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Towards a multi-modal construction grammar: the visual-spatial modality

Liesbet De Vos, University of Namur, liesbet.devos@unamur.be

Research in the field of construction grammar focusses predominantly on spoken languages, with a
growing interest in multi-modal analyses that consider speech, gestures and facial expressions (see
e.g. Zima and Bergs, 2017; Feyaerts et al., 2022). Although these approaches have succeeded in
establishing a foundation for multi-modal construction grammars, they rarely provide concrete
formalisations of multi-modal constructions. In our talk, we will discuss the usage of Fluid Construction
Grammar (FCG) as a framework for modelling the constructions of sign languages, which rely
exclusively on the visual-spatial modality for encoding meaning in communication. Instances of sign
language constructions are the usage of 3D-space for marking semantic argument roles, the usage of
facial expressions for marking questions, and the usage of head movements for marking negation or
affirmation. Our work builds on previous work by van Trijp (2015), who discussed the suitable nature of
Fluid Construction Grammar for modelling sign languages and provided a first formalisation. Our
implementations can easily be extended to the multi-modal constructions found in spoken languages,
as they too require the inclusion of information from the visual-spatial modality.

We test our implementation on two examples provided by van Trijp (2015), which concern parametric
variation and multi-linearity. Parametric variation occurs when one phonological parameter of a sign
(handshape, orientation, location or movement) is modified, slightly changing the meaning associated
with the sign (van Trijp, 2015). Multi-linearity on the other hand refers to the simultaneous usage of
different body articulators (e.g. hands, face, body) to convey meaning (van Trijp, 2015). The Hamburg
Sign Language Notation System (Hanke, 2004) and its XML extension Signing Gesture Markup
Language (Elliott et al., 2004) are used to formally represent the phonetic aspects of the signed
expressions. Figure 1 shows the example of parametric variation, where the sign for ball can be
performed with an enlarged movement, to indicate that the referent is large. Figure 2 shows the
construction application process for this example in comprehension, where the ball-cxn matches on the
dictionary parameters associated with ball, and the big-cxn matches on the parameter indicating the
enlarged movement. Figure 3 shows the same process in formulation, where the ball-cxn matches on
the meaning of ball, and the big-cxn on the meaning of big.

Our model succeeds in providing concrete implementations of sign language constructions, but several
open questions remain to be addressed, such as how to synchronize different articulators within
constructions, which patterns and constructions make up the grammars of sign languages, and how to
encode them. We hope to discuss these questions further at ICCG, exploring the potential of
construction grammar and its computational frameworks when it comes to modelling multi-modality in
general, and sign languages specifically.



> BALL
BIG BALL

Figure 1: Example of parametric variation. The movement parameter of the sign can be performed
larger to add the meaning of big to the referent of the sign. The image was generated using the SiGML-
player software.

Comprehending the following signed utterance:

T UNDe XTI 221X

2, 3.00: big-cxn (cxn 0.50)

succeeded, cxn-applied
CXn-aj
- ool
initial
transien! structure -m Pa—
all-unit-’
root ball-unit-1 referent: ?b-1
form: {sign(sign-1), meaning: {ball(?b-1)} salient-movf: movf-2
non-manual(éign-1 nm-1), form: {sign(sign-1), syn-cat: noun
mouthp\cture(nm-{ "ball"i non-manual(sign-1, nm-1), form: {sign(sign-1),
manual(sign-1 m-1), : mouthpicture(nm-1, "ball"), non-manual(sign-1, nm-1),
symmetry(m-1, sym-1) manual(sign-1, m-1), mouthpicture(nm-1, "ball”),
hamsymmlr(syvm—1 syn’1f—1) symmetry(m-1, sym-1), manual(sign-1, m-1),
handshape(m-1, hs-1), hamsymmlr(sym-1, symf-1), symmetry(m-1, sym-1),
hamfinger2345(hs-1, hsf-1). handshape(m-1, hs-1), hamsymmir(sym-1, symf-1),
hambetween(hs-1 r;sf—z) ' hamfinger2345(hs-1, hsf-1), handshape(m-1, hs-1),
hamflathand(hs-1, hsf-3), hambetween(hs-1, hsf-2), hamfinger2345(hs-1, hsf-1),
hammod(hs-3, hamfingerbendmod), hamflathand(ns-1, hsf-3), hambetween(hs-1, hsf-2),
extended-finger-direction(m-1, ext-1), hammod(hsf-3, hamfingerbendmod), hamflathand(hs-1, hsf-3),
hamextfingerol(ext-1, extf-1), } ) extended-finger-direction(m-1, ext-1), t \sf-3, hamfinger
pa|m,onemaﬁon(m,1' ori-1), hamextfingerol(ext-1, extf-1), extended-finger-direction(m-1, ext-1),
hampalmdi(ori-1, orif-1), palm-orientation(m-1, ori-1), hamextfingerol(ext-1, extf-1),
location(m-1 |gc‘-1) ' hampalmdi(ori-1, orif-1), palm-orientation(m-1, ori-1),
hamtouch(ioc-1, locf-1), location(m-1, loc-1), hampalmdi(ori-1, orif-1),
hamshoulders(ioc-1 Io(;f-2) hamtouch(loc-1, locf-1), location(m-1, loc-1),
movement(m-1 mo\}—1) ’ [ hamshoulders(loc-1, locf-2), L hamtouch(ioc-1, locf-1),
hamparbegin(n{ov»1 mb\ﬁ.n movement(m-1, mov-1), hamshoulders(loc-1, locf-2),
® hammoved(mov-1, r;'|ovl-2], ' ® hamparbegin(mov-1, movf-1), ® movement(m-1, mov-1), modifier-unit-1
hammod(movf-2, hamlargemod), hammoved(mov-1, movf-2), hamparbegin(mov-1, movf-1), | [meaning: (mod(zb-1, big)}
hamaror(mov-1, movf-3), i oA hammoved(mov-1, movi-2), form: {hammod(movf-2, hamlargemod)}
hamreplace(mov-1, movf-4), hamreplace(mov-1, mov-4), hamarcr(mov-1, movf-8), -cat: adjecti ’
- i - o) Im-orientation(m-1, ori-2), hamreplace(mov-1, movf-4), syn-cat: adjective
palm-orientation(m-1, ori-2), pal | - (5
hampalmu(ori-2, orif-2), hampalmu(ori-2, orif-2), palm-orientation(m-1, ori-2),
hamparend(or\—é orif—S’) hamparend(ori-2, orif-3), hampalmu(ori-2, orif-2),
location(m-1, loc-2), location(m-1, loc-2), hamparend(ori-2, orif-3),
hamtouch(loc-2, locf-3) hamtouch(loc-2, locf-3), location(m-1, loc-2),
meets(symf-1 hsf-1), meets(symf-1, hsf-1), hamtouch(loc-2, locf-3),
meets(hsf-1 I';sf-2) ' meets(hsf-1, hsf-2), meets(symf-1, hsf-1),
meets(hsi-2, hsf-3), meets(hsf-2, hsf-3) meets(hsf-1, hsf-2),
r 3, extf-1) meets(hsf-3, extf-1), meets(hsf-2, hsf-3),
meets(extf-1 0rif—1)v meets(extf-1, orif-1), meets(hsf-3, extf-1),
meets(orif-1, locf-1), meets(orif-1, locf-1), meets(ext-1, orif-1),
meets(locf-1, locf-2), meets(locf-1, locf-2), meets(orif-1, locf-1),
meets(loc-2, movHY) meets(locf-2, mov-1), meets(locf-1, locf-2),
meets(movf-1, movi-2), meets(movi-1, movi-2), meets(locf-2, movi-1),
meets(movi-2, movi-3) meets(movf-2, movf-3), meets(movf-1, movf-2),
meets(movf-3, mov{—4): meets(movi-3, movf-4), meets(movf-2, movf-3),
meets(movf-4, orif-2), meets(movf-4, orif-2), meets(movf-3, movf-4),
meets(orif-2, orif-3), meets(orif-2, orif-3), meets(movi-4, orif-2),
meets(orit-3, loc-3)} meets(orif-3, locf-3)} meets(orif-2, orif-3),
syn-cat: noun meets(orif-3, locf-3)}
referent: ?b-1 meaning: {ball(?b-1)}
salient-movf: movf-2 footprints: {syn-big-cxn, sem-big-cxn}
subunits: {modifier-unit-1}

Meaning:
(mod  ?b-1  big)

(ball  ?b-1)

Figure 2: Construction application process in comprehension for the signed expression big ball. First
the ball-cxn matches on the dictionary parameters for ball, and then the big-cxn matches on the
parameter indicating the enlarged movement.



Formulating

(ball  b)

(mod b big)

1, 2.00: ball-cxn (cxn 0.50)

cxn-applied

transient structure

{mod(

ball-unit-2

form: {sign(?sign-4),
non-manual(?sign-4, ?2nm-4),
mouthpicture(?nm-4, "ball"),
manual(?sign-4, ?m-38),
symmetry(?m-38, ?sym-4),
hamsymmlr(?sym-4, ?symf-4),
handshape(?m-38, ?hs-4),
hamfinger2345(?hs-4, ?hsf-10),
hambetween(?hs-4, ?hsf-11),
hamflathand(?hs-4, ?hsf-12),
hammod(?hsf-12, hamfingerbendmod),
extended-finger-direction(?m-38, ?ext-4),
hamextfingerol(?ext-4, ?extf-4),

” palm-orientation(?m-38, ?ori-7),

hampalmdl(?ori-7, ?orif-10),

initial location(?m-38, ?loc-7),

hamtouch(?loc-7, ?locf-10),

hamshoulders(?loc-7, ?locf-11),

transient structure

root hamparbeg(i:(?mov-i, ?movf-2)2),
Trmeaning: (hallik) | hammoved(?mov-4, ?movf-21),
meaning: ﬁglcli((lgybig)) ® hamarcr(?mov-4, ?movf-23),

. hamreplace(?mov-4, ?movf-24),
palm-orientation(?m-38, ?ori-8),
hampalmu(?ori-8, ?orif-11),
hamparend(?ori-8, ?orif-12),
location(?m-38, ?loc-8),
hamtouch(?loc-8, ?locf-12),
meets(?symf-4, ?hsf-10),
meets(?hsf-10, ?hsf-11),
meets(?hsf-11, ?hsf-12),
meets(?hsf-12, 2extf-4),
meets(?extf-4, ?orif-10),
meets(?orif-10, ?locf-10),
meets(?locf-10, ?locf-11),
meets(?locf-11, ?movf-22),
meets(?movf-22, 2movf-21),
meets(?movf-21, 2movf-23),
meets(?movf-23, 2movf-24),
meets(?movf-24, ?orif-11),
meets(?orif-11, ?orif-12),
meets(?orif-12, ?locf-12)}

meaning: {ball(b)}
syn-cat: noun
referent: b
salient-movf: ?movf-21

succeeded, cxn-applied

2, 3.00: big-cxn (cxn 0.50)

— movement(?m-38, ?mov-4), —

transient structure

ball-unit-2

syn-cat: noun

salient-movf: ?movf-21

referent: b

meaning: {ball(b)}

form: {sign(?sign-4),
non-manual(?sign-4, ?nm-4),
mouthpicture(?nm-4, "ball"),
manual(?sign-4, ?m-38),
symmetry(?m-38, ?sym-4),
hamsymmlr(?sym-4, ?symf-4),
handshape(?m-38, ?hs-4),
hamfinger2345(?hs-4, ?hsf-10),
hambetween(?hs-4, ?hsf-11),
hamflathand(?hs-4, ?hsf-12),

hamextfingerol(?ext-4, ?extf-4),

palm-orientation(?m-38, ?ori-7),

hampalmdi(?ori-7, ?orif-10),

location(?m-38, ?loc-7),

hamtouch(?loc-7, ?locf-10),

® hamshoulders(?loc-7, ?locf-11),

movement(?m-38, ?mov-4),

hamparbegin(?mov-4, ?movf-22),
hammoved(?mov-4, ?movf-21),
hamarcr(?mov-4, ?movf-23),
hamreplace(?mov-4, ?movf-24),
palm-orientation(?m-38, ?ori-8),
hampalmu(?ori-8, ?orif-11),
hamparend(?ori-8, ?orif-12),
location(?m-38, ?loc-8),
hamtouch(?loc-8, ?locf-12),
meets(?symf-4, ?hsf-10),
meets(?hsf-10, ?hsf-11),
meets(?hsf-11, ?hsf-12),
meets(?hsf-12, ?extf-4),
meets(?extf-4, ?orif-10),
meets(?orif-10, ?locf-10),
meets(?locf-10, ?locf-11),
meets(?locf-11, ?movf-22),
meets(?movf-22, 2movf-21),
meets(?movf-21, 2movf-23),
meets(?movf-23, 2movf-24),
meets(?movf-24, ?orif-11),
meets(?orif-11, ?orif-12),
meets(?orif-12, ?locf-12)}

subunits: {modifier-unit-2}

footprints: {sem-big-cxn, syn-big-cxn}

hammod(?hsf-12, hamfingerbendmod),
extended-finger-direction(?m-38, ?ext-4),

modifier-unit-2

form: {hammod(?movf-21, hamlargemod)}
meaning: {mod(b, big)}
syn-cat: adjective

Produced the following signed utterance:

“ U\ Dre Xt 2 » IX

Figure 3:Construction application process in production for the signed expression big ball. First the ball-

cxn matches on the meaning for ball, and then the big-cxn matches on the meaning for large.
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