Two-Handed Signs and Handedness: Phonological Implications
for Sign Language Structure

Lisa Lepp, Mirella De Sisto, Dimitar Shterionov
{L.B.Lepp, M.DeSisto, D.Shterionov}@tilburguniversity.edu
Tilourg University
Warandelaan 1, 5037AB Tilburg

Abstract
Handedness —the use of one versus two hands in sign production— has traditionally been discussed in relation
to dominance and symmetry conditions, yet it remains underrepresented in formal phonological models of sign
languages. This paper argues that handedness constitutes a core phonological parameter that directly influences
the structure and interaction of movement, handshape, location, and orientation. Building on hierarchical and
dependency-based approaches, we propose an adapted phonological dependency model that explicitly integrates
handedness in the representation of manual articulators. In one-handed signs, features are specified for a single
active hand. In two-handed signs, feature distribution is constrained by symmetry and dominance conditions,
which regulate whether the hands must share features or may differ in a structurally restricted way. This structural
encoding accounts for variation phenomena such as weak add, weak prop, and weak drop as constrained
adjustments within the phonological system. From a technical perspective, this refinement suggests more formal
restrictiveness and empirical discriminability within the feature geometries, reduced representational ambiguity, and
improved empirical testability across theoretical, corpus-based, and computational implementations, strengthening

the interface between phonological theory and sign language technology.
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1. Introduction

One of the most unique properties of sign lan-
guages (SLs) is the availability of two active
manual articulators (Brentari, 1998; Crasborn and
van der Kooij, 2013; Sandler, 2017; Van der Kooij,
2002). Lexical signs may be produced with one
or two hands, and across SLs, both options are
roughly equally represented in the lexicon' (Cras-
born, 2011; McKee et al., 2024; Sandler, 2017).
Despite this, the role of handedness in the phono-
logical structure has not been included. Handed-
ness itself is often treated as a derived aspect of
lexical sign production. That is, handedness is not
considered as an individual feature but rather as a
side effect of the main hand.

In this paper, we take handedness as a starting
point rather than as a secondary feature. From
this perspective, handedness is not only about the
number of involved articulators, but also about how
phonological dependencies are distributed across
them. With that respect, we investigate to what
extent the choice between one-handed or two-
handed signs formalizes the internal structure of

As Van der Kooij (2002) analyzed for the SignPhon
database with 3084 signs, 54% of the signs were one-
handed versus 46% of two-handed.

signs. We treat handedness as the primary fac-
tor constraining the realization of other parame-
ters. These parameters function as fundamental
units of phonological structure, comparable to sub-
lexical units in spoken languages. Thus, the con-
tribution of this paper is to propose an adapted SL
phonological hierarchy model where handedness
is not a secondary property, but a structurally rep-
resented parameter.

The question whether a structural position for
both manual articulators is needed in the phono-
logical analysis of lexical signs is raised in earlier
work of Van der Kooij (2002), as the involvement
of one or two hands is potentially distinctive. Using
variation provides evidence about the distribution
and limits of phonological categories.

To analyze handedness as a phonological pa-
rameter and assess its place within established or
new frameworks, we develop a hierarchical view
of SL phonology. We argue that many well-known
generalizations—such as dominance, symmetry,
and patterns of weak-hand participation (Battison,
1978; Brentari, 1998; Crasborn and Van der Kooij,
2023; McKee et al., 2024) —are more naturally
captured if handedness is represented explicitly
within the phonological hierarchy of manual artic-
ulators. This addition does not require abandon-
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ing existing models; rather, it involves a small but
consequential shift in perspective that makes the
structural role of the second hand visible within the
representation itself. That is, handedness gives a
useful perspective for re-examining how phonolog-
ical dependencies are organized in SLs.

This representational shift also has implications
beyond theory, particularly for how structure is
reflected in descriptive and corpus practices. |If
handedness is hierarchically encoded, annotation
systems should capture not only whether one or
two hands are involved, but also how phonologi-
cal features are distributed across them. Not all
corpora provide equal information for both hands,
and some do not even annotate the weak hand
(Sisto et al., 2022). We propose instead that each
hand should be encoded as a distinct articulator
with separate specifications for handshape, orien-
tation, location, and movement. This would allow
corpora to represent structured feature distribution
across hands rather than reducing handedness to
a binary distinction.

This paper is structured as follows: we start with
a discussion of the evolution of phonological hier-
archy models in SL linguistic theories in Section 2.
Then, in Section 3, we describe the widely adopted
manual phonological parameters, i.e., movement,
handshape, orientation, and location. Section 4 is
dedicated to motivating our choice to include the
parameter handedness as a sixth parameter in fu-
ture SL linguistics research (see Figure 4). We end
with an explanation of the new adapted phonology
dependence model in Section 5.

2. Phonological hierarchies in sign
language phonology

Early work on SL phonology established the now-
familiar view that lexical signs can be decomposed
into a small number of discrete manual parame-
ters. In the seminal model proposed by Stokoe
(1980), handshape, location, and movement are
introduced as abstract phonological units, laying
the foundation for later parameter-based analy-
ses. Subsequent work refined and expanded this
inventory, adding orientation and location, while
maintaining the assumption that phonological form
is structured and systematic rather than holis-
tic (Brentari, 1998; Sandler, 2014; Van der Kooij,
2002).

While early parameter models primarily treated
these units as co-equal components, later ap-
proaches increasingly emphasized hierarchical

organization and dependency relations among
phonological features (Brentari, 1998; Crasborn,
2001; Crasborn and van der Kooij, 2013; van der
Hulst and van der Kooij, 2020). In this view, not
all features in language systems are equally im-
portant. Some have a more prominent role of
some features in comparison with others. In a hi-
erarchical structure, there is a head feature and
a dependent feature (Anderson and Ewen, 1987),
leading to the proposal and establishment of hi-
erarchical representations. Hierarchical represen-
tations are motivated by empirical patterns, such
as markedness asymmetries, as well as by the
need to model both simultaneous and sequential
structure within a single representational frame-
work. Many studies (Battison, 1974, 1978; Cras-
born, 2001; Fenlon et al., 2017; Van der Kooij,
2002; McKee et al., 2024; Padden and Perlmut-
ter, 1987; Sandler, 2014, 2017) among others,
showed how the phonological manual structure of
a lexical item is built up using this hierarchical de-
scription. Within these models, parameters such
as handshape and movement are often treated as
structurally prominent, as they trigger strong con-
straints on the realization of other features (Fen-
lon et al., 2017; van der Kooij and Crasborn, 2016;
van der Kooij and van der Hulst, 2005). Orienta-
tion and location, in turn, are typically analyzed
as dependent or relational parameters whose in-
terpretation is conditioned by higher-level articula-
tory structure (Sandler, 2013; Fenlon et al., 2017)2.
Despite the increasing formalization of hierarchi-
cal structure, handedness has not yet been sys-
tematically® incorporated into these representation
structures. As handedness determines the organi-
zation of articulatory dominance, symmetry, and
internal manual specification,the number of hands
directly constrains the distribution and realization
of other phonological parameters. If hierarchi-
cal models aim to capture asymmetries, depen-
dency relations, and structural prominence, then
arguably handedness constitutes a candidate for
structural encoding rather than peripheral annota-
tion.

2Non-manual parameters (NMP) such as eyebrow
movement, cheek tension, tongue position, and body
movement are not included in the scope of this article.

3By “systematically,” we refer to the consistent and
architecture-wide encoding of hierarchical relations be-
tween articulators. While some models do not incorpo-
rate such representations at all, others assume them in
principle but implement them only in selected analyses,
rather than as a general representational commitment.
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3. Phonological parameters

The phonological structure of SLs can be de-
scribed in terms of a limited set of manual pa-
rameters that jointly define lexical contrast, i.e., a
small difference in one of the manual parameters
can distinguish one sign from another*. Minimal
pairs illustrate this contrast: they are pairs of signs
that are identical in all parameters, except for one.
The Nederlandse Gebarentaal (NGT), i.e., the sign
language of the Netherlands, signs for DONDER
(THUNDER) in Figure 1a, and BOOM (TREE) in
Figure 1b illustrate this concept®.

(2) An example of the one-handed sign THUNDER in NGT.

(b) An example of the two-handed sign TREE in NGT.

Figure 1: An example of a minimal pair in NGT il-
lustrating contrast in handedness.

We first provide a brief description of the core
parameters® (Anderson and Ewen, 1987; Battison,
1974, 1978; Crasborn, 2011; Crasborn et al., 2000;
Crasborn and van der Kooij, 2013; Fenlon et al.,
2017; Sandler, 1986, 2013, 2014; Stokoe, 1980;
van der Kooij and Crasborn, 2016), and then dis-
cuss the new proposal.

*“We acknowledge that Brentari (1998); Sandler
(1996); Sandler and Lillo-Martin (2006) refer to parame-
ters as classes and class nodes, but we have decided
to follow the more general definition of parameters.

SFigures 1, 2, 3, and 5 are reproduced from
the website of the Dutch Sign Language Centre
(https://www.gebarencentrum.nl/)

8As noted by a reviewer, this paper does not discuss
individual phonological features in detail; rather, it fo-
cuses on the classes of parameters and their specifica-
tions. The phonological features are mentioned implic-
itly throughout this article.

3.1. Movement

Movement is a defining property of SL-syllables’.
In SLs, this organization can be expressed by the
movement of the hand, or by the movement of only
the fingers (Van der Kooij and Crasborn, 2008),
and is phonologically obligatory (Brentari, 1998;
Crasborn et al., 2000; Van der Kooij, 2002; Lid-
dell and Johnson, 1989; Sandler, 2013, 2014). A
distinction is made between path movement and
local movement. Path movement (PM) involves
a transition between two explicitly specified posi-
tions. Local movements are further categorized
in hand-internal movement and orientation change
(Van der Kooij, 2002; Sandler, 2014), with hand-
internal movements referring specifically to the
movement of the fingers and the wrist. Local move-
ments therefore refer to lexical changes in finger
position or changes in the orientation of the hand
(Van der Kooij, 2002; van der Kooij and Crasborn,
2016; Sandler, 2013). A single syllable may con-
tain at most one instance of each movement type,
allowing simultaneous but constrained combina-
tions (Crasborn and van der Kooij, 2013; van der
Hulst and van der Kooij, 2020; van der Hulst, 1993;
van der Kooij and Crasborn, 2016).

Distinguishing path and local movement is cru-
cial for modeling the temporal structure of signs.
By pairing two values of a setting (for example,
[high] vs. [low], [contralateral] vs. [ipsilateral], or
[proximal] vs. [distal]), the movement path can
be precisely defined within a given location do-
main, without positing movement as an indepen-
dent phonological primitive (van der Hulst and
van der Kooij, 2020). In corpus annotation, for
example, using ELAN, movement is typically en-
coded either on a single tier or through a set of
defined labels, making explicit whether a sign in-
volves path movement, local movement, or both.
This distinction clarifies which movement features
are obligatory or optional and how they interact
with other parameters.

3.2. Handshape

Handshape is described as the form of the hands
during the articulation of a sign, determined by
the selection of fingers and their internal con-
figuration (Brentari, 2011; Crasborn et al., 2000;
Van der Kooij, 2002; Sandler, 2014). Finger se-

"Following Brentari (1998), a syllable in sign lan-
guage is a prosodic unit organized around a movement
nucleus, optionally preceded and/or followed by holds.
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lection® distinguishes between foregrounded and
back grounded fingers (Van der Kooij, 2002), while
finger configuration specifies properties such as
curve, width, aperture (Van der Kooij, 2002)°. The
curve is the specification of the flexion of the fin-
gers. Aperture specifies the open-close relation-
ship between the thumb and the selected fingers,
and width refers to the degree of spreading or op-
position between them.

Simple handshapes, also called unmarked hand-
shapes, involve minimal specification—for exam-
ple, selecting all fingers in an open configuration,
as shown in 2a, and in the phonological depen-
dency hierarchy in Figure 2b.

Finger selection

1 Thumb
[open] Side

[open]

\: Selected fingers

[all]

(a) Example of [all] se-(b) The phonological hier-
lected fingers, thus a sim-archy model based on the
ple handshape. 5-handshape in Figure 2a.

In contrast, complex handshapes, or marked
handshapes'®, require multiple dependent fea-
tures, as shown in Figure 3a and the related phono-
logical hierarchy model in Figure 3b.

3.3. Orientation

Orientation encodes the facing of the hand palm
with respect to space, the body, or another articu-
lator. Previous research has approached the en-
coding of orientation from three complementary
perspectives. The first approach, referred to as
handshape-linked-orientation, defines the orienta-

8In Crasborn et al. (2000); Van der Kooij (2002); San-
dler (2014), handshapes with either [one] or [all] features
are discussed. However, in cases with [two], [three],
or [four] selected fingers, the elements associated with
[one] or [all] can combine and form dependency rela-
tions.

9Brentari (2011) describes fully open, bent (closed),
flat-open, flat-closed, curved open, curved closed, and
fully closed as seven options for joint configuration in
ASL-handshapes.

®Markedness correlates with complexity, articulatory
difficulty, frequency, order of acquisition, and other fac-
tors in the formalization of a handshape (van der Hulst
and van der Kooij, 2020; Lepp, 2025; Sandler, 2014).

\- (b) The phonological hier-

(a) Example of the R-archy model for the com-
handshape, thus a com-plex R-handshape in Fig-
plex handshape. ure 3a.

tion via the direction of the palm of the hand-
shape (Brentari, 2011; Crasborn and van der Kooij,
2013; Fenlon et al., 2017; Van der Kooij, 2002).
In contrast, the movement-linked-orientation en-
codes which part of the hand faces the final loca-
tion (Van der Kooij, 2002) and remains constant
throughout the articulation of the sign. van der
Hulst and van der Kooij (2020) suggests four types
for the movement-linked-orientation: (i) Body —
end contact; (ii) Weak hand — end contact; (iii)
Space — path movement, and (iv) Body — contin-
uous contact.

A third approach to orientation adopts a contact-
based perspective. Fenlon et al. (2017) defines
orientation as the relationship between the ac-
tive hand and the place of articulation, specify-
ing which side of the hand—most notably the ra-
dial (thumb) side—is involved. Orientation is of-
ten reduced to features such as [palm up] or [palm
down], and defined relative to body, space, or an-
other articulator.

3.4. Location

Location is the area of articulation (e.g., head,
torso, arms, neutral space)'’. It can be fur-
ther divided into sub-locations that are contrastive
(Van der Kooij, 2002). An empirical argument in
favor of the distinctive locations is the general-
ized double contact constraint. This constraint in-
dicates that if a sign involves two distinct contacts
with the body, those contact points are restricted in
their location (Van der Kooij, 2002). Evidence from
NGT shows that this constraint is not limited to dou-
ble contact movements, but also applies to contin-
uous contact movements, which likewise remain
within a single distinctive location (Van der Kooij,
2002). These constraints are part of a broader set
of phonological rules, such as the symmetry and

"Van der Kooij (2002) also calls Space and weak
hand as areas.
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dominance conditions, which will be discussed in
the next section. Furthermore, signs may share
the same phonological location while differing in
the specific part of the hand that establishes con-
tact, indicating that phonological location cannot
be reduced to a single point in space (Mauk and
Tyrone, 2012).

Location is distinguished from setting: location
refers to the major articulatory area, while set-
ting specifies finer-grained positional or movement-
related distinctions within that area (e.g., high/low,
ipsilateral/contralateral, proximal/distal, contact,
and others) (Crasborn et al., 2000; van der Hulst
and van der Kooij, 2020; Sandler, 1986) Some
of the linked features are [radial], [back], [tips],
[palmar], and [ulnar] (van der Kooij and Crasborn,
2016).

4. Handedness

As noted above, a defining characteristic of SLs is
the availability of two manual articulators (van der
Kooij and Crasborn, 2016; Crasborn, 2011; San-
dler, 2017) which leads to the notion of handed-
ness. Van der Kooij (2002) hypothesized that
handedness may be lexically and phonologically
specified and that one-handed and two-handed
signs may exhibit distinct structural features. Fol-
lowing her idea, in this section, we introduce hand-
edness as a new parameter in the existing model
of phonological features in SLs. Building on these
observations, we formally integrate handedness
into the phonological hierarchy.

4.1. Handedness in existing models

A long-standing question in sign language phonol-
ogy concerns how the two manual articulators
should be represented in the phonological struc-
ture. Van der Kooij (2002) explicitly raised the is-
sue of whether handedness should receive a struc-
tural position in the hierarchy, noting that earlier hi-
erarchical models (Brentari, 1990; van der Hulst,
1996; Sandler, 1986) risk over-generalization if
both hands are fully specified at the lexical level.
Subsequent work, including (Padden and Perl-
mutter, 1987) and more recently (Crasborn and
Van der Kooij, 2023), further examined the role
of the non-dominant hand in discourse and ques-
tioned whether two independent structural posi-
tions are always required, or whether a single
underlying representation might suffice in some
cases. These authors do not treat handedness as

a fully formalized phonological parameter. Rather,
they identify a representational tension: some
two-handed configurations appear lexically stored,
while others arise through morphological or post-
lexical processes. To address this, Crasborn and
Van der Kooij (2023) propose a three-level archi-
tecture consisting of (i) a lexical level, (ii) a sur-
face (spelled-out) level, and (iii) a post-lexical level.
According to their view, the lexical representation
alone cannot account for phenomena that span
multiple lexical items or depend on signer-specific
dominance'®. An intermediate surface level is
therefore required to determine which hand is dom-
inant and to specify the distribution of features
such as finger selection, orientation, and position
of the non-dominant hand. Only at the post-lexical
level are the left and right hands fully specified sep-
arately, allowing the model to capture processes
in which one hand, or specific features, persists
longer than the other.

This discussion directly motivates our proposal.
The need for multiple representational levels and
for mechanisms that determine dominance and
feature distribution across articulators indicates
that handedness is not a marginal or purely pho-
netic property. Previous accounts treat handed-
ness as an architectural issue rather than a formal
parameter; we integrate it directly into the phono-
logical hierarchy. In doing so, we maintain the
need for multiple representational levels, avoid lex-
ical overgeneralization, and capture the distribu-
tion of features across articulators within the core
phonological system.

4.2. Handedness and asymmetry

A functional asymmetry is observed between the
dominant (strong) hand and the non-dominant
(weak) hand (Crasborn, 2011; Padden and Perl-
mutter, 1987). The dominant hand typically
serves as the active articulator, while the non-
dominant hand functions as a passive articulator
or a place of articulation (Brentari, 2011; Crasborn
and Van der Kooij, 2023; Van der Kooij, 2002; Mc-
Kee et al., 2024).

These asymmetrical signs are subject to two
well-established phonological constraints: the
symmetry constraint and the dominance constraint
(Battison, 1978; van der Kooij and Crasborn, 2016;
Sandler, 2013). The symmetry constraint requires

'2Signers may be right- or left-hand dominant; thus,
“dominant” is relative to the individual signer (McKee
etal., 2024).
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that if both hands are active, they share hand-
shape, movement, and location. The dominance
constraint applies when one hand is passive: if
the non-dominant hand serves as a place of ar-
ticulation, it must either have an unmarked hand-
shape or share the handshape of the dominant
hand (Van der Kooij, 2002). These constraints
suggest that handedness concerns not only the
number of articulators, but also the distribution of
phonological dependencies across them. Such re-
strictions are difficult to explain if handedness is
treated only as a surface realization choice; in-
stead, Crasborn and Van der Kooij (2023) points to
a structurally constrained role for the second hand
within the phonological system.

4.3. Handedness configurations

Because handedness varies in constrained ways,
it must be represented as a phonological param-
eter. This interpretation is further supported by
the recent work of McKee et al. (2024), who show
that handedness is systematically manipulated in
phonetic and discourse-driven contexts'S. As they
show for New Zealand SL, signs may undergo sev-
eral specifications, such as:

1. Weak add: A weak hand is added to a one-
handed sign.

2. Weak prop: The non-dominant hand partially
or fully copies the handshape and movement
of the dominant hand, consistent with the dom-
inance constraint (Frishberg, 1975)

3. Weak drop: The weak hand of a lexically two-
handed sign is omitted.

4. Doubling: A one-handed sign becomes a
symmetrical two-handed sign.

5. Echo articulation and mirroring: The weak
hand participates incompletely or at a reduced
level (Sandler, 1993; McKee et al., 2024).

These manipulations of the non-dominant hand
respect phonological constraints such as the dom-
inance constraint and the symmetry constraint,
showing that handedness interacts systematically
with the phonological system. This supports the
claim that handedness is a manipulable phonolog-
ical parameter rather than a fixed lexical property.

3The focus of their research analyzed specific com-
municative functions that are socially conventionalized
and reflected in grammar and lexicon over time (McKee
et al., 2024).

5. Adapted phonological
dependency model

The previous sections outlined the manual phono-
logical parameters and their interaction with hand-
edness. While previous work addressed only
specific aspects—for instance, Sandler (2014) fo-
cused on hand configuration, and Van der Kooij
(2002) did not incorporate the newer parame-
ter handedness—a comprehensive account re-
mained lacking. Building on these hierarchical
approaches (Van der Kooij, 2002; Sandler, 2014,
2017), the present section formalizes the interac-
tions among manual articulators within a phonolog-
ical dependency model, incorporating hierarchical
organization and head-dependent relations (Bat-
tison, 1974, 1978; Fenlon et al., 2017; Crasborn,
2001; McKee et al., 2024; Padden and Perlmutter,
1987). Morgan (2022) discusses the theoretical
distinction between dominant and non-dominant
hand features (often expressed as [1H] and [2H])
within phonological analyses of Kenyan Sign Lan-
guage. However, this work does not present a fully
implemented dependency model that incorporates
these features. The present paper develops ex-
actly such a formalization.

5.1. Model description

The present model extends earlier work in two
main ways. First, it introduces handedness as an
explicit structural node within the hierarchy—shown
in green letters in Figure 4. Second, it formal-
izes the asymmetric distribution of phonological
specifications across the two hands—shown via the
dashed lines. In contrast to previous accounts',
handedness is not treated as an implicit or periph-
eral factor, but is integrated directly under the man-
ual articulator node. This constitutes a key innova-
tion of the model. Because the hands are asym-
metrical, the non-dominant hand may carry inde-
pendent specifications for movement, handshape,
orientation, and location. Although the model does
not explicitly encode temporal structure, it is not in-
tended to represent the sequential organization of
signs, which is instead assumed to emerge at the
level of articulatory realization.

For the research community, this provides a
concrete framework for analyzing cross-linguistic
differences in one- and two-handed signs, un-

"“The extent to which the weak hand is phonologi-
cally independent has been widely debated in Brentari
(1993).
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Sign

Manner of movement Articulation
Drynamic Static Non-manual articulators Manual articulators
- Path movement
- Local movement /\
Face Other
- Eyebrows - Torso posture Handedness
-Eyes - Body posture
- Nose - Shoulder movement /
- Mouth - Body movement One hand Two hands ===
- Cheeks - Head movement (Dominant) (Non
- Tongue /\
Active articulator Passive articulator
‘Hand configuration’ ‘PIaCE’/':\
Orientation Hands]lape Location | Setting
- Head
Relative Dynamlc Finger selection i Finger configuration -Body
- Non—dominant hand
- Neutral space
Width
id Curve
Selected fingers Aperture

Figure 4: Adapted phonological

derstanding constraint interactions, and exploring
the interface between phonology and articulation
in SLs. It also offers a practical tool for formal
modeling, corpus annotation, and computational
applications where handedness must be repre-
sented explicitly. While the Global Sign Bank
(https://signbank.cls.ru.nl/) already distinguishes
between one- and two-handed signs -and the
handshapes-, the proposed model refines this dis-
tinction further by encoding the dependency rela-
tions between the hands. In corpus annotation
terms, for example in ELAN (2025), an additional
tier could be introduced to encode whether the
non-dominant hand carries independent specifica-
tions, and, if so, which phonological parameters
are specified independently.

5.2. Model interpretation

The adapted phonological hierarchy dependency
model builds on earlier hierarchical accounts
of sign language phonology, in which manual
and non-manual components are organized
across tiers. In the present model, this structure
is retained but extended with a bidirectional
interpretation.  Specifically, the model can be
interpreted in two directions: (1) bottom-up, or (2)
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top-down. Each of these directions corresponds
to two modes of processing: the first reflects the
production phase, whereas the second represents
the comprehension phase. From the production
perspective, during the production of a lexical
item, the movement patterns and articulators,
together with their associated subcomponents,
serve to formalize the sign’s linguistic content.
Viewed from the comprehension perspective, sign
recognition begins with the perception of finger
selection and handshape configuration, which
provide the earliest and most salient cues for lexi-
cal access (Brentari, 1998; Emmorey and Corina,
1990; Mauk and Tyrone, 2012). In contrast to
previous accounts, however, the present model
explicitly formalizes how these early cues are
mapped onto the hierarchical structure. These
cues inform the reconstruction of the hand config-
uration, which in turn supports the interpretation
of the manual-articulator tier (with non-manuals
as its sister tier), the movement tier as a parallel
branch, and, ultimately, the sign as a whole.

To illustrate how these parameters are captured
within a unified single phonological hierarchy de-
pendency model, we analyze the one-handed sign
THUNDER (Figure 1a), shown in Appendix A, and



the two-handed sign TREE (Figure 1b), shown in
Appendix B. For each sign, two representations
are provided: an original hierarchy (Figure 5 and
7), and a revised hierarchy (Figure 6 and 8)'°.

THUNDER (Figures 5 and 6) is characterized
by a zigzag, downwards (path) movement. It is
produced with a single articulator in neutral space,
starting from a high position and moving down-
wards (indicated by '->’). The handshape consists
of a closed palm oriented toward neutral space,
with the thumb bent across the fingers and one se-
lected finger fully extended. As the second hand
does not give any information in this sign, the no-
tation in the new hierarchy contains as features ’X,
e.g., no information available.

TREE (Figures 7 and 8), on the other hand, has
two active articulators. This sign is produced with
symmetrical parameters, with the same underly-
ing representations, and thus both hands have the
same orientation, handshape, location, and orien-
tation. Both hands produce a zigzag, downward
movement.

A comparison of THUNDER and TREE high-
lights two key differences between the original
and revised hierarchies. First, while the original
model does not systematically encode the distri-
bution of features across articulators, the revised
model explicitly distinguishes between active and
non-active articulators. This is reflected in the ex-
tra specification of the non-active hand in THUN-
DER versus the full specification of both hands
in TREE. Second, the revised hierarchy captures
the parallelism in symmetrical two-handed signs
by representing shared feature structures across
articulators, rather than duplicating independent
specifications.

Taken together, these differences demonstrate
that the revised model more transparently en-
codes handedness and articulator activity within a
single hierarchical structure, while maintaining a
consistent representation of shared phonological
parameters such as movement. This supports the
claim that handedness is not an external annota-
tion, but an integral part of the phonological repre-
sentation.

®One of the reviewers requested two fully worked
examples of signs represented under both an existing
model and the adapted model as we suggested to make
the structural role of handedness more concrete. This
was actually a very good suggestion, which we thus
adopted.

6. Conclusion

This paper proposes a new hierarchical model of
SL phonology. We have argued that handedness
should be represented as a structurally encoded
phonological parameter within a proposed hierar-
chical model of sign language structure. By in-
tegrating handedness directly under the manual
articulator node, the model makes explicit how
phonological features are distributed across artic-
ulators and how variation shows where the bound-
aries within the system are. Our next step is to val-
idate this approach with automated tools and with
linguists.

Encoding these distinctions in annotation also
brings technical benefits. Hierarchical articulator
structure enables more precise corpus searches,
improves dataset interoperability, and supports
computational modeling. Distinguishing lexical
weak-hand features from gradient or discourse-
driven variation helps automated systems sepa-
rate stable contrasts from performance effects,
strengthening reproducibility and integration with
technological applications.
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A. The phonological hierarchy
dependency models for
THUNDER

THUNDER
Movement Articulator
Zigzag
[downwards PM] /\
Non-manual articulator Manual articulator
X
Active articulator Passive articulator
‘Hand configuration’ ‘Place’
Orientation Handshape Location setting
Towards neutral space /\ [nevtral space] [high = low]
[closed palm]
Finger selection Finger configuration
Over other fingers
[bent]
closed] [spread]
[ene] [full open]

Figure 5: The old phonological hierarchy depen-
dency model for the one-handed sign THUNDER

THUNDER
Movement Articulator
Zigzag
[Downwards PM] /\
Non-manual articulator Manual articulator
X /

Handedness

One hand \ Two hands

/ (Dominant) (Non-dominant)

Active articulator Passive articulator

/ \ ‘P]ay\ Active articulator Passive articulator

Orientation Handshape Location setting Orientation Handshape Location
Towards neutral space [neutral space] [high = low] X X X
[closed palm]
Finger selection Finger configuration
Over other fingers [bent]
[closed] [spread]
[one] [full open]

Figure 6: The new phonological hierarchy depen-
dency model for the one-handed sign THUNDER
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B. The phonological hierarchy
dependency models for TREE

TREE
Movement Articulator
Zigzag
[downwards PM] /\
Non-manual articalator Manual articulator
X
Active articulator Passive articulator
‘Hand configuration’ “Place’
Orientation Handshape Location setting
Towards neutral space /\ [neutral space] [high = low]
[closed palm]
Finger selection Finger configuration

Over other fingers

[bent]
closed] [spread]
[one] [full open]
Figure 7: The old phonological hierarchy model for
the two-handed sign TREE
TREE
Manner of mlwem{\ Articulation
/\\_
/ Non-manual articulators Manual articulators
Path movement X /
[zigzag]
[downwards] Handedness
One hand \ Two hands
(Dominant) (Non-dominant)
Active articulator Passive articulator Active articulator Passive articulator
“Hand configuration® “Place’ ‘Hand configuration’ “Place’
Orientation ]{anrlsthe Location Setting Orientation ]{anrlsthe Location Setting
Towards neutral space [neutral space] [high > low] ~ Towards neutral space [neutral space] [high > low]
[closed palm] Finger selection Fmger configuration [clesed palm] Finger selection Finger cmﬂmanon
Over other fingers [bent]
Over other fingers
[closed] [spread] [closed] [spread]
[one]
[full open]
[one] [full open]

Figure 8: The new phonological hierarchy model
for the two-handed sign TREE
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