the latter case, morpho-syntactic annotations 
for Savosavo were later added at and around those points in 
time where the gestures under investigation occurred. The 
distributional analysis was done using an Excel data basis.  
The analysis of the gestures in relation with speech and the 
determination of the different contexts-of-use were conducted 
in collaboration with a native speaker of Savosavo, because 
non-linguistic context, such as background information on 
cultural, geographic, historical and other specific aspects of 
the life on Savo, is crucial to the understanding of speech and 
gestures. Moreover, in particular for the analysis of gestures 
with pragmatic functions, native competence of the language 
is indispensible in order to catch all of the gestureÕs relevance 
and function for expressing the illocution of the utterance.    
According to this procedure, different context variants of the 
holding away gesture and, in particular, specific functions of 
the holding away gestures for highlighting and structuring 
discourse were identified.  
 

4. Holding away gestures in Savosavo 
The holding away gesture in Savosavo is characterized by a 
particular formational core that is kept stable across speakers 
and contexts-of-use: The (lax) flat hand(s) with the palm 
oriented vertically away from the speakerÕs body are held in 
the center of the gesture space. This formational core can be 
varied, so that the hands may be moved away from the 
speakers body (cf. [4]) or moved downwards (see example 1, 
2). The palm of the hands may be oriented diagonally 
downwards and the hands can be positioned in different 
regions of the gesture space (see [14] for more details). In 
accordance with existing research we assume that the 
formational core of the holding away gesture is derived from 
an underlying everyday action, such as the action of holding or 
pushing away an object, stopping a door from smashing into 
the face, or an unwanted person from intruding into the 
personal space. The vertically oriented hand(s) create a 
blockage, which either keeps objects from moving closer or 
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pushes them away [15]. As a result, annoying or otherwise 
unwanted objects are hindered from entering the space around 
the body. This effect of action is semanticized in the holding 
away gesture: Something wanting to intrude has been or is 
being kept away from intrusion. As such, the gesture is used to 
Òreject topics of talk, to stop arguments, beliefs, or ideas from 
intruding into the realm of shared conversation, to stop the 
continuation of unwanted topicsÓ [15: 1598].  
We documented 56 holding away gestures, which are used in 
3 different contexts-of-use (see Table 1): explanation (34, 
61%), request (20, 36%), and description (2, 3%). In 
descriptions, speakers describe the characteristics and 
processes of (historical) events, fishing techniques or rituals, 
for instance. In explanations, speakers add one or more 
statements to clarify or explain something (e.g., a particular 
cultural aspect potentially unknown to a foreigner) or to give a 
reason or justification for an action (e.g., the end of a war or 
the duration of a particular event). In the context-of-use 
ÔrequestÕ, speakers fulfill the speech act of asking for 
something. Here, the gestures function as ÔperformativesÕ as 
they Òaim at a regulation of the behavior of othersÓ and 
ÔperformÕ the illocutionary force of an utterance [8]. 
 

Context-of-use Function of gesture Number of 
instances 

 
 
explanation 

speech-
performative 

topic 
shift 

17  
 
 
34 

 
 
 
 
n=56 

contrast 10 
insert 5 

abstract-
referential 

      
2 

request performative  20 
 
description 

speech-
performative 

topic 
shift 

1 2 

abstract-
referential 

 1 

 
Table 1: Overview of contexts and functions of holding away 
gesture 
 
In the examples from the context-of-use ÔrequestÕ, gestures are 
executed in temporal overlap with speech and request others to 
stay in a particular place (e.g., Òdon't you come ashore hereÓ 
ak_biti_630) or are used as an appeasement (e.g., ÒI am not 
harming anyoneÓ ap_cs_kabulabu_552). When used without 
speech, the holding away gesture requests someone to be 
quiet, to stop an ongoing action (e.g., talking while someone 
else is talking), or to keep someone from starting an action 
(e.g., to give further information on a topic) [for more detail 
see 14].  
As shown in Table 1, the holding away gesture is most 
common in the context-of-use ÔexplanationÕ. 34 instances of 
the gestures are used when speakers provide explanatory 
statements or justify actions or events. In 2 instances, speakers 
employed the gestures to enact the stopping of events or 
actions that are in progress or are about to start. However, the 
majority of holding away gestures takes over speech-
performative, discursive function. We will discuss this use in 
detail in the following section.   

5. Structuring and highlighting discourse 
94% of the gestures in the context-of-use ÔexplanationÕ (32 
instances) fulfill speech-performative function and thus act 
upon the speakerÕs own utterance [8: 1544]. In these cases, 
Ògestures are aligned with what the speaker is presently doing, 
and convey something about itÓ [21: 74]. They display the 
communicative act of the speaker and visualize the structure 

of the spoken utterance. In our corpus, holding away gestures 
take over three different functions for marking aspects of the 
spoken discourse: They mark a conclusion and change of 
topic, highlight the contrast between two propositions or 
emphasize that the speaker is inserting additional information.  
In the first example, we see an instance in which the holding 
away gesture visually marks the conclusion of one topic, and, 
at the same time, marks the change to another topic. While 
talking about the last war on Savo and an important warrior, 
speaker DE explains the Sepe dance, which was inspired by 
this warrior and is performed on the island of Savo. After 
having finished describing the dance, its characteristics and 
explaining who performs the dance, the speaker utters Òthat is 
the Sepe danceÓ and at the same time produces a holding away 
gesture encompassing almost the whole phrase (see example 
1). Afterwards, he continues his narration with another aspect 
of the story about the last war on Savo. In this example, 
speech and gesture work together in marking the closing of a 
topic and indicate that the speakerÕs explanation about the 
Sepe dance has come to an end. The vertically oriented hand, 
which is movement downwards with a short accentuated 
movement, sets up a barrier in front of the speakerÕs body, 
blocking any requests for further explanations of the topic of 
the Sepe dance. The gesture takes over meta-communicative 
function by operating on the concurrent speech and displaying 
the communicative act of the speaker, namely his intention to 
end the story of the Sepe dance and his goal to move on to a 
different aspect of the overall topic.   
 

����������������������������������������  
(1) Lole  lo Sepena. 
 lo=le lo Sepe=na 
 3SG.M=EMPH.3SG.M DET.SG.M Sepe=NOM 

 PP ART N 
  G1 G1 
 ÒThat is the Sepe dance.Ó (de_torolala_425) 

 G1: The left flat hand, palm oriented diagonally 
vertically away from the speakerÕs body, is moved 
downwards in the lower center of the gesture space.  

Example 1: Holding away gesture highlighting the conclusion 
and change of topic. 
 
In doing so, the gesture takes over a similar function as 
observed for discourse markers in spoken languages: The 
gesture functions as a topic-relating discourse marker [2]: 
Through the holding away gesture, the topic of the present 
utterance (the Sepe dance) and the topic of the following 
utterance (last war on Savo) are set in relation. The gesture 
helps to structure the discourse in terms of topic management. 
This is an interesting difference to studies of other languages, 
which usually show how pragmatic gestures operate on the 
topic-comment structure of one utterance (e.g., [12]). In our 
corpus, the holding away gesture does not indicate the topic or 
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comment portion of one particular utterance, but rather sets 
two different discourse topics in relation, marking the change 
from one topic to another. In this and other examples, when 
speakers use the holding away gestures with the function of 
indicating a change of topic, it is accompanied by a closing 
statement on the present topic (e.g., Òthat is the Sepe danceÓ, 
Òthat is what they sayÓ si_kuarao_1532, Òthat is a different 
storyÓ jn_lotu_103) before picking up another topic.  
A second function can be observed in the following example, 
in which the gesture does not function as a topic-relating 
discourse marker, but focuses on the message and is used to 
set up a contrast between two propositions. In example 2, 
speaker PNG talks about the length of the Second World War 
in Solomon Islands. He counts the years during which the 
fighting went on and concludes that it was only three years. 
While uttering Òonly for three yearsÓ, the speaker performs a 
one handed holding away gesture by which he sets up a visual 
barrier blocking off any objection from his interlocutors and 
metaphorically holds away possible arguments or counter-
examples meant to contradict his explanation. Here again, the 
gesture operates on the speakerÕs own utterance, yet this time 
it indicates that the speaker is setting up a contrast between his 
utterance and a contradicting alternative: The gesture 
establishes a contrast between the actual duration of the 
Second World War in Solomon Islands mentioned by speaker 
PNG and a potentially expected longer duration as compared 
to other countries, for instance. The gesture operates on the 
message of the utterance and not, as in example 1, on the 
topic.  
 

������������������������������������ ��
(2) Omalo gneqai ata; kede 

oma=lo gneqa-i ata kode 
no=3SG.M.NOM be.long-FIN here only.NSG 
NEG=PP V LOC QUAN 
   G1 
ighia eleghoghalalo te 
ighiva elegho=gha=la=lo te 
three year=PL=LOC=3SG.M.NOM EMPH 
QUAN N=PP PA 
G1  
ata palei. 
ata pale-i 
here stay-FIN 
LOC V 
"It wasn't long here, only for 
three years it stayed here.Ó 

 
(png_WWII_1_628) 

 G1: The left flat hand, palm oriented diagonally 
vertically away from the speakerÕs body, is moved 
downward in the upper center of the gesture space.  

 
Example 2: Holding away gesture setting up a contrast 
between propositions 
 

In other examples of this kind in our corpus, speakers set up a 
contrast between a fishing taboo mentioned in the present 
utterance and other potential fishing taboos (ÒThe only taboo 
is that which I said earlier, stepping over the string and (all) 
that.Ó si_kurao_746) or between different types of custom 
money owned by people of different status (Ònot the custom 
money that the young people or the normal people would own, 
the important people onlyÓ ap_seka_547). In all cases, the 
holding away gesture seems to show a functional analogy to 
contrastive discourse markers in spoken languages by which 
an Òexplicit message of [an utterance] is in contrast with an 
[É] implied message [of another utterance]Ó [2: 947].  
In example 3, we see the third discursive function of the 
holding away gestures documented in our corpus. Here, the 
gesture indicates that the speaker is departing from his main 
story line and is inserting additional information.  
 

��������������������������  
 
(3) Pozogho dologhu pai kia 

pozogho dolo-ghu pai kia 
basically be.friend-NMLZ or.maybe 
ADV N CONJ 
 G1  
zughuzughu abagnighu 
zughu~zughu abagni-ghu 
NMLZ~disagree argue-NMLZ 
N N 
"basically, peace, or otherwise 
disagreement and arguments(, or 
otherwise anything)Ó 

 
 
(jn_lotu_349) 

G1: Both hands, palm oriented vertically away from 
the speakerÕs body, are moved downwards in the 
center of the gesture space.  

 
Example 3: Holding away gesture setting up a contrast 
between propositions 
 
Speaker JN tells the story of the first arrival of missionaries on 
Savo Island and describes how a group of elderly women 
communicates with two missionaries. As neither of the groups 
speaks the language of the other, the elderly women and the 
missionaries communicated by using their hands. After having 
uttered Òbecause of that they only used their hands to make 
signsÓ, the speaker inserts some further information, 
explaining what could have been the topic of their 
conversation. While saying Òbasically, peace, or otherwise 
disagreement and arguments, or otherwise anything, only with 
the hands did they talk about it on that dayÓ, he produces a 
holding away gesture in temporal overlap with ÒpeaceÓ. Here, 
the hands visually mark the point in time where the additional 
information is added. After having uttered ÒpeaceÓ, speaker 
JN lists some further topics of talk (disagreement, arguments). 
By being executed in temporal overlap with the first item 
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listed, the holding away gesture highlights the part of the 
utterance inserting additional information and thus visually 
foregrounds the insertion. In spoken English, for instance, 
discourse markers such as furthermore, in addition or namely, 
highlight that the present utterance is Òadding yet one more 
item to a list of conditions specified by the preceding 
discourseÓ [2: 948]. Considering example 3, a similar function 
can be attested to the holding away gesture. Here, the two 
vertically oriented hands visually mark the point in time where 
additional information is given to provide some further 
elaboration on the possible topics discussed by the women and 
the missionaries. In another example in our corpus, the gesture 
is used when a speaker talks about magic and adds an aside, 
specifying a particular type of magic (Òvele magic, that 
custom thing, vele magic they tookÓ png_WWII_3_1616).  
All of the discussed examples above illustrate that the holding 
away gesture is able to operate on the level of the message, 
when setting up a contrast or inserting information. Yet it can 
also be used as a topic-relating discourse marker when 
emphasizing the speakerÕs focus on the conclusion of a topic 
and the subsequent topic change. By doing so, holding away 
gestures relate discourse segments and do not contribute to the 
propositional meaning of either segment. Rather, they operate 
on the pragmatics of the spoken utterance by embodying 
communicative actions and discourse structure. The holding 
away gesture displays the communicative act the speaker is 
engaged in and, at the same time, provides a clue to the 
listener on how to treat the respective information and to 
refrain from possible counter arguments. The meaning that is 
expressed by the gestures is thus mainly a procedural one, 
specifying how segments of an utterance are to be interpreted 
relative to the each other. Following Kendon, it can be 
concluded that pragmatic gestures, or in the present case, 
holding away gestures Òappear to serve as if they are labels for 
segments or units within a discourse, thereby indicating the 
part these units play within the discourse structureÓ [12: 264] 
for the speaker and the hearer.  

6. Conclusion 
Based on an analysis of a particular type of pragmatic gesture 
used by speakers of Savosavo, the article elaborated on the 
relevance of pragmatic gestures for highlighting and 
structuring discourse. Taking up FraserÕs pragmatic 
classification of discourse markers, it was shown that the 
holding away gesture assumes a diverse function on different 
levels of spoken discourse structure in Savosavo. The gesture 
may operate on the level of the message of the utterance or it 
puts topics of different utterances in relation to each other. By 
doing so, holding away gestures act on the spoken utterance 
and take over speech-performative function as they highlight 
the communicative act the speaker is engaged in and make this 
communicative action visually accessible for the hearer. 
Holding away gestures with discursive function thus take over 
particular communicative relevance as they not only regulate 
discourse but also clarify discourse structures for speaker and 
hearers by drawing attention to speech act sequences, cohesion 
and thematic relations.  
Taking up the analysis presented in this article, a comparison 
of the functions identified for the holding away gestures in 
Savosavo with other languages would be particularly 
interesting for gaining further insights into the nature of the 
holding away gestures, pragmatic gestures in general and their 
discursive potential. Regarding performative functions of the 
holding away gestures, a cross-cultural and cross-linguistic 
distribution can be identified. Speakers of Savosavo use the 
gestures in a very similar way as speakers of German, English, 

or French, for example. Their formational features as well as 
their semantic and pragmatic characteristics match those 
described by other researchers  (see [4, 15-17]). The 
documented forms, meanings, and functions thus seem not to 
be restricted to their use in Indo-European languages but 
might have a rather wide cross-linguistic and cross-cultural 
distribution [see 14 for more detail]. Investigating the 
discursive function of the holding away gestures across a 
range of different languages would provide a further puzzle 
piece for language specific or possible universal functions of 
pragmatic gestures. Examining the relevance of gestures for 
discourse structure thus poses an interesting field of research 
by which further insights into the nature of pragmatic gestures 
can be gained and, furthermore, on the relevance of gestures 
for establishing multimodal utterances.  
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Abstract 
This paper gives a social-semiotic account of five gesture 
families. It examines semantic expansion and 
conventionalization in the form-meaning relations of gesture 
families in the gestural repertoire of speakers of urban 
varieties of Zulu and South Sotho. Gestural forms vary in the 
extent to which they undergo semantic extension and 
conventionalization.  Gestures that depict concrete objects 
have limited related semantic possibilities. Where 
conventionalization of gestures occurs, this process is 
motivated by the interaction of both visual cognitive image 
scheme and social communicative needs. In the case of 
imagistic schema, these can be expanded based on underlying 
metaphorical abstract semantic cores. However, these 
expansions are not only cognitively motivated. They are 
culturally shaped by norms and values underlying physical 
and social conventions as well as communicative expressive 
needs. The paper argues for a socio-semiotic framework for 
the cross-linguistic analysis of gesture families.  
Index Terms: gesture family, semiotic, semantic expansion, 
metaphor, conventionalization, socio-cognitive 

1. Introduction  
The analysis and classification of gestures has been a frequent 
topic in the gesture literature [1]. Various differences have 
been emphasized. For example, from a functional perspective, 
pragmatic gestures that convey speech acts or mark discourse, 
are distinguished from representational gestures that express 
content [2]. Another important distinction has been made 
between co-speech gestures and gestures that can convey 
meaning independently of speech. This distinction is 
connected to the notion that some gestures are spontaneous, 
idiosyncratic and improvisatory while others are highly 
conventionalized [3]. 
 
As the number of studies of spontaneous gesture use has 
increased, these distinctions appear less clear-cut. For 
example, representational gestures can function pragmatically 
and pragmatic gestures can convey propositional content [4]. 
Although some co-speech gestures may appear to be 
improvisational, the gestural forms re-occur with similar or 
related meanings and functions and therefore must have 
underlying cultural conventions governing their use [5], [6]. 
Similarly, highly conventionalized gestures such as quotable 
gestures or emblems co-occur with speech and can function 
like co-speech gestures [7].  
 
A semiotic approach to the analysis of gesture provides an 
alternative starting point for the analysis and classification of 
gestures. It takes a gestureÕs core kinesic feature(s) and 
examines how various components such as form, location, 
movement, and combination of body parts vary from one 
context of use to another and how these features express 
variations in meaning and function [8]. Accordingly, several 

scholars have proposed categorizing gestural forms into 
gesture families [8]. A gestural family consists of different 
iterations of a common core gestural form and meaning. The 
core form expresses related meanings based on its physical 
variation (i.e. location or movement) and spoken verbal 
context [5]. 
 
The semiotic nature of gestural forms and their meanings have 
largely been explained in terms of cognitive and embodied 
motivations of gestural production [9]. Speakers map abstract 
ideas onto the physical domain (shape, movement and 
location), and these metaphorical mappings are conceptual 
metaphors grounded in our physical experience of the world. 
For example, the open hand supine gesture is grounded in the 
fundamental physical actions of giving and receiving. It occurs 
in many cultural groups and can convey many different 
meanings and functions [1], [10].  
 
But one gestural form may not have the same metaphorical 
meaning across cultures nor express the same number of 
functions and meanings [11]. We can see how cognitive 
metaphors are produced through the mapping of abstract 
concepts onto the physical through visual cognitive schema. 
These schema may sometimes be common across cultures 
because of similar embodied experiences of the physical 
world. If there are differences, the source of this variation may 
lie in the socio-cultural aspects underlying gestural 
production?  Much of the semantic analysis of gesture 
describes the semiotic motivation of gesture as an internal 
process of the mind based in physical experience through the 
body. However, sense-making is not only an internal cognitive 
process, but a process that occurs in social interaction where 
both thought and socio-cultural values and behaviors impact 
each other.  
 
In this paper, I analyse and compare five gesture forms and 
their families from the repertoire of gestures in use among 
urban Zulu and South Sotho speakers in Johannesburg. I 
examine: 1) how the referent is depicted in gestural form, 2) 
its analogical literal or metaphorical character, 3) the way it is 
used with speech, 4) whether it has related established gestural 
polysigns[8]/messages, and 5) the number of possible 
meanings each gesture family conveys. I demonstrate how 
socio-cultural metaphors contribute to the semantic 
productivity and conventionality of gestural forms. I argue that 
visual cognitive image schema are not only cognitively 
motivated but also shaped by social and cultural 
communicative needs. In the light of these findings, I explore 
1) the usefulness of using the concept of gesture families to 
account for the full repertoire of gestures; 2) the conventional 
rather than the improvisatory nature of co-speech gesture; and 
3) the relationship between recurrent gestures and emblems. 
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2. Gesture families 
Urban Bantu language speakers, in and around greater 
Johannesburg, have a large repertoire of conventional gestural 
forms. These are used both independently and with speech. 
These gestures have been documented and some have been 
analysed based on elicited and filmed data in spontaneous 
contexts of use [12], [13], [7], [14], [15]. The analysis 
presented here is a first attempt to examine these gestures 
from a semiotic perspective using a gesture family framework. 
The gesture families selected represent different sizes of 
gesture families based on the extent of their semantic 
repertoire and degree of conventionalization.  

2.1. The sleep gesture 

We begin with the gesture for sleep in which the palm of the 
hand is held parallel towards one side of the head with the 
head and hand slightly inclined to the side. In some instances, 
only the head is tilted to the side and the hand is not used. The 
form is visually analogous to the position of the head resting 
on something when sleeping. In this sense, it is metonymic in 
that it represents one aspect of the act of sleeping (See Figure 
1).  
 

 

Figure 1: The sleep gesture. 

The sleep gesture occurs in every day talk with its spoken 
equivalent or synonyms thereof. A commonly observed use is 
for someone to ask where a person is and for the interlocutor 
to answer in South Sotho, O robetse ÔHeÕs sleepingÕ with a tilt 
of the head to the side on the word sleeping. When used 
without speech, it either gives information that someone is 
sleeping or asks if someone is sleeping. Its performative 
function as a statement/comment or question can be deduced 
from context. For example, a person walks down the road with 
his friend and points to someone sleeping on the sidewalk and 
does the sleeping gesture. 
 
The gesture has no variation in form other than the optional 
use of the hand. The use or non-use of the hand does not 
change the meaning, and there are no additional meanings that 
the gesture conveys. It makes literal reference to the action of 
sleeping and does not have any additional meanings or 
functions. The sleep gesture can be considered to be a gesture 
family with only one member. 

2.2. The money gesture 

If a gesture represents an object or action that plays a 
prominent social role in every day life, we often find that 
speakers use the gesture with related spoken concepts. An 

example in this community is the gesture for money in which 
upturned tips of thumb and first two fingers are held and 
sometimes rubbed together (see Figure 2). The gesture is 
visually analogous to holding or showing money. 
 

 

Figure 2: The money gesture. 

Speakers use this gesture in similar ways to the sleep gesture. 
Independently of speech, it can convey a request, an offer or 
express a comment about a personÕs financial state, but this 
interpretation depends on context. With speech, speakers may 
use it while describing a person who is rich, to comment on 
how much money a person might have, to express that 
something costs a lot of money or they spent a lot of money, 
to ask how much a person has or how much they owe and to 
request money [see [7] for examples]. 
 
Unlike the sleep gesture, it can occur with many spoken 
synonyms and related concepts to do with money. It appears 
that the money gesture co-occurs with a wider range of 
meanings in conjunction with speech because of its 
significance in every day life. However, it there is no distinct 
variation in form that equates to a different meaning. For 
example repeatedly rubbing forefinger and thumb together 
does not necessarily mean Ôvery rich.Õ It could convey the 
intensity of a request for money. There is no physical 
distinction that makes an established difference in meaning. 

2.3. The talk gesture 

While gestures for objects and actions like sleep and money 
have a limited semantic range and set of communicative acts 
that depend on context for their interpretation, some gestural 
families have an established related gesture - similar in form, 
but with stabilized inflections usually in the movement of the 
stroke and/or the orientation or positioning of the hand - that is 
an established message. One example is the gesture for talk, in 
which thumb and extended abducted fingers make an opening 
and closing motion in front of the mouth. The gestural form is 
visually metonymic depicting the movement of the mouth. See 
Figure 3.  
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Figure 3: The talk gesture. 

Similar to the money gesture, the talk gesture can occur with 
related spoken topics. It can also convey different messages 
without speech but these depend on the context such as ÔLetÕs 
talk,Õ ÔTheyÕre gossiping,Õ ÔTalk quietlyÕ and ÔTalk louder.Õ In 
the latter two cases, the opening between the thumb and finger 
may, but not always, be smaller or wider. However, the 
gesture conveys an established message when speakers 
increase the amplitude between the fingers and thumb to the 
maximum as they open and close them, to express the 
established spoken gloss, O na wede wede ÔYou talk too 
much.Õ 
 
Like the money gesture, it appears to accompany a range of 
spoken meanings all connected to the notion of ÔtalkÕ because 
of the significance of ÔtalkÕ and related activities in every day 
life. At the same time, a particular variation in form has 
become an established comment/insult. The Ôtalk too muchÕ 
gesture can be understood in terms of CalbrisÕ [8] concept of 
the polysign with two components, the movement of the 
thumb and fingers in front of the mouth and the widening of 
the movement that combine to form an established sign 
associated with a specific spoken phrase. Here we have a 
gesture family with at least two established related forms and 
perhaps two slightly less well-established variations in talk 
quietly and talk louder.  

2.4. The child gesture 

Another gesture that has a related established polysign is the 
gesture for child in which the fingers and thumb of an 
upturned hand touch at the tips in a finger bunch (see Figure 
4).  
 

 

Figure 4: The child gesture. 

Speakers usually gloss the form as child and commonly use it 
with speech to indicate a childÕs age by holding it out to the 
side to indicate the childÕs height from the ground without 
expressing this information in speech. Speakers also use it 
when talking about a sibling to indicate whether the brother is 
older or younger. The gesturer positions the hand (held out to 
the side) in relation to the self either below head height to 
indicate a younger brother or sister or above head height for an 
older sibling again without expressing this information in 
speech. However, it has a related quotable form. When held 
out in front of the speaker at stomach level and moved 
sideways back and forth it is an established and recognizable 
insult meaning YouÕre a small boy in other words, you are as 
ineffectual or useless as a small boy.  
 
The finger bunch no longer analogically depicts the referent 
directly. One can surmise that the finger bunch could be 
depicting something small, and therefore we can say the form 
is metonymic and abstract representing a key characteristic of 
a childhood. At the same time it is metaphorical in that 
childhood is being depicted in terms of size. Alternatively, it 
could be suggesting the ÔessenceÕ or ÔcoreÕ of humanity, or out 
of childhood comes adulthood. This interpretation could be 
plausible especially in the light of the taboo on using a flat 
hand parallel to the ground to depict a personÕs height. A flat 
hand can only be used to show the size of an animal and it is 
taboo to use it to show a personÕs size.  
 
It has a related established gestural form and meaning that 
involves three combined physical components, the bunched 
fingers upward, in front of the stomach, with lateral transverse 
movements. These components make up an established 
polysign involving two analogical links, a form shape sign for 
smallness and a movement sign. Transverse movements have 
been noted in the Open Hand Supine gesture in this context 
when two hands are held with palms up and moved laterally 
across one another to show something is lacking, there is 
nothing to hold or receive.  
 
The same gestural form, prominent among Italian speakers, 
has a different set of meanings and functions based on how it 
is metaphorically understood in that speech community. While 
there may be some semantic similarity in the physical form 
depicting the Ôextraction of the core or essenceÕ or essential 
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core equals small versus child equals small, its semantic 
application is quite different. Among Italians, its underlying 
form-meaning relation allows it to have multiple pragmatic 
functions in relation to speech [1]. Among Bantu language 
speakers, it represents a concrete object. The possibility of 
ÔpersonhoodÕ is there, but the gesture does not co-occur with 
many concepts related to that notion. Neither does the gesture 
occur with concepts related to ÔessenceÕ or Ôsmallness.Õ Its 
core form-meaning relation is with Ôchild.Õ 

2.5. The clever gesture 

The last gesture family to be presented here is the gesture for 
clever Ôstreetwise.Õ Its core form involves pointing the 
extended index and fourth finger towards the eyes of the 
speaker (See Figure 5). Its core meaning relates to Ôseeing.Õ 
Analogically it metonymically depicts ÔseeingÕ by pointing to 
the eyes. However, the ÔseeingÕ is metaphorical as Cienki [16] 
points out suggesting that with the clever gesture ÔseeingÕ 
metaphorically equals Ôknowing.Õ In this cultural context, the 
particular notion of ÔseeingÕ is related to being open to the 
new, forward looking, progressive and urban. The clever 
gesture can be understood in contrast to the gesture for Ôa 
stupidÕ in which the flat palm is drawn diagonally across the 
face to show Ônot seeing,Õ sight being cut off or a person with 
a closed mentality. The common spoken word with this 
gesture is bari Ôa stupid/backward/rural person (country 
bumpkin)Õ. It comes from the old Afrikaans word baar 
meaning Ôraw native.Õ The clever gesture is culturally 
metaphorical in that it connotes ÔseeingÕ in terms of ÔknowingÕ 
in the urban environment. It describes a person who is alert, 
streetwise, urban and progressive/modern encapsulated in the 
term clever that does not mean intelligent in the local spoken 
varieties but Ôstreetsmart and city slick.Õ 
 
 

 

Figure 5: The clever gesture. 

This gesture can be used in conjunction with speech with its 
spoken equivalent and synonyms thereof as well as with other 
related words and phrases that describe the characteristics of 
what constitutes Ôa cleverÕ or metaphorically a 
Ôseeing/knowing personÕ such as being witty, entertaining, 
verbally skillful, sophisticated, urban and able to be ahead of 
everyone else as well as thwarting the system. 
 
This gestural form also expresses a range of established 
meanings independently of speech that are all related to the 

concept of Ôseeing/perceiving.Õ The basic form is combined 
with other physical components to make different established 
polysigns. When directed towards the eyes, the gesture 
expresses Ôlook/see.Õ If the eyes are open wide, then the 
gesture is a warning to ÒWatch out.Ó When there is a 
movement of the hand with first and fourth fingers extended 
diagonally up and down across the face, it expresses that 
someone is clever Ôstreetwise and city slick.Õ If this movement 
is combined with wide-open eyes and/or vigorous movements 
of large amplitude of the hand, then the person is extremely 
streetwise. However, if the gesture is done with minimal 
amplitude of the stroke and eyes are wide open, the gesture 
means the person is a crook. If the extended index and fourth 
finger are held towards the interlocutor or up in the air it 
expresses the meaning ÔI see youÕ which is a common 
greeting. If the index and fourth finger are held close against 
the body in a particular direction, the meaning is a warning 
that someone in a certain location (opposite to where the two 
fingers are pointing Ð in other words the direction that the 
person is looking) is watching the person to who you are 
making the gesture. 
 
In this case, we see that the although there is a literal use of 
the gesture as in Ôsee,Õ its metaphorical nature and the cultural 
meaning of the metaphor underlie the gestureÕs polysemy 
allowing it to generate many different but related meanings 
that have become established polysigns and emblems.   

3. Discussion 
Gestural forms that have a limited semantic range, in other 
words, they express a single meaning, are often literal 
metonymic depictions of every day objects and actions. These 
gestures are visually analogous to their concrete referents. 
Where objects or actions play a greater social role, their 
gestural representations often occur with semantically related 
spoken words and phrases. Thus the gesture may express 
different but related meanings determined either by speech or 
context, but not from the form (or a well-formed physical 
distinction) of the gesture. Where a particular phrase or 
message such as a common state or an insult becomes socially 
established by frequent use and consequently contiguity of 
spoken phrase and distinct well-formed gestural components, 
an established gestural message or emblem results. Where the 
gestural form becomes metaphorical, it can generate a number 
of related or polysemous meanings. If the metaphor is 
grounded in socio-cultural and historical concerns, it can 
generate more meanings in which the components of the 
gesture become contiguous and established signs result. The 
extent to which the analogic components become contiguous 
and result in an established form-meaning relation depends on 
the extent to which they are needed and used among a group 
of speakers. What appears to extend and conventionalize a 
gesture family is the combination of both potential conceptual 
and sociocultural metaphor. 
 
In previous work on gesture families (for example [1], [4], 
[10]), the semantic theme of the gesture family is abstract. 
Here I argue that there is a concrete literal meaning to the core 
form of all gesture families that then becomes abstracted 
through metaphorical processes. The extent to which a form 
generates variation and abstraction depends on the conceptual 
potential of the gestural form and social communicative needs. 
In other speech communities, a gesture for Ôlook/seeÕ may not 
transform into the metaphor of knowing and the abstract 
notion of Ôstreetwise knowledgeÕ for example. Speakers could 
have extended the sleep gesture to mean dull and boring. 
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Instead the stupid gesture is used with metaphorical phrases 
such as bekalele Ôsleeping [dull and boring]Õ to talk about a 
person who lacks the communicative skills to be entertaining 
and therefore a clever Ôstreetwise.Õ 
 

4. Conclusions 
Some gesture forms have more iterations than others.  A 
gesture family can consist of a single gestural 
expression/meaning. Gestural families vary in their semantic 
possibilities based on the analogic and metaphorical nature of 
their gestural forms and their social significance. Within a 
gesture family, some iterations are less well established than 
others. In other words, they do not conform to well-
formedness [11]. Sometimes a particular iteration of a gesture 
comes to have an established meaning or expression based on 
communicative needs and frequency of use. Metaphoric 
processes provide the mechanism by which gestures have the 
possibility of expanding semantically but these expansions are 
shaped by sociocultural concerns that determine semantic 
productivity and emblematic establishment. While the idea 
that metaphor is a primarily a cognitive phenomenon and 
thought is grounded in embodied experience, socio-cultural 
notions and communicative requirements shape how visually 
embodied concepts are mapped onto the physical gestural 
domain.  
 
Using the concept of Ôgesture familyÕ allows a coherent 
account of a speech communityÕs gestural repertoire and also 
allows for more systematic and empirically grounded cross-
linguistic comparisons. There appears to be continuum of both 
semantic and functional expansion and conventionalization 
within each gesture family so that the same core form can on 
some occasions be pragmatic and on others representational, 
on some occasions less context dependent and others quite 
well established. Some of these iterations may involve 
changes and combinations in the physical shape, location and 
movement of the core gestural form.  
 
Finally, in analyzing the core form of a gesture as part of a 
gesture family, the term recurrent gesture has been introduced 
to describe the discovery that many co-speech gestures have 
features such as location and movement that demonstrate an 
underlying cognitive and cultural conventionality [4], [5], [6]. 
With the ability to capture co-speech gestures on video and 
build up a database of the in situ uses of particular gestural 
forms, we see that co-speech gesturing is less idiosyncratic 
and improvisatory that first thought. Recurrent co-speech 
gestures share similar functional and structural characteristics 
to emblems/quotable gestures. Perhaps an emblem can be 
considered as one step further along the continuum towards 
iconization within a gesture family based on social 
circumstances that involve either practical or abstract 
ideological concerns. 
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Abstract 
Anecdotal evidence suggests that both pitch range and 

gestures contribute to the perception of speakersÕ liveliness in 
speech. However, the relation between speakersÕ pitch range 
and gestures has received little attention. It is possible that 
variations in pitch range might be accompanied by variations 
in gestures, and vice versa. In second language speech, the 
relation between pitch range and gestures might also be 
affected by speakersÕ difficulty in speaking the L2. In this 
pilot study we compare global pitch range and gesture rate in 
the speech of 3 native Italian speakers, telling the same story 
once in Italian and twice in English as part of an in-class oral 
presentation task. The hypothesis tested is that contextual 
factors, such as speakersÕ nervousness with the task, cause 
speakers to use narrow pitch range and limited gestures; a 
greater ease with the task, due to its repetition, cause speakers 
to use a wider pitch range and more gestures. This 
experimental hypothesis is partially confirmed by the results 
of this study. 

Index Terms: pitch range variation, gesture rate, story 
telling, English L2, Italian L1 

1. Introduction  
One of the goals of public speaking classes is to teach students 
to use a ÔlivelyÕ voice when delivering a speech. This means 
that students should speak with a voice that varies in 
intonation, rhythm and volume. This is because by varying 
intonation, rhythm and volume speakers can emphasize 
important points of their discourse and deemphasize others, 
and thus help listeners follow the information flow. In other 
words, variation in speech helps listeners maintain their focus 
on the speakerÕs message and not wander away [1, 2]. 

In addition to voice, public speaking classes emphasize the 
importance of body language in discourse: students are told to 
maintain an open body position and to use gaze and gestures 
to highlight parts of speech. This contributes to maintaining 
the listenersÕ attention by providing them with a visual 
channel, in addition to the audio channel, that helps them 
follow the information flow. 

For second-language learners, speaking in public involves 
planning thoughts, discourse structure and words, together 
with intonation and gestures, in a language that is not their 
own. This results in a very heavy cognitive load that may 
impair one or all levels of output: linguistic, prosodic, and 
gestural. As a result, second-language learnersÕ delivery of 
speeches in public may appear incongruent or tedious, with an 
effect on the successful outcome of their presentations. 
However, in L2 as in L1, performance can be improved 
through preparation and rehearsal, which can contribute to 
reducing the contextual factors, such as nervousness, that 
affect speakersÕ congruence and delivery. 

The worldwide success of public speaking classes shows 
that students can Ðin factÐ learn to modify their voice and 
body language habits in discourse, and give oral presentations 
that are effective in holding the audienceÕ attention.  

However, though the dynamics of successful speaking 
attract the interest of many, there is a lack of scientific 
research focusing on the quantitative measurements of 
performance. 

This paper reports on a preliminary study aimed at 
investigating how contextual effects, such as nervousness for a 
speech delivery, may affect speakersÕ use of pitch range and 
gestures. This is done by presenting an investigation of the 
global pitch range and gestural characteristics of 3 Italian 
speakers of English engaged in a story-telling task in Italian 
and English. 

2. Pitch range, gestures and common 
ground 

It is known that in most languages meaning and emphasis are 
created by means of variations of the fundamental frequency 
(or F0) of the human voice. The range over which these 
variations may occur is called pitch (or F0) range. Typically, a 
voice that is heavily inflected, that is, has a wide pitch range, 
will sound animated; a voice that has a narrow pitch range will 
sound monotone. Thus, pitch range has been used as a 
measure of speakerÕs perceived liveliness [1, 2, 3] Ðthough the 
use and interpretation of pitch range may vary depending on 
language [3, 4, 5] and sociocultural/ sociophonetic factors [6].  

It has been suggested that L2 speech may be characterised 
by limited pitch variation and a narrower pitch range than L1 
speech [1, 2, 3, 4, 8, 9, 10, 11]. It is possible, in fact, that 
prosodic information is processed differently by native and 
non-native speakers because of their different levels of 
competence in the L1/L2. For example, as suggested by [7], 
non-native speakers may rely more on segmental, as opposed 
to prosodic, information to get their meanings across, given 
the fact that they lack the amount of extra-linguistic 
knowledge that native speakers can rely on when 
communicating. Differences in pitch range in L1 and L2 may 
also be more conspicuous in particular speaking styles, such as 
formal presentations [1, 2, 12], during which non-native 
speakers may be particularly focussed on getting their 
meanings across, at the expense of prosody.   

A framework for measuring global pitch range cross-
linguistically was first established by Ladd [13], then 
elaborated by Patterson [14], and finally by Mennen et al. [3; 
4]. Within this framework, a number of measures are used to 
quantify differences in pitch level (i.e., the speakerÕs overall 
pitch height or register) and pitch span (i.e., the speakerÕs 
range of frequencies in a speech sample). These include F0 
max, min, mean and median, as well as linguistic measures, 
linked to specific linguistically-defined landmarks in the F0 
contour.  

A different measure of pitch range was used by Hincks [1, 
2] to compare speakersÕ liveliness over long stretches of 
speech. Hincks looked at the normalized standard deviation of 
F0, and found that a value of pitch variation, which she called 
pitch variation quotient (PVQ), strongly correlates with 
perceived speakersÕ liveliness, though only weakly with 
speakersÕ proficiency level. Pitch variation appeared to be a 
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stronger perceptual cue to liveliness in male speech than in 
female speech. She concluded that pitch variation may not be 
the only measure of speakersÕ liveliness (rhythm and intensity 
being also measures of liveliness), but it is certainly an 
important one. 

Research has shown that speech and gestures are 
interconnected [e.g., 15, 16]. According to McNeil [17, 18], 
speech and gestures are synchronous at the semantic level, as 
they are co-expressive of the same underlying meaning; at the 
pragmatic level, as they co-occur to express the same 
pragmatic function; and at the phonological level, as gestures 
are temporally coordinated with the phonology of the 
utterances. 

A number of studies have examined the relationship of 
prosody and gestures, focussing in particular on the 
investigation of the temporal alignment of gestures with 
prosodic prominence [e.g., 19, 20, 21, 22, 23]. Evidence has 
been found that gestures are coordinated with prosodic stress, 
but there is little consensus as to how exactly gestures are 
aligned with prominent parts of speech [e.g., 24, 25, 26, 27, 
28, 29]. Beat gestures might have a stronger influence on 
speech production than representational gestures [30]. It is 
possible that some gestures have an effect on the perception of 
speech prominence. For example, the realization of a visual 
beat in association with a prosodically prominent word has an 
effect on the acoustic realization of the word, and causes that 
word to be perceived as more prominent than the neighboring 
words [30].  

While research has focussed on the synchronization of 
gestures with prosodic prominence, the relationship between 
speakersÕ global pitch range and gestures has received little 
attention. Anecdotal evidence suggests that there might be a 
relation between the amount of pitch variation in speakersÕ 
speech and the extent to which speakers gesture when they 
speak. In fact, it is highly likely that speakers convey 
paralinguistic meanings through their voices as well as 
through their gestures. 

Co-speech gestures seem to fulfill  a number of functions, 
and may in fact be multifunctional [reviewed in 31, 32, 33]. 
Gestures have been shown to facilitate speakersÕ cognitive 
processes during speech production; for example, they seem to 
help speakers conceptualize, retrieve lexical items, manage 
cognitive loads, organize information into syntactic 
constituents. Gestures also seem to be planned and produced 
with the addresseeÕs needs in mind, and so play a role in 
communication. For example, speakers produce more and 
larger gestures when they see their interlocutor(s), than when 
they do not (e.g., when they are talking over the phone) [34]. 
SpeakersÕ gestures are also affected by common ground, that 
is the amount of knowledge that is shared between the 
participants in a spoken interaction. It has been shown that 
assuming common ground causes speakers to use less words 
in their narratives than when no common ground can be 
assumed (because in the first case speakers can rely on their 
interlocutors to understand implicit references); on the other 
hand, common ground produces an increase in the use and 
extent of gestures during speech, possibly to enhance 
communication with the interlocutors [31, 32, 33]. Finally, 
gestures may be constrained also by contextual factors, 
accounting for individual differences, speakersÕ emotional 
involvement, etc. These, however, are still largely unexplored. 

In L2 communication, L1 gestures appear to have an effect 
on L2 gestures at all stages of language development. In fact, 
L2 acquisition is characterized by processes of transfer and 
interference of gestures from the L1 to the L1 that should be 
studied, together with verbal language, as part of the 
interlanguage [35, 36, 37, 38, 39, 40, 41].  

Some studies suggest that bilingual speakers might gesture 
more than monolingual speakers because gesturing helps them 
formulate their spoken message and is a way to compensate 
for the reduced proficiency in their L2 [42]. In addition, 
speakers with low levels of competence might use more L1-
specific gestures than speakers with higher levels of 
competence [40]. L2 speakersÕ greater use of gestures than L1 
speakers might be explained on cognitive grounds, that is, due 
to the cognitive complexity that speaking a foreign language 
requires [43]. 

However, studies do not support unambiguously the idea 
that bilinguals use more gestures than monolinguals. Other 
factors besides reduced proficiency in the L2 may account for 
the differences between the use of gestures in L1 and L2. 
Communication and contextual factors might affect gesture 
use in L2 speakers as they do in L1 speakers. For example, 
common ground might have an effect on L2 speakersÕ gestures 
and lead to increased gesturing that is unrelated to L2 
speakersÕ proficiency level [31, 32, 33]. Contextual factors 
such as task expressiveness, nervousness, as well individual 
factors might also affect L2 speakersÕ gestures. Nicoladis et al. 
[44] examined the relationship between gesture use, L2 
proficiency level and task complexity in a story recall task. 
They found only weak evidence supporting the idea that 
increased task complexity leads to increased gesture use, and 
suggest that gesture use might also be related to expressivity, 
as well to the speakerÕs gender. 

What happens when L2 speakers speak in front of an 
audience? A number of factors may determine how L2 
speakersÕ use their voice and gestures in a public presentation. 
Public speaking training classes insist that speakers can 
improve their non-verbal communication skills by learning the 
basics and rehearsing before they give their speech in public. 
It is assumed that rehearsal may help the speaker lessen the 
tension, sound and look less stiff, more natural during the 
presentation, and be more pleasant for the listener to hear. For 
L2 speakers, reducing the tension may significantly impact on 
the verbal and non-verbal production in L2, and bring about an 
improvement in both.  

There is little scientific research to support the beliefs and 
assumptions of public-speaking training classes. To fill this 
gap, this paper reports a preliminary study of studentsÕ non-
verbal behavior in a presentation in front of a class. The study 
is part of an investigation aimed at understanding speakersÕ 
use of voice and body language in public speaking as well as 
how non-verbal communication can be enhanced though 
formal instruction. The study examines the pitch range and 
gestural characteristics of 3 Italian speakers of English 
engaged in a story-telling task in Italian and English. The 
hypothesis tested is that contextual factors such as 
nervousness or performance anxiety will cause speakers to use 
narrow pitch range and reduced gesturing; greater ease with 
the task (because of rehearsal and/or greater familiarity with 
the task) will cause speakers to use wider pitch range and 
more gesturing. 

3. Experiment 
To test the experimental hypothesis, this study compares the 
pitch variation quotient (PVQ) [2] and the overall number of 
gestures of three Italian speakers telling the same story, once 
in Italian and twice in English, as part of an in-class oral 
presentation task. 

3.1. Subjects, Method and Materials 

The subjects were part of a larger group of  (10) subjects 
who took part in the experiment. They were all English L2 
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learners, participating in a public-speaking class, master-
degree level, taught by the first author. All subjects were 
female, mean age 22.75, speakers of Italian L1 and students at 
the University of Padova, with a competence of English at the 
B1 level of the CEFR. The data of the remaining 7 subjects are 
under analysis.  

The speakers had to tell the class a fable, AesopÕs ÒThe 
Fox and The CrowÓ, that they had previously read at home. 
The speakers told the story a first time in Italian, and right 
afterwards in English. They then repeated the story in English 
a second time a week later. Thus, the first time the speakers 
told the fable in Italian and English they had little time to 
prepare for the task; the second time they had much more time 
to prepare the story at home before repeating it in class. The 
speakers were video-recorded by the teacher. Each recording 
lasted about 90-120 seconds.  

The three data sets will be referred to as Italian (=Italian 
L1); English 1 (=English, repetition at time 1) and English 2 
(=English, repetition at time 2).  

Out of the whole material, the authors selected 10 
utterances that were used by all the subjects telling the fable. 
In these utterances the concepts expressed were the same, 
though the words and type of sentences used by the speakers 
were different. The purpose of selecting only the utterances 
that were used by all speakers was to compare, for any given 
utterance, the possible co-occurrence of one or more gesture. 
The selected utterances are reported in Table 1. 

 
N. Utterance 
1 Once upon a time 
2 It was flying around  
3 On the shelf of a window 
4 It flew down 
5 It picked up the cheese 
6 It went to the top of the tree 
7 The crow opened its beak 
8 The cheese fell to the ground 
9 The fox caught it  
10 It ran away 

 
Table 1: List of utterances selected for the analysis. 

3.2. Data Analysis 

The audio signal was extracted from the videos using the AVC 
software (available at http://www.any-video-converter.com/). 
The audio signal was imported in Praat (www.praat.org), and 
pitch was measured setting the pitch floor to 75 Hz, and the 
ceiling to 500 Hz (since all the speakers were female). The 
boundaries of the selected utterances in the audio files were 
marked on a text grid. To calculate the PVQ, following a 
procedure indicated in [2], the pitch listings were extracted 
from each audio file, the outliers were removed, mean and 
standard deviation were calculated, and the data were 
normalized dividing the standard deviation of F0 by the mean. 
This procedure was carried out on both the whole audio files 
and the selected utterances. The statistical significance of the 
results was tested with one-way ANOVAs with task as a 
factor, and post-hoc Tukey HSD tests. 

The audio signal was then imported in Elan 
(https://tla.mpi.nl/tools/tla-tools/elan/). An analysis was 
carried out to annotate each gesture co-occurring with the 
selected utterances in the three data sets (Italian, English 1 and 
English 2). At this preliminary stage of analysis, the aim was 
only to get a total count of the gestures, per speaker and data 
set, so as to verify if there exists any relation between the 
variation in the speakersÕ PVQ and their overall gestures. 

Because of this, for this analysis, we grouped together all 
iconic and non-iconic gestures. An analysis of the speakersÕ 
gestures classified by type will be carried out in the next phase 
of the study. 

Gesture rate was calculated for each data set following a 
procedure used in Nicoladis et al. [44]. Gesture rate is a 
measure of the percentage of word tokens accompanied by 
gestures, and is calculated by dividing the number of gestures 
by the total number of words multiplied by a hundred. The use 
of this measure controls for individual differences in speech.  

To calculate the gesture rate for this analysis we counted 
all the words used in the selected utterances for each speaker. 
SpeakersÕ disfluencies, repetitions and corrections were 
computed as part of the total number of words. However, they 
were also counted separately, as they may reflect grammatical 
or lexical difficulties that speakers may tend to compensate 
with their gestures. 

4. Results 

4.1. Pitch Variation  

Tables 2 and 3 show the PVQ data for the three speakers, as 
calculated, respectively, for the whole story and the selected 
utterances.  

Table 2 shows that all speakers vary their pitch more in 
the English 2 task than in English 1 or Italian. Interestingly, 
for all speakers the PVQ of Italian is comparable to the PVQ 
of English 1, showing that, at time 1, the speakers did not use 
a very varied pitch in English or Italian. This difference is 
greater for speaker C than for A or B.  

At the ANOVA test, the difference in pitch values in the 
three tasks was highly significant for all speakers: for speaker 
A: F(2, 21421) = 337.06, p <.0001 Ðthough the difference 
between PVQ in Italian and English 1 was not significant at a 
Tukey HSD test; for speaker B: F(2, 17022) = 936.12, p 
<.0001; for speaker C: F(2, 24426) = 1724.9, p <.0001. 
 

 
 
 
  
 
 

Table 2: Pitch variation quotient for the three speakers in 
the entire story in Italian, English 1 (repetition at time 1) 
and English 2 (repetition at time 2). 

  
 
 
 
 
 

Table 3: Pitch variation quotient for the three speakers in 
the selected utterances in Italian, English 1 (repetition at 
time 1) and English 2 (repetition at time 2). 

Table 3 shows the PVQ data for the utterances only. Speaker 
A appears to vary her mean pitch more in English 1 than in the 
other two data sets, but the difference in PVQ in the three data 
sets is not significant at the ANOVA test. Speaker B varies her 
mean pitch more in English 2 than in Italian and English 1 
[F(2,22) = 11.73, p = 0.000341], with a difference between 
Italian and English 1 that was not significant at the post-hoc 
Tukey test. Speaker C has higher mean pitch values in Italian 

PVQ - 
story Italian English 1 English 2 

Speaker A 0.17 0.18 0.21 
Speaker B 0.22 0.23 0.24 
Speaker C 0.20 0.20 0.26 

PVQ - 
utterances Italian English 1 English 2 

Speaker A 0.18 0.20 0.18 
Speaker B 0.22 0.22 0.24 
Speaker C 0.23 0.19 0.25 
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and English 2 than in English 1, but the difference between the 
three data sets is not significant at the ANOVA test. 

4.2. Gesture rate 

Figure 1-3 show the gesture rate and percentages of 
disfluencies, repetitions and corrections for the three speakers 
in Italian, English 1 and English 2, respectively.  

The data show that for two speakers gesture rate increases 
from Italian to English 1 to English 2; for the third speaker 
gesture rate is highest in Italian, and then slightly higher in 
English 2 than in English 1. Disfluencies and corrections are 
most frequent in English 1, but they occur, for two of the 
speakers, also in English 2; two speakers show some 
disfluencies and corrections also in Italian.  

 

 
 

 
 

 
 

Figures 1-3. Gesture Rate, Disfluencies, Repetitions and 
Corrections in Italian (top), English 1 (center), and English 2 
(bottom). 
 
To test the correlation of the present data with the data on the 
pitch variation we ran Spearman correlation tests, but they did 
not yield positive correlations, probably because of the limited 
data provided. However, the data show some trends. Overall, 

speaker C and A gesture more than speaker B. Speaker C has 
the highest gesture rate and PVQ in Italian; her gesture rate 
decreases in English 1 to rise slightly in English 2; her PVQ 
also decreases in English 1 to rise considerably in English 2. 
This speaker also has the highest percentage of disfluencies 
and corrections in the data sets. Speakers A and B show a 
considerable increase in gesture rate from Italian to English 2. 
For speaker A, this increase in gesturing cannot be clearly 
linked to her (non significant) variations in PVQ in the three 
tasks; however, this speaker shows a high percentage of 
difluencies, especially in English 1, which might be related to 
the increase in gesture rate and requires further investigation. 
Speaker B has the lowest gesture rate in Italian; this rate 
increases in English 1 and English 2; in English 2 she has 
shows an increase in PVQ. 

5. Discussion and Conclusion 
This study is a preliminary investigation of the relationship 
between speakersÕ global pitch range and gestures, based on 
the assumption that their combined effect might contribute to 
the perception of speakersÕ liveliness in speech. The data from 
this study allow us to draw only tentative conclusions, which 
await confirmation in future studies. 

Global pitch range and gesture rate were compared in the 
speech of 3 native Italian speakers. The speakers told the same 
story in Italian and in English and then, a week later, in 
English again. The presentations were part of the studentsÕ 
activities in a public-speaking class. 

The analysis shows that when the speakers repeated the 
story in English the second time their pitch was more varied 
than when they told the story in Italian and/or English the first 
time. This is interesting since speakers are expected to show a 
wider variation in pitch in their native language and not in the 
L2 Ðas reviewed in ¤ 1, L2 speech tends to be characterised by 
limited pitch variation and a narrower pitch range than L1 
speech. It is possible that the speakers used a wider pitch 
range in the second repetition in English due to stylistic and 
contextual factors. That is, they had more time to prepare, put 
a greater effort in performing well, had less tension in 
accomplishing the task, etc. It can be hypothesized that 
knowing the task, being able to prepare and rehearse for it 
creates the conditions for sounding more lively in speech. 
However, we realize that to really evaluate the impact of 
rehearsal on global pitch range, the experimental design needs 
to include also a second repetition of the story in Italian. This 
would allow us to compare the studentsÕ performances in the 
second repetition in Italian and English, and see how pitch 
range changes with respect to the first repetition in both 
languages. This will be done in future work. 

The gesture data show, as expected, individual differences 
in the use of gestures. The three speakers show quite different 
gesture rates in Italian. Also, for speakers A and B gesture rate 
is lowest in Italian, increases in the first repetition in English, 
and is highest in the second repetition. For speaker C gesture 
rate is highest in Italian, it is lowest in the first repetition in 
English, and rises again in the second repetition in English. 
Speakers A and BÕs increased gesture rate in the first 
repetition in English can be explained on both cognitive and 
communicative grounds [31, 32, 33]. The speakers may 
gesture more in English than in Italian because gestures help 
them tell the story in English L2, which is a complex cognitive 
activity. At the same time, the speakers may gesture more in 
English than in Italian because they are adapting their gestures 
to addressees with whom they share common ground: the 
speakers are telling the story in front of the class, and the class 
has heard the story before. Speaker CÕs lowest gesture rate for 
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the first repetition in English cannot be attributed simply to 
cognitive or communicative factors Ðwhich would both lead to 
increased gesturing. Contextual or individual factors, such as 
the speakerÕs tension for the task, might have affected her 
gestures.  

Finally, the data show that, in general, speakersÕ wider 
pitch co-occur with higher gesture rate, providing preliminary 
support to our hypothesis. 

This study has some obvious limitations, which will be 
corrected in its continuation. One relevant aspect that this 
study does not tackle concerns the nature of the gestures 
produced by the speakers. Future work might show that, for 
example, L2 speakers produce more deictic gestures in L2 
than in L1, as has been shown in much previous research [e.g. 
45]. The use of iconic gestures in this task is also worth 
investigating. Classifying the types of gestures produced by 
the speakers is indeed important for drawing conclusions in 
this type of study.  

 The investigation will be expanded with the addition of 
more subjects as well as the analysis of other acoustic 
parameters that might contribute to the perception of speakersÕ 
liveliness. Also, the subjects will be tested a second time also 
in Italian to obtain data that are comparable with second 
repetition in English. 

In spite of its limitations, we believe that this study shows 
that investigating the relation between global pitch range and 
gestures in first and second language speech is worth 
pursuing. 

6. References 
[1] Hincks, R., ÒProcessing the prosody of oral 

presentationsÓ, Proc. InSTIL/ICALL2004 Ð NLP and 
speech technologies in advanced language learning 
systems, 63-69, 2004. 

[2] Hincks, R., ÒMeasuring liveliness in presentation 
speechÓ, Proc. INTERSPEECH 2005 - Eurospeech, 9th 
European Conference on Speech Communication and 
Technology, 01/2005. 

[3] Mennen, I., Schaeffler, F. and Docherty, G., A 
methodological study into the linguistic dimensions of 
pitch range differences between German and English. 
Proc. IV Conference on Speech Prosody, University of 
Campinas, 527-530, 2008. 

[4] Mennen, I., Schaeffler, F. and Docherty, G., ÒCross-
language differences in fundamental frequency range: A 
comparison of English and German, Journ. of the 
Acoustical Society of America, 131(3): 2249-2260, 2012. 

[5] Graham, C., ÒRevisiting f0 range production in Japanese-
English simultaneous bilingualsÓ, UC Berkeley 
Phonology Lab Annual Report, 110-125, 2013. 

[6] van Bezooijen, R., ÒSociocultural aspects of pitch 
differences between Japanese and Dutch womenÓ, 
Language and Speech, 38(3): 253-256, 1995. 

[7] Jenkins, J., ÒA sociolinguistically-based, empirically-
researched pronunciation syllabus for English as an 
International LanguageÓ, Applied Linguistics, 23(1): 83-
103, 2002. 

[8] Aoyama, K. and Guion, S. G., ÒProsody in second 
language acquisition: An acoustic analysis on duration 
and F0 rangeÓ, in O.-S. Bohn and M. J. Munro [Eds], The 
Role of Language Experience in Second-Language 
Speech Learning. In Honor of James Emil Flege, 281-297 
Amsterdam, John Benjamins, 2007. 

[9] Pickering, L., ÒThe structure and function of intonational 
paragraphs in native and nonnative speaker instructional 

discourseÓ, English for Specific Purposes, 23: 19-43, 
2004. 

[10] TraunmŸller, H. and Eriksson, A. ÒThe perceptual 
evaluation of F0 excursions in speech as evidenced in 
liveliness estimationsÓ, Journ. of the Acoustical Society 
of America, 97: 1905-1915, 1995.  

[11] Ullakonoja, R., ÒComparison of pitch range in Finnish 
(L1) and Russian (L2)Ó, Proc. 16th ICPhS, 1701-1704, 
2007. 

[12] Johns-Lewis, C., ÒProsodic differentiation of discourse 
modesÓ, in C. Johns-Lewis, [Ed.], Intonation in 
discourse, 199-220, Breckenham, Kent: Croom Helm, 
1986. 

[13] Ladd, D. R., Intonational phonology, Cambridge: 
Cambridge University Press, 1996. 

[14] Patterson, D., A linguistic approach to pitch range 
modeling, PhD dissertation, Univ. of Edinburgh, 2000. 

[15] Goldin-Meadow, S., Hearing gesture: How our hands 
help us think, Cambridge, MA: Harvard University Press, 
2003. 

[16] Kendon, A., Gesture: visible action as utterance, 
Cambridge: Cambridge University Press, 2004. 

[17] McNeill, D., Hand and mind: What gestures reveal about 
thought, Chicago: Chicago University Press, 1992. 

[18] McNeill, D., Gesture and thought, Chicago: University of 
Chicago Press, 2005. 

[19] Birdwhistell, R. L., Kinesics and context: Essays on body 
motion communication, Philadelphia: University of 
Pennsylvania Press, 1970.  

[20] Kendon, A., ÒGesticulation and speech: Two aspects of 
the process of utteranceÓ, in M. R. Key [Ed.], The 
Relationship of Verbal and Nonverbal Communication, 
The Hague: Mouton, 207-227, 1980.  

[21] Bull, P. and Connelly, G., ÒBody movement and 
emphasis in speechÓ, Journal of Nonverbal Behavior, 9: 
169-187, 1985. 

[22] Loehr, D. P. Gesture and intonation, Doctoral 
dissertation, Georgetown University, Dissertation 
Abstracts International, 65 06, 2180, UMI No. 3137056, 
2004.  

[23] Esteve-Giberta, N. and Prieto, P., ÒProsodic structure 
shapes the temporal realization of intonation and manual 
gesture movementsÓ, Journal of Speech, Language, and 
Hearing Research, 56: 850Ð864, 2013. 

[24] Rochet-Capellan, A., Laboissierre, R., Galvan A. and 
Schwartz, J. ÒThe speech focus position effect on jaw-
finger coordination in a pointing taskÓ, Journal of 
Speech, Language, and Hearing Research, 51: 1507-
1521, 2008.  

[25] de Ruiter, J. P. ÒThe production of gesture and speechÓ, 
in D. McNeill [Ed.], Language and Gesture, 284-311, 
Cambridge University Press, Cambridge, 2000. 

[26] McClave, E., ÒPitch and manual gesturesÓ, Journal of 
Psycholinguistic Research, 27: 69-89, 1998.  

[27]  Rusiewicz, H. L., ÒSynchronization of prosodic stress 
and gesture: A dynamic systems perspectiveÓ, 
Proceedings of the 2nd Conference on Gesture and 
Speech in Interaction (GESPIN 2011), Bielefeld, 
Germany, 2011. 

[28] Roustan, B., and Dohen, M., ÒCo-production of 
contrastive prosodic focus and manual gestures: 
Temporal coordination and effects on the acoustic and 
articulatory correlates of focusÓ, Proceedings of Speech 
Prosody 2010, 100110, 1-4, 2010. Retrieved from www. 
speechprosody2010.illinois.edu/papers/100110.pdf, 2010. 

[29] Leonard, T., and Cummins, F., ÒTemporal alignment of 
gesture and speechÓ, in Proceedings of the Gesture and 

GESPIN 4 65



Speech in Interaction (GESPIN 2009) Conference, 
Poznan, Poland, 2009. 

[30] Krahmer, E. and Swerts, M., ÒThe effects of visual beats 
on prosodic prominence: Acoustic analyses, auditory 
perception and visual perceptionÓ, Journal of Memory 
and Language, 57, 396-414, 2007. 

[31] Holler, J. and Wilkin, K., ÒCommunicating common 
ground: How mutually shared knowledge influences 
speech and gesture in a narrative taskÓ, Language and 
Cognitive Processes, 24(2): 267-289, 2009. 

[32] Holler, J., Tutton, M. and Wilkin, K., ÒCo-speech 
gestures in the process of meaning coordinationÓ, in 
Proceedings of the 2nd Conference on Gesture and 
Speech in Interaction (GESPIN 2011), Bielefeld, 
Germany, 2011. 

[33] Galati, A. and Brennan, S., ÒSpeakers adapt gestures to 
addresseesÕ knowledge: Implications for models of co-
speech gestureÓ, Language, Cognition and Neuroscience, 
29(4): 435-451, 2014. 

[34] Mol, L., Krahmer, E., Maes, A. and Swerts, M., ÒSeeing 
and being seen: The effects on gesture productionÓ, 
Journal of Computer!Mediated Communication, 17(1): 
77-100, 2011. 

[35] Gullberg, M., ÒSome reasons for studying gesture and 
second language acquisition (Hommage ˆ Adam 
Kendon)Ó, International Review of Applied Linguistics, 
44(2): 103-124, 2006. 

 [36] Pika, S., Nicoladis, E. and Marentette, P. F. ÒA cross-
cultural study on the use of gestures: Evidence for cross-
linguistic transfer?Ó, Bilingualism: Language and 
Cognition, 9: 319-327, 2006. 

[37] Brown, A., ÒGesture viewpoint in Japanese and English: 
Cross-linguistic interactions between two languages in 
one speakerÓ, Gesture, 8(2): 256-276, 2008. 

[38] Brown, A. and Gullberg, M., ÒBidirectional 
crosslinguistic influence in L1-L2 encoding of manner in 
speech and gestureÓ, Studies in Second Language 
Acquisition, 30(2): 225-251, 2008. 

[39] Ortega, L., Understanding second language acquisition, 
London: Hodder Education, 2009. 

[40] Nicoladis, E., ÒThe effect of bilingualism on the use of 
manual gesturesÓ, Applied Psycholinguistics, 28: 441-
454, 2007. 

[41] Cavicchio, F., and Kita, S., ÒBilinguals switch gesture 
production parameters when they switch languagesÓ, 
Proceedings Tilburg Gesture Research Meeting (TIGeR) 
2013, 2013. Retrieved from: http://tiger.uvt.nl/list-of-
accepted-papers.html. 

[42] Nicoladis, E., Pika, S. and Marentette, P., ÒDo French-
English bilingual children gesture more than monolingual 
children?Ó, Journal of Psycholinguistic Research, 38 (6): 
573-585, 2009. 

[43] Kita, S., ÒHow representational gestures help speakingÓ, 
in D. McNeill [Ed.], Language and gesture, Cambridge: 
Cambridge University Press, 162-185, 2000. 

[44] Nicoladis, E., Pika, S., Yin, H. and Marentette, P., 
ÒGesture use in story recall by ChineseÐEnglish 
bilingualsÓ, Applied Psycholinguistics 28(4): 721-735, 
2007. 

[45] Sherman, J. and Nicoladis, E., ÒGestures by advanced 
Spanish-English second-language learnersÓ, Gesture, 4: 
143-156, 2004. 

 

66 Nantes, 2-4 September 2015



Hand gestures and speech impairments in spoken and sung modalities  
�L�Q���S�H�R�S�O�H���Z�L�W�K���$�O�]�K�H�L�P�H�U�¶�V���G�L�V�H�D�V�H   

Diane Caussade 1,2,3, Fanny Gaubert 4, Maud Sérieux 4, 
Nathalie Henrich-Bernardoni 1,2, Jean-Marc Colletta 3, Nathalie Vallée 1,2 

 
1 Univ. Grenoble Alpes, GIPSA-Lab, F-38000 Grenoble, France 

2 CNRS, GIPSA-Lab, F-38000 Grenoble, France 
3 �/�,�'�,�/�(�0�����8�Q�L�Y�H�U�V�L�W�p���*�U�H�Q�R�E�O�H���������6�D�L�Q�W���0�D�U�W�L�Q���G�¶�+�q�U�H�V�����)�U�D�Q�F�H 

4 Centre de formation en orthophonie, ISTR, Université Claude Bernard Lyon 1, Lyon, France 
diane.caussade@gipsa-lab.fr 

 
 

Abstract 

�,�Q�� �$�O�]�K�H�L�P�H�U�¶�V�� �G�L�V�H�D�V�H�� ���$�'������ �V�W�X�G�L�H�V�� �R�Q�� �O�D�Q�J�X�D�J�H�� �S�U�R�G�X�F�W�L�R�Q��
do not treat aspects of speech and hand gestures in a 
concomitant way. However, many studies describe either 
apraxia of speech, or orofacial apraxia, or upper limb apraxia, 
or aphasia. This paper reports an original protocol exploiting 
speech, singing and hand gestures to evaluate the correlation 
between upper limb and speech apraxia in spoken and sung 
modalities in 4 AD patients paired with 4 control participants. 
We did not evidence any speech apraxia in our AD patient 
population, unlike upper limb apraxia. However significant 
differences were observed on productions of hand gestures and 
speech between the patients and the control participants. 
Regarding patients, the movement, configuration and 
orientation of hand gestures were slightly altered. The hand 
gestures alteration seemed to depend on their value but not on 
the spoken vs. sung modality. The simultaneous repetition of 
connected hand gestures affected also both vocal and speech 
productions. More specifically, hand gestures seemed to impact 
the production of speech. The modality (spoken vs. sung) also 
seemed to influence speech productions at different degrees: 
patients made more errors in singing, and the more with 
connected hand gestures showing a double task effect. 

 
Index Terms: �$�O�]�K�H�L�P�H�U�¶�V�� �G�L�V�H�D�V�H���� �J�H�V�W�X�U�H���� �V�S�H�H�F�K�� �D�S�U�D�[�L�D����
upper limb apraxia, voice quality, singing, speech 

 

1. Introduction  
According to the World Health Organization (WHO), 
�$�O�]�K�H�L�P�H�U�¶�V�� �G�L�V�H�D�V�H�� ���$�'���� �L�V�� �W�K�H�� �P�R�V�W�� �I�U�H�T�X�H�Q�W�� �F�D�X�V�H�� �R�I��
neurocognitive disorder [21]. This neurodegenerative disease 
includes symptoms, such as amnesia, agnosia, attention 
disorders, apraxia, aphasia and dysphonia [17, 21, 22, 23, 26], 
which impact communication. This paper focuses on aphasia 
and apraxia in AD. Aphasia consists in the impairment of 
perception and production of language.  It has been the main 
focus of most studies on communication disorders in AD as 
aphasia is easier to spot than apraxia [1, 26]. Apraxia is an 
impairment in the ability to program motor execution, like 
articulatory or upper limb movements [17, 22]. Speech and 
orofacial apraxia are part of articulatory movements 
impairment. Speech apraxia is a programming disorder of 
articulatory gestures used to produce phonemes [17]. While 
orofacial apraxia is a type of ideomotor apraxia in which the 
impairment concerns voluntary non-verbal movements of the 
face, lips and tongue [18]. Both speech and orofacial apraxia 
are often described in the semiology of AD [17]. Yet the study 
of apraxia has often been neglected [17, 22]. As for upper limb 
apraxia, it is defined as an impairment of non-verbal 

movements of the upper limbs, and notably hand gestures [22]. 
Thus, studies on bimodal language production of people with 
AD (such as [2], [21] and [23]) underlined speech and upper 
limb apraxia, but not in a concomitant way. However, the 
multimodal nature of communication has been widely reported 
(e.g. [6], [8] and [25]). An argument in favor of ontogenetic 
links between hand gestures and speech is the fact that around 
12 months old babies begin to use pointing, which announces 
the emerging of first words, and then of syntax [6]. Later, 
between 2 and 5 years, children produce iconic gestures 
together with speech [13]. Recent studies [16] show ontogenetic 
links between music and language, which could explain the 
impact of music, and notably singing, on people with AD, in 
particular on attention, communication and motor disorders 
([5], [10]). In this context, comparing communicative 
productions in spoken and sung modalities could help better 
understand the underlying effects of music on communicative 
productions of people with AD.   
The aim of this study is to investigate communication 
impairments of persons with AD. Here, supported by the results 
obtained from a previous case study ([3], [4]), we assumed that 
the communication impairments would include a concomitant 
upper limb and speech apraxia, and a deterioration of hand 
gestures quality and of speech to a degree depending on the 
modality. We also hypothesized that deictic gestures would be 
better preserved than iconic ones. As deictic gestures develop 
first in speech ontogeny ([8], [9]), they could be better anchored 
than iconic ones. In view of these elements, the developed 
protocol is presented below. 
 

2. Methodology 

2.1. Experimental design 

An original experimental protocol, approved by Grenoble 
CERNI ethic committee (�&�R�P�L�W�p�� �G�¶�(�W�K�L�T�X�H�� �S�R�X�U�� �O�H�V��
Recherches Non Interventionnelles, 24/09/2013), was designed 
to study aphasia, speech and upper limb apraxia in a repetition 
task. This protocol was first tested and improved through a pilot 
study ([3], [4]). 
Participants were asked to repeat 8 nursery rhymes composed 
of 6 sentences of 8 syllables each. Nursery rhymes were divided 
into spoken and sung modalities equally. In each kind of 
modality, two nursery rhymes were completed with four iconic 
and two deictic gestures each. The experimental protocol was 
completed with several clinical tests in order to evaluate speech 
and orofacial apraxia (which may impact speech), and upper 
limb apraxia (which may impact upper limb gestures, such as 
hand gestures).  
Speech apraxia was evaluated by means of the MT86 clinical 
protocol [11], which consists in repeating words, pseudowords 
and sentences presented by the experimenter to the participants. 
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The MBLF (Motricity Bucco-Linguo-Facial) software was 
adapted to test the orofacial motricity [7]. Orofacial praxis, 
which may have an impact on speech production, was tested, 
namely of lips, tongue, cheeks and mandible. Instructions were 
given orally to the participants, then the articulatory gestures 
were presented. Upper limb apraxia was evaluated by the 
�0�D�K�L�H�X�[�¶�V�� �E�D�W�W�H�U�\�� �>�����@���� �7�Kis battery includes three subtests 
consisting of the production of symbolic and mimetic gestures 
on verbal instructions by the experimenter, and abstract 
gestures on imitation of the ones produced by the experimenter. 
Finally, the NSE (Niveau Socio-Educatif) test was used to 
�H�Y�D�O�X�D�W�H���W�K�H���S�D�U�W�L�F�L�S�D�Q�W�V�¶���V�R�F�L�R-educational level, as its impact 
on the results to the MMSE (Mini-mental state examination) 
has been proven [12]. Those tests are independent variables that 
would help to verify if our results are coherent with normalized 
tests, and to discuss the results obtained in the nursery-rhymes 
repetition task. 

 

2.2. Data collection 

All the recordings were performed by the same experimenter at 
�W�K�H���S�D�U�W�L�F�L�S�D�Q�W�V�¶���K�R�P�H�����X�V�L�Q�J���W�Z�R���F�D�P�F�R�U�G�H�U�V�����I�U�R�Q�W���D�Q�G���S�U�R�I�L�O�H��
views), and a lapel microphone. The experimenter and the 
participant sat face to face on chairs, with a free space between 
them. In order to avoid the experimenter to converge 
phonetically with the participant and to minimize variation, the 
stimuli were preliminary recorded by the experimenter, played 
on a laptop and then repeated by the experimenter to the 
participant. 

 

2.3. Data analysis 

2.3.1. Evaluation of cognitive impairment 

The score to the MMSE was calculated on a 30 points scale. A 
score greater or equal to 27 points indicates a normal cognition. 
Below this, scores can indicate mild (19-24 over 30), moderate 
(10-18 over 30) or severe (�”9 over 30) cognitive impairment. 
The MMSE was evaluated by our hospital partner (Dr. Olivier 
�0�R�U�H�D�X�G�¶�V���W�H�D�P�����'�H�S�D�U�W�P�H�Q�W���R�I���1�H�X�U�R�O�R�J�\�����*�U�H�Q�Rble Hospital) 
for the patients group. For the control participants, the MMSE 
was evaluated by the experimenter. 

2.3.2. Evaluation of socio-educational level 

The score to the NSE test was calculated as 1 point for no 
diploma, 2 points for a secondary school level, 3 points for a 
graduation level and 4 for higher education. 

2.3.3. Evaluation of upper limb apraxia  

�,�Q���W�K�H���0�D�K�L�H�X�[�¶�V���E�D�W�W�H�U�\���>�����@�����W�K�H���V�F�R�U�H�V���I�R�U���V�\�P�E�R�O�L�F���J�H�V�W�X�U�H�V��
and abstract gestures were calculated on a 1-point scale: 1 point 
when the gesture was recognizable and 0 when it was not. The 
score for mimetic gestures was calculated on a 2-point scale: 2 
points for a normal realization of the gesture, 1 point for a 
persisting one-side body assimilation to the object, and 0 point 
for a false gesture or a bimanual body assimilation to the object. 
The performances of symbolic gestures were considered as 
abnormal when more than four out of five gestures were 
improperly executed (score of 4/5); for the abstract gestures, 
when six gestures out of eight were not well reproduced (score 
of 6/8); for the mimetic gestures, when eight out of ten gestures 
were not well produced (score of 8/10).  

                                                 
1 http://www.r-project.org/ 

2.3.4. Evaluation of orofacial apraxia 

The orofacial gestures were observed through the video 
recordings of the MBLF repetitions to calculate a score on a 3-
point scale: 3 points for normal gesture, 2 points for an ample 
yet unmaintained gesture, 1 point for a flicker of contraction 
and 0 for an absence of contraction [7].  

2.3.5. Evaluation of speech apraxia  

The apraxia of speech was evaluated thanks to the words, 
pseudowords and sentences produced by the participants in the 
MT86 test, which were annotated using Praat© software in order 
to fill the scoring table in the most accurate way [11].  

2.3.6. Analysis of hand gestures quality 

The 8 deictic and 16 iconic gestures produced during the 
nursery-rhymes repetition task were annotated via ELAN© 
(EUDICO Linguistic Annotator software). Four criteria were 
selected as essential to determinate the hand gestures quality 
score, namely: emplacement, movement, configuration and 
orientation of the gesture. For each of them, a 2-point scale was 
used: 2 points for identical repetition, 1 point for non-identical 
repetition and 0 point for no repetition. As four criteria were 
evaluated on these 2-point scales, the total score was calculated 
on 8 points. 

2.3.7. Analysis of speech  

For the nursery-�U�K�\�P�H�V���U�H�S�H�W�L�W�L�R�Q���W�D�V�N�����W�K�H���S�D�U�W�L�F�L�S�D�Q�W�V�¶���V�S�H�H�F�K��
production was annotated and analyzed with Praat©. Their 
errors were identified and classified in substitutions, omissions, 
or additions of phonemes and words, autocorrections, trials and 
repetitions of words. 

2.3.8. Statistical analysis 

Statistical significance was tested by means of the analysis 
software R1. For assessing differences between patients and 
controls, the Welch two-sample T-test was applied.  

 

2.4. Participants 

Eight right-handed French-native female speakers participated 
to this study (see Table 1). Four speakers were diagnosed with 
AD by our hospital partner. Their MMS score was comprised 
between 19 and 24 over 30, which corresponds to a mild 
cognitive impairment (mean score 21.7). These patients with 
AD were paired by age and socio-educational level to four 
control participants, which did not have a cognitive impairment 
according to their MMS score between 28 and 30 (mean score 
29.5).  
 

Code Type Age MMS NSE 
pf1 patient 67 20 2 
pf2 patient 70 24 2 
pf3 patient 67 24 4 
pf4 patient 81 19 2 
cf1 control 62 28 3 
cf2 control 63 30 4 
cf3 control 67 30 4 
cf4 control 77 30 4 

 Table 1: Description of the tested population. 
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The mean ages of the patients and the control participants were 
of 71 and 67, respectively. The age difference between the two 
groups was not statistically significant (t=-0.8379, p=0.43), 
while the difference in MMSE score was significant (p<0.01). 
Professional musicians were excluded from the trial. Socio-
educational level, as evaluated by the NSE test, ranged from 2 
to 4 for the speakers, with a mean score of 3.1 for the controls, 
and 2.5 for the patients. This difference was not statistically 
significant   (p=0.08), which suggests the control group could 
serve as a reference for the patients. 
 

3. Results 

3.1. Production of hand gestures 

3.1.1. Upper limb apraxia 

The evaluation of upper limb apraxia, and more specifically of 
�K�D�Q�G���J�H�V�W�X�U�H�V�����X�V�L�Q�J���W�K�H���0�D�K�L�H�X�[�¶�V���E�D�W�W�H�U�\�����L�V���U�H�S�R�U�W�H�G���7�D�E�O�H��������
The mean score was found to be higher in the control group 
(20.7/23) than in the patient group (15.50/23). However, the 
difference was not statistically significant (t(3.4)=2, p=0.1) 
because of group heterogeneity. Thus, only the performances of 
symbolic gestures of one patient (pf1) were considered as 
abnormal, all the other participants of the study produced 
correctly the symbolic gestures. For the mimetic and abstract 
gestures, the performances of the control group were evaluated 
as normal, while the productions of three out of four patients 
were out of the norm. One of the patients (pf3) obtained a high 
score, similar to the ones of the control group, and even better 
than some of the control participants. For both groups, symbolic 
and mimetic gestures were reproduced more successfully than 
abstract gestures, which could be due to the fact symbolic and 
mimetic gestures were produced on verbal instructions and 
more linked to language than abstract gestures [19]. 

3.1.2. Hand gestures quality in nursery-rhymes 
repetition task 

The patients with AD were able to repeat all the 8 deictic and 
16 iconic gestures of the nursery-rhymes repetition task with 
good quality. For all criteria together, there was no task effect 
on the capacity to repeat hand gestures, although patients had a 
lowest mean score (6.5) than control participants (7.6). 
For each criteria the quality was slightly lower for the patients, 
as assessed by the quality of hand emplacement (mean score 
1.8/2), hand movement (mean score 1.5/2), hand configuration 
(mean score 1.5/2), and hand orientation (mean score 1.6/2), 
�W�K�D�Q�� �I�R�U�� �W�K�H�� �F�R�Q�W�U�R�O�� �J�U�R�X�S�¶�V�� �K�D�Q�G�� �H�P�S�O�D�F�H�P�H�Q�W�� ���P�H�D�Q�� �V�F�R�U�H��
2/2), hand movement (mean score 1.9/2), hand configuration 
(mean score 1.8/2), and hand orientation (mean score 1.9/2). 
Statistical differences were found between the two groups for 
the four �T�X�D�O�L�W�\�� �F�U�L�W�H�U�L�D���� �µmovement�¶���� �µconfiguration�¶���� �D�Q�G��

�µorientation�¶����Thus, patients only drafted the movement and 
produced their configuration was often lacking accuracy. About 
�R�U�L�H�Q�W�D�W�L�R�Q���� �W�K�H�� �S�D�W�L�H�Q�W�V�¶�� �H�U�U�R�U�V�� �F�R�Q�F�H�U�Q�H�G�� �P�D�L�Q�O�\�� �G�H�L�F�W�L�F��
gestures. One criterion �K�D�G���D���F�H�O�O�L�Q�J���H�I�I�H�F�W�����W�K�H���µemplacement�¶��
(p < 0.01). Figures 1, 2 and 3 illustrate the quality scores 
�P�H�D�V�X�U�H�G���I�R�U���W�K�H���W�K�U�H�H���F�U�L�W�H�U�L�D���µmovement�¶�����µconfiguration�¶���D�Q�G��
�µorientation�¶���� �:�K�H�U�H�D�V�� �W�K�H�� �D�Y�H�U�D�J�H�� �V�F�R�U�H�� �Z�D�V�� �K�L�J�K�� �I�R�U�� �E�R�W�K��
controls and patients, heterogeneity was observed within the 
patients, unlike the controls. A slight effect of the modality was 
�V�H�H�Q���I�R�U���W�K�H���µmovement�¶���D�Q�G���µorientation�¶���F�U�L�W�H�U�L�D�����K�R�Z�H�Y�H�U���Q�R�W��
significant.  

Concerning the type of gestures, the patients had no difficulty to 
repeat accurately deictic gestures, as illustrated in Figure 4. The 
repetition of iconic gestures was more difficult for both groups. 
�7�K�H�� �S�D�W�L�H�Q�W�V�¶�� �V�F�R�U�H�V�� �Z�H�U�H�� �O�R�Z�H�U�� �D�Q�G�� �P�R�U�H heterogeneous than 
the scores obtained by the control participants. 

Figure 1: Movement quality score in singing and speech. 

Figure 3: Orientation quality score in singing and speech. 

Code Total 
/23 

Symbolic 
/5 

Mimetic  
/10 

Abstract 
/8 

pf1 17 4 08 5 
pf2 09 5 03 1 
pf3 21 5 10 6 
pf4 15 5 08 2 
cf1 21 5 09 7 
cf2 21 5 10 6 
cf3 19 5 09 6 
cf4 22 5 10 7 

Table 2: Mahieux test results for each participant. 

Figure 2: Configuration quality score in singing and speech. 
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3.2. Speech production 

3.2.1. Orofacial apraxia 

Patients did not show an orofacial apraxia, as assessed by the 
MBLF test (see Table 3). Though they obtained a lower average 
score (79.5/96) than controls (88.2/96), the difference was not 
statistically significant (t(5.7)=0.9, p=0.35). This can be 
explained by the scores of one of the controls (cf1) who got a 
lower score than all the participants. Also, one of the patients 
(pf3) got a ceiling score (96/96), which may be due to the fact 
that she practiced diction in acting classes for ten years. 

3.2.2. Speech apraxia 

Patients made more errors (25.5) than controls (27.7) in 
repeating words and pseudowords in the MT86 test, yet with no 
statistically significant difference (t(5.5)=1.5, p=0.17). All 
participants made the same types of errors, namely: phonemic 
substitutions first (e.g. /bi�Uu/ for /bi�du/ �µ�E�L�M�R�X�¶), then phonemic 
omissions (e.g. /�-�zst�Syt�°�S/ for /�-�zst�Sykt�°�S/ �µ�L�Q�V�W�U�X�F�W�H�X�U�¶) and 
phonemic additions (e.g/k�$�•pandj/ for /k�$�•pa�D�����µ�F�D�P�S�D�J�Q�H�¶). 

3.2.3. Speech errors in nursery-rhymes repetition tasks 

Patients made more errors (204) in repeating the nursery 
rhymes than the control participants (49). Regarding phonemic 
and word errors, a significant difference (p<0.001) between 
�S�D�W�L�H�Q�W�V�¶�� �S�U�R�G�X�F�W�L�R�Q�V�� �D�Q�G�� �W�K�H�� �S�U�R�G�X�F�W�L�R�Q�V�� �R�I�� �W�K�H�� �F�R�Q�W�U�R�O��
participants was found. Patients made 61 phonemic errors, 83 
word errors, and 60 other types of errors, when controls made 
24 phonemic errors, 10 word errors and 4 other types of errors.  
�$�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H���������S�D�W�L�H�Q�W�V�¶���S�K�R�Q�H�P�L�F���H�U�U�R�U�V���F�R�Q�F�H�U�Q�H�G���I�L�U�V�W��
phonemic substitutions (45/61), omissions (13/61) and 
additions (3/61). In comparison, the control participants made 
firstly phonemic substitutions (13/24), omissions (11/24), and 
no additions. Most phonemic substitutions corresponded to a 
devoicing of consonants in a cluster (e.g. /plyk�S�$�•/ for /plyk�S�$�•d/ 
�µ�S�O�X�V�� �J�U�D�Q�G�¶) or in an intervocalic context (e.g. /dap�Fr/ for 

/dab�Fr/ �µ�G�¶�D�E�R�U�G�¶). Phonemic omissions concerned the last 
segment of a consonant cluster, most of the time the fricative 
���H���J�����O�D�S�\�����I�R�U�����O�D�S�O�\�����µ�O�D���S�O�X�V�¶��. Phonemic additions consisted in 
�W�K�H���S�U�R�Q�X�Q�F�L�D�W�L�R�Q���R�I���>�Ñ�@���E�H�I�R�U�H���D���Y�R�Z�H�O�����H���J�������W�R�P�D�W�I�D�Y�H�N/ for 
/tomatavek���� �µ�W�R�P�D�W�H�V�� �D�Y�H�F�¶) or in the addition of a consonant 
before another consonant (e.g. /pa�St/ for /pat/ �µ�S�k�W�H�¶). 

As shown in Figure 6, word errors made by the patients 
concerned first substitutions of word (41/83), before additions 
(23/83) and omissions (19/83). Words substitutions consisted in 
using synonyms (e.g. /swa/ for (mwa/ �µ�P�R�L�¶), or in suppressing 
�R�U�� �D�G�G�L�Q�J�� �V�H�J�P�H�Q�W�V���� �I�R�U�� �H�[�D�P�S�O�H�� �S�U�H�I�L�[�H�V�� ���H���J���� ���G�H�S�R�d�H���� �I�R�U��
���S�R�d�H�������� �7�K�H�� �F�R�Q�W�U�R�O�V�� �S�U�R�G�X�F�H�G�� �R�Q�O�\�� ������ �H�U�Uors of words: 5 
omissions, 4 substitutions and a single addition.  

As shown in Figure 7, other types of errors were also observed 
(60 for patients and 4 for control participants): 22/60 tryouts 
(compared to 2/4 ones for control participants), 19/60 
autocorrections (compared to 2/4 ones for control participants), 
and 19/60 repetitions for patients (no repetition for controls). 

 
Figure 5: Number of segmental errors in function of type. 
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Figure 6: Number of word errors in function of type. 
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Figure 7: Number of other types of errors. 
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Figure 4: Total score quality for deictic and iconic gestures. 

Code Total 
/96 

Lips 
/27 

Tongue 
/39 

Cheeks & mandible 
/30 

pf1 72 24 33 15 
pf2 76 18 34 24 
pf3 96 27 39 30 
pf4 74 24 30 18 
cf1 68 25 31 12 
cf2 96 27 39 30 
cf3 96 27 39 30 
cf4 93 27 38 28 

Table 3: MBLF test results for each participants. 
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Moreover, for each type of errors, the patients score was higher 
in repeating the nursery rhymes with gestures (116/204) than 
those without gestures (88/204), as shown in Figure 8. This task 
effect, however less strong, was observed for the control 
participants as well, who made 13/24 errors in repeating the 
nursery rhymes with gestures and 11/24 errors in repeating the 
ones without gestures. Figure 8 also shows the effect of spoken-
sung modality: for each type of errors, the patients made more 
mistakes while singing the nursery rhymes (114/204) than while 
speaking them (90/204). In comparison, the control participants 
made slightly more errors in singing (13/24) than in speech 
(11/24). The patients produced more errors in sung nursery 
rhymes with gestures (60/204), in spoken nursery rhymes with 
gestures (56/204) and in sung nursery rhymes without gestures 
(54/204), than in spoken nursery rhymes without gestures 
(34/204). The control participants made more errors in the 
spoken nursery rhymes with gestures and the sung nursery 
rhymes without gestures (7/24), and fewer in spoken nursery 
rhymes without gestures (4/24). As we noted, both groups made 
more mistakes in the nursery rhymes with connected gestures 
and the fewest in the spoken modality without gestures. 

 

4. Discussion 
No orofacial nor speech apraxia was evidenced by the following 
logopedic tests ([7], [11]), as the differences between patients 
�D�Q�G���F�R�Q�W�U�R�O�V�¶���V�F�R�U�H�V���Z�H�U�H���Q�R�W���V�L�J�Q�L�I�L�F�D�Q�W�����+�R�Z�H�Y�H�U���W�K�H���Q�X�U�V�H�U�\-
rhymes repetition task showed slight differences between 
�S�D�W�L�H�Q�W�V�� �D�Q�G�� �F�R�Q�W�U�R�O�V�� �R�U�D�O�� �S�U�R�G�X�F�W�L�R�Q���� �0�D�K�L�H�X�[�¶�V�� �E�D�W�W�H�U�\ 
evidenced an upper limb apraxia, which can explain the results 
obtained at the analysis of hand gestures quality in the nursery-
rhymes repetition task.  
Concerning hand gestures quality, significant differences 
appeared on hand movement, hand configuration and hand 
orientation between patients and control participants. The fact 
that patients drafted the movement and that the configuration 
was produced with less accuracy could be an early sign of an 
upper limb apraxia. About the fact the errors produced by 
patients concerned mainly the deictic gestures could be 
explained by a decentering disorder typical of AD [23]. 
Although deictic gestures were more easily reproduced than 
iconic ones, which could be explained by the fact pointing 
develops before iconic gestures in speech ontogeny, and would 
be more anchored cognitively. Concerning the modality, neither 
speech nor singing did alter significantly the quality of hand 
gestures, which is not in line with our hypothesis.  
An individual behavior can be pointed out: the patient (pf4) 
with the lowest score in the MMSE (19/30) and the Mahieux 

test score also had the lowest score to the nursery-rhymes 
repetition task, suggesting that cognitive impairment and upper 
limb apraxia could have an impact on the quality of voluntary 
hand gestures execution. 
Our study showed hand gestures execution affects oral 
productions of AD patients. This phenomenon could be 
explained by a double task effect due to a cognitive overload, 
more important for people with AD who suffer of divided 
attention disorders. Those results are in contradiction with the 
positive effect of gestures on spontaneous speech production, 
notably on lexical retrieval ([6], [13]), which can be explained 
by the fact this study is based on a controlled task of repeated 
speech. Those results give rise to the automatic-voluntary 
dissociation [16], which besides is used to evaluate apraxia.  
Moreover, a modality effect was observed for both groups: the 
sung modality with connected hand gestures was the task with 
most errors, and the speech modality without connected hand 
gestures was the task with fewer errors. In effect, the nursery 
rhymes were not known by the participants nor learnt prior to 
the repetition tasks; they were only presented once by the 
experimenter, and then repeated by the participant. Those 
results are opposed to the ones obtained in different previous 
works ([5], [10]), that only studied the impact of well-known 
songs, which implicate long-term memory and not working 
memory as in repeating tasks of unknown songs.  
Regarding more precisely the errors made by the patients in the 
nursery-rhymes repetition task, they are in line with the MT86 
�V�F�R�U�H�V���� �D�Q�G�� �Z�L�W�K�� �W�K�H�� �O�L�W�H�U�D�W�X�U�H�� �R�Q�� �$�'�¶�V�� �R�U�D�O�� �F�R�P�P�X�Q�L�F�D�W�L�R�Q��
�L�P�S�D�L�U�P�H�Q�W�V�����>���@�����>�����@�����>�����@���D�Q�G���>�����@�������7�K�X�V�����Z�R�U�G�V�¶���R�P�L�V�Vions 
concur with word finding, the first disorder described in apraxia 
�L�Q�� �$�'���� �:�R�U�G�V�¶�� �V�X�E�V�W�L�W�X�W�L�R�Q�V�� �F�R�X�O�G�� �E�H�� �F�D�X�V�H�G�� �E�\�� �Y�H�U�E�D�O��
paraphasia, and repetitions by palilalia. Concerning segment or 
prefixe additions, they could correspond to a verbal paraphasia. 
Phonemic omissions could be due to a phonemic disintegration 
or to a simplification process, as they concerned mainly liquids 
in clusters. Phonemic substitutions could be a consequence of a 
phonemic paraphasia, or of a dysphonia, which is coherent with 
literature on AD [22], as most of phonemic substitutions 
produced by patients corresponded to a devoicing of consonants 
in intervocalic context. �$�V�� �W�K�H�� �0�%�/�)�� �V�F�R�U�H�¶�V�� �G�L�I�I�H�U�H�Q�F�H��
between patient and control groups was not found to be 
significant in our study, errors made by patients could not be 
attributed to an orofacial apraxia. In particular, the patient pf3 
had even a MBLF score similar to the control ones, but still 
made significantly more phonemic errors than the controls.  
These preliminary results call for further exploration on a larger 
population, to avoid, or at least minimize, the effect of 
interpersonal variability. This study is still in progress, in 
particular with persons with AD showing more severe cognitive 
and hand gestures impairments, in order to keep investigating 
multimodal communication disorders at different stages of the 
disease. In summary, however no concomitant upper limb, 
speech and orofacial apraxia was preliminary evaluated thanks 
to the following logopedic tests ([7], [11], and [18]), an impact 
of hand gestures execution on oral repetitions was found in this 
study. This motor phenomena could be an argument in favor of 
a co-expressivity between hand gestures and speech that would 
go further than the semiotic dimension put forward by McNeill 
by involving an articulatory link [19].  
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Figure 8: Number of errors in function of hand gestures 
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Abstract 
Compositionality Ð the combination and recombination of 
meaningful units to create more complex structure, Ð is a 
defining property of human language.  Here we seek the 
foundations of this property in a more basic form of 
communication: the expression of emotion. We collected 300 
pictures of athletes, moments after winning or losing a 
competition. We annotated face and body displays in detail, 
and checked prototypical displays in winning and in losing 
contexts. We identified features of face and body reliably used 
in each situation, and some used in both, paving the way for a 
theory of compositionality in the expression of emotions.   
Index Terms: emotion theory, compositionality, multimodal 
communication 

1. Introduction  
Language is a compositional system in which the meaning of a 
complex structure is determined by the meanings of its 
constituent components and the way they combine.. This 
property characterizes all human language, whether spoken [1] 
or signed [2].  Here we seek to determine whether nonverbal 
communication has compositional properties as well. 
Specifically, we hypothesize that compositionality transcends 
language and is rooted in the most "primitive" of the human 
communication systems: the expression of emotions. To this 
end, we ask whether facial expressions and body postures are 
combined and recombined to convey different emotional 
meanings in extreme displays of emotions. Specifically, we 
consider two approaches, each of which makes different 
predictions for our data. The compositional approach predicts 
that individual components can be reliably associated with 
particular interpretations and may recombine, lending their 
interpretations to different arrays. The holistic approach 
makes the opposite prediction, that multi-component 
configurations are interpreted as gestalts.   Here we take a first 
step toward distinguishing the two by identifying prototypical 
face and body elements present in victory and defeat 
situations, each of which often triggers an array of intense 
emotions.   

Since Darwin's seminal work [3], many models of 
emotion have attempted to explain the concept of emotion and 
how the body Òcontributes a content that is part and parcel of 
the workings of the mindÓ [4]. Broadly speaking, there are 
currently two main approaches to the description of emotion: 
the Basic/Prototypical Emotions approach ([5], [6], [7], [8]) 
which we call here the holistic approach, and the 
Dimensional/Appraisal approach ([9], [10], [11], [12], [13]).  
As we will show, the dimensional approach is conceptually 
closer to our notion of compositionality, though the 
motivations and methodologies differ. 

In the holistic view, emotions are Òaffect programsÓ and 
facial expressions are residual actions of more complex 
behavioral responses combining vocal, postural, gestural and 
skeletal muscle movements. For example, a basic emotion 
such as fear is a hardwired response to a threatening stimulus 

that activates a certain brain area (or brain circuit) associated 
with a "fight or flight" response, which in turn activates 
particular facial expressions and body postures. Facial 
expressions of emotion may also be modified or inhibited by 
cultural display rules.  All the other emotive states beyond the 
basic set are considered to be "blends" of basic emotions. 
Facial expressions are usually coded using the Facial Action 
Coding System (FACS, [14]), which annotates each 
observable facial movement as an Action Unit (AU), so that 
all displays perceived as facial expressions can be coded in 
terms of their constituent AUs.  In the holistic view, although 
the facial expressions of basic emotions are comprised of a 
number of action units, they are considered to be gestalts.   

On the other hand, dimensional models of emotions, such 
as 2D circular models of valence and arousal [9], do not view 
basic emotions as biologically hardwired gestalts, but rather as 
phenomena that emerge from combinations of behavioral 
responses.  For example, in the expression of fear, a complex 
facial expression involving a number of action units, the 
specific characteristic, widening of the eyes, (AU 5), is 
hypothesized to have evolved from the attempt to widen the 
visual field in response to threatening stimuli ([15], [16]).   

Another group of emotion models that adopts the 
dimensional approach are appraisal models. Appraisal theories 
of emotions propose a model according to which the final 
emotive status (and the consequent facial expression) is a 
product of a series of appraisals checks on the part of the 
experiencer ([17], [18]). Appraisal models go beyond the 
classic valence and arousal distinction to propose that several 
dimensions are at play when we appraise an emotion-inducing 
stimulus, and that these are reflected in different facial 
movements. These dimensions are: relevance of a stimulus, 
intrinsic pleasure, implications in terms of goal conduciveness, 
coping potential and norm compatibility. These five 
dimensions are appraisal domains that can be decomposed by 
appraisal check. For example, relevance can be decomposed 
into two appraisal checks, novelty and pleasantness. These 
move along the continua sudden/familiar (for novelty) and 
pleasant/unpleasant (for pleasantness).  Appraisal theories do 
not endorse the idea of a small number of basic emotions, but 
rather propose that there is a large number of different 
emotions which may combine with one another ([17], [18], 
[19]).  

To test this hypothesis, Scherer et al [20] analyzed the 
facial expressions of four positive emotions in the GEMEP 
corpus using FACS. In the GEMEP (GEneva Multimodal 
Emotion Portrayal, [21], [22]) corpus, 10 actors expressed 18 
emotions, uttering the same meaningless speech strings in 
different emotional contexts. For this study, the authors 
selected a subset of the emotions portrayed in the corpus: 
interest, joy, pride, and pleasure. Results of the FACS coding 
showed that the frequency and patterning of the AUs could not 
be explained using holistic emotional categories such as these. 
The facial expressions did not show significant differences 
between joy and pride, for example. Instead, contrasting 
emotions for appraisal checks was a more accurate predictor 
of different facial displays. In particular, the appraisal 
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dimension of novelty in interest and joy was reflected in the 
degree of eye opening (Action Unit 5 of FACS), whereas 
cheek raise (AU6) was characteristic of intrinsically pleasant 
emotions (such as joy and pleasure), and eyelid tightening 
(AU7), of goal conduciveness (as in pride).  

Though DarwinÕs observations included the whole body, 
body posture in the expression of emotions has not received 
the same attention as facial expression. In fact, it has long 
been assumed that, whereas a number of facial muscle 
configurations are reliable indicators of specific emotions, 
body movements or postures provide information of intensity 
only ([23], [24], [25]). However, recent studies show that 
variations in body movement and posture convey specific 
information about emotional states ([26], [27], [28], [29]), and 
that a change in body context ([30], [31]) or in the external 
context in which the body and face are inserted ([32], [33]) 
changes the way in which the emotion is perceived and 
categorized. As noted, only a limited number of studies have 
measured the physical cues that express emotion in the body 
([34], [35], [36], [37], [38]). The main reason for this dearth of 
research is the lack of an established coding system for the 
body that would be comparable to the face and voice 
measurement techniques (e.g., [39]) that have facilitated 
systematic research on emotion expression in those modalities.  
Another problem is that the few systems that have been 
developed to investigate body expressions (e.g. [37], [40]) 
have usually relied on displays of actors rather than on 
spontaneous emotional displays. For example, Dael et al.[41] 
explored a subset of the GEMEP corpus using 49 behavioral 
categories belonging to 12 emotions, both basic and subtle, 
representing the two poles of the valence and the arousal 
continua. They found that hot anger, amusement and pleasure 
were characterized by distinct patterns of body behaviors, such 
as forward body movement for hot anger, self-touching and 
neutral head position for amusement, and head tilted up for 
pleasure. In contrast, many emotions considered basic, such as 
joy, panic and fear, were not reliably represented by any 
specific body pattern. What emerged instead were two bi-
dimensional patterns grouped around the arousal and valence 
dimensions, which were not sufficient to explain all the body 
displays. Distinct clusters of behaviors also emerged for 
emotions having the same potency (on a strong vs weak 
continuum) and attentional activity (interesting vs not 
interesting). Those results are consistent with previous 
findings on facial expressions of emotions [42]. Results 
showed that an emotion could be encoded by a variety of 
behavior patterns, suggesting that emotion dimensions such as 
valence, arousal, power and attention - and not classic affect 
programs like fear, happiness, etc. - drive the bodily 
expression of emotions. It is interesting to note that Dael et al. 
[41] also found that some displays were shared by different 
emotions: panic fear and elated joy share symmetry of arm 
actions and knee movements; sadness and relief had the same 
"arm along the body" posture; and interest and irritation share 
asymmetrical one-arm action and trunk leaning forward 
movements.  These results suggest to us that the same body 
behaviors with different combinations of face and head 
movements may convey different emotional meanings in a 
compositional fashion, a hypothesis we wish to test. 
In the present study we try to overcome the limitation of using 
actors to pose stimuli by investigating the facial expressions 
and body postures of athletes' pictures taken moments after 
they won or lost a high-stakes competition, in order to capture 
expressions that were extreme and spontaneous. We assume 
that emotional displays that are both extreme and spontaneous 
are less likely to be filtered by social or cultural conventions 
and inhibitions than other expressions of emotion. Following 

Aviezer et al. [30], we collected 300 pictures of athletes shot 
seconds after their victory or defeat. These two contexts 
ensure both spontaneity and emotions of opposite valence in 
high arousal contexts. We annotated the facial expressions 
using FACS, and the body features using a similarly motivated 
coding scheme that we developed and validated, which codes 
25 different components of body positions. We found that 
specific sets of facial and body features were highly correlated 
with winning and losing contexts, respectively, whereas other 
features were mildly correlated with each context. Finally, a 
small set of facial and body features were shared by the two 
contexts, and we hypothesize that they share particular 
dimensions of emotion contributing to the interpretation of 
these displays. Our data show that particular face and body 
actions combine in the expression of emotions, paving the way 
for the development of a compositional model encompassing 
the whole human form. We aim to incorporate insights from 
the dimension approach by explicitly evaluating the 
interaction of face and body features in ongoing perception 
experiments. 

2. Method 

2.1 Data Collection 

Following Aviezer et al. [30], we searched Google Images for 
strings of text such as "reaction to win" and "reaction to lose", 
but, unlike Aviezer et al [30], who restricted his research to 
180 pictures from tennis matches, we collected 300 pictures 
from badminton, boxing, fencing, judo, rugby, tennis, table 
tennis, football, volleyball, and track and field, most of them 
from the 2012 London Olympics.  Of these 300 pictures of 
athletes taken seconds after winning or losing a competition, 
136 images pictured defeat, and 164 victory. For the defeat 
category, 50 pictures portrayed women and 86 men, and for 
win, 70 images portrayed women and 94 men. Athletes' 
country of origin varied, including both Western and Eastern 
countries. To ensure extreme, spontaneous displays, we sought 
pictures of athletes in high stakes competitions moments after 
their victory or loss was determined (and not when medals are 
awarded for example).  To verify that the pictures were taken 
a few seconds after the event, we Google searched for the 
corresponding videos of the sport events and confirmed that 
the pictures were taken in a time span no longer than 10 
seconds after the win or the loss. In this study, pictures were 
preferred to videos because the quality of videos taken from 
the Internet was often too poor for accurate coding of facial 
expressions. 

2.2 Data Coding 

To code facial expressions, neck tightening and head 
positions, a certified coder used FACS. To code the body 
features we developed our own coding scheme, the Body 
Arrangement Coding System (BACS), which focuses on the 
position of different parts of the body with respect to the main 
articulators and joints. Our system also facilitates coding of 
interaction among articulators.  For example, we coded the 
type of interaction between hands and head/face/body (when 
applicable), using labels such as hand in front of the face, 
covering mouth, covering eyes, on top of the head, on the back 
of the head, on the knees, on the chest etc. Each body 
articulator was coded separately: head, neck, shoulders, arm 
position along the X, Y and Z space axes; chest, torso, leg 
split, knees, palm direction, hand shape. Right and left 
articulators were coded separately to capture asymmetries (e.g. 
right arm vs left arm, right shoulder vs left shoulder etc.).  To 
assess coding scheme reliability, 4 coders independently 
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annotated 40 pictures taken from the corpus. The 12 categories 
yielded an intercoder agreement with kappa scores between 
0.73 and 0.95, which are considered good for multimodal 
annotation of emotions [43]. 

2.3 Data Analysis 

A total of 305 features distributed over 29 categories were 
used to code facial expressions, head positions, hands to head, 
neck and body posture. To reduce the data dimensions, we 
performed a Multiple Correspondence Analysis (MCA), a 
particular type of Correspondence Analysis suited to multiple 
categorical variables. The MCA model collapsed and 
simplified the data by reducing the number of parameters in 
our dataset and finding the ones that were significant for the 
descriptions of win and loss in terms of face and body 
features. We ran two separate statistical models: one included 
all units of the face and head: facial expression, head position, 
and neck tightening, as well as hands to head/face The other 
included all the body features beneath the neck. As we were 
interested in the facial expressions and body postures in Win 
and Loss contexts, we tagged each picture according to Win or 
Loss context of occurrence, and included Win and Loss in the 
statistical analysis, to see whether there was a high correlation 
between these contexts and the face and body features coded. 
We tagged pictures for Gender as well, as a potentially 
correlated factor. MCA models were run using FactoMineR 
package implemented in R 3.0.3 [44].  

A first MCA was run on the whole set of pictures (N=300) 
for the face and head: facial Action Units (divided according 
to upper face, lower face and nasal area Action Units), Head 
Position AUs and Neck AUs, and position of the Hands on 
Face/Head.   The first component of the MCA accounted for 
15.7% of the total variance of the data, and the second 
component for 10.5%. Correlations are observable according 
to the proximity of features/tags that occur together.  
Surprisingly, Gender was correlated neither with the first nor 
the second component, whereas Win and Loss were highly 
correlated with the first component.. As shown in Table 1, 
particular groupings of facial AUs of different parts of the face 
-- the lower face, the nasal area, and the upper face -- were 
highly correlated with the first component and described most 
of the data variability (R2 >0.5). Neck AUs and head position 
AUs were fairly well correlated with the first component 
(R2~0.5). Hand to Face/Head was highly correlated with the 
first component (R2 >0.5). In the table, coded features appear 
above the line, and tagged features of Win/Loss and Gender 
appear below the line.   

Specific features typically clustered with win, and others 
with loss, with a few overlapping between the two contexts.  
Winning athletes typically produced a more complex set of 
facial expressions than losing athletes, exemplified in Fig 1. In 
particular, for upper face, AUs 4 (brow lowerer), 6 (cheek 
raiser) and 7 (lid tightener) were frequently found in 
combination with other AUs. For lower face, AUs 25 (lips 
part) and 27 (mouth stretch) were found in many of the 
combinations. In contrast, loss was typically characterized by 
neutral or Ònot visibleÓ facial features (see Fig. 1). However, 
some features correlated with both win and loss.  We found 
that closed eyes (AU43) occurred with both victorious and 
defeated athletes, but in defeated athletes it occurred without 
other upper face AUs, while in winning athletes, it occurred in 
combination with AUs6 and 7 (cheek raise and lower lid 
tightening). Lip parting (AU 25) was also found in winning 

and losing athletes, but each context contributed different 
additional features of mouth opening. 

Table 1. Correlation coefficients and p values between 
the face, neck, head and hands to head variables and 

the first component of the MCA. 

 
    R2 p.value 

 Lower Face_AUs 0.9 >0.001 

NasalArea_AUs 0.8 >0.001 

UpperFace_AUs 0.8 >0.001 

LeftHandtoFace/Head  0.8 >0.001 

RightHandtoFace/Head 0.8 >0.001 

Neck_AUs 0.5 >0.001 

HeadPosition_AUs 0.4 >0.001 

Win_Loss 0.7 >0.001 

Gender 0.01 0.6 

 
 Figure 1. Estimate values of the Face and Neck Action Units 
for the first component. AUs with positive estimates belong to 

the winning context.  A selection of the AUs that yield an 
Estimate >0.5 are reported. 

 
 
Regarding head position, winning athletes had their heads up 
(AU53) in combination with other head positions such as head 
forward (AU57) or turned left (AU51, see Fig. 2). 

Interestingly, head up (AU53) is found in defeated athletes 
too, but alone, not in combination with other head features.  
Losing athletes often had head down (AU54) sometimes in 
combination with head forward (AU57). Regarding hands to 
face/head, winning athletes tend to put their hands away from 
the face, or to place their hands on the mouth or on top of the 
head, whereas defeated athletes tend to cover the whole face 
with their hands or place one or both hands on the upper face 
and eyes area, or (less often) on the back of the head. When 
only one hand touches the forehead, winning athletes tend to 
place their right hand on the forehead, whereas athletes that 
just lost tend to cover their forehead with their left hand.  
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Figure 2. Estimate values of the Head Movement 
Action Units and Hands to Body/Face for the first 
component. A selection of the features that yield an 

Estimate >0.5 are reported.  

For the body features, we have coded 80 pictures so far. A 
second MCA was run on the results of this coding. The first 
component explained 16.7% of the variability and the second 
component explained 8.4% of the total variability. Table 2 
reports the R2 and p. values of the body features that were 
found significant.  

Table 2. Correlation coefficients and p values 
between the body features and the first 

component of the MCA. 

 
R2   p.value 

 ArmRight&Left_Z 0.6 >0.001 

ArmRight&Left_XY 0.5 >0.001 

ArmForearmR&L 0.45 >0.001 

ShoulderR&L 0.3 >0.01 

PalmR&L 0.45 >0.001 

PalmDirectionR&L 0.2 >0.001 

HandTouchBodyR&L 0.15 =0.01 

Chest 0.4 >0.001 

Torso 0.4 >0.001 

LegR&L 0.2 >0.01 

TouchingGround 0.4 >0.01 

Win_Loss 0.6 >0.001 

Gender 0.01 0.3 

 
Win/loss is fairly well correlated with the first component. 

Again, Gender was not correlated significantly with either the 
first or the second component of the model. We found that the 
arm position was fairly well correlated with the first 
component, as were the shoulders, chest and torso positions 
and the palm configuration. The position of lower parts of the 
body was less correlated with the first component, but the 
athletes' proximity to the ground was well correlated 
(standing, sitting, touching the ground with the hand(s), 
forehead, etc.) 

In Fig. 3 we report the body features along the win and 
loss axis. Broadly speaking, winnersÕ bodies are open and 
extended while those of losers are closed and diminished in 
size. Winning athletes are typically standing, and stretch their 
arms up over their heads, shoulders raised, palms clenched and 
directed away from the body. Defeated athletes typically hold 
their arms down and bent more than 90 degrees at the elbow, 
often to cover their face with their hands. Shoulders forward, 

chest closed and torso and legs bent; palms touching in the 
praying position or stretched (fingers are stretched with 
respect to the palm and separated from each other) and 
directed towards the body. We are now in the process of 
coding the remaining 220 pictures to test our initial findings 
for robustness.  

Figure 3. Estimate values for body. Features with 
positive estimates belong to the winning context. A 
selection of the body features that yield an Estimate 

>0.5 are reported. 

3. Discussion and Conclusions 
In the previous section we reported the face and body features 
that were highly correlated with winning and losing contexts. 
A small set of such features was shared between the two 
contexts. In particular, eye closure, mouth opening, and head 
forward were found in both win and loss sets of pictures. Head 
up is another component shared between the two emotion 
contexts, as was touching the upper part of the head, though 
on different parts of the head, with different hands, and in 
combination with different units in each context. While 
Aviezer et alÕs [30] study uses very similar pictures and 
contexts, it only reports judgments of positive or 
negative/winning or losing and did not analyze the face and 
body displays themselves. Our results may help to explain 
why participants in that study were not able to judge the 
outcome of a tennis match by looking only at the athleteÕs 
facial expression: features shared by winning and defeated 
athletes may have confounded their judgements.  It is possible 
that precisely those features that are shared are more salient 
than those that we found to reliably distinguish the two 
displays, a suggestion that we will follow up in ongoing 
research.   

On the other hand, Aviezer et al. [30] found that 
participants were capable of correctly discerning a winning 
from a defeated tennis player from the body posture alone. In 
our study no components of the body that were highly 
correlated with either winning or losing were shared between 
the two contexts, explaining the participantsÕ success. In short, 
facial displays can be ambiguous while body displays are not 
(or are less so). Our preliminary interpretation is that the 
correspondence between positions of the large, salient 
articulators of the body and the emotions that prompt them is 
both more clearly perceivable and less complex and therefore 
less ambiguous than that between articulations of the face and 
their corresponding emotions. As we have said, there have 
been few studies of body displays, and those that have been 
conducted were in different contexts.  The body displays we 
found in our 80 pictures are quite different from the ones 
found by Dael et al. [41], where, for example, head up was a 
distinctive characteristic of pleasure, while in our contexts we 
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found that head up was a feature shared between win 
(presumably pleasurable) and loss.  It is too early to say 
whether such differences are due to the different coding 
schemes, the use of posed vs. spontaneous displays, 
differences in extremeness/intensity of emotion, or differences 
in the head and face units with which they combine. 

As regards the emotion models, our results are in contrast 
with the basic emotion (holistic) theory, which holds that 
whole configurations of facial action units characterize each 
basic emotion. Although some units overlap between different 
emotions in the holistic model (e.g., brow lowerer and upper 
lid raise in both prototypical anger and fear), their contribution 
is not compositional; i.e., neither the individual units nor 
groups of units on different parts of the face are analyzed as 
making independent contributions of meaning on the holistic 
approach.  

Our results are partially compatible with the dimensional 
model of emotions. For example, as high stakes winning and 
losing are potentially both high arousal events with opposite 
valence, one could hypothesize that the shared components 
such as those mentioned above might be linked to the degree 
of arousal and not to the nature of that arousal, i.e., not to 
valence.  Our working hypothesis is that individual units, or 
minimal combinations of units of the upper face, the lower 
face, and the upper and lower body, will distinguish 
interpretations of corporeal expression; i.e., the displays are 
compositional.  

Comparison of findings in the contexts we are examining 
with those of other studies is expected to elucidate what these 
units and combinations are, and how they contribute to 
interpretation. Interesting contrasts in this direction emerge 
when comparing facial features associated with contexts of 
opposite valence such as elated happiness and sadness/despair 
in Scherer and EllgringÕs study using actors [18] with those in 
our study of spontaneous reactions to victory and defeat.  For 
example, AU4, brow lowerer, is common in sadness and 
despair in [18], but it is common in winners (and not losers) in 
our study. Brow lowering in winners is problematic for the 
dimensional/appraisal approach, because this AU is predicted 
to be present in appraisals of unpleasantness, relevant 
discrepancy, or lack of coping control, none of which is 
compatible with victory.  The presence of brow lowering in 
spontaneous victory displays in our study, as well as in the 
unpleasantness contexts of the laboratory study suggests that 
this feature, whatever its ÔmeaningÕ, is not part of a holistic 
display, thus lending support to our compositionality 
hypothesis.  

In sum, our initial results show that a compositional 
approach to understanding corporeal displays of emotion is 
crucial for investigating emotion. Importantly, we are now 
conducting experiments to determine how participants 
categorize the emotions conveyed by different combinations 
of features in the same naturally occurring displays of 
emotion. To further test how the facial and body features re-
combine and whether they convey meanings alone or in 
combination with other features, we are working to create new 
stimuli in which body and facial expressions highly correlated 
to win will be combined with lower correlated ones or with 
facial and body expressions of loss, to try to isolate and test 
the contributions of individual features and feature groupings.  
We expect these studies to lead to the creation of further 
complex stimuli to use in interpretation experiments.  By 
comparing the results of these different lines of research, we 
aim to derive testable hypotheses about compositionality in 
the expression of emotion. 

4. Acknowledgements 
This research is supported by ERC Grant Agreement 340140 
for the Grammar of the Body project. 

5. References 
[1] Jackendoff, R., "What is the human language faculty?:Two 

views",  Language 87(3): 586-624, 2011.   
[2] Sandler, W., Lillo-Martin, D., ÒSign language and linguistic 

universalsÓ. Cambridge University Press; Cambridge, UK: 2006. 
[3] Darwin, C., ÒThe expression of the emotions in man and 

animals.Ó Chicago: University of Chicago Press. 1965. (Original 
work published 1872)  

[4] Damasio A.R., "The somatic marker hypothesis and the possible 
functions of the prefrontal cortex". Transactions of the Royal 
Society, 351 (1346): 1413Ð1420, 1996 

[5] Tomkins, S., ÒAffect Imagery Consciousness: Volume I, The 
Positive AffectsÓ. London: 1962. 

[6] Izard, C. E.,"Innate and universal facial expressions: Evidence 
from developmental and cross-cultural research". Psychological 
Bulletin, 115, 288-299, 1994. 

[7] Ekman, P., ÒUniversals and cultural differences in facial 
expressions of emotionÓ. In J. Cole (Ed.), Nebraska Symposium 
on Motivation, 1971 (Vol. 19, pp. 207Ð283). Lincoln: University 
of Nebraska Press, 1972. 

[8] LeDoux J.E., Cicchetti P., Xagoraris A., Romanski L.M.,  "The 
lateral amygdaloid nucleus: sensory interface of the amygdala in 
fear conditioning". Journal of Neuroscience, 10(4): 1062-1069, 
1990. 

[9] Russell, J. A.,  "Culture and the categorization of emotions". 
Psychological Bulletin, 110, 426Ð450, 1991.  

[10] Barrett, L. F. "Solving the emotion paradox: Categorization and 
the experience of emotion". Personality and Social Psychology 
Review, 10, 20-46, 2006. 

[11] Barrett, L. F., Wilson-Mendenhall, C. D., & Barsalou, L. W. 
ÒThe conceptual act theory: a road mapÓ. Chapter in L. F. Barrett 
and J. A. Russell (Eds.), The psychological construction of 
emotion (p. 83-110). New York: Guilford, 2015. 

[12] Ortony, A., Turner, T. J., "What's basic about basic emotions?" 
Psychological Review, 97, 315-331, 1990.  

[13] Scherer, K. R., ÒOn the nature and function of emotion: A 
component process approachÓ. In K. R. Scherer & P. Ekman 
(Eds.), Approaches to emotion (pp. 293Ð317). Hillsdale, NJ: 
Erlbaum. 1984. 

[14] Ekman, P., & Friesen, W. V.,The Facial Action Coding System: 
A technique for the measurement of facial movement. Palo Alto, 
CA: Consulting Psychologists Press, 1978.  

[15] Gould, S.J., Lewontin, R.C. "The Spandrels of San Marco and 
the Panglossian Paradigm: A Critique of the Adaptationist 
Programme" Proceedings Royal. Society London 205 581Ð598. 
1979. 

[16] Barrett, L. F. "Emotions as natural kinds?" Perspectives on 
Psychological Science, 1, 28-58. 2006. 

[17] Lazarus, R. S., Folkman, S. Stress,appraisal, and coping. New 
York: Springer, 1984. 

[18] Scherer, K. R.; Ellgring, H. "Multimodal expression of emotion: 
Affect programs or componential appraisal patterns?" 
Emotion,Volume 7(1), 158-171, 2007. 

[19] Scherer, K. R., Mortillaro, M., Mehu, M., "Understanding the 
mechanisms underlying the production of facial expression of 
emotion: A componential perspectiveÓ. Emotion Review, 5(1), 
47-53 (2013). 

[20] Mortillaro, M., Mehu, M., Scherer, K. R., "Subtly different 
positive emotions can be distinguished by their facial 
expressions". Social Psychological & Personality Science, 2(3), 
262-271, 2011. 

[21] Scherer, K. R., & BŠnziger, T., ÒOn the use of actor portrayals in 
research on emotional expressionÓ. In K. R. Scherer, T. 
BŠnziger, & E. B. Roesch (Eds.), Blueprint for affective 
computing: A sourcebook, 166-176. Oxford, England: Oxford 
university Press, 2010. 

[22] BŠnziger, T., Mortillaro, M., Scherer, K. R.,  "Introducing the 
Geneva Multimodal Expression Corpus for Experimental 

GESPIN 4 77



Research on Emotion Perception". Emotion, 12(5), 1161-1179, 
2012. 

[23] Ekman, P., "Differential Communication of Affect by Head and 
Body Cues". Journal of Personality and Social Psychology, 
2(5),726-735, 1965. 

[24] Ekman, P., Friesen, W. V., "Head and Body Cues in the 
Judgement of Emotion: A Reformulation". Perceptual and Motor 
Skills, 24, 711-724. (1967). 

[25] Harrigan, J. A.  ÒProxemics, Kinesics, and Gaze. The New 
Handbook of Methods in Nonverbal BehaviorÓ Research: 137Ð
198, 2005. 

[26] Atkinson, A. P., Winand H. Dittrich, A. J. Gemmell, A., Young, 
A.W.  ÒEmotion Perception from Dynamic and Static Body 
Expressions in Point-light and Full-light Displays.Ó Perception-
London 33: 717Ð746, 2004. 

[27] Coulson, M.  ÒAttributing Emotion to Static Body Postures: 
Recognition Accuracy, Confusions, and Viewpoint 
Dependence.Ó Journal of Nonverbal Behavior 28 (2): 117Ð139. 
2004. 

[28] Tracy, J. L., Robins, R. W.  ÒShow your pride: Evidence for a 
discrete emotion expressionÓ. Psychological Science, 15, 194Ð
197.  

[29] Peelen, M.V., Downing P.E., ÒThe Neural basis of visual body 
perceptionÓ. Nature Neuroscience Review, 636-648, 2007. 

[30] Aviezer, H., Trope, Y., Todorov. A., "Body Cues, Not Facial 
Expressions, Discriminate Between Intense Positive and 
Negative Emotions". Science, 338 (6111): 1225, 2012. 

[31] Aviezer, H., Hassin, R.R., Ryan, J., Grady, C., Susskind, J., 
Anderson, A.,ÓAngry, Disgusted or Afraid?Ó Psychological 
Science, 19(7), 724-732. 

[32] de Gelder, B., Meeren, H. K. M., Righart, R., Van den Stock, J. , 
van de Riet, W. A. C., Tamietto, M., ÒBeyond the face: 
Exploring rapid influences of context on face processingÓ. 
Progress in Brain Research, 155, 37-48. 2006. 

[33] de Gelder, B., Van den Stock, J., ÒReal faces, real emotions: 
perceiving facial expressions in naturalistic contexts of voices, 
bodies and scenesÓ. In A.J. Calder, G. Rhodes, J.V. Haxby & 
M.H. Johnson (Eds.), The handbook of face perception. Oxford: 
Oxford University Press. 2012. 

[34] Boone, R. T., Cunningham, J. G., ÒChildrenÕs expression of 
emotional meaning in music through expressive body 
movementÓ. Journal of Nonverbal Behavior, 25, 21Ð 41. 2001.  

[35] Gross, M. M., Crane, E. A., Fredrickson, B. L., ÒMethodology 
for assessing bodily expression of emotionÓ. Journal of 
Nonverbal Behavior, 34, 223Ð248. 2010.   

[36] Sawada, M., Suda, K., Ishii, M., ÒExpression of emotions in 
dance: Relation between arm movement characteristics and 
emotionÓ. Perceptual and Motor Skills, 97, 697Ð708. 2003. 

[37] Wallbott, H. G., ÒBodily expression of emotionÓ. European 
Journal of Social Psychology, 28(6), 879Ð896. 1998. 

[38] Scherer, K. R., Wallbott, H. G. ÒAnalysis of nonverbal 
behaviorÓ. In T. A. van Dijk (Ed.), Handbook of 

discourse analysis (pp. 199Ð230). London: Academic 
Press. 1985. 

[39] Scherer, K. R., ÒVocal affect expression: A review and a model 
for future researchÓ. Psychological Bulletin, 99, 143-165. 1986. 

[40] Dael, N., Mortillaro, M., Scherer, K. R., ÒThe Body Action and 
Posture Coding System (BAP): Development and 
ReliabilityÓ. Journal of Nonverbal Behavior, 36(2), 97Ð121. 
2012. 

[41] Dael, N., Mortillaro, M., Scherer, K., ÒEmotion expression in 
body action and postureÓ. Emotion, 12(5), 1085-1101. 2012. 

[42] Osgood, C. E., ÒDimensionality of the semantic space for 
communication via facial expressionsÓ. Scandinavian Journal of 
Psychology, 7, 1Ð30. 1966. 

[43] Cavicchio, F., Poesio, M., ÒMultimodal Corpora Annotation: 
Validation Methods to Assess Coding Scheme ReliabilityÓ. In 
M. Kipp, J.-C. Martin, P. Paggio, and D. Heylen 
(Eds.),Multimodal Corpora, LNAI 5509, Berlin: Springer-
Verlag, 109-121. 2009. 

[44] Le, S., Josse, J., Husson, F., ÒFactoMineR: An R Package for 
Multivariate AnalysisÓ, Journal of statistical software, 25(1), 
2008. 
 

 

 

78 Nantes, 2-4 September 2015



Disposition and noise interference as factors of zero-lag interpersonal coordination 
 

Carlos Cornejo1, Esteban Hurtado1,2, Himmbler Olivares1 
 

1 Pontificia Universidad Católica de Chile 
2 Universidad Diego Portales, Santiago, Chile. 

cca@uc.cl 
 

 
Abstract 

 
Pursuing the goal to study interpersonal coordination from 
a more ecological point of view we conducted a study on 
interpersonal coordination using a MoCap system. A total 
of 20 female and 16 male undergraduates (ages 18 to 28) 
were randomly matched in 18 couples for having a 
conversation. Each couple was randomly assigned to one 
of three conditions: empathic, non-empathic and noise. 
We found three main results. First, in all conditions 
correlation is maximum at a delay near zero. Second, the 
magnitude of the peak correlation near zero delay is 
higher for empathic condition (r=0.2059), followed by 
non-empathic (r=0.1892), with noise condition displaying 
the lower value (r=0.1779). Third, noise curve 
distinctively displays local peaks at around -1.5 and 1.5 
second delays. This suggests that in this condition delayed 
bodily reactions to gestures are more present than in the 
other two conditions. 
 
Index Terms: interpersonal coordination, zero-lag 
coordination, imitation, empathy 
 

1. Introduction 
 
It is well known that phenomena of spontaneous bodily 
coordination happen at different observation levels 
(Hurley & Chuter, 2005). There is robust evidence that 
interpersonal coordination promotes positive emotions, 
such as rapport and liking, among interactants (Batson, 
2009). Coordination plays an important role in creating 
and maintaining joint actions. Kirschner and Tomasello 
(2009) postulated a specifically human motivation to 
coordinate with social others, which might be 
characterized as the human “desire to move in synchrony” 
(Kirschner & Tomasello, 2009, p. 32). However, we still 
do not have strong evidence of the association between 
interpersonal coordination phenomena and empathic 
disposition from natural or ecological settings. Pursuing 
the goal to study interpersonal coordination from a more 
ecological point of view -that is, to study the whole person 
in a real interacting situation (Schmidt, Nie, Franco, & 
Richardson, 2014; Musa, Carré, & Cornejo, 2015), we 
conducted a study on interpersonal coordination using a 
MoCap system.  Our main hypothesis that interpersonal 
coordination plays an essential role in maintaining the 
affective mood of an ongoing conversations, so that it 
should be more evident in empathic rather than in non-
empathic encounters. Additionally, if interpersonal 
coordination is helping to follow a conversational rhythm, 
we hypothesized that the amount of coordination should 
increase under conditions that impair the verbal 
communication -such as, a conversation occurring along 
with background noise. 
 

2. Method 
 
2.1. Participants 
 
A total of 20 female and 16 male university students (ages 
18 to 28) were randomly matched in 18 couples. Each 
couple was randomly assigned to one of three conditions: 
empathic, non-empathic and noise, which differ as 
explained below in the procedure section. Special care 
was put in making sure that the two participants in a 
couple did not know each other. 
 
 
2.2. Materials 
 
Two backless chairs were used so that participants could 
sit face to face with their backs remaining visible to 
measurement equipment. Questions included ice-breakers 
and casual conversation topics. Questions were self-paced 
by the participants through two sets of 11 cards -one for 
each interactant- with the questions printed on them. 
Ninth question requested telling first person experiences 
during Chilean earthquake of 2010 and was designed to 
produce a stronger affective engagement. Motion of 
interacting dyads during this question was analyzed for 
this study. 
 Motion during conversations was recorded using 
a motion capture system consisting of 18 OptiTrack 
V100:R2 cameras manufactured by NaturalPoint 
(Corvallis, Oregon, USA). Arena software provided by 
the same manufacturer allowed us to reconstruct 3D 
motion afterwards and export it for further analysis with 
custom software.  In order for this system to work, each 
subject had to wear 15 little spherical reflective markers. 
One experimental condition required the use of computer 
speakers (stereo 20W Edifier brand with 4 inch 
mid/woofer), and a computer to reproduce a noise 
composed from the superposition of several speech 
sources, making it sound unintelligible like in a loud 
cocktail party. 
 
2.3. Procedure 
 
Each participant was given a brief description of the 
experiment and signed an informed consent document. 
After that, 15 reflective markers were attached to each 
interactant by a same sex assistant by means of elastic 
bands. Marker localizations were hands, elbows, feet, 
knees, plus three markers in a fixed arrangement attached 
to the back of the head, and four markers on the back (see 
Figure 1). This worked well with diverse clothes without 
requiring the use of a special suit and allowed a short 
setup time, all of which contributed to keep interactions 
reasonably natural. 
 Only after that participants sat together while a 
member of the research team gave instructions without 
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leaving space for talking before the experiment started. In 
brief, each question had to be answered by the two 
participants before moving on to the next one, alternating 
who answered each question first. There were no 
restrictions on how they could move, and they didn't have 
to keep track of time. However, it was requested that turns 
proceeded in a strict way if possible, and that the 
conversation was kept on topic with an estimated duration 
of 20 to 40 minutes for the whole session as a reference. 
Motion data was captured with the motion capture system 
during the conversation. 
 Previous description corresponds to an empathic 
condition, under the assumption that empathy is the 
default expected disposition in this situation. A non-
empathic condition included a manipulation that consisted 
in an additional instruction. Participants were told that 
question cards could include some text below 
commanding to give a fake answer. They were told that 
some decks did not have this command, so it was a matter 
of luck if they got a “lier” deck. In actuality, no deck had 
that command. But this consign introduced the possibility 
of lying into the conversation without participants truly 
lying (because it was part of the game and was never 
commanded anyway), or researchers lying to them (since 
actual game was within explicitly stated possibilities). We 
expected this to make participants reluctant to share 
intimate stories in an authentically empathic disposition. 
In fact, participants reported believing that the other may 
have lied. 
 Finally, a noise condition was similar to empathic 
condition with the only difference that noise was 
produced through speakers so to make it harder to hear 
each other and see whether and how gestures 
compensated this. 
 
2.4. Data analysis 
 
After using manufacturer-supplied software for capturing 
motion and exporting data to a standard format (C3D), 
custom software was used to visually label the body part 
corresponding to each marker and checking for potential 
problems. We designed an analysis procedure with the 
following goals in mind. First, it had to avoid subjective 
segmentation or categorization of gestures. Second, it had 
to detect similarities between motion events of the two 
participants even if they occurred with a difference in time 
of a few seconds. Third, it had to detect those similarities 
even if they occurred between different parts of the body, 
or involved different directions in space. 
 The first goal was met by making an automatic 
analysis of the continuous motion signals without 
segmentation, except for the fact that only motion during 
conversation about the ninth question was considered. The 
second goal lead us to compute cross-correlation curves. 
These show an immediate Pearson correlation coefficient 
that informs about similar events occurring at the same 
time, but also show the same coefficient for each possible 
delay in time between potentially similar events in a range 
that goes up to a few seconds. Delay times are shown in 
the horizontal axis of our cross-correlation plot, and can 
be negative or positive, because similar events can occur 
with one or the other participant producing the first event. 
 The third goal was met by taking the 45 motion 
variables of each subject (15 markers, each with an x, y, z 
position), and performing a principal component analysis 
(PCA) based on the correlation matrix, similar to a factor 
analysis. This process linearly extracts maximum variance 
axes. The result was then rotated with the varimax 

algorithm. Each resulting dimension was cross-correlated 
between the two participants, and absolute value of all 
resulting curves were averaged together, which can be 
shown to be equivalent to the cross correlation of PCA 
transformed vectors, using vector dot product instead of 
the usual deviation product of the Pearson correlation for 
scalar series. In other words, this correlation measure will 
tend to be bigger when the principal axes of variance 
deviate from average to the same direction in both 
subjects. And since this is after PCA, this same direction 
is referenced to the particular directions and body parts in 
which each individual shows more motion, so they don't 
need to be the same directions in the original 3D space. 
 
 
2.5. Results 
 
We found three main results. First, in all conditions 
correlation is maximum at a delay near zero. At 
equipment's temporal resolution of 100 frames per second, 
the average cross-correlation curves displayed on Figure 2 
peak at exactly 0.00 seconds for noise and non-empathic 
conditions, and at -0.01 for empathic. The curve shape 
and similarity between the three conditions indicates that 
this is highly unlikely to have occurred by chance. 
 Second, the magnitude of the peak correlation 
near  zero delay is higher for empathic condition 
(r=0.2059), followed by non-empathic (r=0.1892), with 
noise condition displaying the lower value (r=0.1779). 
Additional work is needed in order to find the statistical 
significance of this pattern. Preliminary Montecarlo 
resampling suggested statistical significance of the 
difference between peak correlations for empathic and 
noise conditions. 
 Third, there is a relevant qualitative shape 
difference between noise curve and the other two. It 
displays local peaks at around -1.5 and 1.5 second delays, 
and several other peaks at delays of bigger magnitude. 
This suggests that in this condition delayed bodily 
reactions to gestures are more present than in the other 
two conditions. 
 
 

3. Discussion 
 
One of our results strongly suggest that natural 
conversations display an immediate coordination between 
participants with a delay much lower than the smallest 
possible human reaction time: coordination lag seems to 
be no more than 10 milliseconds in our study, in contrast 
to 100+ milliseconds reaction time of well trained athletes. 
This means that our finding, if replicated, cannot be 
explained as a reaction. In principle, tracking the motion 
of another person with such a tight timing would require 
knowing the future beforehand. But only if this 
phenomenon is actually seen as tracking, which would be 
a sort of precognitive imitation. We think there is no need 
to view results that way. Actually, many physical 
phenomena start out of phase, but soon display a coupling 
that produces an immediately coordinated pattern. The 
well known phenomenon of sympathetic resonance is a 
good example, in which an object responds to the 
vibrations of a nearby object. There is no reason for 
excluding something as complex as human interaction 
from the possibility of such patterns, and our study 
strongly suggests that this is indeed the case regarding 
bodily coordination. This adds to recent evidence of 
tightly timed coordination (Paxton & Dale, 2013; 
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Schmidt, Morr, Fitzpatrick, & Richardson, 2012; Schmidt, 
Fitzpatrick, Caron, & Mergeche, 2011) found with 
techniques that involve varying degrees of subjectivity 
while labeling video sequences of human interaction. 
 As expected, non-empathic interaction displays a 
lower amount of immediate coordination than empathic 
when using motion correlation as a measure. This result, 
however, requires more statistical work, and ideally 
replication in order to discard that it can be attributed to 
chance. On the other hand, we found more support for the 
hypothesis that the noise condition involves less 
immediate coordination than the empathic one. This is 
compensated by the former showing more delayed 
coordination, at different time lags, remarkably at 1.5 
seconds. This is a consistent result if we consider that the 
noise condition generates a handicap for verbal 
communication, so that bodily resources should be 
focused on compensating for that by emphasizing gesture 
in order to explain, and also in order to acknowledge, 
which are events that need to occur with a delay. 
Nevertheless, while lower in magnitude, immediate 
correlation does not disappear in the noise condition. In 
fact it is quite high when viewed in the context of the 
whole cross-correlation curve. 
 Our finding of clear immediate Pearson 
correlations of magnitudes around 0.2 is remarkable if we 
consider that immediate coordination information should 
be buried below all other complex motion patterns and 
relationships that occur in human interaction. This 
suggests that the method of correlating PCA transformed 
motion data is a useful tool for bodily coordination 
research. 
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Figure 1. Participants with little reflective markers attached to their bodies by means of elastic bands, 
and 3D reconstruction. 
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Figure 2. Average cross-correlation curve between the PCA transformed motion of the two 
participants, computed for each condition. All
coordination between participants, but with different magnitudes in each case.

correlation curve between the PCA transformed motion of the two 
participants, computed for each condition. All three curves display a zero
coordination between participants, but with different magnitudes in each case.

 
correlation curve between the PCA transformed motion of the two 

three curves display a zero-lag (i.e., immediate) motion 
coordination between participants, but with different magnitudes in each case. 
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Abstract 
People with aphasia (PWA) spontaneously use various gesture 
types. Such gestures can potentially express semantic content 
that complements speech.  
We investigated whether production of different gesture types 
adds crucial semantic content to the spoken output produced 
by PWA. In a perception experiment using multiple choice 
questions, naïve judges reported their information uptake from 
messages communicated by PWA in a speech-only vs. 
gesture+speech condition. The results show that the choice of 
response-options differed between conditions for all tested 
gesture types. We conclude that gestures in PWA disambiguate 
the interpretation of communicated messages and therefore 
markedly influence the expression of semantic content.  

 
Index Terms: gesture, aphasia, spontaneous communication, 
semantic content 

1. Introduction 
 

The relationship between gesture and speech is assumed to 
vary between different gesture types. Kendon [1] distinguishes 
between gesticulation, pantomimes, emblems and sign 
language. These gesture types show different characteristics in 
terms of their relationship to speech, their degree of 
conventionalization and their linguistic properties. 
Gesticulations are not conventionalized, only appear with 
speech and have no linguistic properties. In contrast, emblems 
and pantomimes are conventionalized to a certain degree and 
hold some linguistic properties. Therefore, the latter two 
gesture types hold the potential to be understood without 
accompanying speech, whilst the interpretation of 
gesticulations is closely related to the accompanying speech. 
       The role of gestures in the expression of semantic content 
has been investigated in a number of studies. One line of 
enquiry relates to whether the content expressed via gesture is 
redundant to the accompanying speech or complementary. 
Some researchers argue that iconic gestures do not play an 
important role in the communication of relevant information 
[e.g. 2]. This assumption is based on the finding that 
participants' interpretation of semantic content was not 
improved with the accessibility of visual information 
compared to only audio information. In contrast, Bangerter [3] 
as well as Melinger and Levelt [4] report that spatial 
information is completely omitted from spoken output in the 
presence of deictic or iconic gestures in target-identification 
tasks. Furthermore in narratives, [5] parts of the informational 
content expressed via gesture was not inferable from the 
content of the spoken output.  

The coordination and link between gesture and speech can be 
conceptualised by the planning and production processes 
underlying each. Non-parallel expression of content in gesture 
and speech can be accounted for by models of gesture 
production that assume a shared origin of gesture and speech 
and tightly coordinated but separate production processes of 
the two channels, for example the Sketch Model [6, 7]. Parts of 
a speaker’s communicative intention can be conveyed via 
gesture and do not necessarily have to be specified in speech 
as well. This is especially evident in people with impaired 
spoken output, as is the case in PWA [8, 7]. However there is 
evidence against this compensative or trade-off relationship of 
gesture and speech in non-impaired speakers [9]. Regarding 
people with aphasia some researchers were able to 
demonstrate a spontaneous and compensative use of gestures 
that is especially true for those individuals presenting with 
severe aphasia [10, 11]. But this potential compensative role 
of gesture for PWA has been debated, with evidence against an 
effective compensative use of gestures [12]. Furthermore, 
there is evidence that both gesture and speech are vulnerable 
to simultaneous break down in PWA [13]. These findings 
clearly call into question the view that gesture plays a 
compensatory role in the case of aphasia.  

Whilst acknowledging the lack of consensus regarding the 
role of gesture in communication, it is widely accepted that 
PWA make use of various gesture types in spontaneous 
communication [e.g. 14, 15]. Amongst many other gesture 
types, Sekine and colleagues [15] identified emblems, 
pantomimes and referential gestures as frequently used by 
PWA in spontaneous communication. Whilst we know that 
PWA with different aphasic types and severities make 
spontaneous use of a variety of gestures in communication, 
previous studies have not investigated the content expressed 
via gesture. Furthermore, it cannot be inferred from previously 
reported evidence what information listeners were able to 
comprehend when gesture, speech or both channels were 
accessible.  

Hogrefe et al. [11] investigated the comprehensibility of 
cartoon-narratives produced by PWA based on the responses 
�R�I�� �Q�D�€�Y�H�� �M�X�G�J�H�V. The PWA recalled the cartoon narratives in 
two conditions: 1) they were asked to retell the cartoons they 
watched without any specific instructions (speech+gesture 
condition) and 2) they were explicitly asked to retell the 
cartoons only by the use of gestures (gesture only condition). 
Judges' information uptake from the first condition was 
compared between gesture and speech. The reactions to the 
audio stimuli were more accurate for 8 (out of 16) PWA. For 2 
of the 16 PWA, judges' reactions to the gesture stimuli were 
more accurate. Judges' reactions to the gesture stimuli from 
the first condition (speech+gesture) were also compared to the 
gesture stimuli from the second condition (gesture only). The 
judges’ responses were more accurate for 8 PWA in the second 
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condition. In summary, speech was more informative than 
speech+gestures in most PWA. However, for some PWA their 
speech-replacing gestures (gesture only) were more 
informative than their speech-accompanying gestures 
(speech+gesture).  

In an additional analysis, Hogrefe et al. [16] evaluated the 
information content that six judges identified from the speech 
vs. gesture (speech+gesture condition) stimuli used by PWA. 
The judges were presented with choices from a list of 
predefined content-related propositions and asked to identify 
which propositions they were able to recognize from the 
stimuli. For 5 of the 16 PWA, more propositions were 
correctly detected from the gestures. Similarly, for 5 of the 16 
PWA, more propositions were correctly detected from the 
speech by the judges. A subsequent analysis per proposition 
was carried out to investigate if there were a) any cases in 
which no information was understood from either of the 
communication channels, b) propositions were recognized 
from both modalities (redundant), c) propositions were solely 
recognized from gesture, and d) propositions were solely 
recognized from speech. The redundant score did not 
significantly differ from the gesture-only score for the whole 
group. For individuals presenting with severe aphasia, more 
propositions were shown to be conveyed solely by gesture. 
These results suggest that individuals with severe aphasia 
produce gestures to compensate for their reduced verbal 
output. However, whilst Hogrefe et al. [16] considered the 
effects of all gestures used in the narrative, they did not 
distinguish between different gesture types and their 
respective influence on the judges' perception.    

Rose and colleagues [17] tested the comprehensibility of 
pantomimes produced by PWA. The data were extracted from 
spontaneous conversations and presented in a) audio+video b) 
audio only and c) video only. Seventy-four student participants 
answered open-ended questions (OQ) and multiple-choice 
questions (MCQ). The combined audio+video stimuli led to 
the most accurate responses to both the OQ and MCQ.  

In a follow-up study by De Beer et al. [18], the impact of 
gestures on the communicative effectiveness in PWA was 
investigated. The accuracy of information uptake from 
messages communicated by PWA was studied for three 
different gesture types; referential gestures, emblems and 
pantomimes. Clips from conversation samples of PWA were 
presented in a gesture+speech condition or a speech-only 
condition. Participants answered OQ and MCQ and their 
responses were scored. Participants' responses were more 
accurate in the gesture+speech condition for all tested gesture 
types for both OQ and MCQ. The choice of the MCQ options 
was compared between conditions: analysis indicated that 
participants’ responses differed significantly between the two 
conditions. In other words, the participants’ perception of 
information content differed between the gesture+speech and 
speech-only conditions. However, the choice of response 
options was not tested for each of the specific gesture types. 
Hence it is not possible to infer from the data if all three 
different gesture types (pantomimes, emblems and referential 
gestures) express information that differs from verbal speech 
to a different extent. 

The present study represents a follow-up analysis of 
participants’ choice of response-options from the multiple-
choice questionnaire for pantomimes (as defined by Kendon 
[1]), emblems (as defined by Kendon [1]) and referential 
gestures (reflecting what Kendon [1] named gesticulations and 
subsuming McNeill's [19] deictic and iconic gestures). We 
compared participants' responses between two different 
presentation conditions 1) gesture+speech (G+S) and 2) 
speech-only (S-O). The analysis aimed to further differentiate 
various gesture types and their respective effects on listeners’ 
uptake of messages produced by PWA.  

2. Method 
A subsequent analysis was conducted using data collected in a 
perception experiment. In the original study, we tested 
participants' reactions to 30 stimulus clips taken from 
spontaneous conversation samples of PWA [18].   

      2.1. Participants 
      10 participants with aphasia were chosen from the 
AphasiaBank Database (http://www.talkbank.org/ Aphasia 
Bank). They presented with primarily productive deficits and 
varying degrees of severity of aphasia (for details on the 
participants, see De Beer et al. [18]).  

60 student participants �Z�H�U�H�� �U�H�F�U�X�L�W�H�G�� �D�V�� �Q�D�€ve judges for 
the study. The participants were blinded to the aims of the 
study. 

 
2.2. Material  
a) Video and Audio Stimuli  
The clips for the experiment were chosen from 

conversational samples of the AphasiaBank Database. These 
clips are recordings of PWA reporting their stroke story and 
also an important event of their lives. For each PWA, one clip 
per gesture type was chosen (i.e., pantomimes, emblems and 
referential gestures). An exception to this was Subject 2, who 
did not produce any pantomimes in the samples. To ensure an 
equal number of clips per gesture type, two clips with 
pantomime gestures were chosen from the conversation 
sample of Subject 4. This yielded a total of 30 clips containing 
the gestures of interest. For each of the 30 clips, an audio and 
a video version were created. The chosen clips were of 
varying lengths (2 to 10 seconds) due to differing complexities 
of the communicated messages. Gesture classification was 
conducted by the first author. The classification for the 30 
gestures was checked by a second blinded rater who was 
familiar with the categorisation system used. Agreement 
between the two raters was reached for 83.3% of all cases. 
Cohen’s kappa for inter-rater reliability was acceptable at .75. 

 
b) Multiple Choice Questions 
MCQ were constructed to identify the information that the 

judges understood from the clips. The four multiple choice 
options included:  

1) gesture+speech (G+S) message, i.e., the target message 
based on the information from the video and the audio 
versions of the clips; 

2) G+S distractor which was semantically related to the 
G+S message; 

3) speech-only (S-O) message, i.e., a message solely based 
on the information from the audio versions of the clips; 

4) S-O distractor which was semantically and phonetically 
related to the S-O message.  

The transcript of one of the stimulus clips (clip 20) is 
presented below. Table 1 displays the four constructed 
response options for clip 20. 

The four response options were generated by two of the 
authors. For the construction of the S-O messages, one rater 
listened to the audio versions of the clips without knowing the 
video versions.  

 
Example for one stimulus clip: Transcript of the target gesture 
and the accompanying speech for Clip 20. 
  
S: and one le uh left  

H: left hand in front of the body, palm turned upwards 
(preparation) 

[/1.5/] 

H: pantomime: left hand and arm on chest height, hand is 
oriented downwards, circular movement above the table, 
imitates sprinkling something on top of a round object (target 
gesture) 

S: [and decorate] cakes an' 

S spoken output 

H hand movements (in italics) 

/ silent pause (duration in seconds reported in 
 brackets) 

[]  stroke of gesture  
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Table 1. Overview of the messages and distractors   
for Clip 20 
 

1) G+S message I was decorating cakes left-handed 
2) G+S distractor I was baking cakes 
3) S-O-message When they left I was decorating cakes 
4) S-O-distractor  I was decorating the house and baking 

a cake after they left 
      
      2.3. Procedure 

Participants were randomly assigned to one of the two 
experimental groups. In group 1 (n=30) clips 1 - 15 
represented the audio or S-O version and clips 16 - 30 
represented the video or G+S version. For group 2 (n=30) the 
presentation modes were reversed. In the experimental 
sessions all participants started with the S-O condition to 
avoid any unwanted effects of order of condition. Each clip 
was presented twice before participants were asked to report 
what they understood from the clips by answering to one OQ 
per clip and the subsequent MCQ (for more information about 
the OQ see De Beer et al. [18]).   
Participants recorded their responses in a response booklet in 
written form. For the MCQ, participants were asked to choose 
the option they felt best matched the message the PWA in the 
respective clip was trying to communicate. Gestures were not 
mentioned in the instructions or any of the written forms. The 
number of choices of each option was counted per clip and per 
condition.  

 
Analysis 
Clip number 4 was removed from the analysis because of 

poor sound quality. The gesture type presented in clip 4 was an 
emblem. Thus for the category of emblems only 9 clips were 
included in the final data analysis.  

Two-tailed Wilcoxon Sign Ranked Test for related samples 
was used for the statistical analysis.   

3. Results 
 
       a) Referential Gestures  
        For the category of referential gestures, the G+S message 
was chosen significantly more often (Z = -2.549, p = .011) in 
the G+S condition (mean = 21.6, SD = 6.931) compared to the 
S-O condition (mean = 10.6, SD = 8.249). The G+S distractor 
was chosen more often in the G+S condition (mean = 3.6, SD 
= 4.671) compared to the S-O condition (mean = 2.8, SD = 
4.686), but this difference did not reach statistical significance 
(Z = -.06, p = .952). The S-O message was chosen more often 
in the S-O condition (mean = 8.90 , SD = 5.744) than in the 
G+S condition (mean = 2.2, SD = 3.155). This difference was 
significant (Z = -2.553, p = .011). Also the S-O distractor was 
picked significantly more often (Z = -2.492, p = .013) in the S-
O condition (mean = 7.7, SD = 7.273) compared to the G+S 
condition (mean = 2.6, SD = 2.989). See Figure 1. 
        

 
 Figure 1: Frequencies (means) of the four different 
choices of response options for referential gestures compared 
between the gesture + speech condition (black) and the 
speech-only condition (grey). Significant differences are 
indicated by asterisks. 
 

       b) Emblems 
        For the category of emblems, participants chose the G+S 
message more often in the G+S condition (mean = 16.56, SD 
= 10.43). This difference to the S-O condition (mean = 9.11, 
SD = 7.132) reached statistical significance (Z = -2.556, p = 
.011). The difference for the G+S distractor between the G+S 
condition (mean = 3.22, SD = 5.426) and the S-O condition 
(mean = 3.56, SD = 5.615) was not significant (Z = -.632, p = 
.527). Participants' choices of the S-O message differed 
significantly between conditions (Z = -2,075, p = .038) and it 
was more often chosen in the S-O condition (mean = 11.22, 
SD = 7.513) compared to the G+S condition (mean = 6.33, SD 
= 8.602). Participants chose the S-O distractor significantly 
more often (Z = -2.2, p = .028) in the S-O condition (mean = 
6, SD = 7.826) compared to the G+S condition (mean = 4, SD 
= 7.632). See Figure 2. 
         

 
 Figure 2: Frequencies (means) of the four different 
choices of response options for emblems compared between 
the gesture + speech condition (black) and the speech-only 
condition (grey). Significant differences are indicated by 
asterisks.      
 
      c) Pantomimes 
       For the category of pantomime gestures, the G+S message 
was chosen more often in the G+S condition (mean = 20, SD = 
8) compared to the S-O condition (mean = 11.7, SD = 9.638). 
This difference was statistically significant (Z = -2.67, p = 
.008). No significant difference (Z = -.768, p = .443) was 
found for the choice of the G+S distractor between the G+S 
condition (mean = 2.2, SD = 3.736) and the S-O condition 
(mean = 3.5, SD = 5.642). The S-O message was chosen more 
often in the S-O condition (mean = 10.6, SD = 8.884) 
compared to the G+S condition (mean = 6.5, SD = 5.421). 
This difference did not reach statistical significance (Z = -
1.899, p = .058). Participants' choices of the S-O distractor 
differed significantly between conditions (Z = -2.536, p = 
.011). It was chosen more often in the S-O condition (mean = 
4.3, SD = 3.622) compared to the G+S condition (mean = 1.2, 
SD = 1.135). See Figure 3. 
       

 
 Figure 3: Frequencies (means) of the four different 
choices of response options for pantomimes compared 
between the gesture + speech condition (black) and the 
speech-only condition (grey). Significant differences are 
indicated by asterisks. 
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4. Discussion 
In summary, the participants' choices of response options in 
the MCQ differed between conditions for all three gesture 
types. The G+S message and the S-O message were chosen 
more often in their respective conditions. These effects were 
significant, apart from the number of choices of the S-O 
message for pantomime gestures. For the G+S distractors no 
remarkable effects of condition were found for either of the 
three gesture types. The S-O distractor was chosen 
significantly more often in the S-O condition for all three 
gesture types.     

The number of choices of the response options indicates 
overall that the participants did pay attention to the type of 
gesture that the PWA produced in the clips and that the 
information expressed via all gestures was used for the 
interpretation of the messages. This supports earlier findings 
by De Beer et al. [18].  

In the G+S condition, participants demonstrated a clear 
preference for the G+S message (the target message); this was 
true for all three gesture types. However, in the S-O condition, 
participants did not choose the S-O message with a similar 
frequency. Participants’ choices of the response options were 
less stable in the S-O condition; here, the target message was 
chosen with a similar frequency as the S-O message for all 
three gesture types. A remarkable number of participants in the 
S-O condition still chose the target message which is not 
surprising, because for many clips most of the semantic 
content was expressed in speech. The presentation of the MCQ 
options might have influenced participants' interpretation of 
the messages. Particularly in the S-O condition, when 
participants did not have access to the complete informational 
content (i.e., information conveyed via gesture), the 
presentation of the target message might have led to 
reinterpretation of the audio-stimuli. Combining these 
assumptions together with the effects of condition, it can be 
inferred that the accessibility of the information from the 
gesture channel decreased the ambiguity of the communicated 
messages in the stimuli. Therefore in the G+S condition when 
participants had access to the information from both 
modalities, they were able to identify the target message with 
higher accuracy. 

Strikingly the G+S distractors were rarely chosen in both 
conditions across gesture types. There were no clear effects of 
condition found for this distractor. This finding may be due to 
the construction of the distractors, because the G+S distractor 
was only semantically related to the G+S message and not 
always phonetically related to the information presented in 
verbal speech. Hence the G+S distractors may not have been 
sufficiently closely related to the target messages. 

The effects of condition were shown for all three gesture 
types. This indicates that all tested gesture types did influence 
the participants' information uptake. By their nature, 
pantomimes and emblems hold the potential to convey content 
that complements or even replaces spoken output. Referential 
gestures are assumed to be more tightly related to spoken 
output and only completely interpretable in the context of the 
accompanying speech. Surprisingly, within this study, the 
effect of gesture on participants’ interpretation of semantic 
content was not limited to pantomimes and emblems; 
participants showed similar effects for all three gesture types 
on information uptake, though one would expect stronger 
effects of gestures that can replace speech in the case of 
impaired production of speech. For at least some PWA, 
gesture might necessarily be used to replace speech in the 
event of severely compromised spoken output. It is crucial to 
mention that some content is still expressed in speech by PWA 
in most cases. One-word utterances as well as sentences 
interrupted by unsuccessful word retrieval still serve as a 
source for semantic content for listeners. Gestures produced in 
spontaneous conversation can be interpreted in the context of 
even very reduced speech production. Within this study, all 
tested gesture types played a significant role in the expression 
of semantic content. This semantic content can complement 
spoken output, but it is still interpreted in the context of 
spoken production. The findings of the current study support 

our earlier conclusions [18] and serve to further our 
understanding of the impact of different gesture types on the 
expression of semantic content in PWA. Therefore, we were 
able to contribute to the evidence suggesting a compensative 
use of gestures in PWA, i.e. argue against the assumption that 
gesture and speech break down in parallel in PWA.     

We acknowledge that the choice of stimulus clips might 
have influenced the results of the study. This would be true if 
only sequences were chosen in which gestures were used in a 
speech-replacing way. However we included clips of 
sequences in which gestures were complementary but also 
redundant to the spoken output. Thus the stimuli were chosen 
to reflect varying degrees of complement or redundancy. 
Future studies might wish to consider constructing the target 
messages and distractors on the basis of independent judges' 
interpretation of the audio and video stimuli to improve 
validity. We also acknowledge the use of short messages in a 
perception study has been criticised by Beattie & Shovelton 
[5], who argued that the information expressed via gestures is 
often inferable from the wider context of a narrative. In the 
present study we used parts out of spontaneous conversation 
samples. Whilst it is plausible that contextual information 
influenced judges’ perception of messages, we took care not to 
choose any clips that could only be interpreted with context 
knowledge of the whole conversation. Finally, the work of 
Hogrefe et al. [16], who investigated the information uptake 
from narrations produced by PWA, also suggests that in some 
individuals with aphasia gestures are more informative than 
speech.   

5. Conclusion 
All three gesture types under investigation (pantomimes, 
emblems and referential gestures) influence the interpretation 
of the messages communicated by PWA. Gestures produced 
by PWA are used by listeners to disambiguate messages from 
spoken output. Gestures do not necessarily have to be used in 
a speech-replacing way by PWA to play a role in the 
expression of semantic content. Therefore, communication in 
PWA has to be viewed as a multi-modal process. Gesture types 
which differ in the degrees of conventionalisation and relation 
to speech have been demonstrated to hold the potential of 
expressing semantic content. This was true even for gestures 
that are closely related to spoken output (referential gestures). 
Our results clearly suggest a compensative use of different 
gesture types and broaden the knowledge about their role for 
communication for PWA.  

6. Acknowledgements 

The first author of this study was funded by a short term-PhD-
scholarship of the DAAD (German Academic Exchange 
Service). Further acknowledgements go to Kaziku Sekine and 
Annett Jorschick for supporting the statistical analysis, to 
Abby Foster and Lucy Knox for their support in the 
preparatory phase of the experiment and to the lecturers of the 
School of Allied Health at La Trobe University who helped 
with participant recruitment.  

 

7. References 
[1] Kendon, A., "Gesture: Visible Action as Utterance", Cambridge: 

University Press, 2004. 
[2] Krauss, R., Dushay, R.A., Chen, Y., & Rauscher, F., "The 

communicative value of conversational hand gestures", J Exp 
Soc Psychol, 31(6):533–552, 1995. 

[3] Bangerter, A., "Using pointing and describing to achieve joint 
focus of attention in dialogue", Psychol Sci, 15(6):415–419, 
2004. 

[4] Melinger, A., & Levelt, W. J. M. (2004), "Gesture and the 
communicative intention of the speaker", Gesture, 4(2):119–141, 
2004. 

[5] Beattie, G., & Shovelton, H., "An exploration of the other side 
of semantic communication: How the spontaneous movements 

92 Nantes, 2-4 September 2015



 

 

of the human hand add crucial meaning to narrative", Semiotica, 
184(1-4):33–51, 2011. 

[6] De Ruiter, J. P., "The production of gesture and speech", In D. 
McNeill [Ed], Language and Gesture, 284–311, Cambridge: 
Cambridge University Press, 2000. 

[7] De Ruiter, J. P., & De Beer, C., "A critical evaluation of models 
of gesture and speech production for understanding gesture in 
aphasia", Aphasiology, 27(9):1015–1030, 2013.  

[8] De Ruiter, J. P., "Can gesticulation help aphasic people speak, or 
rather, communicate?", Int J Speech Lang Pathol, 8(2):124–127, 
2006.  

[9] De Ruiter, J. P., Bangerter, A., & Dings, P., "The interplay 
between gesture and speech in the production of referring 
expression: Investigating the Tradeoff Hypothesis", Top Cogn 
Sci, 4(2):232–248, 2012. 

[10] Goodwin, C., "Gesture, aphasia and interaction", in D. McNeill 
[Ed], Language and Gesture, 84–98, Cambridge: Cambridge 
University Press, 2000. 

[11] Hogrefe, K., Ziegler, W., Wiesmayer, S., Weidinger, N., & 
Goldenberg, G., "The actual and potential use of gestures for 
communication in aphasia", Aphasiology, 27(9):1070–1089, 
2013. 

[12] Cicone, M., Wapner, W., Foldi, N., Zurif, E., & Gardner, H., 
"The relationship between language and gesture in aphasic 
communication." Brain Lang, 8(3):324–349, 1979. 

[13] Duffy, R. J., & Duffy, J. R., "Three studies of deficits in 
pantomimic expression and pantomimic recognition in aphasia." 
J Speech Lang Hear Res, 24(1):70–84, 1981. 

[14] Carlomagno, S., & Cristilli, C., "Semantic attributes of iconic 
gestures in fluent and non-fluent aphasic adults", Brain Lang, 
99(1-2):102–103, 2006. 

[15] Sekine, K., Rose, M. L., Foster, A. M., Attard, M. C., & Lanyon, 
L. E., "Gesture production patterns in aphasic discourse: In-
depth description and preliminary predictions", Aphasiology, 
27(9):1031–1049, 2013.  

[16] Hogrefe, K., Ziegler, W., Weidinger, N., & Goldenberg, G., 
"Gestural expression in narrations of aphasic speakers: 
redundant or complementary to the spoken expression?", 
Proceedings of the Tilburg Gesture Research Meeting (TIGER), 
Netherlands, 2013.   

[17] Rose, M.L., Mok, Z., Katthagen, S., & Sekine, K., "The 
communicative effectiveness of pantomime gesture in people 
with aphasia", Aphasiology, in prep. 

[18] De Beer, C., Carragher, M., Van Nispen, K., De Ruiter, J.P, 
Hogrefe, K., & Rose, M. L., "How much information do people 
with aphasia convey via gesture?", Am J of Speech Lang Pathol, 
under revision.  

[19] McNeill, D., "Hand and Mind", Chicago: University Press, 1992. 
 

GESPIN 4 93





GESPIN 4 95



96 Nantes, 2-4 September 2015



GESPIN 4 97



98 Nantes, 2-4 September 2015



GESPIN 4 99



100 Nantes, 2-4 September 2015



GESPIN 4 101



102 Nantes, 2-4 September 2015



GESPIN 4 103



104 Nantes, 2-4 September 2015



GESPIN 4 105



106 Nantes, 2-4 September 2015



GESPIN 4 107



108 Nantes, 2-4 September 2015



GESPIN 4 109



110 Nantes, 2-4 September 2015



GESPIN 4 111



112 Nantes, 2-4 September 2015



GESPIN 4 113



114 Nantes, 2-4 September 2015



GESPIN 4 115



116 Nantes, 2-4 September 2015



GESPIN 4 117





GESPIN 4 119



120 Nantes, 2-4 September 2015



GESPIN 4 121



122 Nantes, 2-4 September 2015



GESPIN 4 123



124 Nantes, 2-4 September 2015



GESPIN 4 125



126 Nantes, 2-4 September 2015



GESPIN 4 127



128 Nantes, 2-4 September 2015



GESPIN 4 129



130 Nantes, 2-4 September 2015



GESPIN 4 131



132 Nantes, 2-4 September 2015



GESPIN 4 133



134 Nantes, 2-4 September 2015



GESPIN 4 135



136 Nantes, 2-4 September 2015



GESPIN 4 137



138 Nantes, 2-4 September 2015



GESPIN 4 139



140 Nantes, 2-4 September 2015



GESPIN 4 141





GESPIN 4 143



144 Nantes, 2-4 September 2015



GESPIN 4 145



146 Nantes, 2-4 September 2015



GESPIN 4 147



148 Nantes, 2-4 September 2015



GESPIN 4 149



150 Nantes, 2-4 September 2015



GESPIN 4 151



152 Nantes, 2-4 September 2015



GESPIN 4 153



154 Nantes, 2-4 September 2015



GESPIN 4 155



156 Nantes, 2-4 September 2015



GESPIN 4 157



158 Nantes, 2-4 September 2015



GESPIN 4 159



160 Nantes, 2-4 September 2015



GESPIN 4 161



162 Nantes, 2-4 September 2015



GESPIN 4 163



164 Nantes, 2-4 September 2015



GESPIN 4 165



166 Nantes, 2-4 September 2015



GESPIN 4 167



168 Nantes, 2-4 September 2015



GESPIN 4 169



170 Nantes, 2-4 September 2015



GESPIN 4 171



172 Nantes, 2-4 September 2015



GESPIN 4 173



174 Nantes, 2-4 September 2015



GESPIN 4 175



176 Nantes, 2-4 September 2015



GESPIN 4 177





GESPIN 4 179



180 Nantes, 2-4 September 2015



GESPIN 4 181



182 Nantes, 2-4 September 2015



GESPIN 4 183



184 Nantes, 2-4 September 2015



GESPIN 4 185



186 Nantes, 2-4 September 2015



GESPIN 4 187



188 Nantes, 2-4 September 2015



GESPIN 4 189



190 Nantes, 2-4 September 2015



GESPIN 4 191



192 Nantes, 2-4 September 2015



GESPIN 4 193



194 Nantes, 2-4 September 2015



GESPIN 4 195



196 Nantes, 2-4 September 2015



GESPIN 4 197



198 Nantes, 2-4 September 2015



GESPIN 4 199



200 Nantes, 2-4 September 2015



GESPIN 4 201



202 Nantes, 2-4 September 2015



GESPIN 4 203



204 Nantes, 2-4 September 2015



GESPIN 4 205



206 Nantes, 2-4 September 2015



GESPIN 4 207



208 Nantes, 2-4 September 2015



GESPIN 4 209





GESPIN 4 211



212 Nantes, 2-4 September 2015



GESPIN 4 213



214 Nantes, 2-4 September 2015



GESPIN 4 215



216 Nantes, 2-4 September 2015



GESPIN 4 217



218 Nantes, 2-4 September 2015



GESPIN 4 219



220 Nantes, 2-4 September 2015



GESPIN 4 221



222 Nantes, 2-4 September 2015



GESPIN 4 223



224 Nantes, 2-4 September 2015



GESPIN 4 225



226 Nantes, 2-4 September 2015



GESPIN 4 227





GESPIN 4 229



230 Nantes, 2-4 September 2015



GESPIN 4 231



232 Nantes, 2-4 September 2015



GESPIN 4 233





GESPIN 4 235



236 Nantes, 2-4 September 2015



GESPIN 4 237



238 Nantes, 2-4 September 2015



GESPIN 4 239



240 Nantes, 2-4 September 2015



Author index

Alomari, Sarah, 19
Anikin, Andrey, 19
Artiukhova, Anna, 191
Avraamides, Marios, 119
Azaoui, Brahim, 25

Bergmann, Kirsten, 167
Bertrand, Roxane, 125
Bigi, Brigitte, 31
Bonnevier, Joakim, 19
Bouget, Charlotte, 37
Brenger, Bela, 43
Bressem, Jana, 49
Brisson, Quentin, 101
Brookes, Heather, 55
Brugnerotto, Sara, 61
Busà, M. Grazia, 61

Camacho, Adriana, 131
Campisi, Emanuela, 217
Carragher, Marcella, 89
Caussade, Diane, 67
Cavicchio, Federica, 73
Cienki, Alan, 13
Colletta, Jean-Marc, 14, 67
Cornejo, Carlos, 79
Czoska, Agnieszka, 83, 161

de Beer, Carola, 89
de Ruiter, Jan P., 89
Debras, Camille, 95

Eggenberger, Noëmi, 195

Ferré, Gaëlle, 7, 101
Freigang, Farina, 107
Fricke, Ellen, 14
Fritz, Isabella, 113

Galati, Alexia, 119
Gaubert, Fanny, 67
Goudbeek, Martijn, 179
Goujon, Aurélie, 125
Gris, Ivan, 131
Guichon, Nicolas, 149

Haake, Magnus, 19
Hagoort, Peter, 185
Harrison, Simon, 137
Heller, Vivien, 143
Henrich-Bernardoni, Nathalie, 67

Hogrefe, Katharina, 89
Holler, Judith, 16, 211
Holt, Benjamin, 149
Hurtado, Esteban, 79

Jacquin, Jérôme, 155
Jarmolowicz-Nowikow, Ewa, 83, 161

Karpi«ski, Maciej, 83, 161
Kita, Sotaro, 113
Klessa, Katarzyna, 83
Kok, Kasper, 167
Kopp, Stefan, 107, 167
Krahmer, Emiel, 179
Krott, Andrea, 113

Littlemore, Jeannette, 113
Lynn, Ulrike, 173

Masson-Carro, Ingrid, 179
Mittelberg, Irene, 43, 199
Müri, René, 195

Newcombe, Nora, 119
Nirme, Jens, 19
Novick, David, 131

Olivares, Himmbler, 79
Özyürek, Asli, 185, 211, 217

Peeters, David, 185
Petlyuchenko, Nataliya, 191
Preisig, Basil, 195

Rekittke, Linn-Marlen, 199
Rohl�ng, Katharina, 143
Rose, Miranda L., 89, 223

Sandler, Wendy, 73
Saubesty, Jorane, 31, 205
Schubotz, Louise, 211
Sekine, Kazuki, 223
Sérieux, Maud, 67
Slonimska, Anita, 217
Snijders, Tineke M., 185
Stein, Nicole, 49

Tellier, Marion, 37, 125, 149, 205
Tutton, Mark, 7

Vallée, Nathalie, 67
van Nispen, Karin, 89, 223



242 Nantes, 2-4 September 2015

Vogt, Susanne, 229

Wegener, Claudia, 49
Weisberg, Steven, 119
Wessel-Tolvig, Bjørn, 235
Wolf, Dhana, 199

Zito, Giuseppe, 195




