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Abstract

The use of hand gestures to point at objects and individoalsy nav-
igate through landmarks on a virtually created map is ubiqsi in face-
to-face conversation. We take this observation as a sfapiint, and we
demonstrate that deictic gestures can be analysed on a thaspgech by
using standard methods from constraint-based grammalnse®HPsG In
particular, we use the form of the deictic signal, the fornthefspeech signal
(including its prosodic marking) and their relative temglquerformance to
derive an integrated multimodal tree that maps to an intedranultimodal
meaning. The integration process is constrained via aoctsin rules that
rule out ill-formed input. These rules are driven from an @iogl corporal
study which sheds light on the interaction between speedrdaittic ges-
ture.

1 Introduction

The use of deixis is highly pervasive in everyday commuivcat Through defi-
nite referring expressions, pronouns and pointing gestwith the head and hand,
people exploit the context of the communicative event ifrtb@mmunicative ac-
tions, and likewise interlocutors exploit this to derive iaterpretation of those
actions. This paper provides a formal account of deictiénfpmy) gestures per-
formed by the hand (from now on callelixig and it demonstrates that standard
methods from formal linguistics—namely constraint-bagesimmars and compo-
sitional semantics—can capture the various semantidoptabetween speech and
deixis, and also the range of pragmatic use of deixis. Tatilfde the distinct se-
mantic relations and the distinct pragmatic uses, consitlerances (1) and (2).

(1) And a as sheysaid] it's an environmentally friendly uh material . ..
The speaker extends Right Hand (RH) with palm open up tovtaedsther
participant.

(2) I [pnenter]my [yapartment]

RH and Left Hand (LH) are in centre, palms are open verti¢dlhger tips
point forward; along with “enter” they move briskly downvas.

The different ways the pointing hand is engaged in the conicative event
to denote the speech content gives rise to distinct intexfwes of deixis: the
gesture in (1) can be interpreted as demarcating the spatation of a concrete
participant salient in the communicative situation, opas pointing at an abstract
object—nhere, the utterance introduced by the previouskspebcated at some

In the utterance transcription, the speech signal thatre@tuhe same time as the expressive part
of the gesture, the so callatioke is underlined with a straight line, and the signal that terafly
co-occurs with thénold after the stroke is underlined with a curved line. The pitotemted words are
shown in square brackets with the accent type in the lefteoPN (pre-nuclear), NN (non-nuclear)
and N (nuclear).



specific spatiotemporal coordinates. In comparison, tivegie (2) can locate an
object that is physically absent from the communicativeadibn—an apartment or
an apartment entrance door—by placing it on a virtually ter@anap. This gesture
can also identify the abstract event of entering the apantmeor. In the gesture
community, the use of deixis to point at physically presedividuals vs. individ-
uals absent from the communicative event is what sets apadrete deixigrom
abstract deixigMcNeill, 2005). This distinction is essential since it ledfects on
the speech-deixis integration, as we discuss in Sectioar@ilSection 5.

With this in mind, the Logical Forms_€s) contributed by (1) and (2) reflect
the distinct gesture denotations, as well as the distirlatioas between speech
and deixis. We begin with the formalisation of multimodaiesance (1), with its
two possible interpretations exhibited in (3a) and (3b).

(3) a. m : Im(material(m) A environmentally-friendly(m))
mo : s, g(she(s) A said(ep, s, m1) Aloc(g, x,v(pz)) A Identity(s, z))

b. 7} : Im(material(m) A environmentally- friendly(m))
7« 3s, g(she(s) A said(eq, s, 7)) A classify(g, ), v(ps))
NAcceptance(r!, g))

To fit the current research in the broader context of formalasdics of gesture
(Lascarides and Stone, 2009), (3a) and (3b) make use of tigeidge of Seg-
mented Discourse Representation The@pKT, Asher and Lascarides (2003))
for interpreting gesture. Of course, the same informatiam loe expressed in any
other model of the semantic/pragmatic interface. Follgniascarides and Stone
(2009), we use the predicatles andclassifyto represent the literal and metaphor-
ical deixis use; for instancégc(g, x, v(p,)) states that the deictic gestuyentro-
duces an individuak at the physical location () which is the proximal space
projected from the tips of the fingers in the direction of tkaetisipant? In com-
parison,classify g, 7}, v(ps)) conveys the metaphorical deictic use to point at an
abstract object, namely, the utterance denoted/bicontained” in the spatial co-
ordinatesv(ps)). Finally, distinct semantic relations can be inferred tesw the
speech content and these two alternative gesture conteatstate that atdentity
relation holds between the referentandz in (3a). Thus the gesture physically lo-
cates the referent of “she” in physical space. In the metagddacase, the semantic
relation between speech and deixiAisceptancer], g); in other words, the ges-
ture’s interpretation can be paraphrased as “I agree witht whas just said” (note
that 7} refers to the discourse segment whose content is “it's aim@mentally
friendly material”).

We complete the range of deixis interpretations with thenfdisation of (2) as
displayed in (4a) and (4b).

(4) a.m :3Ja,g(speaker(s) A apartment(a) A enter(eg, s, a)
Noc(g,y,v(py) N VirtualCounterpart(a,y))

2\We postpone a more detailed discussion ab@gf) until Section 4.



b. 7} : Ja, g(speaker(s) A apartment(a) A enter(eg, s, a)
Nloc(g, e1,v(Pe, ) AVirtualCounterpart(eg, er))

Whereas theF in (4a) exemplifies one of the possible interpretations wher
the deictic gesture locates the apartment in a virtual mapighjust in front of
the speaker (through the use \dftualCounterpart(a,y), the LF in (4b) locates
the event of entering an apartment in the virtual space —éghen real world
knowledge about entering events it locates the apartmemt dBased on that,
we establish a VirtualCounterpart relation between thdratisobjecty and the
apartmentz in (4a), and between the event of entering the apartragaind the
deictic event; in (4b).

We construct these logical forms from the underspecifiedasgiocs of deixis,
the semantics of speech and the underspecified semantiomaba@tween speech
and deixis using commonsense reasoning and world knowleBgsentially, we
argue that computing how speech and deixis are integramddshappen within
the grammarso as to capture the fact that the integration is informedolom.
For instance, it seems anomalous to perform the deicticigest (2) along with
the prosodically unmarked “I”, as displayed in (5), despite multiple interpre-
tations that can arise from this deixis use. We view uttezaf®) as ill-formed
where the source of ill-formedness involves the form (h#re,prosodic marked-
ness) of the linguistic signal. Ultimately in this case, we going to capture this
ill-formedness within the grammar. The alternative apphoaf relying only on
the semantics/pragmatics interface to compute the irttegraf speech and deixis
would involve accessing information about form disruptthgs the transition be-
tween syntax, semantics and pragmatics.

(5) * I [pnenter] my [yapartment]
Same gesture as in (2).

We therefore intend to provide a precise methodology fagrdting speech
and deixis in a single syntactic tree that maps to an (undeifspd) meaning, and
which also features an (underspecified) speech-deixitiaelaWe do this via an
HPSGbased grammar of speech and deixis which defines empjyrieatracted
construction rules for “attaching” gesture to the synclrg) semantically related
speech phrase and which also introduces an underspeddietdc_rel(s, d) rela-
tion between the speechcontent and the deixig content. Resolving this relation
to, say, ldentity or VirtualCounterpart, is achieved at $kenantics/pragmatics in-
terface and it therefore lies outwith the scope of the gramma

As a grammar formalism we choos@sG because of its mechanisms to con-
struct structured phonology in parallel with syntax (Kle2@00), and also because
the semantic composition is expressed in (Robust) MiningduRsion Semantics
((R)IMRsS, Copestake et al. (2005)).R\MRS overcomes the shortcomings &f
calculus in that the composition t®nstrained i.e., it does not allow a functor to
pick arguments that are arbitrarily embedded in the unéeifipd logical form.

A further advantage is thaR{MRS produces Underspecified Logical Formulae



(ULF): whereas with operations such as functional applicatiofi-geduction, one
imposes scope constraints and embeddings driven from thiadiic tree, R)MRS
produces a flat description of the possible readings withawtng to access the
distinct readings themselves. This property is partitylaseful for composing
gesture meaning since even through discourse processngethantic predica-
tions yielded by gestural form may remain unresolved astaitieby theLFs in
(3a), (3b) and also (4a), (4b).

We have demonstrated elsewhere thegGis suitable for deriving depicting
gestures in parallel with speech (Alahverdzhieva and liages, 2010). In this
paper, we shall demonstrate that it is suitable for anaiyd@ictic gestures as well.

2 Deixis Ambiguities

One of the major challenges for the constraint-based asatysleixis concerns
the ambiguity in form which is represented on the followingtaxes:

1. Gesture form features, which include the shape of the,hitmdrientation,
movement and location. This level of ambiguity has as arceffat the hand
often underspecifies the region it points at: does an indgefi(lL-index) ex-
tended in the direction of a book identify the physical objsmok, the loca-
tion of the book, e.g., the table, or the cover of the book?pideshat the re-
gion identified by the ‘pointing cone’ (Kranstedt et al., B)@emains vague,
it does not violate perception as speakers rely on the sgnolis speech
phrase to disambiguate the pointing, e.g., “the book”, tibek cover”, etc.

2. Attachment ambiguity, which involves the syntactic grtgion of the deixis
daughter to the synchronous, semantically related, spdaaghter. For
instance, in (3ap andz are semantically related, while in (3)f andg
are related. This difference is sourced in the distinctchtteents in syn-
tax: whereas an attachment to “she” supplies an interpratathere the
gesture’s denotation igentical to the denotation of the pronoun in speech,
an interpretation where the gesture signalaeceptancef an utterance is
supported by a higher attachment in the syntactic tree. dlbéervation is
essential since the grammar needs to provide the methgd@dognabling
the range of possible attachment ambiguities.

Deixis displays further ambiguity with respect to the wagetliates to the syn-
chronous speech, which stems from the fact that the gesturalenote distinct
features of the ‘qualia structure’ (Pustejovsky, 1995)haf teferent. An example
from Clark (1996) illustrates this: George points at a copyMallace Stegner’s
novel Angle of Reposand says: 1. “That bools mine”; 2. “That manwas a
friend of mine”; 3. “I find that period of American historfascinating”. In 1.,
there is one-to-one correspondence between the deixidadmmoand the physi-
cal artefact book, and they are thus boundidntity. In 2., there is a reference
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transfer from the book to the author and the gesture denlogesréative agent of
the book rather than the book itself, i.e., the gesture aaddpare related through
an AgentiveRelationand finally in 3., the transfer is from the book to the book’s
content, and so deixis and speech are related thro@gngentRelationWe shall
account for these ambiguities in the grammar by a constructile that combines
synchronous speech and gesture via an underspecifiecbnel&tictic_rel(d, s)
between the semantic indéof deixis and the semantic indexof speech, resolv-
able to a concrete value in pragmatics.

We argue that these various levels of ambiguity can be oagbthy standard
mechanisms for producingLFs which give a very abstract representation of what
the gesture means abstracted away from context. In patjcué use Robust Min-
imal Recursion Semantics (Copestake, 2007) to producdyhigttorised, partial
meaning representations that underspecify the predscatidy and the predicate’s
main variable. In so doing, we remain vague as to whether dir@ipg signal in
(1) identifies the individual denoted by a pronoun in the $yanous speech, or it
is rather a metaphor of the speech act of acceptance.

Despite the ambiguities, the process of attachment isi@nstl, e.g., whereas
attachments to “enter”, “enter my apartment” or even to th@&e clause “l enter
my apartment” in (2) should be enabled as they support tleadetd meanings in
context, an attachment to the subject head daughter “I”ldHmiruled out since it
would never produce the intended meaning in context.

3 Speech-Deixis Synchrony

Due to the lack of an accepted methodology of how to estabitistsynchrony of
two modalities® Alahverdzhieva and Lascarides (2010) defined synchronfies t
attachment of gesture to the semantically related speeisplin the syntactic tree
that, using standard semantic composition rules, yieldsiraerspecified logical
form supporting the final interpretation in the contextusie Our aim is thus to
constrain synchrony by exploring the linguistic propertithe multimodal action,
i.e., we use information from prosody (the literature affenough evidence that the
gesture performance is intertwined with the one of speeuihfzat the perception
of gesture depends on the synchronous prosody-e.g., L2@d4), Giorgolo and
Verstraten (2008)), syntax (why would attachment to “emgrapartment” in (2)
be allowed, but one to “I” disallowed?) and also the timingspéech relative to
deixis. These constraints have been established empjiribalugh a multimodal
corpora study.

3As demonstrated by (1) and (2) and their corresponding &bgiicms, the temporal performance
of one mode relative to the temporal performance of the ashiesufficient for deriving the possible
meaning representations.
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3.1 Corpus Investigation

Autosegmental-Metricalav) phonology (Ladd, 1996) underpins our underlying
assumptions about the interaction between speech andeemtal hence also the
annotation schema and the formalisation of grammar cartgirurules. InAm
theory, prominence is determined by the stronger (s) or areék) relation be-
tween two juxtaposed units in the metrical tree. The nugaminent node is
the one dominated by strong nodes. In the default case ofl ioaas, the nuclear
accent is associated with the right-most word, i.e., theripatstructure is right
branching as displayed in Figure 1. This can be overriddemdosow focus where
the structure can also be left-branching.

[ ]
/\
w S
| PN
hit w S
| |
Mass Ave

Figure 1: Metrical Tree for “hit Mass Ave”

Our choice stems from the fact that in the model nuclear accenting involves
perception of structural prominence in relation to the matrstructure rather than
to the acoustic properties of the syllable (Calhoun, 2006)this way, we can
reliably predict the gestural occurrence in relation tortretrical tree, and we can
also interface the prosodic structure with the syntactiecstire (Klein, 2000).

Our hypothesis about the speech-deixis interaction is|ksws:

Hypothesis 1 The relative temporal performance of deictic gesture anelesp
can be predicted from nuclear prominence: in case of braami$ed utterances,
deixis temporally overlaps with the nuclear accent, andasecof early pre-nuclear
rise, it overlaps with the pre-nuclear accent.

The hypothesis was validated through an experimental stwdy two mul-
timodal corpora: a 5.53 min recording from the Talkbank Hatad observation
1S1008c, speaker C from themi corpus? The domain of the former is living-
space descriptions and navigation giving, and the latemsilti-party face-to-face
conversation among four people discussing the design ehateecontrol. We aug-
mented the corpora with annotation of prosody and of gesfilre prosody anno-
tation was largely based on the annotation schema of the&vaard corpus (Bre-
nier and Calhoun, 2006) and it included an orthographicstraption, labelling of
accents—nuclear, pre-nuclear (an early emphatic pitef), nmon-nuclear—and la-
belling of prosodic phrases. The gesture annotation ircludassifying the hand

“http://www.talkbank.org/media/Gesture/Cassell/kimikov
Shttp://corpus.amiproject.org/
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movements in terms of communicative vs. non-communicaggsigning them
a category (depicting, deictic) and segmenting them insordie phases. These
phases are: preparation (a non-obligatory phase whichviesdifting the hands
from a relaxed position to the frontal space), pre-strokkl lfa non-obligatory
phase, hands are held still before reaching the expreseade) pstroke (an oblig-
atory phase, the dynamic peak of gesture that carries iteinga a post-stroke
hold (a non-obligatory phase which consists in maintairtimg hands in the ex-
pressive position reached during the stroke) and retra¢ticon-obligatory phase
characterised by bringing the hands back to rest).

The gesture segmentation was based on formal and functioitatia. The
formal ones considered the dynamic profile of the hand, the. effort employed
by the hand. Any sudden change in the hand dynamics signaasition to a new
phase. More specifically, preparations and retractiongireaninimum effort, the
stroke is usually characterised by a dynamic maximum, amithglthe holds be-
fore/after the strokes the hand is held still (McNeill, 2D0Sote that this criterion
is relational — the lower or higher dynamics of a phase isrdgteed in relation
to the dynamics of the juxtaposed phase, e.g., the handgdoid is almost never
absolutely still, it is still only in relation to the dynansiceached during the stroke.
Further, the functional criteria involve the meaning coraby the gesture phase,
which we established in the context of the synchronous $peecereas the stroke
and the hold after the stroke (if any) are the phases that conmate what the
gesture is about, preparations and retractions are not coinative, they are the
physical effort necessary to execute the stroke.

We addressed our hypothesis by searching for types of acosrtlapping
deixis. Since we were interested in the expressive parteofésture, we counted
the deictic strokes only. The corpora contained 87 deittakes (65 for the Talk-
bank, and 22 form1). 86 of them—that is, 98.85%—overlapped a nuclear and/or a
pre-nuclear accented word. Deictic gestures of longertiduravere often marked
by a combination of a nuclear and non-nuclear and/or nueledmpre-nuclear ac-
cented words. Essentially, the empirical analysis confirthe expected alignment
between the nuclear prominent word (not simply the nucleeeat) and the deixis
stroke both in case of broad focus, and in case of narrow fothis is attested in
the broad-focused utterance (6) and in the narrow-focugechnce (7), a continu-
ation of (6). Whereas the deixis stroke in (6) co-occurs temalfy with the nuclear
prominent “Mass Ave”, the performance of the deixis stokérinis shifted earlier
to the nuclear accented “left”.

(6) 1keep [vgoing] until | [yyhit] Mass [yAve], | think
Right arm is bent in the elbow at a 90-degree angle, RH is lgodesed
and relaxed, fingers point forward. Left arm is bent at theoalpheld almost
parallel to the torso, palm is open vertical facing forwafahger tips point
to the left.

(7) And then | [vturn] [pause][yleft] on [ yyMass]Ave

13



LH is held in the same position as in (6); along with “left”, Rbpens verti-
cally and sweeps to the left periphery close to the left steul

For the formal rendition of this finding, we adopt thesG phonology model
of Klein (2000) where the prosodic structure is specifiedhimithePHON attribute
in parallel with sYNSEM. The prosodic constituent is mapped from the metri-
cal tree, e.g., the metrical tree in Figure 1 maps to the feadtructure in Fig-
ure 2. The element dominated Bynodes maps to thBesignated Terminal El-
ement(DTE) (Liberman and Prince, 1977). Note also that the featunactire
is typed agmtr(full) which reflects the fact that objects in the domaiof1) are
prosodic words of typdull, which is in contrast to non-prosodic words such as
conjunctions, pronouns and articles that usually form glsiprosodic word with
the neighbouring element.

[sign
mtr(full)
mitr(full)
PHON DOM <hit, DOM<Mass,Ave> >
DTE[2]

DTE
SYNSEM synsem

Figure 2: Feature Structure of the Metrical Tree for “hit awe”

Our results report on the interaction between speech anisdmi the level
of form. Our overall aim is to account for syntactically well-forcherees which
map toULFs supporting the final interpretations in context. We thenefexam-
ined whether the syntactic attachments as constraineddspgy would produce
the range of preferred interpretations in context. We ent@yad instances which,
although syntactically well-formed, did not map to all imted meaning represen-
tations due to the fact that the semantically preferred @peéement the gesture
stroke overlapped with was not prosodically prominent. 1) {or instance, the
gesture is produced along with the nuclear prominent “saitén one of the plau-
sible denotations of the hand is that it is identical to theadation of the unac-
cented pronoun “she” coming from speech. Moreover, thisrpretation would
still be available even if the deictic gesture was perforroativith the temporal
span of the pronoun, as exemplified below.

(8) And a as shepfsaid] it's an environmentally friendly uh material . ..
Same gesture as in (1).

Essentially, the instances of misalignment between theastoally related,
prosodically prominent word and the deictic stroke, and alstween the tempo-
ral performance of the deixis and the temporal performaridteo semantically
related speech phrase concern cases where the visible mgtined by the deic-
tic gesture is equal to the space it actually denoted, he.individual/object was
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present in the communicative situation at the exact spetiaidinates identified
by the deixis. This observation flags up an important findingu& a multimodal

grammar of speech and deixis: whereas gestures pointingnatete individuals

in the real space can be attached to elements from speediréhadt necessarily
prosodically prominent or that are performed outside thgpteral performance of
the deixis, gestures identifying abstract individualsuiegjtemporal overlap with
the prosodically prominent, semantically related spedulage. In Section 5, we
propose construction rules that reflect our empirical figgin

4 Mapping Form to (Underspecified) Meaning

In Section 1 we claimed that we model gestural ambiguity bysieg standard
linguistic methods for meaning underspecification. Welst@lk demonstrate how
to express gestural meaning from form.

It is now well-established in the gesture community to fdiyngegiment ges-
ture in terms of Typed Feature Structures$s)—e.g., Johnston (1998), Kopp et al.
(2004)—since they capture the non-hierarchical gestuetstre. Gestures, unlike
fully-fledged language systems, are constructed by eqraiked form features—
such as the shape of the hand, the palm and finger orientatidrek do not com-
pose a hierarchy (McNeill, 2005). Similarly, previou®sG approaches to sign
languages, British Sign Language in particular, incorfothe information com-
ing from the hand shape, orientation, finger direction andenwent within the
PHON attribute (Marshall and Séafar, 2004). However, in costtta sign languages,
which exhibit a combinatoric potential to combine with atheguments (Cormier
et al., 1999), (Marshall and Safar, 2004), deictic gestuto not select obligatory
arguments. Still, multiple gestures can form a hierardtstacture in the same
way discourse segments do.

Recording the deixis form features is essential for idgimgf the region des-
ignated by the pointing hand, for instance, 1-index fingeigmts a line or even a
cone that starts from the tip of the index finger and contiri¢ise direction of the
object pointed at. In comparison, a flat open hand can prajgténe that starts
from the palm and extends in a direction parallel to the pdhurthermore, there
are findings in the descriptive literature that suggest titmatform of the pointing
hand is significant for interpreting its meaning in contexg., whereas an extended
index finger has the abstract idea of singling out an objecbpen hand with a ver-
tical palm refers to a class of objects, rather than to awiddated object (Kendon,
2004).

In our framework, the features appropriate for gesturauthelthe shape of the
hand, its movement, location and orientation of the palmfargers. Their values
are specified within the sort hierarchy as exemplifiedifand-shapen Figure 3.
Some values, such apen-closedaccount for change in form.

Figure 4 regiments the form of the deixis in utterance (2) &sature struc-
ture. It is typed asieictic_abstract so as to differentiate between feature struc-
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hand-shape
open closed fist index-finger

open-flat open-closed open-fist closed-index-finger
Figure 3: Fragment of the Sort Hierarchylend-shape

deictic.abstract

HAND-SHAPE open-flat
PALM-ORIENTATION:  vertical
FINGER-ORIENTATION: forward
HAND-MOVEMENT: away-body-centre

—

HAND-LOCATION: c

Figure 4: Deixis Form Feature Structure Representation

tures contributed by abstract deixis and those contribbtedoncrete deixis (of
type deictic_concrete). This information is essential as it allows us to encode the
necessary constraints between speech and concrete detiice on the one hand,
and between speech and abstract deictic gesture, on the(ball our finding
from Section 3.1 that relaxation between the prosodicaliyninent speech phrase
and deixis, and also between the timing of the deixis andithieag of the speech
word occurs with deictic gestures identifying concretevitiials but not abstract
ones). Further, the values of the distinct features arentékem the sort hierar-
chies, similar to those demonstrated in Figure 3. Finadljpiving Lascarides and
Stone (2009), we formalise the hand location in terms of trestantc which de-
marcates the exact location of the tip of the index finger ahithy combined with
the deixis form features, determines the spatial regidesignated by the gesture,
for instance, a stationary gesture of 1-index would mgkeline (or a cone) that
projects fromZ'in the same direction as the index finger.

The compositional semantics of deictic gesture involvesipcing a set of un-
derspecified predications in t@1RS notation; for instance, themMRS representa-
tion of the deictic gesture in (2) is shown in Figure 5.

l1 : aq : deictic_q(i) RSTR(a1,h1) BODY (a1, hs)

la :ag : sp_ref(i) ARG1(az,v(p))

I : as : hand_shape_open_flat(eq) ARG1(ag,1)

I : ay : palm_orient_vertical(e;) ARG1(ay,1)

la s as : finger_orient_forward(ez) ARG1(as,1)

ls : ag : hand_-move_away _body_centre(es) ARG1(ag, 1)
hy = Iy

Figure 5: Deixis RMRS Representation

Each predication is associated with a not necessarily enligjoel (,,) and a
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unique anchordy,): the label identifies the scopal positions of the predicathe

resolvedLF and the anchor serves as a locus for adding arguments todtieate,
e.g.lz : ag : spref(i) ARG1(az2,v(p)) makes the predicate _ref take at least
the two argumentsandu(p) in the that order.

The deixis semantics accounts for the fact that the deidgtuge provides
spatial reference of an individual or event in the physiqacep. Following
Lascarides and Stone (2009), this is formalised in term&i®@f2tplace predicate
lo : as : spref(i) ARG1(aq,v(p)) wherei is an underspecified variable (resolv-
able to an event or an individualz) andv(p) is the actually denoted space. To
reflect the fact that the gestured space is not necessagiftioal to the denoted
space (which is basically the underlying difference betweencrete deixis and
abstract deixis), we are using the functioto map the physical spagédentified
by the gesture to the spacép) it denotes; e.g., in (1) the referent is at the exact
coordinates in the visible space the gesture points atyiig equality, and also the
deictic gesture is of type concrete. In contrast, in (2) #ferent is not physically
present, and so the deixis is abstract, and aldoesnotresolve to equality.

Further to this, for consistency with the English Recoursan@nar ERG)
(Copestake and Flickinger, 2000) where individuals arenddoy quantifiers, the
deictic referent is bound by the quantifiérictic_q. Finally, to capture the seman-
tic effects of the deixis form features, we map each feavatae pair to a predicate
that, similarly to intersective modification ERG, modifies the referent

5 Construction Rules

The rules for integrating deixis and speech envisage cgeeod the full set of
multimodal constructions found in our empirical study. $heénclude rules that
capture our findings about the interaction between nucleanimnence and deixis
(rules for the integration of a single prosodic word and @eikead-argument
construction and deixis, head-modifier construction angislenoun-noun com-
pounds/appositives and deixis). The rules are also bas#ukquarticular gesture
type to account for the cases of prosodic and/or temporakaébn.

In this section, we present three construction rules: achad¢ that attaches
deixis to a single prosodic word (to derive a context-speafalysis of (1) as
(3a)), arule that integrates deixis with a larger spokeagd(to derive an analysis
of (1) as (3b)), and also a rule applicable to concrete aegdtures that defeats
the strict temporal condition between the stroke and theqatically prominent
spoken word.

Rule 1 Deictic gesture can attach to the nuclear/pre-nuclear ated word of the
temporally overlapping speech phrase.

The formalisation of this rule is demonstrated in Figure 6.e #hall now
describe every aspect of it in turn. A prerequisite for theegnation of the de-
ictic (D) and the spoken (S) modalities is that they tempgpraverlap, that is,
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deictic
TIME
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PALM -ORIENTATION:  orient
CAT | FINGER-ORIENTATION: orient
HAND-MOVEMENT: move
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HOOK INDEX 1%
D-DTR LTOP
SYNSEM o
deictic.q spref deixiseps
LBL R P
- LBL LBL
CONT | RELS ARGO i ,
ARGO 17 ARGO el
RSTR  ho )
ARG1 v(p) | LARG1 i
BODY  hs3
HARG ho
HCONS [Dhe]
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deictic_rel
LBL [9]
C-CONT ARGO
ARGL 2
ARG2 %

end(D) > start(S) and end(S) > start(D).

Figure 6: Deictic Prosodic Word Constraint

Note that the application of this

rule is not constrained to a particular deictic gesture ,tyal so it can apply to
both abstract deixis and concrete deixis. Biya&lSEM values of the deictic daugh-
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ter (O-DTR) are encoded as detailed in Section 4: ¢ feature contains a list of
deixis’ appropriate attributes and th®NT component is specified in the standard
way in terms ofHoOK, RELSandHCONS We defined the pointing hand as provid-
ing a spatial reference of an individual or an evieait some position in the denoted
spacev(p) that is determined by the physical spatand the contextually resolved
mappingv from physical space to gestured space. For the sake of spaagpss
over the gesture form features @sizis_eps. Following ERG where theLToOP of
an intersective modifier phrase is shared with itBes of the head daughter and
the non-head daughtedeizis_eps share the same label witdp_ref which is the
LTop of the gesture daughter. Finally, the semantic index of éstlge daughter
is obtained via co-indexation with therGO variable: bound by the deixis main
relationsp_ref .

For the speech daughtes-pTR), we similarly record its timing, syntax and
semantic information, and also its prosody. Importantig speech head daughter
should be a nuclear/pre-nuclear prosodically prominentved type p-word We
forego any details about the syntactic category of the $pdaaghter since it does
not constrain the integration.

In Section 1 we stated that the full inventory of relationsbining speech and
deixis will be accounted for by an underspecified relatioppsuting the possible
relations in context. Based on Lascarides and Stone (2889 )xonstruction rule
therefore introduces io-CONT an underspecified relatiafeictic_rel between the
semantic index of the deictic gesture and the semantic indexof the speech.
How this relation resolves is a matter of discourse contékie treatment of this
relation is similar to that of appositives #ERG of the sort “the person, the one
that | am pointing to” in that it shares the same label as tleedp head daughter
since it further restricts the individual/event introddde speech. In so doing, any
quantifier outscoping the head would also outscope thitioala

The semantic composition of the mother node is strictly niomic: it involves
appending the relations of the speech daughter to theaesatif the deictic daugh-
ter, which are then appended to the relation contributechbyrdle (notated with
@). Since therHON feature is appropriate to the speech daughterpthen value
of the mother is co-indexed with the one of the speech daughte

Applied to (9), this rule would produce a tree where the deigiattached to
the prosodic word “hallway”.

(9) There’s like d yylittle] [ yhallway]
Hands are open, vertical, parallel to each other. The spegkaces her
hands between her centre and the left periphery.

For the sake of space, in Figure 7 we provide only the sensaafithe multi-
modal utterance. Note that synchrony resolves the undgftgakindex introduced
by the deictic gesture to an individual Further, the composition of the situated
utterance with the intersective modifier “little”, and saggently with the quanti-
fier “a” proceeds in the standard way where the label of theifieods shared with
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oS [HARG ho
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Figure 7: Semantic Composition for Deixis + “hallway”

the one of the head noun, and hence also with the label of thecdelation, and
it also appears within the restriction of the quantifier.

In Section 2 we stated that there was ambiguity with reseattaching deixis
to the synchronous and semantically related speech phigestherefore introduce
a further rule that takes that into account.

Rule 2 Deictic gesture attaches to a nuclear/pre-nuclear promtneead satu-
rated with its arguments if there is an overlap between thengy of the deixis
and the timing of head.

Unlike the non-emptwAL list of the rule in Figure 6, Rule 2 presupposes at-
tachment to a phrase with an emptyAlL [comps()] and/or [VAL|SuBJ ()] and/or
[ VAL|SPR ()] list. We remain as neutral as possible about the numbertaf sa
rated arguments to accommodate the fact that the deixisdammap to multiple
meanings in context, and these meanings persist even imttextually resolved
discourse. Applied to multimodal utterance (2), Rule 2 wiallow for combining
“enter my apartment” + deixis, “I enter my apartment” + dejand even “I enter”
+ deixis. Whereas the first two derivations include standgrdactic constituents,
the latter violates thelPsGprinciples of syntactic constituency. With this in mind,
one can account for the relation between “I enter” and thetidegesture on the se-
mantic level by restricting the scope @éictic_rel over the elementary predicates
introduced by “I” and by “enter”.

Finally, we introduce a rule that is applicable to concredietic gestures to ac-
count for the fact that prosodic prominence of the semaiyticelated spoken word
overlapping the concrete deixis is not necessary, and ladddhe spoken word can
happen outwith the temporal performance of the gestur&estis follows:

Rule 3 Concrete deictic gesture attaches to a prosodically maded a prosodi-
cally unmarked spoken word whose temporal performancesdexcor follows the
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temporal performance of the concrete deixis.

The formal rendition of this rule is demonstrated in FigurdBis rule remains
loose about the temporal relation between the spoken watdrengesture stroke
— we allow for precedence and for sequence relations (thdagpveelation is also
possible, and it was accounted for by the rule in Figure 6)thfen, the spoken
word is not restricted to a particular prosodic type (it isrdfore of typepros
which subsumes prosodically marked and prosodically uketawords) and in
this way we can integrate a concrete deictic gesture intongpnominent spoken
word; in utterance (1), for instance, this condition enaltlee deixis attachment to
“she”. Moreover, the gesture is restricted to tygmncretedeixis and so this bars
an attachment of the abstract deictic gesture to “I” in attee (2). We forego any
further details about the formalisation of this rule, siitceemains the same as in
Rule 1.

[deicticword ]
TIME precede ([10], [H)v follow {[10], [7])
PHON
SYNSEM  synsem

_spokenword
cDTR TIME
PHON pros

SYNSEM  synsem

deictic_concrete

D-DTR TIME
SYNSEM synsem

Figure 8: Concrete Deixis Prosodic Word Constraint

6 Conclusions

In this paper, we presented a constraint-based analysisiltifmdal communica-
tive signals consisting of deictic gesture signals anddpsgnals. Our approach
re-uses standard devices from linguistics to map multirhioden to an underspec-
ified meaning that will ultimately support reasoning on teenantic/pragmatic
interface for producing a specific and context aware ingggtion. We thereby
account for gestural ambiguity by means of established ngpéeification mecha-
nisms. To specify the form-meaning mapping, we used engtlyiextracted gram-
mar construction rules which capture the conditions undechvthe speech-deixis
signal is grammatical and semantically intended. We ptesethree rules: a basic
rule accounting for a multimodal speech-deixis word, a alilewving for attaching
deixis to a spoken phrase, and finally, a rule that defeatsttloetemporal/prosodic
condition between the spoken word and the deixis stroke.
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