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Abstract. This paper contributes to the recent investigatiai speech-

accompanying gestures under a formal semantic \Weevshow that gestures
can serve to disambiguate a sentence with respéstpossible focus domains.
We provide a statistical evaluation of data gaifiech a corpus annotated with
gestures and information structure. The languagderurinvestigation is

German. We argue that a sentence that, in isolasoambiguous concerning
the extension of its focus domain is disambiguatedspeech-accompanying
gestures. Gesture thus is a means to mark infawmadtructure next to

intonation and word order.

1 Introduction

It is widely known that gestures are temporallygaéd with the speech
signal, in particular it has often been claimed thastroke i.e. the main part
of a gesture where the actual gesture movemens tpleze, falls together
with the main accent of the gesture-accompanyimjesee (McNeill 1992
among many others). The relationship of completstuges orgesture
phrasesand foci, however, has not been investigated satieally yet. We
want to fill this gap by showing that the possifideus projection of a focus
exponent is restricted by the point of time at wh& speech-accompanying
gesture starts. Gesture thus serves as a meansaro fotus domains.
Consider the following example for illustration.hd@ main accent is indicated
by capital letters):

(1) I ate baNAnas.

* First and foremost, we would like to thank HanRésser and Florian Hahn for giving us access
to the gesturally annotated SAGA-corpus of the Brsity of Bielefeld. This work would not
have been possible without the possibility to ascasd make use of the accurate and fine-
grained gestural annotations of the SAGA-corpus.Wieald also like to thank Hannes Rieser
and Florian Hahn for their constant help with techhand other questions of all sorts as well as
for numerous valuable discussions about gestuiéormation structure.
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The sentence in (1) with the given intonation pattan be read as an answer
to the two questions in (2), each inducing a déferfocus-background
structure.

(2) a. What did you do?
b. What did you eat?

(2a) is a VP-focus invoking question, while (2byu&es narrow focus on the
direct complement. Following (2a), (1) allows fbetfocus pattern in (3a); if
(1) follows (2b) on the other hand, the focus patie the one of (3b).

(3) a. I [ate baNAnag]
b. | ate [baNAnag]

In the following we will defend the hypothesis #) (

(4) Hypothesis (Focus-gesture alignment):
How far a focus projects is determined by the oneétthe
accompanying gesture (if one exists).

In other words, the onset of a speech-accompargasture indicates the left
border of the focus phrase (independent of the tfgesture — be it a beat, a
deictic or an iconic gesture or any other kind dafstgre). A speech-
accompanying gesture can thus serve to disambigaatenformation-
structural ambiguity in a sentence towards a aertmicus-background
pattern. Simplifying matters for now, we expect gaterns in (5). {f marks
the hypothesized onset of the speech-accompangsigg.)

(5) a.l}[ate baNAnag]
b. | ate {[pbaNAnas}.

Although (1) is ambiguous with respect to the uhdieg information
structure | disambiguates the sentence towards one of thefoackground
patterns in (3).

In order to test the hypothesis in (4), we lookedha temporal occurrences
of gestures and foci. We therefore annotated thdtimmdal Bielefeld
Speech-And-Gesture-Alignment (SAGA) corpus with uecfeatures — in
addition to the existing gestural annotation — aratked the nuclear accents
of certain intonation units. A subsequent statidt@nalysis confirmed our
hypothesis that the onsets of focus and gestuign dhdeed — with a
systematic shift, however: on average gestures aaut 0.3 seconds earlier
than the corresponding focus phrases. That isetiera certain time lag
between the onset of a gesture and its associated.f
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In this paper, we mostly present material that &z® been discussed in
(Wilmes 2009). We re-evaluate some of the resuitéWilmes 2009) and
further elaborate on various aspects. The remaiofdgnis paper is structured
as follows: Section 2 sets the stage and discubsa®levant findings from
the gesture literature that will be needed in theainder of the paper.
Section 3 presents the methodology underlying ouestigations. Here, we
explain what the data set that our study is basedooks like, how we
annotated these data and how we finally investibatee temporal
interdependence of gestures and foci. Sectiord pinesents the results of a
statistical investigation of the temporal occureshof gestures and foci. In
section 5, we evaluate and discuss these resutdioB 6 discusses some
controversial issues and loose ends. And finalgctien 7 concludes the
paper.

2 Speech-accompanying gestures

It is a widely held view that gesture is a distinmbde of expression and that
the study of gestures can tell us more about laggtizan one might think at
first sight (see e.g. Kendon 1972, 1980 and Loeb®42and references
therein). We subscribe to this view and we willusgn particular that for a
comprehensive view of focus phenomena it is inblétao take speech-
accompanying gestures into account.

To set the sage, we will have a look at some ingmbriindings concerning
the interpretation of speech-accompanying gestufiest of all, one has to
define what a gesture phrase is, i.e. where itsstard where it ends. In order
to determine which movements can be consideredritsibute to a particular
gesture, Kendon (1972, 1980) identified a cert#incsure that can be found
for gestures quite generally. The smallest unitaofjesture is its main
element, i.e. the minimally required element fombgereckoned as a proper
gesture: thestroke The stroke can be identified with the strongesvement
within the gesture. A stroke is usually precededalpyeparation phasend
followed by aretraction phase for the hands must be brought into an
appropriate position for the stroke to be execwutad back into the resting
position. Taken together, these three phases tatesthe gesture phrdse
Preparation and retraction are optional, so a gegthrase may consist of

! This notion of a gesture phrase cannot be appiedl kinds of gestures. So-callbdatsare
only biphasal, i.e. they consist of two movemerdg#s, constituting a repeated movement
pattern, like up and down or in and out.
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nothing but a stroke. Between preparation and strakd stroke and
retractionholds may occur, which are termgule- or postholdsrespectively.
These are considered to enhance timing betweerctspaed gesture (cf.
McNeill 1992, Lascarides and Stone 2009).

Importantly, it has been argued that gesture peeéch can work together to
convey one single thought (McNeill 1992, Kendon @P&nd hence that the
semantic content of speech-accompanying gesturegedwined with the
semantic content of the speech signal. What isc&peimportant for our
purposes is that speech-accompanying gesturesnakenkto be temporally
aligned with the speech signal. It has been ardhatlspeech and gesture
synchronise in that the stroke of the gesture faltgether with the main
accent of the gesture-accompanying utterance (s@&@ others: Pittenger,
Hockett, & Daheny 1960; Kendon 1980; McNeill 1982ghr 2004; Jannedy
& Mendoza-Denton 2005). The general claim is thet $troke occurs just
before or at the same time as (but not later th@huclear accent. Although
there are very few empirical studies that back ¢ldgm (see Loehr 2004 for a
recent study), this is a fairly established findingyesture theory.

What has been far less investigated is the intieractf entire gesture phrases
and speech. In the literature one can find onlyew hints and claims
concerning their interdependence and there seemsetono general
agreement. Kendon (1972: 184) suggests that geghueses align with so-
called tone units (i.e. the smallest grouping of syllables over which a
completed intonation tune occyrsf. Loehr 2004). Loehr (2004) on the other
hand argues that gesture phrases smdrmediate phrasésn the sense of
Pierrehumbert (1980) align. We want to add to tisisand argue that it is
actually focus phrases that gesture phrases alitin tdence, while Loehr
(2004) and Kendon (1972) argue that the temporalioence of gesture
phrases is mainly triggered by intonational aspeets think that gesture
phrases rather synchronise with focus phrases, hwhieans that their
temporal appearance is determined by informatiaucstre. While there is,
of course, a clear connection between intonatiah faous, we still believe
that the alleged interdependence between gestuasgshand whichever kind
of intonationally motivated category is — at besir-epiphenomenon of the
gesture-focus alignment for which we argue.

3 Methodology

To verify our hypothesis in (4) that (the onsetfsgdsture phrases align with
(the left border of) focus domains, we investigatétle temporal
interdependence of gesture phrases and focus deniaimddition, we also



Focus Marking via Gestures 5

looked at the timing of stroke and nuclear acc@ni. study is one of the very
few empirical studies about the interplay betweestgre and intonation; to
the best of our knowledge, it is the first empiristudy of the interplay
between gesture and focus. We analysed a 20-mindé® sequence with
276 gestures, which makes this study the most sixterempirical study on
gesture and speech (cf. Loehr 2004: Condon & Ogs&@it: 5 sec; Kendon
1972: 90 sec; McClave 1991: 125 gestures; Loeh#2@64 sec and 147
gestures).

3.1 Data

For our study, we worked with one sequence of tldeBeld SAGA-corpus
(Lucking et al. 2010), which is a multimodal corp&deo and audio) that
collects dialogues from an experiment where ongestilftherouter) gives
directions to another subject (tf@lower) for navigation through a dynamic
virtual world (see Licking et. al 2010 for detaild)vhile talking, the
movements of the subjects' hands were recordechgoss attached to the
hands and fingers. Three video cameras recordeddiee from different
angles. Sound was also recorded.

From this corpus we selected a 20-minute sequenik two male
participants. Gestures were already annotatedudintj gesture type (e.g.
iconic or deictic) and duration of gesture phades (reparation, stroke,
holds and retraction).

3.2 Annotation

For our purposes, it was necessary to add infoomatiructural annotation
(accent and focus) to the existing gestural aniwstatf the selected video.
Our annotation was entirely based on the audio niagtevhich had already
been transcribed (but not annotated with partspekesh or other morpho-
syntactic information). The information-structueainotation was carried out
without reference to the video and its gesture tatioms in order to exclude
a possible bias. We annotated nuclear accentsiatidgdiished two types of
foci: new-informationand contrastive All annotations were based on the
recommendations of Dipper et al. (2007) (in patdciChaptersPhonology
and Intonation(Féry et al. 2007) anthformation Structure(Gotze et al.
2007)). We treated amw-information focuthose cases where information is
provided which is new and/or carrying the discoufsevard. Here, we
predominantly found rather broad focus domains: le/lsentences (all-focus
sentences), e.g. if these sentences were texdtiroti answers to polar
questions, and VP-foci. However, our data also aanbarrow foci such as
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DP- or AdjP-foci. An expression was taggedcastrastive focud it overtly
contrasted with other elements in nearby utterances

We kept track of all pitch accents in the data, fhe points of highest or
sometimes lowest pitch that make syllables intamatly salient X* in the
ToBI frameworK) and filtered out the nuclear pitch accents amtven.
There was always one unique nuclear accent for pashinformation focus
domain. For reasons of space, we cannot go intdetels of the annotation
procedure and refer to (Wilmes 2009: 26-31) fottfer information.

3.3 Data extraction

To verify hypothesis (4), i.e. to show that gestphegases and focus phrases
align in fact, we investigated the temporal intgreledence of focus phases
(FocPg and gesture phraseSR9. This left us with the following task:

(6) Verification Task (Focus-gesture alignment):
For each gesture phrase, find the correspondingsfquhrase and
compare the temporal position of the two.

For each gesture, we had a look at the associgtthk (not the other way
roundy. Making use of the result from the literature thatlear accents and
strokes align, we associated a gesture phrase avithcus phrase if the
nuclear accent of the focus phrase overlappedthvitlgesture phrase's stroke
(seeFigure 1 for an example). In the few cases where there neasnain
accent coinciding with the gestural stroke, we @mred a focus phrase
overlapping with at least the stroke phase to lse@ated with the gesture,
unless the overlap was very small and a close figa®n of the gesture-
focus pair made an association implausible (becthese was another focus
that was more likely to associate with the gestura)s was the case for only
two gestures. Moreover, there were eight casestrokes that did not
overlap with any focus. In one case, an entireugestlid not coincide with
any focus at all and for seven gestures, though ¢erlapped with a focus
in some parts, it was not the stroke that overldppéh the focus. We
excluded these ten gestures and strokes from atiststal evaluation.

2 TOBI stands for Tone and Break Indices. The systeased on work by Pierrehumbert
(1980). In our study, we did not distinguish betweéferent kinds of pitch accents likégh
(H*), low (L*) orrising (L+H*).

% Thus, if there is no gesture there is also no medentify a focus to verify our hypothesis.
However, in most cases we found a one-to-one mgpgifocus phrase and gesture phrase.
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Figure lillustrates an example that shows how gesture &intkfocus time
can be compared. Time differences are assessedbiwasting focus times
from gesture times (e.g. start difference = gestiaet — focus start). The
corresponding sentence from the corpus is giver)in

(7) Ja, also die Busfahrt, die hat ah fi8thtionen, die auf jeden
Yes so the bustour RP has eh five stopsthaton every
Fall angefahren werden missen.

case approached will must
'Yes, so on the bus tour there are five stopsthae to be approached
in any case.'
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Figure 1: comparison of focus and gesture times
The onset time of the focus phrag&tRog is subtracted from the onset time
of the associated gesture phraS¢Ges}), i.e. the onset of the preparation
phase (or the stroke if there is none). The timemthe focus phrase ends
(EFog) is subtracted from the time when the stroke €relsresenting the end
of the gesture phrase, herie@esj). We treat the end of the stroke and not the
end of the retraction phase as the end of a gefburevo reasons: First,
according to McNeill (1992: 29) the retraction phas 'semantically neutral'
and second, Loehr (2004) discusses the possibditglisregard retractions
and post-holds in his statistical evaluation adelcause they seem to have
a different status as the other phases of a gestuasé.

4 Cf. Loehr (2004: 117): 'Typically, an entire g-pbe [CE/SE/KW: gesture phrase] aligned with
an intermediate phrase. Occasionally, however,a$ wlear that a g-phrase aligned with an
intermediate phrase only when disregarding poskstholds, [or] retractions [...] within the g-
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As a base for comparison, we also studied the teshpaccurrences of
nuclear accentsNAcQ and strokes in order to verify the by now well-
established claim from the literature that nucksarents and strokes align (cf.
section 2). For each stroke, we considered a nueleesent that overlapped
with the stroke as associated with the strokehdfe was no such accent, we
took the nearest nuclear accent. Time differenceevagain calculated by
subtracting accent time from stroke time (e.g.tstdference = stroke start —
accent start).

4 Results

In the following we present our results on the hjpsized gesture-focus
alignment and our reassessment of the questionhehettroke and main
accent align, as has been claimed in the literat8tatistical analysis was
carried out with the R environment for statisticamputing (R Development
Core Team 2005).

4.1 Alignment of main accent and stroke

In total, we analysed 275 stroke-accent pairshi majority of cases (209
pairs) the stroke began earlier than the main dds@msus 66 pairs where
accent began earlier). Similarly the stroke endddrithan the main accent
for 183 pairs (versus 92 pairs where the accengé@fater). In 124 cases, the
stroke encompassed the main accent, in 100 cas#® sind main accent
overlapped in some other way, and in 51 casesdltegyot overlap at all.
Figure 2 shows a histogram for the time
difference between the onsets of nucle
accents and the corresponding strokes.

As can be seen, the distribution i 7 M
approximately Gaussian (the solid lin =
shows the empirical distribution, the dashe} .
line a Gaussian approximation). On averag
the stroke starts 0.36s earlier than tl
corresponding nuclear accent. The stande¢ <
deviation is about 0.55s. We interpret this i <
a tendency for gestures to precede t

Start Stroke - Start Accent

Figure 2 seconds

phrase. These internal components are includedinvighphrases by definition, following
Kendon’s hierarchical packaging. However, there rbaysome different quality about these
post-stroke components. Occurring after the hddtiegesture, they may have a less important
status in terms of timing with speech.’
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corresponding accent (though there are a consigenaimber of cases where
the gesture starts later).

For comparison, the offset differences have
a mean of 0.53s (i.e. stroke usually en
later than the accent) and a stands
deviation of 1.25sKigure 3. It is obvious
that the onsets align much better th: =-
offsets: their standard deviation i}
considerably smaller. On the whole, we tal
our results to show that there is indeed .
alignment between the beginning of th
stroke and the beginning of the main acce s
as claimed in the literature. s a1 e

End Stroke - End Accent

8 1.0

06

0.2
L

0

4.2 Alignment of focus and gesture ~ Figure3

Having obtained experimental confirmation for thiggrament of nuclear
accents and strokes, we now turn to our hypothbsisgesture phrases and
focus phrases are also synchronised. We foundc:tmtastive foci and new-
information foci behave somewhat differently witkespect to their
accompanying gestures, so we evaluated the twe typfoci separately. We
analysed 260 new-information focus—gesture paids % contrastive focus-
gesture pairs. As pointed out above in Sectiont8r8gestures were excluded
from the analysis because no focus could be agedoth them.

4.2.1 New-information focus and gesture

Figure 4 shows the distribution of the onset differenceg@fture and new-
information focus (we refer tnew-information focusimply asfocusin the
following), which corresponds almost perfectly tGaussian distribution.

With 0.41s, the standard deviation is rath Start Prep - Start N
small. Again we find a systematic shift =

gestures start on average about 0.31s ear . |

than foci, and there are only few cast

where focus precedes gesture. While the. 1
is thus a certain time lag, most gestur? -
focus pairs are within less than one seco :
of each other and can be considered to

aligned. A one-sample t-test shows that tl ‘
time lag effect is genuine (t=12.41, df=25¢ ° — T
p < .001; H: mean time lag = 0). The
corresponding  95%-confidence  intervdtigure 4

4
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places the true mean time lag between gesture ang fin the range from
0.264s to 0.363s. End Stroke - End Nf

We consider these results as a confirmati . _

of our hypothesis (4) that gestures and fc
align in their onsets.

For the offsets, the situation is not as cle:
Figure 5shows the distribution of the timez = -
differences between the end of a gest. .
(i.e. the end of the stroke) and the end
the corresponding new-information focus
With a mean of -0.15s, there is n 3-
evidence for a systematic shift. Th
standard deviation of 1.24s, however, fggures
comparatively huge, and some gestures end sevends after the
corresponding focus phrase. On the basis of ow, ddfisets of gestures and
foci thus do not seem to synchronise.

sity
6 08
.

o
s

r T
-2 0 2 4 6
seconds

4.2.2 Contrastive focus and gesture
For contrastive foci and the accompanyir- Start Prop - Stat 1
gestures, the alignment was not as neat as
the new-information fociFigure 6 shows a .|
histogram of the onset differences betwe:
gestures and contrastive foci. With 0.70s tl; ~
standard deviation is rather high. The mean®
—0.77s, so gestures have a clear tendency °
start earlier than the corresponding foci. W ¢
interpret these data to show that there is
tight alignment between the onsets ¢ = = -+ o 1
contrastive foci and those of the associatdeigure6 ™ "
gestures. We also tested whether contrast™ - Begin Stroke - Begin C1

foci align with the stroke rather than thi -

entire gesture. The histogram for the ons .
differences of contrastive foci and strokes
given inFigure 7.
Again, the standard deviation is quite larc”
(0.75s), but in this case there is no eviden @

of a systematic shift (mean lag = -0.11s ¢ [
With such high variability, it is impossible tc < [ -
interpret these results as evidence for .« = + o 1 =
alignment of contrastive foci and strokes.  Figure7

1.2
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To conclude, we have not found any focus-gestufears-stroke alignment
effects for contrastive foci. One has to keep indnthough, that our data set
of contrastive foci is rather small. We therefagave a detailed investigation
of contrastive foci and their accompanying gestui@s future research,
which will need to build on larger amounts of erfgat data in order to draw
any reliable conclusions.

5 Discussion

In the following we will briefly discuss and evateathe results that we
presented in Section 4. Since our data set forrastie foci is too small to
draw reliable conclusions, we limit our discussiorthe comparison of new-
information foci and gestures as well as nucleaeats and strokes.

5.1 Shift effect

As indicated above, our observation that strokesllys start 0.36s earlier
than the corresponding nuclear accents is entindipe with the claims from
the literature, where it has been noted that &stusually coincides with or
starts earlier than its corresponding nuclear acden in general it does not
start later than the accent (Kendon 1980, McN&#92). We found the same
type of shift for gesture phrases and focus phrdases Gestures usually start
0.31s earlier than the corresponding focus domaivis. believe that this
significant time shift may have its roots in thetfthat it allows the hearer to
draw attention to the upcoming focus phrase, asodsurrence is made
predictable by the preceding gesture. Moreovas, fifausible to assume that
gesture production is faster than speech produdimh that the time lag
between the onsets of speech and gesture is dukigodifference in
generation complexity (cf. also Loehr 2004: 29).

5.2 Alignment

We interpret our results above as support for Hygsis (4), i.e. they show
that gesture phrases and (new-information) foagnaliwith a certain time
lag). We still need to clarify what exactly couats alignment, though. Our
main arguments supporting the gesture-focus aligmrhgpothesis are as
follows. First and foremost, we take the strokeemtalignment, which is a
well-established effect from the literature, asainpof reference. The onset
differences between nuclear accents and strokes dawvean of —0.36s and a
standard deviation of 0.55s. Our results show asidenably better gesture-
focus alignment, with a similar shift of —0.31s ardaller standard deviation
(0.41s). Compare the corresponding histograntsgares 2and4: the better
alignment of gesture and focus is immediately obsio
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There is a second argument to support the intexfioat of our results in
favour of hypothesis (4). As to our knowledge, ¢hisr one empirical survey
that our study can directly be compared with (Lo2004). When interpreting
his results, Loehr (2004) was confronted with thme problem, i.e. to define
what exactly can be considered as an alignmenfotied that the so-called
apex (the peak of a stroke) and the main accent caineith a standard
deviation of 0.27s (and without any significantf§hiHe interpreted this as
showing that there is a tight alignment of apex amdtclear accent.
Furthermore, he also suggested that there is aerdependence of
Pierrehumbert's (1980) intermediate phrases antlirgephrases. Similar to
our results for gesture phrases and focus phrdsedpund that gesture
phrases usually start before the correspondingn@diate phrases. The
standard deviation for the onset differences batvieirmediate phrases and
gesture phrases was 0.55s. As Loehr (2004) intexgbréis results as
evidence for a genuine alignment, we think that study (with standard
deviation of only 0.41s) can safely be interpretedshow an alignment of
gesture and focus, too.

We did not find evidence for a corresponding aligninof the offsets of
gestures and focus phrases. With 1.24s, the sthdgaiation was very large
(recall that the end of a gesture is defined astitkof the stroke). Looking
at the histogram ifrigure 5 however, it seems that for some gestures there
a good alignment (the main peak of the histogramf)ile for others the
stroke is held much longer (the long right-hand @dithe histogram). This
suggests that there may be two different typesestuges — one that aligns
well with the focus of the accompanying speechaigmd another type that
does not. We have not investigated this possihititgdepth yet, but it would
be worthwhile for future research to examine whethere are certain types
of gestures (e.g. beats, deictics and iconic gesfuwvhose purpose it is to
structure information and which thus align bettéthwthe speech signal than
others (e.g. discourse gestures) that might sediffesient purpose.

Finally, let us briefly point out once again thag @id not reach a conclusion
with respect to contrastive foci. We would need endata in order to see
how they relate to the accompanying gestures (ssidd 4.2.2 for a
discussion) and we hope that future research watidight on this question.

6 Further issues

Some issues are still open for discussion andfeafurther research. In the
following, we address some of these topics. Inipadr, we want to point
out that the alignment of focus phrases and gegthrases is 'real' and not

S
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merely an epiphenomenon of some underlying alignratfact of a different
nature.

6.1 A gualitative argument

It has been proposed in the literature that gegphwrases align with 'tone
groups' (Kendon 1972) or 'intermediate phraseselit@004), cf. section 2.
We have now added another suggestion: gestures waiif) focus phrases.
However, it is possible that none of these claimesteue, and that gestures
are simply synchronised with certain syntactic gate®s, e.g. entre
sentences or VPs. As our corpus predominantly stmef all-foci sentences
and VP-foci, this possibility cannot be excludedhwout further inspection.
Unfortunately, the SAGA corpus is not syntacticalynotated, so a
quantitative evaluation of how well different kind$é syntactic categories
align with gestures cannot easily be carried ouhaout time-consuming
manual work. However, we attempted a qualitativeeasment of this
question. We took a closer look at narrow foci dodi that begin a
considerable time later than the correspondingrarite and checked how
well they align with an accompanying gesture. Wenfib that if a focus does
not begin at the start of the utterance, the cpmeding gesture also begins at
some later point in nearly all cases. In (8) weeggome examples in point;

(8) a. genau ah also {edt Kreisverkehg

exactly eh so first roundabout
‘exactly, eh, first the roundabout'

b. die haben beidgdieselben Tiren und dieselben Fenster]
they have both  the same doors and the samdows
'they have both the same doors and the same waido

c. rechts von dieser Kag]le [ist ein grol3er Laubbaum]
right of this chapel is a big brieeed tree
'to the right of this chapel there is a big bileafltree’

In all three cases, the gesture starts near thieastthe focus phrase and not
at the beginning of the utterance. The gesturegghttaus seems to be aligned
with the focus phrase and not with the entire atiee. Furthermore, we
found no evidence for a general alignment of gestpinrases with any
syntactic categories such as sentences or VP§\(bees 2009 for details).

6.2. A quantitative argument

Here, we attempt to show that the alignment of i gesphrase and focus
phrase cannot be a secondary effect of the welNvknestroke-accent

alignment and the fact that the initial part of theus phrase (up to the main
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accent) and the preparation phase have similatHendlote that théime
differenceAtr between onset of gesture and focus phrase isutimeo$ the
time differenceAt, between onset of nuclear accent and stroke anie itigéh
differenceAl between preparation phase of the gesture and fidwase up to
the main accent. Assuming thst, andAl are independent alignment effects,
we would expect the standard deviation of the tegul gesture-focus
alignmentAtr to be greater than the standard deviationstgfandAl. This is
not the case: the standard deviationA®¥ was only 0.41s in our study,
whereas the expected standard deviation would &2sQsee Wilmes 2009
for details on this calculation). Moreover, we wbuhen expect a strong
correlation between the time differencsis and Aty as well asAte and Al,
while Aty andAl themselves should be independent or weakly caeckl®ur
data show an opposite effect: there is only a wamkelation betweent:
andAt, (Pearson's < 0.219), but a very strong correlation between and
Al (Pearson's = 0.759). From these results and the pairwisestation plots
(omitted for lack of space), we conclude that #egth differences arise from
two independent alignment effects for stroke anthraacent, and for gesture
and focus phrase.

7 Conclusion

In our study, we were able to verify claims frone tliterature that gestural
strokes and nuclear accents align (albeit with stesyatic shift). We also
found a clear, but shifted alignment for the ons#tgesture phrases and
(new-information) foci. We interpret these restitisshow that gestures are a
means of marking information structure next to faional and syntactic
means, i.e. speech-accompanying gestures can tedicas domains.
Furthermore, we were able to show that gesturesseare to disambiguate.
A sentence that is information-structurally ambigsidn isolation can be
disambiguated by its accompanying gestures. Thigti@nother observation
suggesting that ambiguity might be less of a pmobfer natural language
than was originally thought. While many sentencesy.( simple SVO
sentences with two quantifiers) that seem ambiguaudirst sight are
disambiguated via intonation in natural speechsh@wved that sentences that
seem ambiguous even when intonation is taken ictmunt are in fact
disambiguated by accompanying gestures.

We hence support the view of Lascarides and Std669) that a formal
semantic model should represent not only the usealantics of linguistic
expressions, but also take care of the semantidribation of their
accompanying gestures.



Focus Marking via Gestures 15

References

Condon, William, & W. Ogston. 1966. Soundfilm argfy of normal and
pathological behavior patternslournal of Nervous and Mental
Disorders 143:338-47.

Dipper, Stefanie, Michael Goétze & Stavros Skopet&f7. Information
structure in cross-linguistic corpora: Annotationuidglines for
phonology, morphology, syntax, semantics, and médion structure.
ISIS 7: 147-187.

Jannedy, Stefanie & Norma Mendoza-Denton. 200%icg&tring information
through gesture and intonatidnterdisciplinary Studies on Information
Structure 3:199-244.

Kendon, Adam. 1972. Some relationships between lmoolyon and speech:
An analysis of an example. In A. Siegman & B. P@pds.),Studies in
dyadic communicatiarNew York: Pergamon Press.

Kendon, Adam. 1980. Gesticulation and speech: Tspeets of the process
of utterance. In Mary Ritchie Key (Edlhe Relationship of Verbal and
Nonverbal Communicatiohe Hague: Mouton.

Lascarides, Alex & Matthew Stone. 2009. A formamsatic analysis of
gestureJournal of Semanticpp. 1-57.

Loehr, Daniel. 2004.Gesture and IntonationPhD thesis, Georgetown
University, Washington, DC.

Lacking, Andy, Kirsten Bergman, Florian Hahn, Stefdopp & Hannes
Rieser. 2010.The Bielefeld Speech and Gesture Alignment Corpus
(SaGA),in M. Kipp, J.-C. Martin, P. Paggio & D. Heylen &}l LREC
2010 Workshop: Multimodal Corpora—Advances in Capty Coding
and Analyzing Multimodality.

McClave, Evelyn. 1991.Intonation and GestureDoctoral Dissertation,
Georgetown University, Washington DC.

McNeill, David. 1992 Hand and Mind: What gestures reveal about thought.
The University of Chicago Press, Chicago and London

PierrehumbertJanet B.1980. The Phonology and Phonetics of English
Intonation PhD dissertation, MIT. [IULC edition, 1987].

Pittenger, R., Hockett, C. & Danehy, D. 196The first five minutes: A
sample of microscopic interview analydthaca, NY: Paul Martineau.

R Development Core Team. 2005. R: A language andrcemment for
statistical computing, reference index versionX2.R Foundation for
Statistical Computing, Vienna, Austria. URL httpWw.R-project.org

Wilmes, Katharina A. 2009.Focus marking by speech-accompanying
gesturesBachelor Thesis. University of Osnabriick. Germany



